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INTEODUCfnON* 

TO tHB ABTICLES ^SN'^tOBbANIO CHBMI8IBT. 


It has been thought advisable to include in an Addenda brief aooonnts of 
the chief work done in descriptive inorganic chemistry since the publication of 
Vols. I., n,, and III., and the {>rmting oi the final proofs of Vol. IV. 

Nothing bearing on organic chemistry has been included in the Addinda, 
as to give an account of what has been done in this department since the Tarious 
volumes were published would occupy many hundred pages. 

Dat^ ^e attached to the references made to original memoirs in the 
Addinda; and referencis are frequently i^de to abstracts of the memoirs in 
the Jcmmal Chemical Society, 


M. M. Pattison Muib. 



INTRODUOnON 


A THB ABTIOLES BI^INO TO OBOiJnO OHBUISXBt. 

Thb names' used to denote ting ibnntilte are given befow for ^Donvenienee 6l 
reference.* 

^ Since the publication 4^ the last ^lune I have been ysisted in the work ot reading 
uid making ^straots of originaf menhirs hf Drs. T. Cofkfiey» T. A. Lawson, Samuel 
Bideal, Messrs. J. Wilkie, Q-. N. Huntly, and J? T. Ndrman. I^have also l^n ^Aisted 
by Mr. Arthur G. Green and Mr. CeciiF^^. Cunlii^on in the work of revinlg the 
proof-sheets. I have great pleasuft iii^ thanking these gentlemen f^the energetic and 
RSBoient m a nn er in which thgy have carried (wJi their share of the work. 

He Fobstbb MotLBT. 

Romenolature of Bing formnlas. 

Eydrocarbons, 

Teirameth&nyk 
PentoTMtJienyl hydride, 
Indonayhthm$. 

Nitrogen compounds. 

NH<0H:0H 

”H<OH:cH Otyoxalint. 

iittapyroKU. 

OntriatoU. 

TttratoU. 

Pyrroaiana*. 

OiP.<§^CIH Indolt. 

Iniantu. 

Puuio-maiiuim*, 

AeriaiM. 

0A< § >0 A ^*«»»**^ 


^Pyrotiwei# 

N<^: ” ^CH TriatolSU. 

OMtOnuoU. 

*. fluiooKw. 
ftojuiaoKw. 
<V9 SCn:OT OuAtoBaMiie. 

OhmMM. 

Phtnitiailitt. 

®*°*<0(NH).aH BotMtObu. 


Trimethylene. 

CH,^^p>OHj Tetramethylene. 

Pentamethylene. 



p< 





/w-ewaioli or RoxaidU. 


Coumarom, 
OA<°^^ IndoxOXine, 




■um/B. 

ay^H:Cn 
®<0-6 
.0H:6h 

'1ft 


Thigphthene, 


captan. 


OarhUini. 

o<oh;oh>Vj^J^ 




Pyh>xif^{dini, 
QuijfoxaMii^» 

n TT ^ TT fPhenoxatine ^r PAofi- 
I oMoOm. 

Sulphur coinpowus. 

'^^ChIn OioMthiol*. pMAudU. 

0,H,<^>S, PioMthifiU. 

• ArT 

•C.H)<”g“>OA Imido-tU^hmyJ-tiafliUe. 


l-mer‘ 



■INITIALS OF StioIAL OQNTkmvTORa. 


8* A. ATTANTB AiftlHENIUS, iru.Lnyrro/mor of Ohemistrv in Stockholm, Ooiftrfbnte* 
Solutions I. 
e 

J. W. 0. 3. W. CAPSTICK, D.So , M.A., F4l<no of -JHnity 'College^ and LemonstrOtdF in 
Physics in the University Capbndge. Con&ibutos Gapujui^t, metbodi based 

ON ; and Vzbgositt of liquids. 

• 

0. 0. * GEORGE GLADSTONE, Es?. j3oi!^ibute8 Optical methods, section Eeftraotlo* . 
Disparsion. 

W. D. H. W. D. HALLIBURTON, M.D., F.R.S., Professor of Physiology at King^s Vollege, 
London. Contributes PitoTEiDS. 

W. N. H. W. N. HARTLEY, F.R.S., Professor of Chemistry in the Poyal College of Science 
Dublin. Contributes Optical UETndDs, FPc/ion<6pectroscopio methods. 

E. A. Lt E. A. LETTS, Ph.D., Professor of Chemistry at College^ Belfast, Contributes 

Phosphines. 

R. M, RAPHAEL MELDOLA, F.R.S., Professor of Chemistry in the Fj^bnry technical 

, College. Contributes Photooraphio OHKMisTKy. 

W. 0. WILHELM OSTWALD, Ph.D., Professor of Chemistry in the Universitysof Leiptig, 
Contributes Electrical methods. 

0. 0*8. CORNELIUS O’SULLIVAN, FJELS., Bnrton-on-Trent. 0(yitribut6s Stabch and 
SuoAib. 

8. U. P. SPENCER PICKERING, M.A., F.R.S. Contributes Solutionb Xl. 

S. R. SAMUEL RIDEAL, D.So. Contributes Tannin. 

W, A. T. WILLIAM A. TILDEN, D.So., F.R.S., Professor of\)hemistry at the Royal College 
of Science, South Kensington, Contributes Terpenes. 

T. £. T. T. E. THORPE, D.So., Ph.D., FJt,S., Head tf thi Qovenment Laboratories^ Somerset 

House, Contributes SpBOzno tolumes. 

Ajr|iolea by Mr. MUIR are initialed M. M. P. M. 

Umvoned ABTifLEB ut'3>j Dp. MORLEY, exoept .those in (he Addenda, wbioli are Hy 
Mr. MUIR* 



ABBBBVIATIONS 


1. JOUBMiJA AND 1500XB.' 

n ■> 

When an atUhor has }^en mentioned in an artwle, he m usually referred h thereaflse 
^ in that article by )m ini^^ only, 

i . . Liebig's Annalefi der Ohemie. ^ 

. Anoales de la SCoiedfd Cien^^a Argentina. 

Annales die Ohimie et do Physique. 

Kim. A. Proceedings of the Ameifioan Aoa(b'%ny of Arts and SeieiMas. 

Am. . . American Ohemical Jdoinal, 

Awn. M . . Annales des Mines. 

Am^. . American Journal of Scienodt 

A. . Journal of the American Ghemioal^Societg^ 

AM* Oh. American Chemist. ^ 

Am. /. American Journal of Pharmacy, 
a Pharm. 

An. , . The Analyst. 

A. Ph. 8, Proceedings of the American Philosophical Sooieiy. 

Af. N. . Archives n6erlandaises-^he Hague. 

Acad. . Mdmoires de PAcad4mie des Scieucea 
Ar»Ph. . Arohiv der Pharmacia. 

ArJ Se. . Archives des Sciences phys. et nat. 

B., . . Berichte der deutscRen chemisdlien Gesellschaft. 

B. A, . Beports of the British Association. 

SI, . . Bulletin de la Sooi6t4 chimique de Paris. 

B. B, . Berliner Akademie-Berichte. 

B, 0, . Biedermann's Oentralblatt fiir Agrioultur-Ohemla 

^S.J., , BerzeHus’ Jahresberichte. 

B, M, *, •Beryner Monatsberichte. 

C.tk Mem. Memoirs of the Chemical Society of London. 

C. • Jovoal of the Chemical Society^ London. 

O./.IPfoc. Proceedings of the Chemical Society of London. 

0,N, ^ Ohegiioal^ews. • 

C. «« f 'Oomptes-rendus hebdomadaires des Stances de I’Acaddmie das Seiancas — 
Paris. , 

0,0, • , Ohemisches Central-Blatt. 

D, P, J, Dingler’s ))olytechniscl|^8 Journal. 

1^. , • Fresenius’ Zeitsohrif>fiir analytische Chemie. 

G. . 4 • Gazzetta chimica italiana. 

G. A*. . Gilberts Annalen der Phvsik and Chemie. 

H, . . Hoppe-Seyler's Zeitschrift ftlr physiologische Chemia. 
r. • . • Pnxi^ings of the Royal Irish Academy. 

• Jahresbericht tiber die Fortschritte der Chemie and varwai 
anderer Wisseiuchaften. 

J,'0, T , . Jahresbwoht fdr CJnamischa Technologic. 

/.If. . Jahrbaon ffir Mineralogie. 

/. de Ph, Joamal daJPhysique et des Sciences accessoires. 

/.PA. . Journal da Pharmacia /pt dgChimie. 

/.^. . Journal fiir praktisobe Chemie. 

/.2^ * Jahresbericht dber Thierchemle. 

/. B. « • Joamal of the Bussian Chemical Society. 

/. ^. • Jenaisohe Zeitschrift fiir Medicin und Naturwissensohaft. 

• LandwirthsohaftliohaYarsuchs-Stationen. 

U, . • If onatshafte ffir Ohcnila and vanrandta Theila andenv W i sse n i y a f tin. 
a, 8, ^ Xii Monitanr Qoiantiiiqaa. 

% Ifdmoires da la Soddtd d'AraaalL 

Jf^ A. Ifdpnoifas oonroimdB par PAiaddmia da Brmallaa. 



jjF, - ^ ,•’^1 ITstaliu 

K«w Bdinbor^ PUlofopU 
I Neaeajfahresbedoht der Pha^^ 
UlMieiftepertoriuiii ttr die Pharmaoit» 

N. J. T. . ■ Nau^a {oomal von Trommsdoifl. 

^hlloao|^oal Magazine. 

Toggenolbrfl’e Annalen der Phyiik nnd Ghende. 
^e^lkttor zn den Annalen der PhvBilc and Ghemie. 
Pfliiger’B Archiv filr Phyeiolope. * 

Prooeedinge of the Boyal^ooiety of Edinborgh. 
Pharmaoentioal Jonmn and Transao^ne. 
PhArmfli^AntiaoliAfl dbntrAllQlfttt. . * 


P. M. 
P.. . 
P.B.. 

Pf'E. 
Fh. . 

Ph, a 


Pr^, . 
P. B.I., 
P.B. . 
B,T,0.. 
P.P. . 

Scher, /. 

8 . a jr. . 

8ii»^W, . 
T. or 2V, 

F. . . 
W.J. . 
B. . . 

, Z.B,^. 
Z,f.d.g. 
BatW’ 

VMS. 

Z.K.. 
Z.KO. 
Bn. , 
E.P, 

G. P. . 
Chn, t • 
Oin.-K, . 
Oerh, . 

. . 
B.O. . 
Stas, 
Bsoh, 
8ta$, 
Nouv, B, 
Th» • • 


Proceedings of ^he Boyal Society. - 

Proceedings of the Boyal Iiutitation of Great BritfRh* 
Phai^entische Zeitg^riftfiir Bussland. 

Becneil des Ipravauz chimiques des Pays-Bas 
Bepertoriinp filr die Pharmacie. 

Quarterly Journal of Science. • . 

Sohweigger’s Journal der Physik. 

Scherer’s Journal der ChenHe. 

Journal of the Soci^ of J)hAmcal Industry. 
Sitzungsberichte der K. il^ademie zu Wien. 
Tnansactions <i the Boyal Society.* 

Transactions of the«Boyal iociety of Edinburgh. 
Wiedemann’s Annalen der Bhysik und Ghemie. 
Wagner’s Jahresbericht • 

Zeitsohrift fiir Ghemie. 

Zeitschrift fdr Biologic. 

Zeitschrift fdr die gesammten Natur^ssenschaften. 


Zeitsohrift fOr Erystallographie nnd Mineralogie. 

Zeitschrift filr physikalische Ghemie. 

Handbuoh der organisohen Ghemie: von P. Beilstein, 2t6 Auflagei. 

English Patent 
German Patent 

Gmelin’s Handbook of Ghemistry— English Edition. 

Gmelin*Eraut: Handbuoh der anorganisohen Ghemie. 

^raiti de Ghimie organique : par Gharles Gerhardt. 

Xehrbuch der organisohen Ghemie ; von Aug. KekulA , • 

Graham-Otto : Lehrbuoh der anorganisohen Chedlie [5th Ed.] 

Stas* Beoherohes, &o. • 

[Aronstein’s German translbtion ■ re> 
Stas’ Bouvelles Beoherohes, &o.) ferred*to as C%m. ^roporf, 

Thomsen’s Thermochemische Untersuohungen. 


Ag. . . 



A"' . ) 
B'B"eto, 


cone. . . 

diL . . 

g. . . . 


mm. . «f 
moL • •! 
oil. , . 



n. Tebus iifD QaiHTxnss, Ao., nxqrmsrmx usgp. 


Water ; e.g. NaOHAq means an aqueous solution of caustic soda. 

18 parts by weight of water. 

Besidues of mono-, di-, and iri-basio acidj^ Thus, in describing the salts 
of a monobasic acid NaA', GaA’,, AlA, may be vmtten, HA’ standing 
for the acid. Fora dibasic acid we should write NsjA", GaA", AJ^", Ac. 
Stand for bases of the ammonia type, in describing*their salts, tiins the 
hydrochloride would be B'HQl oi^B"2H01, acotrding as the base is 
monaoid or diaoid, dto. 

Concentrated. 

Dilate. 

gr^ 

milligram. 

millimetre. 

moleoK^ 


liquid, nearly, or qoite, Insoluble in waiSK. 

p^ldtate. 

to precipitate. 

pcatipitalliig. 

precipitated. 




otablii ia 
T^Msily 
Twy 

moderfttel^ 


eolabla in. 


9 * • ■ 

&V: 

M. w. . 
Mol. w. or 
M.«vr. 
D.. . . 
ear. 

unoor, e 
LV. •. . 
V.D. . . 

s.a . . 

S.G.\f . 
S.a¥ . 
S.G,ia . 


S.H.p. 
H.O. . 


H.O. V. 

H.O. p. 
HJP. 


II.P.y. 

H.F.'p. 
H.V. \ 


T.O. 

S.V. 


S.V.S. . 

E.O. . . 
O.E. (10° 
to 20°) 


oompaia. 
about. . 

a melting-poini 
a boiling-TOint. 

f iardness^f minerals). 

tomio weTpit 
Moleoolar weight 

Density, 
oorreoted. 
onoorreoUiL 
in vapour. 

vapour-density, i.e, denlity of a gas oqpipaaid with hydrogen or air 
Speoiflo gravity compared with water. * 

„ o et 10^ oompaAd with water at Oft. 

ft If If tt »» »ii * • 

„ „ „ 12° ; compared ]gith jj^ater of which the temperature is 

not given. • 

Specific heat. 

„ „ of a gas at constant volume. 

„ „ „ „ „ pressure. 

Quantity of heat, in grib-units, produced during the complete com- 
bustion of the mass of a solid or liquid body represented by its 
formula, taken in grams. 

Heat of combustion in gram-units of a gram-molecule of an element or 
compound, when^aaeous, ufider constant volume. 

The same, under constant pressure. 

Quantity of heat, in gram-units, produced during the formation of the 
mass of a solid or liquid body represented by its formula, taken in 
grams, from the masses of its constituent elements expressed by 
•their formulae, taken in grams. 

l^eat of formation of a gram-molecule of a gaseous oompountl from the 
g(am-molacules of its elements under constant volume. 

The |ame, under constant pressured 

He^t of vaporisation of a liquid, i.e. gram-units of heat required to change 
a CTamsmolecule of the liquid compound at B. P. into gas at same 
|e • temperature and pressure. 

Thermal conc||iotivity (unit to be stated). 

Specific volume ; or the molecular weight of a gaseous compound divided 
by the €I.G. of the liq^iid compound at its boiling-point oom^fired with 
water at 4°. a 

Specific volume of ar solid ; or the mass of the solid expressed by its 
formala, taken in grams, divided by its S.G. 

Electrical conductivity (the unit is stated in each case). 

Coefficient of expansion (between 10° and 20°). 


S. (alco- 
hol) 

1*01 *0. 
B»y. 


Boo 

Ml 


Solubility in water 


^f a gas e volume dissolved by 1 volume of water. 

/of 


number of gnus, dissolved by 
In both oases the temperature 


a liquid or solid 
alcohol "i 100 gnus, of water. 

^ tifl stated. 

Index of refraction for hydro^n line 
If n f, sodium D, Ac. 

Molecular refraction for sodium light, i.e. index of refraction for line » 
minus one, multiplied by molecular weight, and divided by S.G. at 15* 
compared with water at 0°. 

The same ; S.G. hoiug detennined at 15°-20° and referred to water at 4*. 
The same for line of fhfinite wave-length, index being determlied bf 
Cauchy’s formula (Brflhl’s Ba). 
b Specific rotation lor iodium Ughi 
^ 100^ 


>• „ „ neutral ti]){. x 

100 mm. of liquid. liquid. 

%iiiDbitimoe In 100 grambipi of llqaio. 


a-observed rotation tog 


p-»iio.ol grammes of active 





Ma 

Bf . 
% : s 

S V 

Pr « . 

Pr . 

pfint • 

94C . 

r 

n . . 

9»i o»p 

e . . 
i . . 

f . . 

« . • 

♦ ^ . 


•BensojlOAO* 


Mriianliy >otek|i|^^, pom 


, tiwroA - moloeiiltf 

OXCfXOii ^ 

, lAiffht bodj a. angle of rotation nnaer magnetfo 

iafliianoei^ii^ angle of rotation of water nnflip; lame inflnenoti iov 
’ • moielillr weight of water (18^ 


P^ranogen On. 
Bthyl OgHy 
Methj] 0^. 
l^eny] OA* 


in formulae. 


«,g,%Ao. 

(«). i»h 

At, 

(B.) . . 
(Pf.). . 


Nonnal Fro^hC)H|. OH,. OH,, 
leopropyl OH(CHa),. 

radiolee or ^Jkjli* ^ 
priinary. - ^ 

tertiarv. 
normaL 

meta--ortho— para, 
oonseoutiro. 
irregular, 
aymmetrioal. ^ 
nnsymmetrio^. ^ 
pseulo. 

attached to nitrogen. ' 

Employed to denote that the substituent is attaohoA to a carbon atom 
which is next, next but one, or next but two, respectively, to thi 
terminal carbon atom. The end to be reckoned from is determined 
by the nature of the compoundi Thus CH,.OHBr.CO,H is a-bromo- 
. propionic acid. 

denotes that the element or radicle which follows it is attached to a ter- 
miniJ carbon atom. 

ihdicate position in an open chain, only. • 
indicate position in a ring only. 

Used when a, Ao, are employed in a sense different from the above, 
e,g, (a)-di-bromo-camphor. 

Baeyer's Nomenclature : 
benzene ring. 

-pyridine ring. ^ # s . ^ 

Thus {B. 1:8) dichloroquinoline, means itrineta-du^oroqumolii^e in 
which the chlorine atQms are both in the benzene ring. 

•While (Py. 1:8) diohloroquinoline, means a simila'f ^body, o^y the 
chlorine atoms are in the pyridine rini;. Th% numbers avo counted 
from two carbon atoms which are in different ring^, but^tipth united 
to the same carbon atom. . ^ ^ 

denotes the central ring in the molecule of anthracene, acridines, and 
azines. , , c 

means that the element or radicle it precedes is in a closed nng. 

„ „ „ „ ' „ not in a benzene ring, 

denotes isomerism Uiat it not indicated by ordinary iiprmulfB ; thus maleic 
acid may be called alto-fumaric acid, 
denotes displacement of oxygen by sulphur. 

„ the group SO,H, except in the word sulphooyanide. 

„ the group SH. 

Tribromonitrobenzene sulphonio acid |1P:2:8:4:5] means that the three 
bromines occupy positions 1, 8, and 8 ; the nitro- group the position 4, 
and the sulpho- group the position 6. ^ 

** Denotes that the formula to which it* is Infixed has not been determined by 
analytis. But it by no means follows thfit formula without this mark ate those p 
aaalyved compounds. 

All temperatures are given in degrees Centigrade unless when qpedallj >teftd 
otherwise. 

Wave-lengths are given in 10'* nun. ^ 

Fonmala, whan u^ instead of names of substances, have a ^Mhtative m s ai tipl 

pply. ** 

Thomsen's notation is osed in thennochemioal data. 


M.) 


olio- 


thio- . 
sulpho- . I 
sttlpbydro-; 



DimOMRT OP .CHMI8TRT 


;ekhyl.azoxazols 


OPh:!^^* 


[30°]. 


Formed i}y Hie action ol CO, on an alkalinew* Reactiona,-^!, Dilate HOlAq lA iSOVonni 
solution of ^he%zim of phenyl-glyoxal (Bu|sa- . .... 

noff, B. 24, 8508). Needles, i^ol. water., 

FHEHTL . BOTZAllpiirS - ^ 


i.e. 

OAC(NH).NHPh or CX-C(NPh).NH, [112°!. 
Formed from benzonitrile and aniline hydnf 
chloride at*280° (Bernthsen, if. 184r%48; 192, 
88).* Fonned also from benzimido-ether and 
aniline, and from 0Ph01:NPh and NH, (Koffbert, 
•A, 2850^8). Nodules (from alcohol), si. sol. 
water. Forms a crystalline nitrate. 

BeaUunu,^!. Split up by heat into aniline 
and benzonitrile.~2. Dry HjS at 180° foras 
0,HvCS.NHPh and some thio-benzamide.— 
8. Cll,at 100° forms thio«benzanilide and phenyl- 
benzi^dine salphocyanide.-^4. Beduced by 
sodium-amalgam to C,H,.OH(N]^.NHPh. — 
6. NUrpua acid forms benzanilim (Mieran, 
il. 266,141). 

I The derivatives OJB[jC(N.SOaPh).NHPh 
p89°] and OA(SO,N:0(NHPh).0,H.), [196°] 
have been, prepared* (Wallaoh, A, 214, 214 1 
Jacksdh, Am, 9T 848). ^ 

a • Bi -fhenyl • beniamidinc • 0. J1|.N, U, 
O.H5.C(NPy.NHPh. il44°]. 

FormaHo^—1* Ftoxp benzanilide by treat- 
ment with FGLVnd aniline IfOerhafdt, A, 108, 
m ; Hofifia&n, B.«186^ 161 ; WaUach, A. 184, 
88).-^. From Ph.OGl| and aniline with or with- 
out ZnGl, (Limpricbt, A, 13o, 82 ; Ddbner, 
B, 16, 288).^8. A produob.of the aoticyi of 
aniline hy^oohloride at 260° on benzonitrile, 
ibiobenzamide, or phenyl-benzamidine (Bernth- 
sen, A, 184, 862).— 4. Bjb heating benzanilide 
with phenyl* cyanate at 190° (Eiihn, B, 18, 
1476}.—6. By heating the hydrochloride of 
'Jl>ettzimido-ether in alcohol with aniline for a 
long time (Eobbert, A, 266, 165). 

Aoperm.— -Needles (from alcobol]ffm. soL 
bcfsene. Its. alcoholic solution is neutral to 
limas. Not affected by nitrous acid. Split up 

Ihto^aoilios and benzanilide when boiled forn 

:^OgtilMwitha^^ * 

M Dry H,S at 160° forms thio- 

C8,at 140° forms PbGS.NHPh 
i^NPhQBJBernt^ 192,84).-a. Gone. 
JSlPinat yields axiiiine and ^nzoio acid. 

▼. sl.B0l.wat6f^WWlr 

“r needles. 

f 4 

Fonned iMfiig . 
with btasfsitrfliJ 

4^, m 



Its alcoholic soluticm turns litmus blue. 
HjSOf gives aiivioletHlue colour on wi 


OottA 


NPh^s.— 2. The free base and^ its hydro- 
chlofide yield benzonitrile and diphenylamine 
on* heatin(^8. Nitrons acid forms NPhBs 
(Klobbert, 1. 266, 167).~4. H.S at 180° forms, 
Ph.OS.NH,, diplmnylamine, PhOS.NPh,, and 
NH,«-6. GSa at 140° forms PhGS.NPh/an4 
HNPS.# 

Salts. — B'HOl. [c. 228°]. IfonocBnld 
crystals, a:b:e « -629:1: -607 ; 8 - 86°62'. V. sol 
water, sol. alcohol, insol. ether.— BW,PtOLo- 
B'HNGS. [208°]. Fellow prisms. 

PHENTL-BENZAKIDOillE 
0,Hj.q(NOH).NHPh. [186°]. Formed by boi 
ing 0,H,.GS.NHFh with an aloohi^ic solution i 
^droxylamine (MfUler, B. 19, 1669). Needlea 
f^m water), xields B^OL Cllw,Bt forms 

“ D^j^’^^-lnirzAZiowi u 

0AC(N.NHPB).NH.NHPh. [179"]. f&M&bf 
the action of phenyl-hydrasitte on nOOla or . 
on the hydrochbride of benz-imido-ether dis- 
solved in absolute alcohol- (Pinner, B. 17, 182; 
Mar okwald, 0 , C, 1688, 1410). Dark-red needlea. 
sPHl^yL-BENZENE o. DirBurtL. 
p-Di-phenyl-bensene G„H |4 is. OgH^Ph,. 
Mof.w.280. [207°]. (0.406°). T 

Formafton.- 1. A product ol the action of 
sodium on an ethereal solution of p-di-bromo- 
benzene, or, better, of a mixture Of jmU- 
bromo-benzene with brondne (Bieser B. [2] 

6, 192,786; A, 164, 168).-2. Together with & 
isomeride, and other products, fypaisii^ibw . 
vapour of benzene, or of a mixture of bin&eno. 
and toluene, through a red-hot tube (Q'^'Sohaltilr 
B. 6, 415; A, 174, 280; 208, 118; C ** 
a /. 87,712).— 8. Together with the i 

and other products, by the action Of AIG 

mixture of MeGl and diphenyl (Adam, [21 
49,97; A. GA[6]16,24i;. 

Preperfies.— Needles (from benssile), or hi- 
descent laminas (by sublimation) ; iasoL alpollsl;; 
y. si. sol. HOAo. Ito solutbniishenssiis ihiiiwi 

Idue fluorescenceb Gone. H,SOi gif ei • dfriy^ 

green solution changfim to pirpl^ CM), hi 
HOAo oxidises itto^he^lp^sitSosylic {216^ 
and terephthalio Midi. Does aotfoimsoon^' 
pound with piorie atddr Not Tolsilj|i with stfS^ 
Yields OigOiii on ezhi^ve cidlmatibh TW 
SbOL (Men a. Welth. BSo. mi). ^ 
A^erstiess. — Bnesio - ahd:; T|s*ciDt!W 

Xse-di-phsnyiihiBssae |66?J. (A 87d 

Fomied M shdfOr 








MAV (ifcoTa ^ 

Metopti«noM Iv tnalount wHby^iOjt tidth alod^ 
hoUaSnstiton^hafy^ (£n|K «. 688:7, 

4^88). Formfdal8ob7hdiUsg0S|(OA.GO^^^ 
;««h KOH (Oabrial «. mS^ JB. li, 
ip07)*'^tt U alio a by.v^ iik the aetioa ci 
4o«tovil^ OB ditnethylaiuUne In presaaoe of 
ZhClf (D61^r a. Petaoboff, A. 249, wfb). Tri< 
metrioorrstalB ; a'.9:e »• *566:1: *766, ilfbol. alAohoL 
tielda benadilo aeid on oxidaion by CrO« in 
HOAo (MeUin. B. 93. 9583). By ezhao^ive 
ehlorinalion with ShQl^ it yieldi pe|^loro* ri- 
phenyb^naene (Merz a. W|ith, B. lo, 9888). 
Oh'heatiM with I and red B at 97|P it yields the 
omtalllnB d^eoa-hydride OMH,,and finally oilyi 
OgJ^Melhn, B. 28, 9584). Fuming H^04 at 
l^flbnnB a disnljohonio acid, which yieldstthe 
Ba ult crystallising inwieedles. •. 

> PB8lir7Z.-B£irzSNX.8trLFHAZlBS ' o. 
PheMil^hydfaiide of Benzbnk wlphonzo iczn. 

Bi.pmi«TL-B£N2£KTL.A.niUBA ^ 
HHPb.CO.NH.CPh:N.CO.NHPh. •C17J^. 

' ' Bormed from benzamidine hydrochloride, phrayl 
vCyanate, and NaOHAq (Pinner, B. 92, 1G07). 
Ktedies, Intel, water, v. si. sol. hot alcohol. 

^ ^ >HBMYMElfZlMIDO.ETHEE C,4H,4NOie. 

OPh(NPh).OEt. A product of the action of 
. aniUne on bensimido-ether (Lossen, A. 265, 138). 

V Decomposed by cone. HOlAq into EtCi and 

PHBJriB BBVZOATB o. Bernoyl derivaivoi 
irfPlBiH on. 

Pmm^BXVZOIO acid «. DirBXNiL-CABB- 
. onnxo Aotn. 

PBIBTI-BBBZOPHXHOHE G,.H,.0».e.Cl:4] 
OA.GA.CO.O,H,. 6104°]. V.D.9 0. Formed by 
oiddalion of n-benayl*diphenyl with chromic 
add (Ooldsohmiedt, M, 2, 467 ; KdUer, M, 12, 
50^. Formed also from diphenyl,* BzOl, mid 
AlC^ (Wolf, B. 14, 2082). Scales, sol. alcohol. 
Yielda Waophenone-p-oarbozylic acid on farther 
oa^aiion by OrO,. 

■ 0»im, [194°]. Needles. When HCl is 
; niaiod into lie solution in HO Ac containing 

iui4 mixture heated in sealed tubes 
ia^oonTerted into the isomeric 
^ CI^,(Sl^4.00iNHG4H. [224°]. The oxim is re- 
dhCbd by 8odiQm*am(ilgam to the corresponding 
< jjnine 0A-0A-CH(NH^.0^^ [77°]. 

jCsHfop^ d^rivativ of the 0«*w[198°]. 

; < Kasdles (from alcohol). 

jphmyhhydruMidt, [144°]. Yellow 
yy^ei (from dilutb doohol). 

3 w r pbnnyl - bensophenone (OJH..G«^,GO. 
Formed by the action of GOCL on 
pierce of AlGl, (Adam, B2. m 47, 
G'A. [61 15, 259). Cmt also by oxidising 

■ Q^OAFi»)t(Weiler,B. 7,1188). Whiteneedles/ 
#61. acetone, f. sL lol. alcohol. Not attacked by 

^NO|Or by H^SO^and HNO|at 100°. 
bg Na to its solution in alcohd-bcniene 
to (GA-0|H4),GH.0H, [151°], S. 
[■floiio[)I^5atl5°. Potash-fosion 
-earboi^Uc acid [218°]. 
BVHOWHORE CABBOXmO 
.OO.CAOO,H. [290°]. Formed 
hm anfayoride, and AXOt 
. Ilecdlei,. Yield# uczisi: 




PSBBtl-B^OTD-AOlflO AC8> 
OHBaPh.OO,H. WfApI ifAsr McAV Fcm 
from de-C!#ybenae!n, and CIOOJ 

(Battner, B. 21, 1816). Oil, deMmMsed by d 
tiBation into G JUPh« O Ot, andpt oB^ 

• rasVYL.BBMZm.BDTmC AC1|> 
GHBzPh.afl.,.OBLOO*H. {fiy3aylpr<^ 
acid^ [186°]. Formed frpm depxybenzoi 

B. 21, 1844). iS^es. Velds MeA^ [6i 
and EtV [84°]. • 

The fsomerle aeid OHBzPh.CHMe.CO, 
[215°], formed from #*bromO'propiftiio acid, 
less sol. alo<mol and ether. 

• PEENTnSNZOTL4JABBlNQL 0 . Bknzoi 
PHSNYL-BSN2»TI..PE0PI0ilr0 ACID 

CHBzPh.OH,.CO^. [156°]. Formtdfromd 
ozybedboin, NaOEt, imd ohlpro-aoetio ethi 
■' w a. Oelkers, B. *1, 1295; Knoevenage 
21, 1844). Small tables (from alcohol). 
Di-phenyl-be'nsoyl'propionio aoicP 
CH,Bz.CP 14C0JB[. [188°]. Got by the aoti<m < 
alcohilio potash on the lactone of oxy-tri-pheay 
crotonio acid (Japp a.*Elingemann, B. 22^882 
Yields a phenyl-hydrazide C„H,iNyO ^85° 
and an oxim C»jH3,NO, [152°]. 

FHEHYI.BENZYL ALCOHOL «• 

CjH^Ph.CHaOH. Got from 04H4Ph.CH, by treai 
ment with Br and alcoholic potash ; the resultin 
syrupy 0«H4ph.GH30Et being treated with H 
(Adam, B2. [2] 49, 97). Syrup. 

PHEKTL.BEHZTL- AMIDO -DI.PHSHTI 
METHANE U CH3Ph.C,H4NPh.0;H 

Formed by heating NPh,H (1 mol.) with benz} 
chloride (2 mols.) and ZnCl, at 210° (Meldola 

C. J. 41, 200). Solid ; «r. sql. ether, ii^l. alcohc 

and HO Ao. • • • 

PHENYL-BENZTL-ttlNE v. B|irzTL*ANiL 

INX. . 

Nitrotamine C,HJ^h.NO. [5P°]. Needlei 
(Antriok, A. 227,«860). Yield# benzyl-auilini 
and benzylidene-anili^e o» AreaMnt witf 
alcoholic HCl (0. Fischer, A. 241, ^8). 

Phenyl-di-bensyLamine v. Di-BBNzri-iNiL 

INK. . • 

Df-|henyl-benzyl-amine NPh,.CH,,Ph. [87°] 
Got from G4H4.CSNPh„ zinc-dust, and HClA'q 
(Bernthsen a. IVompqtter, B. 11, 1761 ; cf. Wilm 
a. Girard, B. 8, 1196). Needles, fal. sol. cold 
alcohol Yields a green dye on heating with 
HOlAq and arsenic acid (Meldola, B. 14, 1885), 
DI.PHE]rTL.DZ-BBNZYL.TSTBAEONI 
NPh(C^h).N:N.NPh(OH>h). [109°!. Formed 
from , (a)-phenyl*benzyl>by^zbe, CHOlt, and 
HgO(«hcha^ a. Philips, A. 252, ll90). Nec^s. 

PHNNYL-BENEYMABBINOL a4H|40 is. 
db^CH(OH).OA. 7V)2f(tflsnsA|f(MA (4^. 
Formed by reducing deozybcnzoln, and bj uc 
action of alcoholic potaMi on the 
(Limprioht a. Schwanert, A. 165, 

W, A. 174,882: Zcgonmanayi #184,i6^X: 
An80h6te.A.d6l,298), ^ > 

the action of nitrons acid on ( 

(LeuokMt, B. 22, 1410). ^ 

(from alo<M)i inkoL water. Mtecd .bymit 
Ao dibcnajl Yicldcaltoaidatoj^didyitim: 




nq. Jktmt tem 

n yiir*«5r pixon, 

i. . — - 


_ imeor,] fonned from 
afid ethjl-aailino eiyttol- 


An ^ 

toajd-Uiic^, 

■o&um ph^yl-hydraaine and benzyl ohldfade, 
and got also by apductiozft;of phenyl-benzyl-* 
^mtroaamme (Antriolc, A, 2277«61 ; MichaeUs a. 
Philips, d. 252, ^). Needles (containing aq), 
aldehyde fomi 

• CH^.»Ph.N:CHPh. [IIP]. In benaene sola- 
5! « oompound.1 
rt (Micha^^8 a. Buhl, 1!27(V 

122). 0^(2,formsO,H,NPh.N:PCA[141°]. 

^ needles.— BUCl. 
[107®]; oolonrless needfcs. Benzene phos- i 

WM8S)' ® P®®°] (»«<*»*>. M 

Acetyl derivative. [121®]. • Scales. 

PHiim.BEKmiDETO.ALlTl.HTDaA. 

ZIHE NPh(0,HJ.N:0HPh. [52®]. Formed 
from phenyl.allyl.hydra2ine and benzoic ahle- 
nyde (Michaeln a. Claesaon, B. 22, 2237). 
Ne^ea, v, sol. ether and hot alcohol. 

PHBlin.BEHZni]>BHS-AimrX V. B*kz. 

IXmiNB-ANIUNE. ^ 

Phenyl-beaiyUdene-diaaiiie 

5fl..CH(NHJfflHPW. (1160]. Formed by 
mno^n of phenyl-benzanudine with zinc and 
HGl (Bemthsen a. Szymanski, B, lA 917), 
Tbiokprisma. 

• JP^®8 or plates. 

^ l)l-PH^YC:B|KZYLlDE2r]|. ETHYLENE. 
Biuraic OHPh<NPh>o^.p,^o].i.„^,j 

from benzoic aldehyde and di-phenyj-ethylene- 
dumrne (W |. 20, f32). fieeSJs, split up 
by dilute HOinft The parent bodies. 

IfHEEYl • BENZYUBENS - ETHYL. 
pD&AZlNE PhNEt.N;CHPh. [69®]. Formed 
mm benzoic aldehyde and phenyl-^hyl. 
hydrazine (Michaelia a. Philips* A. 262, ^2). 

. PHENYE-BENZYLIDENE-HYDEAZINE v. 
PnfCHjfl-hyd raeid e of BbnzSzo aldsiitob. 

B I-PHENYL-BENZYLlDEHE.M-IHDnrn 
CQB[Ph(0„H„N},. [263® uncor.]. Fonned from 
bansoio aldehyde and (E. 

pwher a. Schmidt, B. 21, 1074). Slender 
leeio^ T. «l sol. hot alcohol. 

^ PBSm-BENm.XNB01N 0„H„N 

Formed* by 


|^^S(Ain^4il 


(Z4m< 

Ok ». ^ W^tiOliiy )bMkftinpt oftloiadi 

MmsMte and W<liuiU|M«iiyl4b«tete Ohulii*- 
’ Sy<iw«Kitioitol 

^01, on n uixtnn of jilienyl.‘u«t)rl oUorido mmI 
boM^ (<^be a. Bongntar, B. 18, mV9)^ 
6. Fromihenyi-aeetiq add, benaena, aailip.0, 
(Zinoko,5.#,1771).-7. By Aa aotftn of a^ 
flolio ammonmia anlphida (or KHS) on banail 
(Zimn, J. pr. 88, 86 ! Jana, A. 166, W).-8. By 

platea (from alcohol) ; 
|1. sol. hot water, volitile with ste^. • 

B^ftons.—l. On heating ixSfc atcoholio 
pota^ it yields phenyl-benzyl-carbinol and ‘ i- 
etljyl carbo^nzonio » acid 0,gH„0, [100®], which 
^vesEtA (i09®at 11 mm.) (Zagonmenny,A.lS4, 
163 ; Anschutz, 4 261, 298). The acid 
18 cOTverted by^ and HI into an isomeric 
HNa (S.0. 1-18) into 
oono. HNOj into 0„H|,(rioJ,o| 
.V B^benzyl. 



[KMt®]. 

lenyl-hy^bazide of di>benzyl 
*-ilia HOI (Trenkler, A. 248, 
. prisms (frpm hot Ugtmn). 
p^e^wood reaotiiri. . 

IBIONE Oi^ajb U. 






■ ^ ), and .>vvia«i'«MB«WU lun, P'U.a.Yl- 
in pnm/^akoiel at 
»•« “ isomatiao 

isobutyl.carbobenzonio » acid 0„I4,0, [148®], S. 
^Iwhol) 6. The homologous isoamyl compound 
^HyO,[160] may be got in likemanner.-Hl. Ee- 
duced by HI to di-phenyl-ethyleneand di-phenyl- 
6. Sodtum-amalgAm redooes it to 
and finally to phenyl* benzylmurbinoJ.'^ 
6. Nitricacid (S.G. l-2)yieldni)enaU, nfrtO'bensil. 
and p-nitro-benzoio acid. Cone. HNO. fSaG. 

®i«H||(NHj) 0 [96®], The intro* and amido* 
compounds yield ozims melting at 107® and 
^’nming HNO, (S.0. 1*61> 
at 0® forms three isomeric di*xiltro> derivatives 
m p26®] and [166®] {OolnhetTS! 1^. 
ff w ’if n Brtmins tome 

[66®] (Knoevenagsl, B, 21, 1355) 
and C,H,.CO.CBr,.C,H, [112®].— 8. PCI. yields 
CHPh:CClPh.-9: Alcihiuc jitmh 
aldehyde form benzamarone G Tf ^ 01X5®] 
(Japp a. Klingemann, B. 21, 2934; cA Zinin, 
2. 1871, 127),— 10. NaOEt and nitrons acid 
yield the mono, oxim of benzil.— IX. Na6Et 
and CSCla yield golden (C-H,.C(OS).OO.CLH.)w 
[286®] (Bergreen, B. 21, 850).— 12. NsOEt tod 
Mel yield phenyl phenyLethyl ketone 
C.H,.CO.OHMefc. ‘'othSr afcl WfdeV^t 
lo (V. Meyer,^ 21, 1295). — 

13. Sodium acting on a benztoi 8olntio]| in 
absence bf air forms 0^,.00.(jHira.a|Bt a very 
kygroscopidayellow substance ooavsrisd by €04 
^ m acid, whence hydrozjdtoiiiie hn^ 

CHPb!oO>^ 

22).— 14. CS01«orOS,foimidesa^ OUO^ 
which is fteiyyelloWp SMringly soli&^andS^ 
a violet solution in H|8it (Bermem «. Vnysl. 

lftnBln| SNfl^rienns 

T&euriib 


. C0afOH).GA. 

..\tdra»ids 

Hi.diiLB^.Fli. •CUW^. MaedUi (Itoto 
- Ml (W i* 3* 31i .Stf47). 

^ fttxirn mzinrjiunoirx^iJtBOXT. 
iJG i€lD 0„H„0| M. OA.CO.CH,.O.H.COja. 
^Piocrff^hentcVn-carboxylieacid. [168]. Formed 
Iby luting iBobenzylidene-phthalide wth*KaOH 
K&ftfiriel, •JB. 16, 9446). Nee^^, ^ sol. 
lyoohol Beduoed by sodium-amalgam to 
Q|BifOH(OH).OHrOaH4.CO^.* Ammonia forms 
iMbewiidenesphthalimidine. Hydroxyla«ime 
'b]^dro(Aloride in ilcohoUo solntft* at 100** 

PP- 

Anhydi^ v. IsoBXNznjnEMa-pnTRALins. * 
Mithjulamide GH2Bz.O4H4.GO.NHMe. 
.44^]. Formed from isobenzylidene-phtftalide 
itd metbylamine in alcohol at (Gatliel, 
20, 2866). White needles. ^ 

Fhenyl oensyl ketone o-o4tbozyUo acid 
,l^.CIH,.OO.GJl4.GOj,H. DeoxyhemoHn^carb- 
ij/Ue a^. [76°]. Formed by boiling bonz- 
idene-pbihalide with KOHAq (Gabriel a. 
iohael, B. 11, 1018). Prisms (containing aq). 
■J^h! \ dty^alline pp. 

Anhydride v. Benzylioene-phthabidr. 
Amide 0H,Ph.G0.04H..CO.NH2. [166°]. 

irmed from benzylidene-phthalide and alco- 
»Ho NH, at 100° (Gabriel, B. 18, 2434). 
^edles, sol. hot water, converted into benzjJ- 
raene-phihalimidine by boiling with HOAo. 

Ethylamide GH^h.00.04H4.C0.NHEt. 
[140°]. Formed from benzylidene-phthalide 
and alooholio NEtH, at 100° (Gabriel, JB. 18, 
1268, 2484h CoifVerted by boiling HOAo into 

[77°]- Hydroxylamin. 

tomu [177°], which 

formed by the action of h^droxylamine on 
phenyl benzyl ketone carboxylic acid. 

Faenyl beniyl ketone dioarboxylio aeid 
CI^4jOO,H).OO.OH,,04H4.GOaH. [289°]. Formed 
ii^etner with an isomeride [260°] by heating 
» phenyl-aoetio-p-carboxylic acid with phthalio 
anWdride anaNaOAc at 100° (Ephraim, B. 24, 
2821), Needles. Gaseous HGl acting on its 
alooholio solution forms the anhydride 

Muina yidds 

[280°] orystaUisii^ in needles. Alooholio NH, 
forms orystallkie G,4H„NO,. 

tHEirTI».BX]rZTL.lCSXETL.A]tlllE 

U NMePh;OH,Plf, [806°] .(NOIting, 

>ti8r.[8J18,89). 

V Uethylo.chtoride BldeOlaq. fllOfi. 
I'ormed irom di-methyl-aniline and* benzyl 
(Miohler, B. 10, 2079). Tables, y. sd. 
and aloohol. Gonyerted by SQOoessive 
Ijifbittneiii wi& Ag,SO. and baryta into a syrupy 
ijirlfoxide, wmioh is Mit up on distillation into 
aldMOl and dmnethyl-aniline. 

!#» W is. J^phMe.OS.NHC,H,. 

A fifdm binityhtMooarbimide and 
^^ji^^ a /. 69, ^8>. Prisms. 



Formed by boGing methyl-tl\)ooarbim.^ 
ben^-anUlne in alooliblic solution (D.)* 
of white prisms, & si. sol. hot watsr. • 

FSaunrL.ajdKn>KSTKn.t^ 
Cfl>h.NH.OO.NPhMe.f [84°]. Formed from 
OH^.NH.GOa and methyl-fiiliae (KOhn a. 
^Biesenfeld, B. 24, 8817). V. sITaloohol. 

' BXNZTL.PHB]nrL.VlT108A]U]nB 
0,H,NPh1NO). Nitrosamine o^b^yhaniline* 

I [68in. Formed from benzyl-aniline (10 g.), 
l.aloShol (126 c.o.), F ,804 (6 0.0.), and NaNO, in 
the cold, the promot being poured into water 
(600 O.C.) (Antrick, A. 227, 860). Pale-yellowish « 
needles, v. sol. alcohol and ether. ^ 

PHENTL-BXHZTL-OXIDE v. fhmyl ether 
of Benzyl Iloohol. 

FHSirTL.BSlUTL-PHOBPHlVE?* 
GJJjPh-PHPh or CH,4p,. [17r]. ^ Formed by 
heating G4H4PGI, with benzyl ohlonde and zinc 
(Miobaelis a. Gleiohnugint B. 15, 1961). Needles, 
conyerted by successive treatment with chlorine 
*and alkalis into G„H„FO or [156°]. 

Di-phenyl-beniyl-phosphins diollorids 
G,^PGl2(G,H,)j. [187°]. Formed from (G,HJ,PG1 
andrbenzyl onloride at 180° (Ddrken, Ft 21, 
1606; c/.Michaeli8, B. 18, 2117). Pri^s. « ' 

Di-phenyl-beniyl-phosphine oxide 
G^,PO(G,Hj)p [196°]. Formed by decom- 
p^ing the preceding body with water. Yields a 
tri-nitro- derivative [206°]. 

DI-PHEKTL DI.BXNZTL-8FCCINIC AClD. 
Nitrile. ‘GN.GPh(pH,Ph).GPh(CH2Ph).CN. 
[236°].* Formed from CN.GNaPh(CH2Ph) and I 
(Ohalanay a. Knoevenagel, B. 26, 290). White 
crystalline powder, si. sol. aloohol. 

PHENYL BENZYL 8TTLFHONE G,2H„SO,« 
Ls. 0’4H,.S0,.GH,Ph. [148°]. Formed from 

GgH4.SO.4Na and benzyl chloride (Enoevonagel, 

B, 21, 1844). SI. sol. e^er^m.*Bol. alooNol. 

DI.FHENVL-BENZn-THIOSEXlOABBAZ- 
IDE NPh(0,H,).NH.GS.JIHPh. [160°]. Formed 
from phenyl-benzyl-hydrazine iia aloohol and 
phenyl-tlfiooarbimide ^Miobadlis a. Philips, A. 
262, 289). Grystals, v. sol. 4ist abpBol. 

FHENYL-BENZTI-THIO-FBEA GwHuNB 
U, NHPh.GSSHGH^h. [164°]. ’ Formed by * 
mining alcoholio«solutions of benzylamine and 
phenfl-thiocarbimide (Dixon, 0. J. 65, 800). 
Prisms (from alcohol), si. sol. GS|. 

Phenyl-di-bens}2-thio-iirea G2,H3.N.S $.«. 
NPh(0,HJ.GS.NH.G,H,. [108°]. Formed from 
phenyl-thiooarbimide and benzyl-aniline (D.). 
White prisms, v. si. sol. hot water. 

PHENTL-BENZTL.tvTOLYL.BINBBT 
OJHg^A. [96°-104°I. Needles (from dilute 
al^ol) (Kdhn a. Hensohel, B. 21, 604). . 

PHBNYlwBENZYL.iriUSA U, 

^£^h.GO.NHGH,Pli. [168*^. Fmnued bymixw 
ing oenzyl ovanate with aailme (Letts, 0. J. 26, 
448). Needles, y. sol. aloohol. 

Phenyl-dLbeiisyl-iim 0 ^HmN,O. [128°]. 
Got from (03T)jN.00Ca and MHiie (Ham. 
merioh, 'B..25, 1819). Silky iHd^es (from 
_____ ^ 

paCTTM u mr ma pB n. •ni.t^sa. * 

wiittW ¥rAmim.NP W N A I.A w; e 

tea itete* > 

uw id! m. (Wcitb. AMt iwy OijmL 

Vateri br )iote#aUteaatf atte MniMW 



«■ ''-'v ■■’'■ '■ 

^5l.w«tt»^/.l»..|:fl *l,9D, rotm»i 
friJ* “*5?* ®* wmt* on pben;). 

Wlm*.HeMohel,B. iL604). Jltedlea. 

NI^.NPh.OOJlHPh. 
dJ-pthnyf dloyansto and aleo- 
bolio 1^ P^aim). Ptiama, soL alcohol. 

a-Tii-phanytUnrct NPh(CIO.NHPh),. ri48«]. 
™™*“.*»“,'M-ph*nyl dioyanaia and anilind 
(a) ^ by laating phonyl oyanalk with di- 
^uyl-otw at IJO". Priama (Itom alcohol). 

»“8oW>y Behind. 8, *6511 
by stilling phen^-carbamlLotber. 

Rcf6f$fUi68» — 1 ^«BB 0 II 0 *DI« and OxT> PBBHTL* 
BZmtXT. 

PHBI^BOMW Formed by 

^tmg phenol (8 pts.) with B,0|(2 pts.), or, 
a tri-phenyl borate with alooho* 

Suppl 6?202). 8tioky mass. 

Trl-ph&yl borate rOA)AO». FormS by 
boiling phenol with B,(i. Glassy mass, decom- 
posed by hot water. 

Tetra-^enyl diborate (0,H,),BA. S.G.*t 
1*124, fvmned, with the preceding body, by 
hea^mg CABO, at 860°. Thick oil, quickly de- 
oomposed by water. • 

Pl^nyl-boric acid Cf^4.B(OH),. r 204 °l. 

Formed froih GgH|BC4 end water (Miohaelis a. 
B^r. B. 16. 181). Naodlea. aol. alcohol, 
Other, and hot water. . Powerful antiseptic, %ith 
but slight physiological action. With HgCl, it 
PhHgOl. Beduces ammoniacal 
AgNOg, forming a mirror. .On heating, it yields 
the oxide OgH^BO [190°] (aboye 860°), which 
forms crystals, sol. alcohol. 

Salts.— NaA": dimetrio tables.— CaH,A''.: 
crystals.— AgHA": yeUow pp. 

Ethyl ether (176°), Oil. 

Chl orid e o, voVi. {k 631. 

^* BeOMO-BENZENB. 

^ PHBKYl BEOMO-iLLYL OCIBE v. Bromo- 
auyl de rivati ve of Phenol. 

PEEmft. BBOmO-BEHZTL KETONE 


• M«»vj»v-d3ux sL KETO! 

O.Hg.CO,CBLOH,.CHg.CHgBr. *[61°]. Formed 
from phenyl oxy-butyl ketone anhydrid^or its 
wboxylio acid and cone. HBrAq (W. H. JPerkin, 
0, J, 61, 782 ; B, 19, 2669). Six-sided 
platM, V. sol. alcohol. , Converted by warm 
hlcohmio potash into the parent 


AOU). 

fsnrn iBAiA>iw»ui»iro.iuTm. 

TEX . SELPSONE Oy3«.iO;;OBrrSOa.CbH \ 

[185°]. Formed by broSio^^f 'the s^Xm 

OT(S0ih)(SD,Bt)gP^.E.1S.8^ tlaies 
{ttom alcohol) or needb^from Ag). 

.„®M-PHBHnj»(«d.Mi*aMrra tw; 

SFIPHOM OBWSOjPh).. • [«»•). Got W 
bromjnatlng OH(SO,a), (Larea, B. m, 861). 
Amorphous insoluble pp. • » 

WBim BBOKO-KBIRn, Amm w. 

W-BROMO-ACETOBiXBNONB. 

^HENYL BEOMO-METHYl 8ELPHOBfE 
f together with 
CgH4.SOg.CHBr, [7B°], from CgHg.SO,.CHa.COgH 
and Br (Ottoy.pr.^ 40, 642). Both co^ui^ 
jiform monoolinio taoles, v. sol. hot Al(Ehol. 

^ IBTONE 

Og^.CO.CjgHgBr. [98°]. Formed by bromina- 
hSn of ^enyl (oj-naphthyl ketone (Elba a. 
Steimke, A 19, 1966). Yields a orysteiline di- 
nitro- derivative decomposing at about 90°. 

BBOVoVNITRO-TOLnBMB. 

• "raw .PHBBTl. 

AKlIE V. B BOMo-M.mTBO-Di-PBiiim-iiniiii. 

PHBBTI . BBOKO - BITBO - PHBHil. 
HTOBAZniB a,H..NA-0,BtBr(NOJ. [8:1:4], 
[166°]. Formed from phenyl-hydrazine and 
Cg^r(NOg)g (Willgerodt, J, pr. [2] 87, 468). 
Bed needles (from alcohol). ’ 

» PHBNYL^BE 0 M 0 -PHENYE.HY 1 )EABINS 
OgH,.Nj^CgftgBr. [115*], Formed by reduc- 
tion of CgH|.Ng.CgHgBr by alcohoUo ammoalasi 
sulphide (Janovsky, B, 20, 864). Titles. 

PHENYL BEOHO-PHBnL KimNS >. 
Bbomo-ben zophe nonb. 

BI-PHENYL BEOHO-PEOPYLBNE BX 8 EL. 




Phenyl di-bromo-butyl ketone 
®A^i*^*CH8.CHg.CHBr,CHjBr. Formed from 
Wl-noetophenone and Br (Perkin, C. /. 46, 
yield* Cj,H„Br,0 [122°] 
**y* tnlU ehi g from dilute ijcot ol in prisms. 

^ PBPnrYL BBOKO-STHYL XEITONl • * 

OgHg.(K).(LHHr. Formed from phenyl ethyl 
fc in OA (Pampcl a. Schmidt, B. 
^222L«P® ***** pang«“*o8oar. 

- powlb noKo-Bisnn ozibb e, awno- 

eth yl derMfa e of Phxnol. * « 

^ JfHXm IBOXO-STHYL BELP^pVX 

C^]* FoMned by boiling 

pB4^ whibh le got bx 


(Stufler, B, 28, 1411). Needles. 

PHENYL BEOlfO-PEOPYL KETONE 
CgHg.CO.OHg.CHa.CHgBr. [89°]. Formed from 
‘ bcnzoyl-trimethylene carboxylic * acid and 
fuming HBr (W. H. Perkin, iun., C. /. 47, 844). 
Crystalline mass, v. sol. alconol. 

PHENYL-BUTANE v, BotA-bbezeve. 
Di-phenyl -butane CEy»h.OHg.ClHg.CH.Ph. 
[62°]. Formed by heating di-phen]^um^e 
with BH and P at 260° (Freund a. Immerwahr. 
B. 28, 2868). Crystals, v. sol. alcohol. 

Di - phenyl - butane CHMePh.OBldePbc 
[128*6°], Formed by the action of lino^duit oi 
Na qn CHMePhBr (Badziszewski, A 7,. 142 1 
En^er, B. 7, 1127). Needles (from ether). 

Di - phenyl - butane CPh,h^Bi flS8°] . 
Formed from CPhgMe.CO.CEL, phoephoms. 

HI (Zlncke a. Thdmer, D. 1? 1§90). Tablisw 
f prisms, m. sol. aloobol. 

DO.phs|yl-btttaneCH,.OH(CHA)r (800°). 

Formed by heating acetophenone with HUa 
and P at 180° (Graebe, B. l, 162t). (£ 
Beferencet.~-‘AMXb<h, Tbx-ohubo-, and TiK- 

CHLOBO-Dl-niZBO- Slid OZT- fBElAlUXAMBa, 

PHBNYI-BUTAn WCAEMSYl^OlO. 
Ethyl ether OgHL.OHg.C(CK)«BtLCiaH^jBiL 
(888° oor.h 8.G% vioJs. 

FW9n from sodiom-pFopanh tri-oarboxyl2e 
ether and benzyl (dUoride (BiiMhofl a. NOntii 



^Cl^CELfiM,,COJ[, 
f he*tiM aH4(C0.CjfjD0,H). 


ffl^;Krtiied&K*ting afi,/cd;c;CcO,H), 

(Gabridl a. Michad, 

oXo 

f! Vt/titil n T» /AArm' m x J*** 


aK* A4IWJ1UJI tJ, 

Got 

»SS?iSL,'5S?i.*^”“’'* (“S”-®***”). toroiei 

Sj**% ipcoeMlTe treatment rflth HBr 

^Ca^CH,OO.Ph (m^-aaa^) at 710 run. 
Oa^me^ from allyUbenzoyl-acetio^Vid lEd 

Ua «r. 45} 187). Oil, Bm«lling4ike camphor. 


rwi^* 

tt with Br. Excess ofi 

w jiduM to a glacial acetic acid solution forms 
aro tto-pheny hbntenyl ketone dibromide, fiae^l. 

. trfl^.BtJTlrfl!irE 0.^.,. CPhrCHt. 
^h^UethyUacitylens, (202®). S.CP. 2i .923. 

from sodium phenyl-a^tylehe and EtI 
(Morlwi,aj.29.162). Liquid. . 

PhaByl-butinene e,aH,„. (185® Joo®! •Got 
aldohL ! 

potMhati80®(Aronheim,A171,231). Liquid. 
,ffl*PJ^“3rt*buUneiie CnPh:CH.OH:CUPh. ! 

Obtained by heating 
(llebuffat, G. 15. lO?!. 
WAt 154). Mioaceous plates. 

Befert/ncu , — Amido - and Oxy • pbbmyl • 

BUTXKXNXS. 

FBBVTI * BTTTnrEKE BICABBOXTLIC* 
ACID CHPh:OH.OH:0(CO^)^ [208®]. Formed 
by heating cin nami c aldehyde with muonic acid 
and HOAo at 100® (Stuart, G, J, 49, 366). 
Needles 1 gives off 00, when melted. 

BX.PHXinrL.DI.BtrTI]rTL ketone 
CO(OH:CH.GH:GHP h),. [142®]. Formed from 
oumamio aldehyde, acetone, and NaOHAn 

/TIiaIiI m T3 io noAe\ * 


eonverla 

while ethylamine, anillliM. and> wSunE 
and naphdiylamine fonn oompQunda mnHftiiB 


‘ Thi’ 

aoetyl derivative [201®], ^d on treatment with, 
aqueous 8^ at 140® gives the oxxquinone and a 
Bobftance (f^O, [187®]. f 
• PHENYl.wc.BirTYI.AI00H01 0,,H,.O U 
0,H,.CHyCIH,.CH(0H).0H^ [6^. Formed 

by reducing stml methyl ketone with sodium- 
aina%am (Engler a. ^ist, JB. 6, 255). Crystals. 

Phenyi-ferf-buttC alcohll 0,*H,,0 U 
0,H,.CH*.CMe^0K [22®]. (220®-230®). Got 
from phenyl-acetyl chloride and ZnMe, followed 
by water (Popoff, B. 8, 768). Needldl. 

Tri-pheni-ferf-butyl-aloohDl CPhrCMe,OH. 
labove 260®). Formed from C(Jl,.Cltea.OH. 
ben;^ne,.and*AlClf (WillgerodP a.^Genie8er, 
•^•1>»'.[|] 87,868). • 

l)lFHSNyL.Bl.I80BBTYL.TETBAZ0NS 
p.H^Ph.N:N.NPh.C,H,. [107®]. Got from 
phenyl-isobutyl-hydrazine in ether bx treatment 
with HgO (Michaelis a. Philips, A. 262, 284). 
PHENYL-BUTYLENE C,^„ i.e. • 

(177^)- S.G. »:« -916. Formed from hsnzyl • 


(Oiehl a. Einhoni, B. 18, 2825). Needles. « 
PHENYLBUTINYL METHYL KETONE 
CH,.CO,OH:OH.CH:OHPh. [68®], Formed from 
(riimamio aldehyde, acetone, and NaOHAq 
(Diehl a. Einhom, B. 18, 2821). Plates (from 
ather). . Yields a dibromide [174°] and a phenyl- 
hydraaide [180®] crystallising in plates. 

nwairaBOXOiraHE 0.,H,r Pheni,l 
MApUEoim.? (m"). Formed from 

dl^ozyfethyl-benxene (styrolene alcohol) by 
treatment with H,SO« (16 pts.) and water (9 pts.) 
(Zincke a. Breuer, A. 226, 23). Plates, v. sol. 
aleohol' Oxidised by KgOr^O^ and HOAo to 
0|,H|,0, [llQ®], which crystallises in golden 
needles, m. sol. alcohol, and is readily poly- 
merised by exposure of its solution to light, 
J^dihg two polymerides [207®] and [225®-229®]. 
The- q^one 0„H(,<L is reduced by SnOL to | 


ladueed by aqueous SO, at 120® tq theikDin. 

On heating Oie 
qi^one with is converted into the 

illl^, i^may bq reduoed ta tbe 
^^•quinhydrone [iwn, and ^ o*y- 
The oxyfinone is 
^ a|kaluie KMnO^ ' to an acid 
JJ^ |lnM97®3 whence BaA"2aq,. K|A«. 

and Ag;,A^ Alc<£wcn^ 


, : , t , * tiuui wjuavi 

ohlonde, allyl iodide, and Na (Aronheim, B. 5, 
^106^; A, 171, 219). The same hydrocarbon 
appwrstobe formed by distilling the lactonio 
Y-o^y-'y-pb^nyl-r-di-methyl-succinic acid 
(Penfield, A, 216, 126). Oil, yielding a liquid 
• dibromidg. KNO, and HOAc form C,oH„N,0„ 
which gives on reduction a base 0,.H. NO 
and B'^PtCl, (WnniMl i. n 

1511). 

0,H,.OH:CH.CH,.CH.. 
(186 ). Formed by distilling 0„H„Brobtidned by 
« n-butyl-beA'kene (Radziszawski, 

B. 9, 260). Foms a dihromMe 0,oH,,Br- 171°] 
crystallising in White needles. Probabl/identical 
wth the phenyl-butylen* (187®) obtained by 
Perkin {C. J. 82. f67; 86, 14^ fftm phenyl- 
angelic acid by successive treatment with HB# 
and Na^COsAq or with HI and KOla Perkin’s 
phenyl-butylene Worms a orysthlUne dibromide 
[67®] converted by alcoholic potash into oilv 
0„H,^, which foAis oily 0,eH„Br,. ^ 

(8)yheayl-butylene C,H,.CH:CMe,. (186®). 
Formed by heating benzoic aldehyde with sodium 
isobutyrate and i^bnt^ric anhydride for 8 hours 
with inverted condenser (Perkm, C. J. 86, 188) 
and by distilling B-cxy-phenyl-falerio acid (Fittiu 
a. Jayne, A, 216, lid). Oil, Forms an oily 
dibromide converted by alcoholic potash into 
C„H„Br, which forms crystalline 0,.H„Br. 
[U3-5^. Yields benzoic and acetic acids tn 
oxidation. Nitrous acid forms Oi.H, fi IQ®! 
(Angali,,B. 26, 1962). 

DI-PHENYL-BUTYIENE U 
C,H,-CH:CH.CH,,CH,.CA. [89®]. Formed by 
reduction of tbe nitrile' of a-phenyl-A-styryK 
aoiylio aoid (Freund a. Imiherwimr^ 28. 28581 

C]78ta;|i,T.8ol?alcohoL Yields a ^biM^[88®i 
Br-raSNYIrBUTYIENB-ByAlOMB 
0,H,(NBFhL • Formed Mm Jmbublilim 
bromide and aniline ^Isosi, OTb. IMKOH' 


D an add 

ohdie Nfl, C122®j7ft^«d 16°; “ 




Foriniad fr<»ii b6n«n, isovalttfo tldehyde, i^nd 
^ Wynne, % jr. 49, 468).— 
B'^ELPtCB^ I oiystalUna# . 

raBiifei!feBFm.HYDBAznri 

q*H,NPh.N]Ll(240®-.245®). ’Formed from to 
batyl bromi^ and sodium phenyl-hydrazine 
(Miehaelis a. P|iiIipB, B. 30, 2485 ; 252, 282 ; 

270, 132). Liquid, which reduces hot Felling’s 
solution. Converted by thiqpvl-sniline inicf oily 
^ 0,H.NPh.N;S0~]te,S0, i^tes. 

^ Ae$tyl derivative O^H^Ph-NHAc. 

BUTYL KBTOITE 0-H..C0.0H^r. 
Mol. w.^62. (237®) at 720 mm. f^ot by boil- 
ing propvl-bKmoyl-acetic e^er with alooholif 
potash (Peiltin a. Caiman, (7. /. 49, 162). ^il. 

Phenyl isobvtyl ketone C,H,.CO,PH,Fr. 
(228®) at 720’ mm. S.C^ ”1**993. Formed from 
isopropyl-benzoyl-acetio ether (P. a. C.) and also 
by distilling a mixture of calcium benzoate aim 
calcium isovalerate (Popoff, d. 162, 158). Liquid. 
Dom not combine with NaHSO,. Yields bwzoic, 
isoDUtyric, and acetic acids on oxidation. * 

• PmVTL BUTYL KETONE CABBOXYLIO 
ACIDOA-CO.OH2.CHBt.CO,H. EthyUbmzoyU 
^propionic acid. [83®]. Formed by heatin^the 
dicarbozylie acid. Small needle8.->CaA'. m. 

Ethyl ether EiJL\ Oil 

Phenyl bntyl ketone oarbozylio ether 
C^^.CO.CHPr.CO,Et. Propyl • hemovl - acetic 
acid (261® at 300 mm.). Formed frona benzoyl- 
acetic ether, NaOEt, and PrI at 100® (Perkin a. 
Caiman, C. J. 49, 160). Liquid. 

Phenyl iiobntyl ketone oarbozylio ether 
OA.CO.CHFr.OO,Et. (237® at 225 mm.). Formed 
in like manner, using isopropyl iodide. 

Pfenyl btftyk k^one dicarbozylie acid 
C^,.CO.CH3.CEt(CO^H),. BenIhyl-ethyUisosuc- 
cinic ether. ^ Got by saponifying its ether, which 
is formed floin sodium-malonic ether and w- 
Vomo-acetoph^ioue (©ittridh a. ‘Faal, B. 21, 
8468). Crya^lli*B%iass.~(NH,)aA”: amorphous. 
— KjA" ; pearly plates, v. sol. w%ter.— CaA" aq. — 
Ag^" '.plates. Hydrazine salt. [103^. 

Phenyl hydrazide CJH.^N,0,. [136®]. 

PHENYL BUTYL METHYLENE OIEieTONE 
C„H,.CO.CH,.CO.CHaPr. Valeryl-acetopheiume. 
(184® at 80 mm.). Oil. Got from acetophenone, 

• isovaleri c eth er, and NaOEt (Stylos, B. 20, 2181). 

PHENYL -BUTYL METHYL KETONE 
OAHBOXYLIO ETHEB 

OHrCO.OEt(OH;Ph).COJEt. (c. 297®). Formed 
from sodium benzyl-acetoacetate and EtI (Con- 
rssb B. 11, 1 067). 

PHENYL 8U.TYL OXIDE r* Butyl derivative 
of PsiXKOlb . • 

PHENYL-I80BUTYLPHXNYIrTHI0-UBEA 
. QJtt,NH.CS^,.OH^. [162®]. Formed from 
and phenyl-thiooarbimide 
(Mi^ze rrA IB, 2023). Plates, sol. alcohol. 
BLFBi|YM80NUTYL-aUIN0X^^ 

f {144°]. from 

liil^aid iDhttvlaBekdluab* (Oel,er, 


lu, T. sol. alcohol.— £ 


J.ON. [180®]. Fjwmed from 


iii^ Slendei 

needles# V* sL soL hoi wiieri ' 
DLFBBNYL^lBOBirtn^CititM 
I ABIDE NHPh.<».NHJfPh(l|^Pr). [140®]. 
‘ Formed from phenyl^btpbu&l-hydrazine and 
phenyl-thiooarbimide (MIohaMis a PMp's, i. 
262,284). White crystals. i 

PHENYL-ISOBUTYL-THIO^UBEA • 

I NHPJ^.CS.NHCiHL [82®]. Formed from f^henyU 
I thiocarbinide and isobutylamine (Heohi, 26, 
\ 816).# Needias, m. sol. hot water. • 
PHENYL-BUTYL-THIOHYDANTOfN 
• [179® uncor.]. ^Formed 

by fusi^ phenyLthiocai^imide with* leucine 
(Aschan , B. y, 42oL Minute colourless prisms. 
► • PHENYL-BUTrao ACID i.e. 

CH.CH,.CHPhCO,H. [43®]. (27?®) Formed 
by saponifying the nitrile which is made by 
th« action •f EtI and solid NaOH on benzyl 
cyanide (Neure, A. 250, 163). Crystalline 
mass.- CaA'j 2ag; groups of needles.— AgA'. 
MethyletherliekK (228°). * 

JsiUile PhCHBt.CN. (246°). 
7-Phenyl-n-batyrio acid 
CH,Ph.CIL.CH,.COjH. [47*6®]. (290°). Formed 
from oxy-phenyl-butyrio acid and Hi (Buroker, 

A. Oh. [6] 26, 469) and from phenyl-isocrotonio 

acid by protracted treatment with sodium- 
amalgam (Jayne, A. 216, 107). Long flat plates 
(from water). — CaA', ; amorphoos mass. • 

Pheayl-iiobtttyrio acid 0]^h.CHMe.OO,H. 
BenzyUmethyl-aeetic add, [37®]. (272®). S. 
•81 at 16®. •. j I / 

Formation.^1. By heating benayl-methyl- 
malonio acid (Conrad, B. 18, 698).— 2. By 
heating benzyl-methyl-acetoaoetio btner with 
cono, KOHAq.— 3. By reduction of the phenyl- 
crotonio acid obtained from benzoic aldehyde, 
sodium propionate, and propionic anhydride.— 
4.eBy reducing phenyl-angelio (methyl-oin- 
namio) acid with sodium-amalgam (von Miller. 

B. 23, 1888). ' 

Properties.^V\eXae. Converted by H,SO. at 

160° into oiy-methyl-indonaphthene. 

Salt.— AgA'. S. *248 at 20®, 

Ethyl ether mk!. (287°). S.O. « 1*06. 
Oil (Conrad a. Bischofl, A, 304, *^77). 

Benzyl ether C,H,A'. (820®-826°), S.O. 
1*046. A product of the action of sodium on 
benzyl propionate (Conrad a. Hodgldnson. A, 
193, 312). 

Formed by heating*the sidf^^eleanol^,* 
20, 618). Needles, v. sol. alcohol and ether. 

Di-phenyl-bntyrio acid * 

CEgPh.CMePh.CO^. [126®], Got from its 
nitrile, which is obtained from a-phenyl-pro* 

, pionitrile and benzyl chloride (Janssen, A. 260# 
*137). Needles, v. sol. ether and alcohol.— 
NaA'Yaq: long thin needles.*-0aAV— BaAL 
insoluiJepowdeft 

ATzfri le (887®). OiL 

Ifomerlde v, Bi-mgnrAcim aero. 
JR4^er«ics#.-»rBBOMOv Nit^ Kxs!BO-Aiilim.» 
and Ot ^ acid. , ■ 

PHURL-IBOBUTYHIC ALDEHYDE- 
OT..OH{OH^h),OHa «27®). FmmedlwAtop 
tUlmg the eortespopding lime silt with oatohihi 
formate (Miller a. Bohde. B. 23fl 10^). 0(1; * 


FH£]fyi/-Birr7BIC^AKtoj|^ AGD). 


Y-f SBinrL-BTrTntlC-o«OABSOXTUO Aon> 

0»HyO, U. 0,U(00,H).0H,.CBLdH^C0»H. 
p8^. _ Fotm^ fcy heating atl80®-190® the 
I b'enzovl-propionio-n-oarboxylio 
* iflTT. ^ - - 


AvDbfe'Iaotone 


W<^>b<S^CH. with HI 
and P jBoeor,.B. 18, 8118). Small plates. 
T, 0 ol. aioohol, al. iCol. cold water.— A"Ba i Tery 
aolobladn water. 

PHEVTIi-BUTYBO-IACTOHE v. Lactcme of 
OrgpHgi rnfB pTTBrc loin. • % 

PHSim.0AC0D7L v. vol. L p. 320. 
PHSHTL-OAXPHOBAMIO ACID v. Cam. 

FHOBZO icm. 4 

PHSHYL-CAltPS7L.TEI0.VBBB*9. Cam. 

FHXL>TH10.VBSA. • 

PHE»Y10AEBAlIAT^NH,.dbjPh. [148°]. 
Formed by Gie action, in ethereal solution, oi 
NHa on GlCO,Ph or of NH 2 .GOCI on phenol 
^empf, B. 2, 740; Oattermann, 244,*^). 
Formed also, together with EtjGO,, tby heating 
phenyl ethyl oarbonate at 800° (Bender, B. 19, 
2268). Neeles (from water), sol.Ucohol and ether. 
Decomposed by NaOHAq into KH„'^phenolT and 
KawGO,. NHj^q at 160° forms phenol dfid ulea. 

PHEVn-CABBAXIC ACID KHPh.CO,H. 
Oarhanilic acid. The ethers of this acid are 
got by the Sction of aniline on the chloroformio 
ethers 01.G0.0B, and also by the action of phenyl 
cyanate on alcohols. They are decomposed by 
•potash into GO,, aniline, and alcohols. 

Ace^l derivative NPhAo.GO,J3. The Na salt 
is formed by passing GOj over sodium acetanilide 
in the cold (Seifert, B. 16, 1858). It is decom- 

g osed by water into acetanilide and NaHGO,. 

y heating at 140° under pressure it is converted 
into NPhH.GO.GH,.GO,Na. 

Methyl ether NHPh.GaOMe. [47°](Hent- 
sohel, j 5. 18, 978). Prisms. Gonvertedby HNO, 
(S.G. 1*48) into G.H,(NO,)jNH.CO,Mo [127°] 
and [6:4:2 :l]GeH,(NO,),.NH.GOjMo [192°] 
(Van Bomburgh, li. T. G. 10, 186). HjSO* 
forms SOiH.GjH^.NH.GOaMe which is converted 
by bromine into GgHaBrjNH.GOjMe [96-6°] 
(Hentsohel, J. pr. [2] 34, 423). Distillation 
with lime at 2G0° gives aniline, methyl-aniline, 
di-methyl-aniline, and di-phenyl-urea (NOlting, 
B. 21, 8164). , 

Ethyl ether NHPh.GO,Et. [62°]. (238°) 
,(Wi]m a. Wisohin, 0. J. 21, 192). Formed as 
above and also by boiling the product of the 
action of phenyl-urea on aceto -acetic ether 
with cone. HGl (Behrend, A. 233, 6) and by the 
action of sodium acetanilide on chloro-formic 
etW (Paal a. Otten, B, 23, 2690). Needles 

g fom water). Not affected by boiling oonc. 

OlAq, but decomposed 1^ HGlAq at 160° into 
' CO„ aniline, and EtCl. Boiling alcoholic KOH 

f ives aniline and K,GO,. Yields a bromo> 
erivative [81°], a di-nitro- derivative [110°], an4 
a M-nitro. derivative [144°]. When distilled 
wi^ NaOPh at 220° it gives phenol and di. 
phenyl-urea [286°] (Hentschel, J. pr. [2] 27, 
4f8). — NKPh.GO^t. Formed by dissolving 
^enyl-oarbaydo ether in alcoholic potash. 
B^groscopio needles, decomposed by water. 
Ohloro-ethyl ether 

NHPhiOOrOH,.OH,01. [61^. Formed from 
aniline and Ol.GO.OOjH^Ol (Nemirowsky, J. pr. 
[2] 81, 174; Otto, />.[2]44, 16). Needles, 
iL lol. hot water. When boOed alone and after- 


wards with cono.KOH it yields NPJi^ 

[124°], which is converted by HGlAq at 170° Into 
ohloro-ethyl-aniluM. 

. Ethylene ether [168°]. Formed 

from ethylene glycol ^and phenyl cyanate 
(Snape, B. 18, 2480; 0. J. 47, 718). Prisms. 

Propyl ether VtM. [69°]. Blender needles, 
T. sol. alcohol (Bdmer, B. 6, llOlje 

Isopropyl ether Btk'. [90°] (Gumpert, 


J. it. '[2] "81, 119; 32, 
G. 17, 165). Need! " 


278)’; [48T (Spioa, 
165). Needjte (from dilute alcohol). 
Di‘Chloro-p0opyl ether (Otto, J'. pr. [2] ^ 
44, 22) 0H.,01.GHC1.CH.A'. [74°]. Prisms. 

Isobutyl ether 0,H,A'. [80,°]. (216°). 
Needles, v. sol. alcohol (Mylius, B. 6, 97^. 

Hepterwyl ether 0,H„A'. [86°]. JFormed 
^y the action of phgnyl qyanate gn^he heptenyl 
alo^ol got by reducing suberone (Markownikoff, 
C. B. UO, 466). Prisms (frolh alcohol). 

Glyceryl ether SI GLYOKaTL-TRi-PHENYL- 

IfXRI-CARBAMATE. 

Phenyl ether NHPh.GO^i. [126°]. 
Formed from phenyl cyanate and phenol 
(Gan^pert;c/. Hofmann, B. 4, 249). Needles (l^om 
benzene). With NH^Aq it forms phenyl-urea. 

Phenylene ethers. Theo[165°],i^l64°], 
and p [207°] compounds are got by heating pyro- 
cat^chin, resorcin, and hydroquinone respectively 
with phenyl cyanate (Snape, B. 18, 2428). 

Phenylphenyl ether GgHs.GaH^A'. 
[110°]. Formed from p-amido-diphenyl. and 
G1002E^(Zimmermann, B. 18,1966). 

{ayNaphthyl ether 0,oH,A'. [178-6°]. 
Slender needles (Leuchart a. Schmidt, B. 18, 
2340 ; Snape, C. J. 47, 7761. Decomposed by 
heat into (o)-naphthol and pnenyl cyanate. < 
{fi}- Naphthyl ether 0,oH,A'. [230°]. 
(L. a. 8.); [155°] (S.). •Thick prisms. The 
tetrahydride O,„H„0.CGNrtiH [98-in is 
formed from (B)-naphthol oc-tetrah^dride and 
phenyl cyanate. • • 

Di-phenyl-car^mio acid. ^ • 

Chloride nAj.CGMDI. [86^. Fcgmed from 
COCI 2 and diphenylamine ih^HGl, (Michler, 
B. 9, 396). White scales (from alcohol). 

Ethyl ether NPh,.OO^t. [72°]. (above 
360°f. Formed bj^ heating diphenylamine with 
OlGO^fit (Merz a. Werth, B. 6, 1611 ; Hager, B, 
18, 2673). Large prisms (from benzene). 

Phenyl ether^ PhA\ [104°]. Formed 
from the chloride and KOPh (Lellmann a. Bon- ' 
hftffer, B. 20, 2122). The compound G,H,(NOa) A' 
[114°], made in like manner from o-nitrophenol, 
may be reduced to OaH,(NH 2 )A' [191°]. The w- 
and nitro-phenyl ethers [90°] and [116°] yield 
m- andrp- amido-phenyl ethers [183°] and [14i6°] 
(Lellmann a. Beim, B. 24, 2111). 

9 p^Tolyl-ether OjEjA!. [81°]. (L. a. B.). 

Beferences.—AmDO; Bromo-, Dz-bromo- 
NZTRO-, Nitro-, Nztro-amzdo-, Nitbo-oxt-, Oxt-, 
OXT-AHZOO', and Nztro- fhentl-oabbaxzo aozd 
and XTHXB. % 

PHENYLilABBAlIIirS 0,Hm Mol. w. 
103. \167°). 8.V. 121-6 (LossenT A. 264, 78). 
Forpied by d^tilling aniline with oUoroform 
and alcoholic potash (HoDnatti, A. ll4, 1}7). 
Stinking liquid, quickly decomposed by acids 
{etnto aniline and formic acid. Changes into the 
isomerio benzoziitrile by beating at 218P 
(Weith, B<c6, 210). Yieldgiphenyl-tmocarbhAide 





an bMiing with idphtir. Mixed with propio- 
‘n{t|y» and ether, it yields, by saocessive treat* 
mem ^th sodiam and water, the oompotmd 
CPh(NH).CHMe.CN [97°] (1^' Meyer, /. or. 
[3] 89, 189). 

Chloride NPh.004^ (213°). Formed from 
phenyl-thiooarb^ide and Cl (Sell a. Zierold, 
JS. 7, 1228). Pmigent liquid, with nasty smell, 
yielding s<di-<henyl*area when heated with 
water at 100 °. • 


PHEHTL-OABBAZIO ACID. The crystal, 
line salt N^H^h-CQ-ONsH,;^ is formed by* the 
action of CO, on ^enyl-h^azine and water. 
It is deliquescent, and si. sol. water and ether 
(Fischer, A^90, 124). 

Methyl ether NHPh.NH.CO,Me. [117°]. 
Short prisms (Heller, A. 263, 281). • 

JSfhyl NHPh.N]iCO,Et. [87°](F.)f 
[82°] (N.)« Formed from phenyl-hydraaine 
and ClCO^t (£. Fischer, B. 22 , 1936), or 
AoC(CO,Et), (Nef, A. 2^, 107). Needles. Ao ,0 
forms C,H,.N,HAo.C 05 Et [103°] (H.). . 

PHEN^^mt-CABBAZIDE C,H,N,0 t.l. 
NHPh.NH.CO.NH,. [172°]. Formed .from 
potassium cyanate and phenyl-hydrazine hydro- 
chloride (E. Fischer, A. }90, 113; Freun^d, H. 
*31, 2463). Formed also by heating phenyl- 
hydrazine hydrochloride (1 mol.) with urea (2 
mole.) at 160° for 4 hours (Pinner, B. 20, 2.^8 ; 
21 , 2329) and by heating di-phenyl-carbazide 
with urea (Skinner a. Buhemann, G. J. 63, 550 ; 

B. 20, 8373). Prisms, v. sol. hot water. Yields 
di-oxy-phenyl -triazole [268°] on heating with 
urea. By heating at 160° it is converted into 
di-phenyl-urazine C^H^N^a [264°] and other 
products. COCl, forms CgHjNsOj [167°]. 

Beneoyl derivative NPhBz.NH.OO.N^. 
[203°]. Formed from benzoyl-phonyl -hydrazine 
cyan^ (Michaelis af Schmidt, A. 252, 317). 
DPphenyl-^mtrcarliiazide 

C, H,NH.CO.N^h. [173°]. •Formed from 
phenyl*hyd|azine by combination with phenyl 
cyanate ; aiM also by heating phenyl -hydrazine 
with phey 1-urea (Kiihp, B.^7, 2884 ; Skinner, 
C. J, 68 , o 6 ^. *Nbedles or plates (from alcohol 
or benzene), si. sol. water. QOGl, in benzene 
forms C, 4 H„N, 0 , [173°] (Freund, B. 21, 2465). 

Dl-phanyl-oarbaiide CatNjjHjPh),. §161°] 
(S. a. K.) ; [164°] (E. Fischer, B. 22 a 1930). 
Formed by heating phenyl-hydrazine (2 mols.) 
with carbamic’ ether (1 nsol.) (Skinner a. Buhe- 
mann, C. J* 53, 560; B. 20, 3372). Formed 
alsofrom phenyl -hydrazine and COGl, (Heller, A. 
368.277). Crystalline. Forms with HgCl, a crys- 
talline .compound B'HgCl, not melted at 136°. 
Alcoholic potash forms a red solution contain- 
iwg duphenyl-carbasone N,HjPh.OO.N:NPh 
czystallising in orange needle^ [167°]. Benzene 

ud CSffl. totm OS<g^^.N:NPh <17r] 

(Freund a. K uh, B. 23, 2833). 

PHBirni-CABBIlCIOE v.Bhenyl isocyanate, 


toL ii. p. . « 

DI-PBSinrL-DI. OABBIKipO-TETBA.p. 
AMlDO-mEA-TOLTL-Dl-o^irLPHIDB 


^tolyld^l ' - ” ^ 


4 ol 7 ]-di-s 

sm. 



Ph,.OH(OH). Bemhydrol mol. w. 184. [ 68 °]. 
(298°). S. *05 at 20°. Initidl wdodty of eikeri* 
Jlcation 32 (Mensohutkin, /. 42. *1882, 163). 
Formed by reducing bentophenone with sodium- 
amalgam (Linnemann, A. 188, 6 ; Beokniann, 
B. 22, 916) ; or by heating ben^ophenone with 
zinc and alcoholic EOH (Bogumenny, A. 184,* 
174). Slender silky needles, v. e. sol. alcohol 
and dthgr. Converted into beniophenoi^e by 
oxidation w^h chromic acid. Brox^e forms a 
dibromo-benzhydrol [163°]. Zn and HOAc 
form benzpinaoone. Zn and HCl in acetic acid 
solftion r^uce it to tetra-phenyl ethane. Dis- 
tillationipastly resolves b^zhydrol infc water 
and benzhydrolio elher. P, 8 j forms C,,H„(SH), 
J161°] and oilj) Ph,CiI(SH) (Engler, 1^ 11, 922). . 

Ethyl derivative Ci,H,iOGt. (288°). 

1*03. From benzhydrol, alcohol, and 
H^ 4 , or from Ph.^CHBr and alcoholic KOH 
(Friedol a. ibalsohn, BL [2] 33, 389). Liquid.. 

Isoamyl dyjiwafiveC„H„OOjH„. (810°). 

Chloride PhaCHCl. [14°]. From benz- 
hyjrol^nd HCl (Engler a. Bethge, B. 7, 1128). 

Bromide PhjCHBr. [46°]. From di-phenyl- 
methane and bromine at 160° (F. a. B.). Water 
at 150° decomposes it into benzhydrol and 
benzhydrolio ether. Cone. NH,Aq forms moho- 
and di-benzhydryl-amine (Friedel a. 'Balsohn, 
Bl [2] 83. 687). 

Acetyl derivative Ph,CH.OAo. [42°]. 
j[302°). S.G. 1*49. Prisms, v. sol. alcohol, 
acetic acid, and ether (Vincent, BU [ 2 ] 86 , 804). 

Beneoyl derivative Ph 2 CH.OBz. [89°]. 
Non-volatile. Trimetrio, a:h\c m 1 ; * 477 ; * 668 . 

Succinyl derivative 
(P^CH.O),: 0 , 0 ,:C,H 4 . [142°]. Gives, on distil- 
lation, succinic acid and benzhydrolene 0„H,„ 
[ 210 °]. 

Anhydride CatHjoO i.e, Phj,C-— CPh 3 (?) 

• Y 

[ 111 °]. (316°) at 746 mm. From bemAydrol 
by long boiling with water or by treatment with 
PCI,, BzCl, ^ or diluted H^SO,. Monoclinio 
crystals (from benzene). Beduoed by zinc and 
HCl in HOAc to tetra-phenyl-methane (Zagu- 
menny, J. R. 12, 431). ZinckB a. Tbdrner (B. 
11, 1398) obtained this anhydride by heating 
benzpinaoone, C,^H„0„ and consequently 
assume the formula C JE 1 „ 0 . 

References,— Bvemoo-, Dx>bboico-, and Oxx- 
nZ-PHBNTL-OABBmOL. 

Tri-phenyl-c/irbinol C„H„0 m. CPb,.OH. 
Mol. w. 260. [169°]. (above 860°). 

FormaHon. — l. By boiling tri-phanyl- 
methane with chromic acid mixture (Hemilian, 

B. 7, 1203).--2. From CPh,Br and water.— 8 . 
By the action of water, on GPh,Cl got from 
^ A1C1„ benzene, and CCI 4 , or CCL.COCl (Friede 
a. Crafts, A. Ch, [ 6 ] 1, 499 ; Hentsehel, /. 
j [ 2 ] 36, 811). — 4. By beating its dicarbox^io 
acid with baryta (Hemilian, B. 19, 8078). ^ 

Prqparfies.— Six-sided plat^ v. sol. alooEol. 

Acetyl derivat^e CPl,.OAn.* [99°]. 
Prisms (Allen a. EOUikOr, A. 237, 116). * 

Methyl ether [83°]. Laminie. 

Ethyl ether OPb«.OEt. [79°] (F. a. 0.) ; 
[ 88 °] (A a. K.). 

Chloride v, CBLOBO TU-rsixxx^iaETBAtff. 
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^rormw ‘Dy beating 
? T ij ® *“inute8 (Graebe 
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C3gHg(N0i|)3O. [o. 276®], 
which folma EtA'fl48®l.— Ba)o H n \ oi«/, ji 

tlOO»].- 0 ,AO.(Na.ni 60 »i. &. * 

Mmaride v. OxY-BENzyL-isopHT^ajo acid. 

tri-oarboxylio acid 
0(OB)(CO^)(cji,.coja).. 

W«no*i2‘**'nj- “'•“A. [”0°].*Form«a by 

liberation into water 
A 202 ^i-pbenyl'Phthalide (Baeyer, 

m-carboxyUo acid. 

THiarboxylio acid (?) 
[187 j: Formed by oxidation of CHP}i3.aH,.CHO 
(Oppenheim. B, 19,2028} or of di-phenyPtoJyl. 
me^ime (Hemilian. B, 7, 1210). Needles.^ 

V. sJ. sol. cold water. 

rri-phenyl-carbinol dioarboxylio acid. An^ 
hydride 

XH'Vhenyl-pkthalide carboxylic acid, [246°] 
Fomied by oxidation of di-phenyl-y.xylyl' 
mettane, di-phenyl-tolyl-methane o-carboxylio 
acid, di-phenyl-tolylHsarbinol m-oarboxylio acid, 
(Pemilian,B. 16 
nm, Cryat^e, v. sol. alcohol and HOAc. 
xi^e benzophenone and terephthaUc acid on 
waion^with po^. Zino-dust and NaOHAq re- 
dact to tn.phenyl-idethane dioarboxylio iid. 
n 2*^;y*«^yl-oarblncl dioarboxylio acid 

liol. On Aulon it yMit an /amoiphoaa 


St-PK 



Tables {con. 

I.— CaA^Saq^AgA' : nee^ev 
/WABBUnTLAKIKE O.^.Mu 
OHPhyNH,. ‘B^hydrylaminc, Exo-amido- 
di-p^yl.methai^ (289°). Formed, together 
jwth tetra-phenyl-di*caibinyl*amine, by leaviilg 
benzhydryl bromide, CHPh^r, with cone. 
NH;^q for 48 hours (Friedel aTOalaohn, Bl [2] 
8H, 607). Got also by reducingJienzophenone- 
oxim m dlcoholio solution by ^ium-amalgam 
andmoetio acid (Goldschmidt, B. 19, 3283). 
from liquid, absorbing CO, 

Salts.-B’H(9 : [WO-*] ; long needles, si. sol. ' 
cold B'.ja,PtClg2aq : lanceUike needles 

(L. a. B.) ; B H^tCl,aq (G.).— *B'Jh,CO,. [91°]. 

derivative Ph,cANH.CHO. 
•p82 ]. (860°). Formed, almost qnaatit^ively, by 

ft ^no? ammonipm formate 

at 200 -220 (Leuchart a. Bach, B. 19, 2129). 
Urea Ph,CH.NH.Cfi).NH,. [143°] (L. a. R). 
/•ft o ™®‘P®®“yl“?l-carbiayl-amino (P]i.,CH).,NH. 

' 1 u^*i as above, crystallises from 

alcohol m slender needles, not affected by Mel 
or ^1 at 100° (F. a. B.). . 

Tft.phenyl.0arbinyl.amineCPh3.NH,. [lfl 3 °]. 

Foraed by passing dry NH, through a solftion of 
ri] if (Hemilian a. Silberstein, Bl. 

118 ; B. 17, 741 ; cf. Nauen, B, 17, 442). 
;i®® ' alcohol. Yields B'HCI, 
7iaq, CPhjNHMe [73°], CPh NMe 
CPh,NHCH,Ph [110°]* 
and the^ acetyl derivative CPh,.NHAo [208°]. 

P orms a crystalline oxalate [253°] (Elbs, B. 17. 
701), and the compounds C„H„NBr.„ B'l,, and 

* PHEHTI.CAEBnm:. CHLOBIDE v. Cnioao- 
tbi-phenvlmethanb. ^a«>RO 

TEI.PHENYL - CABBINYL . MATOWTr 
ETOEB CPh,.CH(CO,Eth. [433*5°]. Go^' froL 
CI'^^MHenderBon. 
nS;, Needles (f*om alcohol). 
TBI-PHENYL-CABBINYL BfflPHOCYAN. 
IDE CPhj.NCS. fl37°i Formed from CPh.Br 
sulphocyanidb fElta. R 17 70m 
TBI . PHEHYL . CABBINYL mUMINE 
CPhj.NHOyH,. The 0 [142°] and p [I770J com- 
pounds are formed irom CPh.Br uLd o and s 
toluidme respectively (Elbs, B. 17, 70fi) Thf 

fl46»T48“]'’ 

PHEHFi-CJiBIZWE. Formyl deriva. 

phenyl-hydra^ide of formic aldehyde (Freund 
Needles (from CSJ,»e' 
sol. ^ooho and ether. Decomposed by boiling 

Acetyl derivative [94oj^ 

kvdT^* M •“ “anner fvomMcetio aide. 

Propton^J derivative, [68® 

Beneoyl derivative CO^ 


areedles 

PHSJikL 0ABB0!nATJiB. 
Phenyl-iMboaio aoid ’'4l,H*Q.CO,H, 


►N& *^*®^®*‘ 

in- pin 


^OAo), 



Aom 


B&Hiitm $alF Prepared by 

treiAng dry sodiom pbenylate in the oold for a 
moHh with CO| until it hM taken ap the caloa- 
lated quantity of the gas. The product ia a very 
hygroscopic powder. i 

. Beactions,—!. Wi^water it gives off half 
its CO, in gaseous form; SPhO.GO^tNa + H.O 
-PhONafPhOH + NaHCO, + CO,,~2. At 120® 
It splits up into GO, and PhONa.~3. Heated 
rapidly to 180^200® it gives off smaller quanti- 
ties of GO, together with phenol, the re%idue 
being sodium salicylate.- -4. lu a sealed lube, 
at 120®-180® for se^ral hoiilB it changes com-* 
pletely to sodium salicylaft : CgH^O.CO.>^a 
= C,H,(OH)CO,Na (R. Schmilt, /. pr. [2] 31, 
t08[. • 

l)i>phenyl carbonate G„H,oO, i.e, G 0 ( 0 Ph) 2 . 
78®] (Kdhip^.pr. [2] 1,404 jHentachel, J.prj 
:2] 27, 41 ; 36, •316) ; [88®] fRichtor, J. pr.m 
27, 41). (393®). Formed by passing COGl, into 
m aqueous solution of NaOPh, or into f henol 
jontaining AlCl,. Formed also from ClCOjCClj, 
ihenol, and AlGl,. Needles (from alcohotjf^ 
tlcoholio ^tash forms phenol and K^CO,. 
^aS^t gives NaSPh and (EtS),GO (Seiffert, 


J. pP. [2] 31, 464). 
• Bcf^ences,- 

BBONATE. 


-bi-BBOMO* •and Ninio- phenyl 

OJLH80 N JTtK * 

DIPHENYL o-CARBOXYLIC ACID 0„H^O, 
i.e. CjHj.CaH^.CO^H [1:2]. Phenyl-benzoic oMd. 
Mol. w. 198. [111®]. Formed by potash-fusion 
from diphenylene ketone (Fittig a. Ostermaier, 
B. 6, 933 ; A. 166, 374 ; Schmitz, A. 193, 116). 
Formed also, together with diphcnylen6 ketone 
oxide, by distilling sodium salicylate with tri- 
phenyl phosphate (B. Richter, J. m. [2] 28, 305). 

, Small needles (from hot alcohol), m. sol. hot 
water. ~K A' aq.— Ba A', aq.—CaA' , 2aq.— Ag A'. 

Ethyl ether (300®-306®). 

Te$rahydpid^ C«Hj.CaH,o.CO,,II. PhenyU 
h&aimethylene carboxylic cuAd, ^06®]. Formed 
by heating the corresponding dicarboxylic acid, 
and by the HJdrolysis of phonylhexamethylenyl 
methyl ketone Carboxylic e4her (Kipping a. 

H. PerMn.ia%,.C. 319). Rosettes of 
crystals (fronfligroln).— AgA' : jmorphous pp. 

Diphenyl m-earbozylie acid 
G,HvG,H|.G 03 H. [161®]. Formed by oxidation 
by chromic acid and HOAc from [1:8] C*H[,Ph.^, 
from CaH^PhMe, and from CgH^Ph-CH^Br 
(Schmidt a. Schultz, A. 20^ 132 ; Adam, A. Ch. 
[6] 15, 243). It is also a product of the fusion 
of benzoic acid with potash (Barth a. Schreder, 
M. 8, 808). Leaflets ffrom alcohol), si. sol. 
Water. Yields isophthalio acid on oxidation. — 
NaA', 2aq.--CaA'j 3aq.— BaA'j B^aq : needles. — 

(above SeO"). OU. 

Diphenyl p-carbozylic acid G„H,.GfH,.C 02 i^ 
[210®]. Formed by saponification of its nilrile, 
which is got by heating potassium diphenyl 
Bulpbonate with KCy in a current of dry CO, 
(Doebner, A.J172, 109). Formed also by oxida- 
tion of [li] C^H^Ph, or [1:41 OAPhMe 
fflchultz, i. f74. 213 ; CameUey. C. /. 87#718). 
It is also a product of the fusion of benzoic acid 
with potish. Ijpfts of needles (from alcohol), 
r. si. sol. hot* water. May be sublimed. Yields 
teicmhtiiaUuMid on ozidation^BaAV—ClaAV | 
^ Ethyl Ttk$rEUL\ [46®]. Prisms* 
GrystqA 


II 

[M4®].‘ Ootby 


. Anilide (lLEi 2 .(^JNHPh. vroc oy 

heating 0„H,.G(NOH).G,Ha with HOAc, Ao,0, 
and dry HOI at 100® (Xoller, 12, 503). * ^ 
Diphenyl di-o-earboz^lie .aqlfl O-.HigO. is. 
[2;l]0O,H.O,H,.0,H,.C0JHtl;2]. DiphenicaM. 
Mol. w. 242. [228®]. Formed by the oxidation 


of phenanthraquinone or phenanthrene (Fittig 
a. Ostermayer, d. 166, 861 ; Sdhmitz, A. 19%. 
116). It is also produced when phenanthra* 
quinoae is boiled with cone, alcoholic potash 
(AnschutI ^ Schultz, A. 196, 50 » 208,® 97). 
Plate? or prisms, m. sol. hot water. May be 
sublimed. By exhaustive chlorination with SbGl, 
it |ields porchloro-diphenyl, together with a 
small qimn^ty of perohlmpo-benzene (Men a. 
Weith, 5. 16, 28^2). Distillation over with 
red-hot GaO^lds d^henylene ketone: distilla- 
tion with Ga(OH), gives diphenyl. ^ * 

BaA"4aq: v. sol. water.— GaA" 2Jaq. 
— M(|A''4aq.— Ag.^A" : bulky white pp. 

. •Methylnethers Me*A" [73*6®].— MeHA'', 
[110®]. Pldtes, m. sol. water. (Jot by boiling 
the anhydride wi|^ Me OH. 

Ethyl fithere Etj,A" [42®]. Gryltals, 
ms^.Ag (Hummel, A. 193, 128).— EtHA". [88®]. 

Anhyiridt c|h!; 0O>°- 
Formed by boiling the acid with AeGl or Aq, 0 
(Anschutz, B, 10, 1884 ; 18, 1802 : Grae^, 
B, 20, 848; A. 247, 261). Needles, insol. 
water, sol. alcohol. Decomposed by heat into 
COi and diphenylene ketone. H^SOi at 100® 
forms diphenylene ketone carbozyllo acid [217®]. 
Phenyl-hydrazine forms the crystalline compound 
CO,H.G.H4.0,H,.CO.N APh [174® cor.] which at 

250“ yield. [160°]. Benieae ‘ 

and AlGl, form an acid [148®]. 

Chloride G,.;a,(COCl),. [98®]. Formed 

from the anhydride and PClj. Yields di-oxy* 
phenanthrene on reduction. 

Amide G, 2 H,(UO.NHj),. [212®]. Formed 

by warming the imide with cono. NH,Aq. 

Amic acid G„H,(CO.^)(CONH9. [193®]. 
9 anhydride witn NH.,Aq. 


Got by boiling the 
Plates (from alcohol), 
the imide. 


Converted by heat into 


Imide c Formed ai 

above, and also by the action of cono. HGlAq 
on the mono-oxim of p^icnanthraquinone 
(Wegerhoff, A. 252, 18). Needle8*(from alcohol), 
si. sol. hot water. Yields on acetyl derivative 
[92®], and forms C,4H,0,(NNa), C„H,0,(NAg), 
and C„H,0,(NMe). 

Diphenyl om-moarbozylie acid 
[2:1] C0^.C,H,.G^4.C0:,H [1:3]. hodiphmic^ 
add. [216®]. Formed by fusing diphenylene 
ketone carboxylic acid with potash (Fittig a. 
Lieppmann, B, 12, 163 ; A* 193, 155 ; 200, 9)* 
Keefes (from hot water). Yields diphenylene 
ketone on heating with lime. Gives isophtbalie 
acid on oxidation with CrO,.— BaA" 6aq. Crye- ' 
talliae.— CaA" 2aq. — Ag^": pp., il. soL hot wa(eg» 
Methyl ether MeA". [69*A®1, 

Ethyl ether EiX* Thick Bfl. 

Diphenyl qii-di“earbo:i^lie aeU 
[2;1]C0^0A“0AC0,H[1:4]. [252®]. 

Formed by eaponification of ite nitrile [158®] 
which is pt by Sandmeyer’s reaction from qp* 
di-amido-mphenyl (Beolnnd, B, 22, 8018}* 



w DlfHENYL OABBOltilO ACT). 


Mid. [tbove 840^]. 
Fom^ t>7 the action of nitrous acid on di-p* 
ami^-dipncnyl dfcarbozylio acid (GriesSt B. 
ai» 982). , 'Si^l neiedlei, almost insol. cold 
wat^r.—BaA'' 8|aq ; ci^rstalline aggregates. 

Biplissyl di-p-earbozylie acid 
t4:l]CO^.OA.C^4.CO^[l:4]. Formed by 
. |»poniflcation of its nitrile, and also by oxida- 
ti<m ^p-ditolyl (Doebner, B. 9, 129, 272; A. 
172, 1^9)* Amorphous powder, nearly* insol. 
mosf Bolvants.-— CaA'^ ; insoluble pp.A.BaA'^— 
Ag^": white pp. ^ ’ 

Ethyl ether Et,A". [112®]. Prisms. 

Nitrile 0,JH.(CN)r [234°]. FormecL by 
heatin^i potassium ^fpnenyl disuliitK^ate with 
KGy. Needles (from aloohoi). 

Biphenyl diearbozylio^cid a 
04H,.0j!!,(C0.ja), [1:3:6]. [c. 310°]. Formed 

by heating benzoio aldehyde with CHg.CO.GOjH 
and baryta*water (Doebner, B. 23, 2381# 24, 
1750). ‘ Grystals, v. si. sol. cold H^Ao. Yields 
diphenyl on distillation with lime.— %aA"4^aq : 
needles.— CaA".-GuA".. a 

Biphenyl tricarboxylic acid . ^ 

M. GOjH.G,HvG,H,(COjH)j. .Foiyied 
by fusing diphenylene ketone dicoiboxylio acid 
with KOH (Bamberger a. Hooker, B, 18, 1035 ; 
A» 229, 169). White crystalline powder, v. sol. 
alcohol and ether, si. sol. hot water.— Pb,A'"a : 
insoluble crystalline pp.— AgjA'", white pp. 

jB^crcnces.— Aiuno-, Bromo-, lono-, Nitro-, 
and OzT- niPBXNia and pipHENYL oabboxylio 
Aon>8. 

FHEmn-CSTTL-AKIKI! v. Cetyl-anilink.* 

PHENTI-CfiEIIDAKlO ACIB v. Gheu- 

DONIO AOn>. 

FHEHTL-CHLOBO-ACSTIC ACIB o. Ohlobo. 
(BENTIj-ACETIO acid. 

PHSNTL OHLOSO-BENZYI KETONE 
0,HrG0.GHGl.GJB., [65°]. (Curtius, J. pr. [2] 
44, 5471. Formed by reducing phenyl dichloro- 
bensyl ketone with iron and acetio acid (La#ho- 
vitch, J3. 17, 1163). V. sol. alcohol. 

Phenyl di-ohloro-bensyl ketone 
0^,.G0.GG1,.GA. [71°]. (Zinin, A. 119,177); 
rei®] (L.). Formed- from benzil and PCI,. 
Prisms (from ether). Beduced'byzinc and HGl 
to phenyl benzyl ketone. 

PHENYL 9HL0B0-BENZYL STJLPHONE 
0,H,.G0.GHG1.G,H,. Formed by heating benzyl- 
idene chloride with G,Hj.SO.^Na and alcohol at 
160° (Otto, J.pr. [2] 40, 517). Needles (from 
HOAo), si. sol. hot alcohol. 

PBINTL-OHLOBO-ETHANE v. Ghlobo- 

ITHYL-BENZXNE. 

PHENYL OHLOBO-ETHTL OXIBE v. 

^Chlorthethyl derivative of Phenol. 

PHENYL OHLOBO-ETHYL 8ULPHONE 
Oja».SOyGH,.GH,GL [66°]. Formed by the 
action of PGl, or pOl on phenyl oxy-ethyl 
iulphone (Otto, J. pr. [2] 80, 197). Six-sided 
tablets (from benzene), si. sol. water. 

Reactions,--!, Boiling with alcohol and Ag,0 
(unyerts it into G«Ht.S0,.G,H40H. — 2. By 
fating with 0,H(B0,Na in alcoholic solution it 
is converted mto (0,H..S0j),G,H4.— 8. Sodium* 
JInalgam reduces it, in alcoholic solution, to 
benzene sulphinio acid. — 4. Alcoholic NaOEt 
forms OA.SO,.G»H40£t. — 6. Converted by 
heating m sealed tubes with dry Ag,0 and 
i)enM&e Into (CA SOrC,H4),0.-6. Ammonia 


I forau (O.HrSOrO.HJ.IIH.-T. AloohoUa KHS 

: prodooo, ( 0 A-SOrC.H,),S. [ 124 »]. 

Phenyl chloro-ethyl snlphone 
CA.SOrCHCl.CH,. [62°]. Formed by heating 
aqueous CH,.CCltCOjNa (1 mol.) with sodium 
benzene sulphinate (2 Q|pls.) at 100° (Otto, J,pr, 
[2] 40, 582). Crystals (from alcohol). 
PHENYL-OHLOBO-IHESAVN v. Isatin. 
PHENYL CHLOBO-METHENYL BI-ETHYL 
TBI-SULBHONE CCl(SOjPh)(S(f,Et),. [130°J. 
Oot^iy chlorinating CH(SO^Ph)(SO..,Et)j (Laves, 

B, €5, 363). PlatM, si. sol. hot water. 
TBI-PHENYL l™OB0»METHENYL TBI- 

STJLPHONE CCltSO.,Ph),. [260°]. Got by< 
chlorinating CH(SO,Ph), (Laves, B, 25, 350). 
PHENYL CHLOBO-METHYL «ET0NE v. 

«-CnLOUO-ACETOPnENONF.. 

» PHENYL CHLOBO-METHYL EBLPHONE 

C, gi.SQ..CH,Cl. t63°]. Formal by boiling an 
aqueous solution of CjHsSOaNa (2*mol8.) with 
CHClJ!CO.^a (1 mol.jji the yield being nearly 
the theoretical quantity (Otto, J. pr. [2] 40, 527 ; 

2J , 666). Formed also from C*lL.SO,{Na and 
CH,C1,. • 

Phenyl di-chloro-methyl sulphone • 
C6H4fBOa.CHClj. [59°]. Formed by treatdient 
of C«H,.SOj.CH,.CO,H with Cl in diffused day# 
light (Otto, J. pr. [2] “40, 611). Monoclinio 
prismatic tables, v. sol. hot alcohol. 

•PHENYL-CHLORO-NAPHTHYL-AMINE. 
Benzoyl derivative CaHiNBz.C,oHjCl. [162°]. 


Formed from NPhBz.C,»H, and PCl^ (Claus a. 
Richter, B, 17, 1590). Needles, sol. alcohol. 

PHENYL - CHLORO - NITRO - PHENYL - HY - 
BBAZINE C,H,.N2H,.C«H3C1(N0*) [1:4:0]. :i40°]. 
Formed from phenyl-hydrazine and C„H.,Cl{NoJj 
in the cold (\Wllgerodt, J.pr. [2] 37, 365). Red' 
prisms (from alcohol and ether). 

PHENYL TBI - CHLOBO - OXY - PROPYL 
KETONE C.H,.COOH,.CH(OJI).€PI,. [69°] and 
[77°]. Got flora acetbphenone, chloral, and 
HOAc (Koenigs, B. 26, 795). V. si. sol. water. 
Converted by lljSO^ into CaHj.CCfCH:CH.CCI, 
[102°]. • • • 

PHENYL CHL0B0.*PHENYL HYBRAZIlfE 
0«H,.N.;H,.C«H4C1 [1:4]. [90°]. Formed by re- 
ducing CgHvNj.CjH^Cl with alcoholic ammonium 
sulphide (lieumaivi a. Mentha, B. 19, 1688). 

Pi^ENYL CHLORO.PHENTL KETONE v. 
Chlobo-benzophknonf. 

FHENYL-CHLO19)-PBOPI0NI0 ACIB v. 
Chlobo-phknyl-propionio acid. 

PHENYL w-CHLOBO-p-TOLTL KETONE 
CbHvCO.C^H^.CHjCI. Benzoylbenzyl chloride. 
[98°]. Formed by chlorination of phenyl |j-tolyl 
ketone at 110° (Th6rner, A. 189, 89). Silky 
needles (from dilute alQohol). May be sublii^d. 
On further chlorination at 135° it yields phenyl 
dichlorotolyl ketone or benzoyl benzylidene 
chloAde C,HvCO.C,H,.CHCl, [96°] and, at 165°, 
phenyl tri-chloro-tolyl ketone or benzoyl-benzo- 
trichloride CjHj.CO.CjH^CCl, [111°], which is 
converted by PCI* into C„HyCG4.C^i.CCl| [80°J 
crystallising in thin plates. ^ 
P9 BNYL!cHBT 8TL.THI0-TJB1A 
C^sNH.0S.NH.C„H„. [186°]. Formed from 
phenyl-thiooafbimide and oh^sylanine and 
from cbrysyl-tbiocarbimide and aniline in benz. 
^ne solution (Abegg, B. 24, 957). Grystals. 

^ PHENYL-OINOHONIO ACIB Batmt, 
quixolini^oabboxtuo ao^. 



PHBNYWIUMINYL-UREA, 
FHEitn.cnfCHoiriBftrB o,ja:„PhN,o. 

Fomed in two modifications (an oil, sol. ether, 
ana an\mo^hous powder, insol. ether) by heat- 
ing oinchonidine with aniline (Glaus a. Batoke, 

B. 18, 219^. B^h give B"B^C1, 2aq. 

• PHEN'Xl-CIiraAmD ACID 0,.H,A 
CjHj.CHrOPh.COjH. [170®]. Formed by saponi- 
fying the nitrile or heating sodium phenyl- 
acetate with banzoic aldehyde and ACjO at 150® 

(Oglioloro, Q. 9, 429). Needles, sol. fdcohol and 
ether, V, si. sol. cold water, lietluced by sodium- 
amalgam to a/8 -^-phenyL propionic acid.— 

BoA'j^&Q ' micace^s plated. 

Methyl -ether MeA'. (78°] (Cabella, <?. 

14, 114). Needles (from dilute alcohol). 

Nitrile C^HiCH:CPh.CN. Phenyl -styrifl 
cyanide. [87°]. (3G0° cor.). Formed by the 
action of bewyl cyanide on benzoic aldehyde om 
benzylidena emorido in presence of or 

solid NaOH (Rossolymo, B. 22, 1235; Meyer, 

A. 250, 124; Janssen, .250, 129; Nefire, A. 

250, 165; Frost, A. 250, 157). White plates , 

(from alcolml). Yields CHPhBr.CPhBr.CN [130'<f I 
and CUPhCi.CPhCl.CN. [1G8°J. 
a-Carboxylio acid. Imide 

.C.H.<;co— -Nil- Formed by heat- 

ingthe imide of carboxy-phenyl-acetic acid (vol. i. 
p. 700) with benzoic aldehyde (Gabriel, B. 20, 

1205). Needles. * 

References . — Nitbo- and Oxr- phkntl-cin- 
NAMKV ACXD. 

PHENTL-CINNAHYL-HTDBAZINE 

CHPh:CH.CH.,.NPh.NII.^ [54°J. ForAed from 
sodium phenyl-hydrazine and cinnamyl bromide 
(Michael is, B. 22, 2233). Crystals. 

PHENYL-CINNAMYL KETONE v. PnBKVL 
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STYEYL KETONE. 

PHENYL-p-COUMARIC ACID [1:4] 
C,H,(^H).CH [219°]. Formed by 

hoatingp-oxy-benzoic aldohyde* with Ac/l and 
sodium ph^yl -acetate and boiling the resulting 
acetyl deriwitivo with baryta-water (Oglialoro, 
(J. 13, 17^.--A^[A' ; neiyly irfsol. wa^er. 
Acetfl^e7%tative. [170°]. 

Methyl ether Uek'. [17D°]. 

Ethyl ether [152*^. 

Methyl derivative. [A89°J. Vol.iu.p.738. 
PHENYL-CODMAEIN C„H,A- t[140"]. 
Formed, together with C«H,(OAc).CH:CPh.CO.,H, 
by heating salicylic aldehyde with sodium 
phenyl-acetate and Ac^O for 8 hours at 150° 
(Oglialoro, Q. 9, 428). Prisms, sol. ether. 

Mono-sulphonic acid C,aH„0.^(SOjH) 2iaq. 
[263]. White needles (Curatolo, O. 14, 257). 
— BaA',.— PbA',4aq ; needles, ra. sol, hot water. 
yy Di-sulplvonic acid C, 5 H„ 0 a(S 03 H)j Caq. 
[89°]. Deliquescent crystals. — llaA', 4aq; 
white prisms.— PbA'j 5aq : needles, v. sol. water. 

PBENYL-CEOTONIC ACID 0„H,A le. 
C^j.CH;CMe.COjH. Phenyl-metha^lic acid. 


action of Na on benayl propionate (Conrad a* 
Hodgkinson, A. 198, 814). 

Transparent plates (from (Uoohol), si. soL hot 
water. When prepared by Perkin’s method it 
pears to be accompanied by an isomeride [74°] 
crystallising in needles, which iMon verted into the 
acid [82°] by frequent reorystallisation (Baikoff, 
B. 20, 3396). Yields methrohol (o.v.) when, 
heated with dilute H^SO^. Broimne forms 
CHPhBr.CMeBr.CO^ [137°] (Kfirner, B. #1, 276). 

S|lts.-J|aA',aq: very minute* platfts. -- 
BaA'j 4aq : EUiall white crystals, got by slow 
cooling.— AgA'. S. *374. Needles. 

Methyl ether Mok'. [39°]. (254°). 
Amiie^2^^] (Edeleano, B. 20, 619^. 
Phenyl-isoorotcfiio acid 
C„H,.Cn:CH.«H,.C(^. [86°] (J.); [88°] (B. a. 
O.). (302°). Formed by heating ^nfoio alde- 
hyde with succinic anhydride and sodium suc- 
cin^ (Perkin), the yield being 2 p.c. (Jayne, A. 
2M>, 100). • Formed also by heating phenyl- 
trimethylene tricarboxylic acid C,IljPh(CO,H), 
in a current of at 190° fBuohner a. Dessauer, 

B. 2^, 1155Ji, Prepared by heating benzoio*aldG- 
hyde wdtli sodium succinate and Ac,0 at 125°, 
aria separated from phenyl-paraconio acid by 
solution in CS.^. Long thin needles (from water) 
or prisms (from CSj). When heatodj^vith 

(4 pts.) and water (4 pts.) it changes to the 
isomeric phenyl- butyrolactone and an acid [179°] 
(Erdmann, A. 227, 257). Yields y-phenyl-n- 
butyric acid [49°^ on reduction. Boiling 
NaOHAq converts it into the isomeric 
TJ„H,.C^.CH:CH.COjH [65°]. Split up by long 
boiling into water and (a)-nephthol. Alkaline 
KMnO^ at 0° forms di-oxy-phenyl-butyrio lactone 
(Fittig a. Obermuller, A. 268, 44). — BaA'a 8aq. — 
CaA'a 3aq.~AgA' : bulky pp. 

a-Phenyl-crotonlo acid OHvOH:OPh.00.3H. 
Methylatropic acid. [185°]. Formed by heat- 
ing sodium phenyl- acetate with paraldehyde 
ai>4 AOjO (Oglialoro, O, 15, 514). Minute 
prisms (from water), sol. alcohol and ether.-~ 
AgA' : m. sol. hot water. 

Fhenyl-orotonio acid 

C«H,.CH:C(CIl 3 Ph).CO,H. [168°]. Formed 
from sodium phenyl-propionate, benzoic alde- 
hyde, and AOjO at 160° (Oglialoro, O. 20, 162). 
Needles (from alcohol). a> 

Reference.— OxY-vimnYh-OJiOTovjg acid. 
FHENYL-CEOTONIC ALDEHYDE v. Phentl- 

METnACJlYLIC ALDEHYDE. 

FHENYL-CITMAZONIC ACID. 

C„H,.NO. U. (7). 

[220°]. Formed by heating (3,4,l)'amido-ozypro- 
pyl-benzoic acid with BzCl at 100°- 120° (Wid- 
inann,B. 16, 2585). White crystals, Sol. alcohol, 
insol. water.— HA'H,SO^ 2aq ; thin plates. 
PHENYL-CTJMINYL-AMINE C„H„N U. 

C, H,.NII.CH,.C„H,Pr. [41°]. Formed by re- 


{u)-Methyl-cifmamicacid. [82°]. Formed by heat- ' duciug C,Hj.N:CH.CBH 4 Pr (Uebel, A. 246, 289). 

ing benzoin aldehyde with propionic anhydride ' •“- 

andsodiun^ropionate (Perkin, J.Ql, 391 ; 32, 

661). Formed also by heating benzoic ajdehyde 
, with Ac,0 and sodium methyl-malonate ; and by 
beatinfbenzoia aldehyde witn senium propionate 
and HOAc or Ac,0 (Stuart, C, J. 48, 404; 

Slocum, 227, 57). Obtained also by oxidaticgi 
•of the corresponding aldehyde (Miller a. Kin- 
kdlin, B» 19, 526). Jt la also a product of the 


Plates or prisms. Yields a nitrosamine 
C„H,«(NO)N [94°1.-B'HC1 : white crystals. 

PHENYL-CDMINYL-THIO-TUEA > 
C.H,Pr.CHyNH.CS.NHPh. ^ [100°-106°]. 
Formed from cuminylamine and phenyl -tlHo- 
carbimide (Qoldscbmidt a. Gessner, B. 20, 2416) 
FHENYL-CVKINYL-VEEA C.,H^,0 i.e. 
C^,NH.CO.NHO,„H„. [144°]. Formed from 
oominyl oyanate and aniline (Baab, B, 8, 1161) 
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•nd iMm phenyl eyenato and oominylamina 
(Ool dechmi dt, B, SO, 2415). Small needlea. 

tHxrri<-]>i-(njifXMi7AHioin 
liyhKJ(NH.O,Bh(OiH,)[l:4])r Formed from di- 
mmiyl>thiO'UKa and. aniline (Franokgen, JB. 17. 
122% *Besin. . e 

PtoYL 1P.CFMYL ESTOKE 0„H,,0 tA 
.0*Hj.00.0,H,ldei {l:2^4;63. (820<»). From 

Bad, %^umene, OS, and AlCl, (Elbe, /. pr. [2] 
85, 491 ; cf. Olaus, J9. 19, 2881) ; thn yield ig 
65 p.o. of Ae calonlated. ^ 

jRtfocfiow.— 1. Boiling produces small quan- 
tities of needles [180°], probably (B. 2,8)- di 
methyl-anthraquinone.— 2. Cone, or fun^ng 
HaSO, 4t 100° forms benzoic acid aiad d'-ouinene 
sulphonio acid C„H.^Mea(8S,H) [1:2:4:6].— 8. 
Fuming mixed wi^ U,SfO, gives two 

isomeric tr^iitro- derivatives ; one [185°} i^| 
V. si. sol. alcohol, the other [155°] is m. sol. 
alcohol.-— 4. Dilute nitric acid forms benioyl- 
tjimellitio acid, ChHj.CO.C.ILIC^H), atid 
D,H..CO.C,HaMe(CO,H)^ 

Phenyl cumyl ketone iO.Hj.CO.CrtH.Fr. 
(848*^ at 788 mm. Formed from curginyl 
chloride, benzene, and AlOl^, (Smith). oYiilds 
two oxims [106°] apd [182°], the latter of which 
fonns an acetyl derivative [90°]. 

.Phenyl •n-oumyl ketone. C^Hj.CO.CaH.Pr. 
(845° at 716 mm). Formed from n-cumene, 
BaCl, and Aid, (Smith, B. 24, 4033). Prisms. 
Yields two oxims [130°] and [104°], which yield 
acetyl derivatives, melting 116 and 60°. 

Pi^EBYL-^^-OUMYl-METHANE CAK90XY.J 
110 ACID [l;2:4]C,H,Me,.CH,.C,H,.C01I[l:23 ' 
[186°]. Got by r^ucing 0,HjMe.CO.CJlVCO,H 
with Zn and f^,Aq (Grosly, A. 234, 238). 

DI- PHEKYL-^-CBinL-HETAPYEAZOlS 
TBTKAHYDEIDB 0«H«Nai.e. 

[125°]. Formed from 

yHSuminio aldehyde and di-phenyl-ethylene-di- 
amine at 100° (Moos, B. 20, 733). Silky needles. 

PHENYI-^-CUMYl-UEEA C„Hj,N,0 i.c. 
NHPh.CO.NHaH,Me, [211°]. Formed from 
^r^jumidine and phenyl oyanate (Goldschmidt 
a. Bardaoh, B. 25, 1861). White needles. 
PHBEYL-CYAEAMIDE v. vol. ii. p, 316. 
Di-phenyl-cvanamide 0„H,„N2 t.«. C(NPh),. 
Carbodiphmylmide* Mol. w. 194. (331° cor.). 
Formed by* warming a solution of s-di-phenyl- 
thio-urea in benzene with IlgO (Wolth, B. 7, 
10, 1808 ; 9, 810). Syrup, drying up to a 
vitreous mass.* Changes spontaneously into an 
opaque polymeride [170°] resembling porcelain. 

Bsacrions.— 1. Boiling dilute alcohol con- 
verts ft into s-di-phenyl;urea..— 2. Aniline yields 
(a)-tri-phenyl-guani(line.— 8. *H,S passed into its 
solution in benzene forms OS(NHPh),. — 4. s-Di- 
l^h^UthUhurea at 150° forms phenyl-thiocarb- 
imide and (a)<tri-phenyl-guanidine. — 5. Di-^ 
phenyUurea at 150° acts in like manner, forming 
phenyl oyanate and tri-phenyl-guanldine.— 6. 
JPhenyl-hydrazitie at 120° forms the compound 
Oji[5N»0(NHPh), [304°] which gives the salts 
B^Ol, and B'H,SO,. and is con- 

vested, by beating with phenyl-hydrazine at 
18^, into OftHnN. [200°], which gives the salts 
B',H 4 CL a^ B ,2H,FtGl,. The compound 
P|iN,:O^HPh)| is converts by heating with 
pheayl-^ooarounide at 190° into 

and by heating with di-p-tolyl-cyauamide 




into [128°], which gives the aalts 

B'gH.cfTimd B',2H,PtOL (Wessel, B. 2L 2^2). 
%, HCy passed into its solution in benzene forms 
C„H„N, crystallimng from alcohol in prisms 
[187°]. A little cf its solutiqg in H^SO, mixed 
with water is eolouredideep blue by NaOH 
(Laubenheimer, B. 18, 2156).— 8. TolyUne-a* 
diamine at 136° forms [161°] which 

yields B'.^,C1, [174°] (Dahm % Gasiorowski, 

B. 19, 8057). 

Balf.— B^Cl. Needles (from benzene). 
Tri-phenyl-di-ow -di-amide C^}i,„N 4. 
Formed from Nqfh.CS.NlfC^NPbj.NHPh, al 
oohol, and HgO, and also by heatihg di-phenyl- 
guanidine at 175° (Kathke a. Opuenheim, B. 
23, 1678). Yellow needles (containing EtOH) 
(from alcohol).— B'nCl. Needles,’ insql. water. 
•-B'^,PtCl,2aq.-J3'5H,SO,2aq^ • * 

Bc/eW«C«.— OXY-PHKNYL-CVANAMlgE. 

PHENYL OYANATE v. vol. ii. p. 315. 
PlftNYL.CYANlC ACID u. Cyanic acid. 
u PHENYL CYANIDE v. BBNZONnitiLE and 
PnENYL-CAnnAMlNE. , ^ 

Di-phenyl dicyanide C„TI,oN2 ».«* 

PhC4^>CPh7 [152°]. Formed from b'snz- 

amidine and benzoic aldehyde (Pinner, dS- 22,* 
1610; 23, 2926). Prisms. Changes at 2C0°- 
270? into cyaphenine. 

PHENYL-CYANUBIC ACID v. Cyamiric 
acid in the article on Cyanic acid. 
PHENYL-p-CYMYL-CABBINOL 

C, n,.CmOH).C,H,(CH)(C,H) [1:2:5]. (327° un- 
cor). Formed by reduction of phenyl p-cymyl 
ketone (Claus a. Elbs, B. 18, 1798 ; J. jtt. [2] 
35, 497). Thick colourless oil. 

PHENYL p-CYMYL KETONE C„H„0 t.e. 
C;H,.CO.C«H,MePr [1:2:6]. (224° at 40 mm) ; 

(840°) at 760 mm. • 

FoTTnation.—l. From cymeho by hfating 
with benzoic aBid and P^Oj (Kollarits a. Mevz, 

B. 6, 540).— 2. From cyetiene, and zino 

(Grucarevio a. Merz, B. 6, 646, 124(^.— 3. From 
cymene, BiAll, CS„*and,AlCl, (Elbs, /, pr. [‘1] 
35,494]. •• « • 

Properties.— Yellowish oil, v. sol. alcohol 
and ether, m. sol. HOAc. Very slightly volatile 
with steam. • 

Bemetions. — 1. Bromine and iron potoder at 
140° give benzoic acid and bromo-cymone, 
C^H^UrMePr [1:2:5] EC32°].-2. Cone. DSO, 
and KNO, give an amorphous di-nitro- deriva- 
tive.— 4. Dilute HNO, give? benzoyl -tereph- 
thalio acid.— 6. Concentrated HjSO^ at 100° 
gives benzoic acid and cymene sulphoniu acid, 

C, H,McPr(SO,H) [1:4:2]. 

PHENYL-CYSTElNE CpH.,NSO, i.e. • 
CH,.C(SPh)(NH).C0.2H. Formed by boiling 
pkenyj-meroapturio acid with dilute H,SO, 
(Baumann a. Preusse, J7. 6, 337). Plates (from 
NHjAq) or six-sided tables (from wateV), V. sol. 
acids and alkalis, si. sol. cold water. Yields 
phenyl mercaptan on boiling with NgdHAq. 

Bc/(ff0nO0.-r^BnOMO-PHENYL-OT8TMNH. 

PHCNYL-DECQIC ACID. NitAle 
C^j.OH(C,H,).CN. (828°). Formed from 
benzyl oyanide? octyl iodide, aoi KaOft (Boa- 
solymo, B. 22, 1287). Yellow oil. 

• PHENYL-DCEYL-OABBINOL 
[6:4;8:3:l]0«HMe..OH(OH).OA- (above 862 °)» 
Formed by seduction of pl^nyl iso-duiyl kerne 
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ft. OosBm,’'J5/. {9] 49» 179). 
udUp ftn acetyl derivative boilin 
^^%n^aben$oyl derivative 175^1 
BI.PraVTL DTOYLENE DIKETOKB 

[270®]. (above 

180®). Formed from direne, BzCl, and AIGL 
Friedel a. Crafts, A. Ch. [6] 1, 512). Prisms. 

PHEHYL DFBYL KETONE C„H.,0 U. 
3.H,.CO.CjHM%. [119®]. (343®) at 725 mm. 
Jot from durene, BzCl, and Aid, (Friedel a. 
'rafts, A. Ch. [6] 1,511). Aoioular prisms, v.*8ol. 


_ uuJUUiCkJ. piIBLUa, V.-BUl, 

rarm alcohol. Beduoed by MI and P to 
I50-6O] (310° at 71C mm.). SF^orms C„H,,Br,0 
22S°] and other produota. . 

Phenyl J^oduryl ketone. [63°]. (300®). 

-'ormed by the action of BzCl and AlCl, on the 
isoduren^ derived from toluene (Essner a. 
Gossin, Ul, [2j^ 170). Su^^ssive treatment 

with HCy aftid alcoholic potash gives the said 
CaHMe 4 .CPh(OH).COj(H, sol. water and alqphol. 
PHENYLENE. The fadicle G,H^. 
PHENYLENE-ACETAHIOINE « 

[170°] (H.): [175°] (1.). 
Fortned by boiling phenylene-o-diamine ewith 
. ^OAc, w by reducing C,H,(NO,)(NHAc) with 
tin and*HCl (Ladenburg, B. 8, 677; Hilhner, A. 
209, 353). Needles.— B'HCl.~B'JI,PtCL aq.— 

Phenylene . di - acetamldine 0,„H, i.e. 
[1:4] CttH,(CHj.C(NH).l!fH,)jj. [182']. Formed 
by the action of alcoholic Nil,, followed by 
NaOHAq, upon the hydrochloride of phenylene- 
di-acetimido-ether (Glock, B. 21, 2660). Plates. 
o-PHENYLENE.DI-ACETIC ACID 
tie. [1:2] C,H,(CH,.CO,,H),. Mol. w. 191. [150®]! 
Formed by saponification of its nitrile by 
boding with dilute H,SO, (Baeyer a. Pape, B. 
17, 4411. Slender peedles, v. sol. alcohol, m. 
sol. cold water.— Ag,A" f insolubla pp. 

0,H,(Ca,.pN),. [60®]. Formed 

by the aotionSof KCy on di-«-bromo*o-xyleno. 

wi-Phenylene^i-acetic acid € JI ,(CH...CO. JI),. 

[170°]. F(»nmd ljf«boiling its nitrile with alco- 
holic potash (Kipping, C. J. 53, 42 ; B. 21, 42). 
Needles, v. sol. water.— Ag, A" : white pp. 

Nitrile C,H,(CH,.CN) 2 . *[29°]. (308° at 

800 mm.). From^;i:3] C,H,(CH J3r), and KCy. 

p-Phenylene-di-Bcetic acid C/H,(CH...CO,H).^. 

1 241®]. Got from its nitrilg (Bicdermann, B, 6, 
703 ; Klippert, B. 9, 1766 ; Kipping, C. J. 63, 
44), Needles, m. sol. water. — CaA"2aq. — 
CaA"8aq, — BaA"2|aq: needles, v. sol. water. — 
Zn^'. — CuA". — Ag.^" : white amorphous pp. . 
JB7fheys.— MeA". [67®].— EtA". [68®1. 
Chloride, Oil (Klippert). 

Amide, [above 290®]. Plates and needles. 
Nitfile C,H,(CH,.0N),. [96°]. Formed 

action of KCy on C,H,(CH,Br)’ or 
C^4 (OHjC 1)^ Three-sided prisms (from other). 
Alcoholic ammonium sulphide at 100® converts 
J^to^W(^CS.NH,), [206®] which crystal- 


Di-phonylmie-aeetio acid S5^CH.C0,H. 

0001 m J V- V 


^y heating 

[ and P aTldO® (Friedlander, 


fOH).CO,H 
1 10, 636). 


JSthyl ether mXf. fl66®]. 
i^A yence.— OxY.pipmtWTLBtni.AOBno acid. 

* p-PHEHYIENE DI-AOEinilDO-STHSE 

S?£‘i2P»*^(NH).OEt),. The hidrochl^de 
B 2HC1 [above 240®] formed by the action of 
alcohol and HOl on C,H.^H,.ON)„ crystallises 
in needles (Glock, B. 21, 2660). It is insol, ether. 

o-PHENYIENE-DI-ACEXLICr ACID 
0,H^(CH:0H.C0.^H)3. [above 800®]. Formed 
by bo^nc 0,H,(CH.CCI(CO,Et).J, with alooholio 
potash (Firkin. C. J, 63, 14 ; B. 19,«436}. SI. 
sol. wdler, v.^1. sol. alcohol.- Ag^A" : pp, 
^Phenylene di-aorylio acid 
C,^CH:CH.CO,H)j^ [310®], Obtained by 
sapdhifyiqg ^e mono-ethy^ ether HEtA^ [200®] 
which is got by heating p-aldehydo-oinnamic 
ether with Na(ftAo and Ao.,0 (Low, A. 231, 377). 
eot aI$o by boilinK C.Tl<(cn,.CBr(C9,El) J,with 
alcoholic potash (Kipping, G. J. 58, 41). Yields a 
tetrahromide crystallising in needles.— Ac. A". 

MENYLBNE - DI - ALLYL - DI . THIO - DI - 
DHEA C«H,tNH.CS.NHC,H,),. The o- [159®]. 
w- [105°], and p- |200®J oompounds are formed 
by heating thpcorrespondingphenylene-diamines 

, with a^ohol and allyl-thiooarbimide (oil of 
! musTard) at 100® (Lellmann a. Wiirthner, 

A. 228, 201). The o- and p- oompounds decom- 
pose when heated. They are all sol, ^OAo. 

o-PHENYLENE - DI . AMIDO - DI - ACETtO 
acid [l:2]C,HdNH.CH,.CO,H)^ The ether 
EtjA” [136®] is got from o-phenylene diamine and 
CICO;jEt (Zimmermaipi a. Knyrim, B, 16, 615). 
m-Phenylene-dl-amido-di-acetio acid 

'‘‘v* *<*»»■ 

EtA^ [78 ] IS got by heating m-phenylene> 
diamine with OH,Cl.CO.fEt (Zimmermann* 

B. 15, 618 ; 16, 614). It is converted by cone. 
HClAq into crystalline H A"HaCl^ v. sol. water. 

p-Phenylene-di-amido-di-aeetio aold. The 
ethyl ether Et*A" [83®] and the hydrochloride. 
HjA'^HjClj are* formed in like manner from* 
p-phgnylene-diamine. 

o-PHENYLENE-DIAMINB [ 1 ; 2 ] O.H,(NH,)^ 
Mol. w. 108. [104°]. (262°). PropBteS'byife' 
ducing o-nitro aniline with tin and HOI (Zincke 
q. Sintenis, B. 6, 123; Vignon, Bl. [3] 2, 
676 ; Sandmeyer, B. 19, 2654). Formed also 
by heating the corresponding di-amido- benzoic 
acids with baryta (Griess, J. [2] 8, 14.H; 
Salkowski, A. 173, 58) and by the action of tin 
and HCl on bromo-o-nitro-aniline (Wurster, 

A. 171, 63; Hiibner, A, 209, 860) and on 
o-di-nitro benzene (Zincke, B. 7, 1874). Plates 
(from water) or taoles (from chloroform), v, e, 
sol. hot water, alcohol, and ether. 

Reactions.— 1. FoCl, added to a eolation of the 
hydrochloride forms di-amido-phenazine hydro- 
! chloride, which crystallises in ruby-red needles 
' C,^„N^HC1 (Fischer, B. 22, 856). — 2. Pyro- 
catechin at 200® forms phenazine 0«H,;N,:C,H,. 

{$yNaphthoquin<me forms naphthophenazino 
C,jH,:N,:0,H..-4. Cyanogen forms O.H,N.a 
yellow crystalline powder [o. 280®], si. sol. water, 
forming B'.fi^tCtBaq and B',H^tCl.aq. B^ 
heating with HCl it is converted mto OJB[,N.O 
[280®] and di-oxy-quinoxaline (Bladin, Bl [2] 42. 

104 ; B. 18, 672).— 6. The sulphocyanide is con- 
verted by heat into a mixture of phenylene- * 


7m -w, I TVBKvna vj uocH> tuw ■ mizfure OX Dnenvie] 

Sm^l eryst^ (from alTOhol). Decomposed by i thio-urea and thio-nrea (Lellmann, A. 221^8) — . 

into OOy Md [6. KNO. »]d.d to a veiy ol 

AgAftt onstablepp* liulphate forma * amidoazophenylene ' a|H«N,^ 
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, j nom l)etu{^n« in pearly white 

needlei (98*5®] (Ladenburg. B. 9, 219).-~7. ICy 
forme w^iloh yielde the salts B"H.C1,, 

B"HOI 2ia^ B"2HN0i 2iaq, and B"H,804 2ieq, 
and the b^nec^l deri^tjve 0 „H„BzN 4 , and is 
inverted by nitrous’acm into 0„H,N,0, (Hdbner, 
Bi 9, 778 ; 10, 1716).— 8, The hydroonloride is 
eonverted by benzoic aldehyde into dibenzyl 
idene ^ — 

wdUfitl J213®3 , 

Salts. — B'^2HC1. Needles, v. seol. ^tor. — 
B"H,PtCl,.-B",HjS0,.-B"H,S04ljsq : plates. 

Di-aoetyl dirivative cCH 4 (NHAc)^ 
'186®]. Long silky needles, v. sol. not ilater 
and alcohol (Bistrzytki, B. 28, 1871). * 

Beneoyl derivative* 04lL{NH.4)(NHBz). 
[140®]. •Got by redaciife O.H4(NO,)(NHB;^) 
with ammdhium sulphide (Mizter, Am. 6, 26). 
Minute crystals, sol. water. When the mduc- 
tion is e0eoted by tin and HOi t)}e product is 
benzenyl-phenylene-diamine (3'. v.). • 

Dihemoyl derivative CaH4{NHBz),. 
fc. 300®]. Thin prisms (from nOAc) (Bistrzycki). 

Di-p-toluyl derivative * * 

C,jH4{NH.CO.C,H4Me)2. [228°]. Got, Vgdther 
with tolenyl-benzamidine OaH/NaHiC.G^H^Mo 
[268°], by the action of p-toluyl chloride on 0- 
phenylene^diamino dissolved in benzene (Hiibnor, 
A. 210, 828). Colourless needles, si. sol. alcohol. 

m-Bhenylene - diamine 0«H,(NH.4)j. [63®]. 

(277® i.V.). Prepared by reduction of m-di- 
nitro-benzene or m-nitro-aniline (Hofmann, Pr. 
11,518; 13, 639; Zincke, B. 5, 792). Formed 
also by heating s-di-amido-benzoic acid with 
baryta (Wurster, B. 7, 214 ; Hiibnor, A. 222, 86), 
and bv the action of tin and HCl on (4,2,11-di- 
nitro'benzoio acid (Wurster, B. 7, 149) and on 
(l,2,4)-bromo*di-nitro-benzene (Z.). Got also 
by heating resorcin (1 pt.) with ammoniacal 
OaCl, (4 pts. containing 35 p.c. NH,) for eight 
hours at 275® (Seyewitz, 0. B. 109, 814). 
GrystaHine, m. sol. water, v. sol. aloohol^and 
ether. Its solutions are alkaline in reaction. 
KNOa added to a solution of a salt of w-phenyl- 
ene-diamine forma a brown pp. containing 
^H,(NHj)j.Nj.C«H,.NHa. k solution in dilute 
BaSOi is coloured yellow by a trace of nitrous 
acid. AldehydjB added to an alcoholic solution 
of m-phenylene>diamine hydrochloride forms an 
orange-red colour, with a green fluorescence. 
From this liquid NH,Aq ppts. di-methyl-phenan- 
throline tetrahydride (Girard a. lioques, 

C. B. 107. 1158; Sohifl, A. 253, 828). Benzoic 
aldehyde in alcohol forms with the hydrochlor- 
ide the base 0HPh(04H4(NHjj),)2. The hydro- 
chloride of m-phenylene-disunine gives a crim- 
son colour when boiled with oxygenated water 
(DenigSs) ; in presence of ammonia the liquid 
becomes blue, but is turned red by NaOHAq. 
Hydrogen peroxide gives a bluish-green tin4 
(Oazenenve, Bl. [3] 6, 855) PbOj and dilute 
HO Ac give a brown colour (Lauth, 0. B.*lll, 975). 
Alkaline NaOBr gives a maroon-red pp. (Denigds, 
0 . B. 107, 662). GS, in alcohol at 85® forms 

yellow monooSnio prisms of and 

several other bodies (Gucci, 0. 17, 523, 2657). 
The Bulphocyanide is converted by heat into 
0^j(NH.GS.NHy, (Lellmann, A. 221, 8). 
m-Phenylene-diamine is somewhat less poison- 


! (ms than the p- isomeride ^ubois a. VignoBj 

C.B. 107,633). . 

Salts. — B"HC1. Needles, v. sol. Wat#, sh 
sol. cone. H01Aq.-B"2HCl.-B"IlPtCl,: 
needles. — B"H,8ki,Cll4 (Gerdemann, Z. [2] 1, 
61).-B"H,SnCl,.-B"Bj^04. 

Hydriodide : Mills, 0. J. 17, 153. 

Dh formyl derivative G4H4(NH.OHO)r 
[165®]. Small crystals (Tobias, B. 15, 2447). 

Monck-acetyl derivative* 
0,A(NH,)(NHAc). Crystalline solid, v. sol. 
water (Wallach a. Schulze, B. 15, 3020).— 
B'HCl. [280®]. I • « 

Di-acetyl ^derivative C„H4(NHAc)j.s 
[189°] (Kelbe, B. 16, 1200 ; cf. Barbaglia, B. 7, 
1257). • 

Mono-heneoyl derivative 
0,H4 (NH.)(NHBz). [125®] (Bell^B.«7, 498); 
[260®] (Hubner, A920S, 298). to* by reducing 
C,!!l4(NO,).NHBz.~B"HCl.— B"H,St>,. Needles. 

Di-benzoyl derivative C,,n,(NHBz),. 
[240°] (Ruheradnn, B.*14, 2651 ; Hinsberg, A. 
^4264, 266). White plates. 

m-Amido-benzoyl derivative 
G,H4(NH.)(Nn.CO.CJf,NII,). [129°]. Needles 
(froua dilute alcohol) (Hugh, B. 7, 1268). • 

o-Oxy-benzoyb derivative $ 

0,H,(NH,).NH.C0.C,H4.0H. [143®]. trystala 

(Bell, a J. 28, 1201). 

wp-Fhenylene-diamine 04H4(NH,)j. [140°]. 

(267®). 

Formation.—l. By reduction of p-nitro- 
aniline and of p-di-nitro-benzene (Hofmann, 
Pr. 11, 518 ; 12, 639 ; Zincke, B. 7, 871).-2. By 
reduction of CaHyNj.CaH^NH^ (Martius a. Gricss, 
Z. 1866, 136).— 3. By distilling (5,2,l)-di-f,mido- 
benzoio acid (Griess, B. 6, 201).— 4. In the pre- 
paration of induline by heating CHUj.N2.C4H4.NH, 
with aniline hydrochloride (Witt; Fischer a. 
Hepp, B. 23, 839). , • 

Prejyaratio^. — Fronwacefanilide by nitration 
and reduction with tin and HCl. 

Properties. — Phtes* (by sujjlimation) or 
monoolinip crystals (from water) changing in 
the solution to trimetric pl:^^. M«bo1. waifr, 
V. sol. alcohol and ether. Forifis a hydrate 
0«H,,N2 2aq [80]^, With PbO, and aqueous HOAo 
it gives a bright^ bluish-green colour fLauth, 
C. B. Ill, 976). p-Phenylonq-diamine is very 
poisoAous (Vignon, C. B- 107, 533). A mere 
trace of a mixture of m- and p- phenylene-di- 
araine gives on warning with HOAo and EjCr^O, 
a blue colour, changing on boiling to red (Witt, 
0. J. 36, 356; Meldola, C. J. 61, 106). 

Beactions. — l. Oxidised to quinone by 
H2SO4 and MnO,. Quinone is also formed to- 
gether with NH, by oxidation of the sulphate 
with KjCrjO, (Meldola a. Evans, G. J. Pf^. 
6, liy.— 2. When exposed to air, 0, HjO„ or 
K^Fady, p-pbenyleno-diamine and its skits are 
oxidised to C4H,N, a feeble red base with green 
lustre [230°] yielding CgHjAcN, [294®] (Ban- 
drowski, M. 10, 126).— 8. CWortw^assed into t 
solution in- HOAo forms tetra-oMbro-quinone. 
—4. FeOl, added to a solution ei the hydro- 
ohlorfHc saturated withH,S ppts. Lauth’s violet, 
which is V. |ol. pure water, but pp^ by salts 
(Lauth, 0. B. 82, 1441).— 41. I^tassium nitrite 
added to a solution of the hydrocUoride forms 
ND4H4(NH,G1)N201, and in presence of a large 
I exc& of HOI it foims 0|,H4(N^)r~0. MiaW 
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with anOiiu (a mJU.) and oxidised by K,Cr,0, 

It yields pheno-sairanine.— 7. Tbesulphoeyanide 
» inserted by beat into C^,(NII.CS.NH,), 

(Lellmann, An 231, 8). — 8. Bleachiiig-powder 
solution added to a solutio* in HClAq ppta. 
ypllowish-white quinon^-chloro-di-imide which 
detonates at 124° (Krause, B. 12 , 47). -9. Accto- 
^tic ether at 170 forms C,^H„N..O. [176°] which 
w probably aH,(NH.C0.CH,.c6.0H,), (Knorr. 

J5. 17, 545; 1^3303). ' * 

Salts. — Triclinic tables, v* sol. 
water, almost insoi. HClAq.— 

B 'HjgnjCl, (Hubnftr, A. 201% 306).— B"lI,Hr...— 

B"H^SA (Bernthsen, A. 62).— I3"H,S'0,. 

Micaceous plates, si. sol. water (Vignon. Bl. 

[ 2 ] 50, 152).e^B'TI,CA. S. -15 at 15°. 

Dt-formyl derivative C„H*(NH.CHO),. 

[204°]. •Amgrphous mass (Wundt, B. 11 , 828). • 

Mono-acetyl derivative 
C,H,(NH.J(flHAc). [161°]. Formed by reJuc- 
tion of C,,H^(NO.J.NHi^ with iron and* acetic 
acid (Nietzki, B, 17, 34jl}. Needles, si. sol. cold 
water.— B'jjHjPtClj. ^ 

Di-aceiyl derivative CJI,(NHAc)j. 

[above 205°]. Formed by boiling the base with 
HOAc (Biedermann a. Ledoux,. B. 7 , #.531). 
ipmall octahodra, sol. HOAcj. 

, derivative Cflrr,(NH,,) (NHBz). 

[128°]. Formed by reducing benzoyl-w-nitro- 
amline (Hubner, A. 208, 205). Plates, si. fbl. 
water.—B'HCl.— B'Ji.SO,. Needles. 

Di. benzoyl derivative C,,H^(NHBz)j. 

[shove 300° |. Formed from the base, BzCl, and 
NaOHAq (Hinsberg, A. 254, 254).* Plates. 

Yields a nitro- product [251°]. 

o-Oxy-benzoyl derivative 
C„H^(NlL)(NH.CO.C,H,.OH). [158°]. Glittering 
needles (Boll). 

Hexahydride ,^C,H,„(NII,),. Di-amido- 
hcxan^ihyUne., Formed by reducing the di- 
oxim of quinone fetrafiydrido jfi alcohol with 
Na (B.aeyer a. Noyes, B. 22 , 2172). Liquid, 
with faint a%imoniacar odour, forming crystal- 
line salts and an acetyl derivative mdling above 
3f0°. • , • 

licferencef. — Bnowo-, Bromo-nituo-, CHLono-, 

NiTBO-, and OxY- PHENYLENK-My^irNE. 

PHENYLENE-DIAMINE41ULPH0NIC ACID 

V. Di-AMIDO-BENZENE SULPnO.\IC ACID. ^ 

PHENYLENE-DI-AMYL-DIAMIlTE 

Colourless crys- 
tals (Baeyer a. Noyes, B. 22 , 2173). 

DIPHENYLENE-AZONE [150°]. 

C,Ji„N,ol’ [240°] and I 

^[152°] by boiling di-o-nitro-diphenyl C„H,<^jj^^CUrr. 


PHEinrLBinf.Df.BEK2IDBirE.DIAMINE v. 

Dl-OMSNZYUDENlt-PHENYLKNR-DIAMINE. 

PHENYLENE-BENZYL-w-DIAMINE 

O^H^INHJ.NHCjHy. Forined bjveducing benzyl- 
♦H-nitro-anilino (Meldol^ a..Coste, 0. J. 55 , 507 1 . 
Oil. -B"2HC1 : hexagonal tablets. FoCl, colours 
its solution red and gives a white pp. on heating. 

Di-beneoyl derivative * 
C«H,(NHBz).NBz.O,H,. [178°]. Sol.K|ohol. 

Ptenvlene-ben*yl-p-diamine. [30°]7^ot by 
redudng* benzyl-p-nitro-aniline (j^eldola a. 
Cosld? G. Jn%S, 690) or 4 ?-nitroso-bonzyI-anilino 
(Boeddinghaus, A. 203, 302). Wax-liko mass of 
turning red in air. When mixed with 
th# »)t.i|pqg5rido it yi^s di.benz 3 d.amido- 
indannne on oxidayon.- JT’2IIC1. White plates, 
v. sol. water ,0 FeCL colours its aqueous solu- 
Aion green, clianginj to rwl. After 5hturation 
with H.B it gives a blue pp. with FeClj,. 

Bi-acetyl derivative. [117°]. Prisms. 

• Di-betiMoyl derivative. [124°]. Needhs. 
^Oi^^®*^y^^®-di*benzyl-diamine v. vol. i. p. 

Phonyleae-tetra-bonxyl-w-diamlne 

^<i^\NiiC,Hj),j 2 . [81°J. Formed by heating 

phdhylene-m-diamino with NaOHAq and benzvl 
chloride. Amorphous powder, sol. lIOAc. 

Phenylene-tetra-benzyl-pdiamin^. [j 4 'j'^j. 
White crystalline powder. HOAo and CiO, 
form a bine-violet colouring inalti^r. 

PHENYLENE - BENZYLIDENE - DI - 
METHYL-DIAMINE C, i.c. 
C,H,.CII:NnC,U,.NMe,. [93°J (Calm, B. 17, 
5940); [101°] (Kdhlor, A. 241, 301). Formed 
from phenylene-di-methyl. 2 >-diamjju) and benzoin 
aldehyde. -^B "2 IICl. 

PHENYLENE - BENZYL - DI - METHYL - 
DIAMINE C«n,CH,.NH.CJI,.NMe,. [48 ']. 

Formed by reducing the preceding body in al- 
cohol with sodium-amalgam (Kbhler, A. 241, 
361). Plates. Yields a nitrosumiae [ 128 °], 
^HENYLENE'BLTJE or LatUh'B violet v, 
AllIDO-IMIDO-Dr-PnENYL-SnLlUIIDK. 

PHENYLENE - BROMO - ACETYLENE - ' 
KETONE V. Bbomo-oxy-indonapiithene. 

DI-PHENYLENE-BDTANE . 

, vvil.^ •Oi A.Oji 

Diphcnsuccindene. [100°]. Formed by heating 
(^)-di-p]ienyl-snccinic anhyd rid# with HI and 
P and 180° (Uoser, A. 217, 156). White needles. 

PHENYLENE-ISOBUTYL-p-DIAMINE 
CJI„N1LC,.H^.NH^ (39°]. Formed by reduc- 
tion of fj-nitroso-isobuty 1-anil iiK! (Wacker, A. 
243, 299). Plates (from benzone-ligioin). 

PHENYLENE - BTJTYLIDENE -o -DIAMINE 


wi4h alcohol and z^inc-dnst (Tiiubor, B. 24, ‘ 
3081, 388.3). Greenish -yellow needles by sub- 
limation, not volatile with steam. Almost iiiso#. 

sol. ether, v. e. sol. 
HOAc. Reduced by tin and IICl to 0,gII,„N JlCl, 
which crystallises in white needles, rapidly re* 
oxidised by <ir to diphenylene-azone. 

bronzed prisma.— 

: yellow needfes. — 
B HjCrC^--B'C,H,N, 0 ,. [194°]. Brown needles. 

BHEhYLENE-BENZALDEHYDINE V. vol. i. 
p. 109. I 

. PHENTBENE-BENZAMIDINE V. Benzekyl- I 
PfBMtENB-DXAMUrB. 

Vol. IV. 


[233°], Formed from 

phcnylcne-o-diamino and isobutyric aldehyde 
(liassar-Cohn, B. 22 , 2724). Needh'.s (by sub- 
limation). -BTICI. [181°]. -BUl.PtCI,,. 

• The isomeric compound from phonylenc-m- 
diamine melts at 216°, while that from phenyl- 
enc-p-diaminc is oily, and yields B' HJHCL. 

DI - PHENYLENE - ISOBUTYL- QUINOX^. 

C.H;;C;N>®A.CH,Pr. [*47'']. Formed 
from phenantlir^uinone in HOAc and isobutN^l- 
phenylone-diamine in alcohol (Gclzer, li, 20, 
8256), Yellowish needles.— B'HCI : needles. 

o-PHENYLENE-DICABBAMIC ETHER 
C 0 H,(NH.CO;^t)^. [ 88 °J. Formed by heating 

C 



la 

o-pliettylene-ffiamine with ClCOaEt (Snape, C. J. 
49,269). Needles ({Tom alcohol). • . 

^•Fhenylene*d|carbamio ether. [145°]. 
fi-?heziy}en%dicsrb*amio ether. [193°]. Got 
hy heating p-phenylpn^ dioyanate with alcohol 
(Gattermann a. Wramfelmeyer, B. IS, 2605). 

' Di'phenylene-dioarbamio acid. Ethyl 
ether CO*Et.im.aH,.c;H..Nn.CO.;Et. [230^J. 
Formed from benzidine ana ClCO.^Et or by boil- 
ing di^enyteno dicyanate with alcohol (^ape, 
C. J. 49, ; Sohiff a. Vanni, A. 258,^69). 

Di ’phenyl ether, [c. 240°f Ma^e by 
heating diphonylene dicyanate with phenol at 
140° (Snape). Tables, si. sol. alcohol. 

DI-BHENYLEN]%CAKBINOL •».«. 

0 ‘JJ^]>CH.OH. Fluorene* alcohol. [153"]. 

Formed hy reducing diphonylene ketone witla 
aodium-amwgam (Barbier, A. Ch. [5J 7, 504). 
Hexagonal plates (from benzene). Oxidis^l by 
CrOj to diphenylene ketone. Ai|0 at 100° 
forms an acetyl derivative [75°]. When heated 


FflENYLENE-DIOABBAine 


PHEirT£SHS.ErBn-a.AUK[lrB 

C.H.(NBy(NHBt). (249°). Formed by 're- 
dating o-nitro-ethylaniline with tin a»a MCI 
(Hempei, J. pr. [2] 39, 199; 41, 164). Oil, 
turning red in airmnd light. 

Acetyl derivatim C^NjEtAo. [104°J. 
Phenylene-ethyl-m-uamine 
C,H^(NH,)(NHEt). (276°uncor.). Oil, formed in 
like manner (NOlting a. Strieker, B. 19, 546), 
B^ILClj : white powder. • 

Jg^enylene-ethyl-pdiamine. (270°). Oil, 
sol.# benzene (Nolting a. Collin, B. 17, 267; 
Schwoizer, B. 19<#149; Fftcher a. Hepp, B. 
19, 2994 ; Bernthlbn a. Goske, B. *20. 930).— 
B'Tf,SO^ : needles or prisms.— B 'HjClj. Plates, 
V. sol. water.— B^n^PtCls. • 

Fbenylene-di-ethyl-m-dianiine 
|dDHH.(NH,)(NEt,). (277°). Formedbyrednoing 
w-nitro-di-ethyl-aiBline (N. a. Si ; woll, B. 19, 

20^. Oil. • 

Fhanylene-di-ethyl-n-diamine. (261° un- 
cor.). Formed by reducing nitroso-diethyl 


above its melting-point, diplicnyleno carbinol Aniline or CJIj(NEy.Na.CJI,.NEt,; (Lippmann 


yields C..aH,„0 [290°], a nearly colourless resin. 

o-PHENYlENE CARBONATE 
[118°]. (325°-230°). Formed from socffuni 

pyrooatechin and ClCO.^Et (Wallatdi, A. 226, 
84). Foui^sided prisms (from alcohol- benzene). 

w-Phenylene carbonate C«H^<;^^^CO. 

F-)rmed by heating rasorcin with cyannric acid 
and ZuCl], and also by the action of COCl^ on 


a. Fleissner, D. 16, 1124). Oil.— B'«I,Cl,PtCl,. 
Bed crystals. — B"ZnC\., 2aq. Converted by 
treatment in •aqueous solution with alami- 
nium sulpliate, >hv.,S,0.,, and K._,Cr.^(X int(^ 
NEVC«H3(NH.,).S.S0,,H'[2’29°], whence bfdiazo- 

ti.'^tion Cun 3 (NEt.^)<:^^^ [107°] may be got 

(Dornlljscn, A. 231, 1). 

Phenylene-sdi-othyl-p-diamine. 


resorcin (liirnbaum, B. 14, 1753). Amorphous j Nitrosamhte C„H,(NEt.NO),;. [00°]. Formed 
solid, sol. HOAc. • j from p plienylt no-dianiino by successive treat- 

w-PHENYLENE DICARBONIC ETHER ; m- nt willi EtBr and UNO, (Nietzki, B. 16, 465). 

CgH^(O.C 02 Et),. (298°-302°). Fowned from ! Yellowish plates (from benzene-ligroin). 

sodium resorcin and ClCO.Et in ether (Wallach, | Phenylene-tetra-ethyl-p-diamine 

A. 226, 84). The p-isomerido, [100°], (310°), is j CJl,(NEt,),. [52°]. (280° uncov.). Go^byhoat- 

got in like manner from hydroquinono (Bender, 

B. 13, 697). 

PHENYLENE-CHLORO-OXY - ACETYLENE 
KETONE V, CHLOBO-DI-Orr-IN»ONAl'nT}lENK.^ 

PHENYLENE - CINNAMYLIDENE - DI- 
- METHYL DI-AMINE C„H„N., i.c. 

C. ,H 3 .CH:OH.CH:N.O«H,.NMo,. [141°]. Formed 
from cinnamic aldehyde and phenyleno-di- 
methyl-o-diaraine (Noth, B. 18, 675). Needles. 

PHENYLENE - CUMINYLIOENE - Dl - 
METHYL-BIAIMIINE G,hH,N, i.e. 

C,H,.0«H,.CH:N.C,H,.NMe,; [100°]. Formed 

from ourainol and phenylene-di-methyl-diamine 
(Nuth, B. 18, 675 ; Uebel, A. 245, 299). Needles. 

?».PHENYLENE DICYANATE 0„H,(N;CO)^,. 

[51°]. Got by distilling w-phenylene-dicarbamio 
ether (Bender, Bn. 3, 897). Crystals. 

7).PHENYLENE DI-CYANATE0,1I,(N:C:0): 


ing phenyienc-di-ethyl-diaminc orN.(Can^.N£iy.^ 
with EtI (Lippmann a. Fieissngr, B. 16^427 ; 
M. 4, 301). Af||noclinicY>lat^H (from dilute alco- 
hol), a:6:c-'99:l:l*833 ; |8 = 90 3U'.— B'ltPtCI,. 
— D''lLIIgjCl„. Monodtinic prisijls. — B"J,: 
black prisi*)3.— B'iJTlT. 

PHENYLENE-ETHYL B^^ZAMIDINE • 

[81°]. Got by ethylation of 

phcnylene-bonzanudinc (Howe, Am. 5, 421).— 
B'Hqi3aq.-B'.,H,lHCl,, - B'HNO,aq [135°].-, 
B'ElOn [136°].— B'Etlaq. - B'EtC12aq. — 
B'.EUHCI,. B'EtllSO.aq. • 

PHENYLE WE-ETHYLENE-o-BI AMINE 

CH** Q^i^^oxaline tetrahydride. 
[97°]. (296°). *V.D. 4-44 (calc. 4-64). Formed 
by heating pyrooatochin with ethylene-diamine 
[91°]. (231° at 745 mm. i.V.). V.D. '5-79 (for hydrate at 200°-210° (Merz a. Bis, B. 20, 1191). 
6*54). Prepared by passing a stream of carbonyl Formed also by reducing quinoxaline with ale Jlol 
chloride COClj through jp-phenylene-diamine | and Na. Plates (from water). FcCl, colours its 


hydrochloride heated to 200°-250° (Gatter- 
mann a. Wrampelmeyer, B. 18, 2604). Colouia 
less noodles. Sublimable. Pungent vapour. 
Beads like phenyl-cyanate, forming di-ureas with 
amines, and di-carbamic ethers with alcohols. 

PHENYLf NE DI-CYANIDE v. NitnU of 
Phthalic ACin. 

' PHENYLENE ETHYL-ACETAMIBINE 

^NEt' 


action of ke.fi on phenylene-ethyl-o-diamine 
(Hompel, J. pr. [2] 39, 200 ; 41, 106). Plates. 


Silutb aqueous solutions blue or violet. Alkaline 
K^FeCy^ oxidises it to quinoxaline.— B".^3HC1. 
[above 150°]. Scales.™ B^gHoC^Og. [184°].— 
B";, 2 C,iH 5 NjO,. [above 120 °]. Ydlow orystdl- 
line.pp., si. sol. ether. ^ 

Acetyl • derivative CsBk:N^c.;CJH 4 . 
[144°]. [350° unoor.). Granules, si. sol.cold’wa‘ter 


Di-phenyl«ae.etb 7 le&e.tetrynise « yol. ii. 


Formsl by the P' ^pHBKYLSHB-ETHYliHB-BISTriJPHOirB 

.... XI 1 - j: Prt D /Cf/'b \ n TT 1 ... ..xv..i 


Formed by heatfbg ethyh 


bromide vrith potassium ^nzenem-disalp] 


hylens 

»h#iaU 



IffliENYLENB 

(Ott^ /. pr. (»] 86, 450). White plates, m. sol. 
conq^miO,. 

OI-BTHTX 9IZET0VE 

CaH4{CO.CaIJj)y [220®]. JPcjmed from tere- 
phthalic chloride and ZnEt, m ether (Munch< 
mdyer, B . 19, 1850). Nifedles (from ether). 

PHENTLENE DI-ETHTL DISULPHOKS 
CsH4(SO^t)y [142®]. Obtained by heating 
C,^H^(S0.^K)2 [!••] with EtBr at 100® (Otto, J, pr, 
[2] 36, 449). Colourless plates. 

PHENYLENE-FUEFUEALDEHYDINE \v, 
vol. i. g. 109. • . % 

) PHENYLENE-DIGLYCOLLtC ACID v. Oxy- 

DIPHENYLBNJB-ACETIO kCTD. 

DIPHEEtLENE-DIHYDRAZINE O.HuN, 
i.e.N2H,.C,H,.0,H,.N2H,. [167®]. Formed from 
benzidine* hydrochloride by diazotisation and 
reduction b^NaJSO, or SnClf(Arhcidt,,.4. 2§9, 
206). Small white plates, sol. hot water. Aqueous 
potassium cyanate fori^ the semicarlftizido 
OnHigNeOj [307®]. Nitrous acid forma a di- 
uitrosaraine&2H,jN40o[112®]. Pyruvic acid forms ' 
C^Hj^N^O* 7197®]. Acetone yields C,JI.,.N4 
[lOS'j, whence fusion with ZiiCh yields di- 
phenyl-di-methyl-indole C,hH,«N 2 [270 ’]. ♦ 

• i2<!/;!|;e»ce.— D i-oxy-di-phIntlene diuyduaz- 

[NE. 

DIPHENYLENE'IMIDE v . Caubazole. 

DIPHENYLENE KETONE c 

;83°]. -(above 300®). “ ^ 

Fonnatio7i.—1, By distilling phenantbra- 
quinone or diphenyl di-o*carboxylic aetd with 
OaO (Fittig a. Ostermayer, A, 166, 37.3 ; 
Anschutz a. Schultz, B, 9, 1400). — 2. By heat- 
ting aiithraquinono with lime (Anschutz, B. 11, 
1213).- 3. By dry distillation of the Ag salt of 
its dicarboxylic acid* (Bamberger a. Hooker, 
D. 18, €034 ; Af 2‘>9, 156).- 4. By passing a 
mixture of phenol and* CSj ove» hot copper 
(Carnelley a.JJunn, C. /. Broc. 4, 53; B. ^l, 
2005, who regard the product thus obtained as 
isojaeride). • • • 

Pro/>crf^.»-Ytlk)w needles or plates (from 
alcohol). Yields phenyl-benzoic acid by potash- 
fusion. Distillation over zine-dust gives di- 
phenylene-methane [113°] (Fittig, B. 6, 187). 
Forms a nitro- derivative [220°J and a di-%itro- 
derivative [290°] (S^Itultz, A. 20.3, lai). Alka- 
line KMnO^ oxidises it to phthalic acid (Anschutz 
a. Japp, B. 11, 213). KBO^ forms at 260® a 
disulphonio acid, whence CaA" (Schmidt a. 
Schultz, A. 207, 345). 

Oxim, [192®] (Spicgler, 5, 105). 

Be / erefiees . — Bromo-, Di-chloro-, Nitro-, and 
Ox^, Diphenylene ketone. 

DIPHENYIENE KETONE CARBOXYLIC 

ACID [1:2]C.H,<^>C.H,.C0JI[2 6]. [m’J* 

Formed by oxidation of fluoranthene by chromic 
acid mixture (Fittig, A. 193, 149; 200, 6). 
Orange-red n^les (from dilute alcohol). 

iicocftorts^l. Potash-fusion, gij^es diphenyl 
om-dicarboxym} acid. — 2. Yields diphenylene 
ketone on distillation. — 3. Distillation wdth £:inc- 
dust givef dipheaylene-methane (fluorone). 

Salts.— BaA^j4aq.—-CaA'j, 2aq.—AgA'. 

Biphenyliue ketone oarboxylio aeid. [above 
27|® L Formed by heating the dicarboxylic acid 
(Bartfcergw a. Hookei^ B.,18, 1034; A. 229, 


KETONE OXIpE. 

168). Pale yellow needles, si. sol. aloohol. 
May^ sublimed.— BaA',.—AgA' ; yellow pp. 
Diphenylene ketone oarboxylio acid • 

tl:2] ■[327» cor.]. 

Formation (Graebe, B, 18, 1303; B, 20 
846; A, 247, 275).“1. From diphenyl di o- 
carboxylio acid by heating with H^SO^ at 120® 
or with POCl, or ZnCI^— 2. By hoat^g di- 
phenyfeno dicarboxylic acid with HaSOi for 10 
minut^ at 150®. • 

—Yellow needles, v. sol. hot al- 
cohol. Cone. H.^SO^ forms a red solution. 

Reactions. — 1. Potash-fusion yields diphenyl 
di-o-larboiyliy acid.— 2. Ij(31, (1 mol.)# forms 

C^H^(COClp^^ which may be crystal- 

Iteed from ligroin.— PClj (2 pt^) U ICO® 

yiold^ c"h 3(COC1) yields 

fluesrene carbfxylic acid on reduction with zino- 
^dust and ditute acetic acid.— 4. Zim-dust and 

ammonia reduce if to 

6. q|id P give fluorone. -^ 0. Phciwl and 
SnCl, at 120® give 

[165®], which yields AgA' and C.^,H„>Ac,0, [p. 
130 ’].— 7. liesorcin gives rise, on heating, to 

* yollowish-brown 

powder which exhibits green fluorescence in 
alkaline solutions. 

Salts. — NH4A' aq. — NaA'6aq: yellow 
needles, v. sol. hot water.— AgA' : yellow pp. 
Methyl ether MeA', [132°]. Needles. 
Ethyl ether EtA'. [103°]. No®dJe*». 
Chloride C,4H,C102. [128®]. 

C,4li,(NH,)02. [225®J. Silky yellow 
needles (containing .^HOEt). Formed from the 
chloride, and also by heatingphenunthraejuinone 
mon<^oxim with H^SO* at 100® (Wegorhoff, B. 
21, 2357). 

Oxim C,4H,(C02H)(C:N0H). [263®]. 
Phenyl- hydra side 

C|4H;(C0 jl)(C:N2llPh). [205®]. Brownish- 
yellow prisms, m. sol. alcohol. 

Diphenylene ketone dicarboxylic acid 

C6H4<;^^^^C«H,(C02H),_f[^23:6j. Formed by 
oxidation of retonc-qninone and of oxyisopropyl- 
diphonylene-ketone carboxylic acid (Bamberger 
a. Hooker, B. 18, 1033 ; A. 229, 151). Yellow 
needles (from HOAc). Not melted at 270®, but 
loses CO2 at a higher temperature. Yields di- 
phenyl on heating with CaO. Potash-fusion 
forms diphenyl tricarboxylic acid. — ^BaA".— 
AgA" : yellow pp. 

Methyl ether Ma^A". [184®]. Yellow 
U66cll(iH« 

• Ethxjl ether EtA". [116*]. Needles. 

Oxim 0,2H.(CO,H)2:C(N0H). Yellow pp., 
not melted at 280®. 

DIPHENYLENE KETONE OXIDE 

h'>^* C174't. (360®) at 

730 mm. (Graebe, A. 254, 280). S. (alcohol) •/ 
in the cold ; 8*5 at 78®. 

i Formation. — 1. Obtained by oxidation of 

with CrO, and HOAc (Me za. 



so 


PIPHENYLENE KETONE OXIDE. 


WeUh, B. 14, 192).— 2. By the dry distillation ol 
aalioylide ; the yield being 35 p.o. of the theo- 
repeal (Perkin, B- 16, 330). -8, By distilling 
phenyl phosp^^ate with sodium m- or p-oxy- 
bonzoate {Ilichter)^— i. By the action of POCl, 
on potassium'salicylate of ethyl.— 5. By dis- 
tilling neutral or basic sodium salifcylate with 
6. In kmaJl quantities, when salicylic 
acid distilled.— 7. By strongly heating sodium 

o-chlorobenzoate.— 8. From sodium o-phenyl- 
benzoate#nd POCl^.— 9. To the amount of 12 p.c. 
of the theoretical quantity, by the action of o- 
chlorobenzoyl chloride on basic sodium salicyl- 
ate. — 10. By the action of cone. H,S(1. on 
ll:2]C^II,(Orh).CO^I (Graebo, ii %l, SdR).- 
11. By distilling phenyl# salic^ate (Seiffert, 


13. By distilling calcium p-oxy- benzoate 4Gold- 
sohmidt, M. 4, 128). - 14. A prodtlfet of the rtoc- 
trolysis of a solution of phenol in KOHAq at 
200'’ (Bamberger a. Berlfi, J5.tJ4, 3212). * 

Prepavatum. — 1. Phenyl phosphate ^20 g.) 
and sodic salicylate (20 g.) are distilled together ; 
a violent action ensues ; when it is over the 
residue is distilled over at 400°, best in a current 
of air. IJlio crude product is shaken with solu- 
tion of NaOn and distilled with steam. The 
residue is extracted with alcohol, from which, 
on cooling, the ketone crystallises (li. Richh^r, 
/, pr. [2] 28, 276). —2. By distilling salicylic j 


with zinc-dust. Br gives U„H^rG, [198®], 
yields a disulphonio acid, which gives 
BaA"aq crystallising in- needles. • • 

Dixanthone * C^Hi. 

[256'’]. Occurs in th^product of the action of 
salicylic acid on resorcin (Kostanccki a. Seid- 
mann, B. 25, 1654). It crystallises from HOAo 
in groups of needles, and its sdution in H.^S04 
shows greenish fluorescence. 

tPcferences. — Di-amido-, Nitro-, and Oxr- 

DllPUENYLENI! KETONE OXIDE. 

PHENYLENp MERcIpTAN v. Di -TIIIO- 

RE80UCIN and Di-thio-hydroquinone. 

Diphenylene mercaptan CeH4(^I).C„H4(SH). 
[176°]. Formed by diazotising benzidine, and 
treating the product with potassiuni xanthate 
and alcoholic jiftash succes|ivily (Leuckart, 
/.•pr..[2] 41, 212; c/. Gabriel.gB. 13, 300). 
Whi(^ plates (from alcohol). 

Di-methyl ethd^ Mc.^A". [184®]. Plates. 
Di- ethyl ether Et .A". [135°]. Plates. 
oo-DIPHENYLENE-METHANa v . Fluor- 

ENH. 

(^) - Diphenylene - methane 

Methylene-diphenyl. [118°]. (205° uncof.). V.D. 
84 (calc. 83). Occurs, togetlier with the (S)- 
i»mcride, among the products of the passage of 
a mixture of benzene and toluene through a 
red-hot tube (Carnelley, C. J. 37, 708). Pearly 


•r, jf/r. ijy mauiiiiig saiicync ! , , i , V i 

acid with AcA the salioylide which is first ‘ sol. co^ 

formed splitting off CO.., when the temperature ■ J;"**^**’ *1^^® alcoholic solution shows faint blue 
rises (Perkin, (7. J. 43, 35). In this process j HOAc oxidise it to 


there is formed a by-product [102°] 

which is converted by boiling alcoholic potash 
into an acid 0,^,0. [275°] (A. G. Perkin, C\ J. 

43. 187). 

Propcrfics.— Long white needles, grouped 
concentrically. M. sol. ether, alcohol and 
benzoline, more sol. benzene and chlori^orm, 
insol. water. The solution in cone. II, SO, shows 
blue fluorescence (Graebe, B. 15, 1670). Docs 
not react with hydroxylamine or phenyl-hydraz- 
ine (Spiegler, B, 17, 808). 

licactiona. — 1. Reduced by zinc-duai or by 

HI to [100-5°] but no further.— 

2. Potash-ftision converts it into salicylic acid ' .. _ __ 

and phenol.— 3. If the fusion be stopped when | phenylene ketone oxide by heating with fuming 
the mass is pasty (at about 200°), dissolved in i HIAq at 160° or by distilling with zinc-dust 
water and ppd. by HCl, di-oxy-benzophenone 1 (R- Richter, /. pr. [2] 28, 280; Graebe, A. 254, 
is obtained, CO(CJI,OIl),.— 4. Sodium-amal- \ and by dibtilling euxanthone overheated 
gam reduces the di-phenylene-ketono oxide i (^iche^aus a._^ Salzmann, B. 10, 


C,.,HA [381° cor.]. Bromine in ether gives 
C,;,H„Br2 [162'']. Picric acid forms a compound 
Ci^HioCtfHjNsO, crystallising in biood-red needles* 
[81°]. 

(3)-Diphonylene-methaRe ^ [205°]. 

(320°). V.D. ^6-2 (cal# 83f. Formed as above. 
Pearly plates (from alcohol). Oxidised by 
CiA in IlOAc to [28^ cor.] which 

sublimes jn whitg needles. • * 

DIFHENYLENE-METHA^E oxide « 

[100»]. (.'il P cor.). Formed, 

to the amount 2 p.o., in the preparation ol 
Ph.,0 by heating phenol with AlCl^ (Alerz a. 
Weitb, B. 14, 101). Formed also from di- 


1309 ; Graebe a. Ebrard, B. 15, 1678). White 
plates (from alcohol). 

Ileaclions.—l. Oxidised by CrOj or efflute 
HNO, to diphenylene ketone oxide.— 2. PCI* 

Wihs HCl and a product whence water at 0° 

6'. Bromine at 200° forma a i- 1 produces C„H„O.PO(OH)j [255°~260°] an acid 

- derivative [212°]. — 6. Fuming H..SO4 ! forming Ag..A" and (NHJ.A".-3. Br forms 
a disulphonic acid which forms BaA"aq, i and CijH^BrjO [136°]. 

DIPHENYLENE . MEXHAN# SDIPHIDE 

Ctt,<^«y|>S. [128»]. (342°)* Formed by 

reducing CO^^‘g‘]>S with ttl and t at 170° ; 


(in dilute alcoholic solution) to A [200°]. 
This body orystollises from CHCIj in prisms. 
It is split up by chromic acid into di-phcnylene- 
ketone oxide and diphenylene methane oxide, so 
that it is perhaps a molecular compound of these 
two bodies. 
bromo< 

gives a aisuipnomc acid winch forms BaA" aq, 
crystallising from hot water in needles (A. G. 
Perkin, 0. J443, 192). 

Iiomeride C„HA. [91°] (R.); [96°J (G.). 
A product of the action of POCl, on sodium 
salicylate (Richter, J. pr. [2] 28, 204). Formed 

nlon 1 •- 


also by heating the sulphate of o-diazobenzoioc and also by passing phenyltolyl sulphide through 





PHENYLENB.METHYL.DIAMINE. 


sfrHENTI.XlfR • kSTHAirx 8VIFB0NX 

0^|<Q*g‘>S0r [170°]. Fotmod by heating 

CO<^*g*>SO, with HI and^ at 170° (Graebo 

a. Schultess, A. 263, ¥)• Needles, v. sol. hot 
alcohol. 

PHENTLEKE-METHENTL-AMIDIKE 

[107°]. (above 300°). Formed 

by boiling phonylene-o-diarnine with fymic 
acid (Wundt, IS. 11,826; Fischer, i). 22, (W.*)). 
Trimetric crystals (^om alcfltfiol). — B'HCl aq. — 
B'HAuCl,. Yields on metliyfiition CgH^Nj [33®J 
(278° at 730 min.). 

Carboxyfic acid CO,H.C,n,<;™^CH. | 

Formed Ay reducing the formyl derivative o^ 
(2,l,4)-nitro-anndo-benzoio tftid (Zebra, B. 23, 
3634). \^iite needles, blackening * witiTout 
fusion when heated.— HA'HCl : white needles. 

m . PHENYLENE “METHYL - DIAMINE 
[1:3] G,II^(NH.,).NHMe. . - plienylme. ^ 

diamine. *AmuIo-incthyl-aniline (205 "^-270° 
uncor.). Formed by reduction of jn-nitro- 
methyl -aniline (Molting a. Strieker, B. 19^548). 
^il. Gives a inethyl-chr3*soidine with diazo- 
benzeiTO chloride. 

p-Phenylene-methyl-diamine 
[1:4] C,H,(NH.J(NIlMe). (268'^ uncor.). Fonffed 
by reduction of jo-nitroso-methyl-aniline (Fischer, 
B. ID, 2092) or of CJi,(NIIMe).N2.C,n,.SOglI 
(Hernthsen a. Goske, B. 20, 929). Oil, v, sol. 
water. FeCI, gives a red colour, which* on suc- 
cessive treatment with HCl and II.8 becomes 
blue (diniethylthiouine). — J3',H.^S04: white 
needles (from water). 

m-Phenylene-di-methyl-diamine 
[1:3] C,lI,(NII.,)(NMe.). (269 ’) at 740 mm. 

S.G. ^ -995 (Gioll 2?. 19, 200) ; (258^) (Staede; ; 
a. Bauer, B. 19, 19i5). * Formed Ay reduction of i 
»n-uitro-di-melhyl-aniline. Oil. Witli nitrous i 
acid it yield^ a colourftig-matter closely res’ein- 
bling Bismarcli brown. With diazobenzeno ; 
cBloride ilsyieldsjtwdi-m&thyl-chrysoidino which j 
dies a somcwliat redder sliade than chrysoidine. i 
PbOj and aqueous HOAc givJs a yellowish- i 
brown colour (Jjauth, C. R. Ul, 975).— B'HCl. | 
Acetyl derivative C,(lI,(NMe.^)(iyiAc). 

p-Phenylene-di-methyl-diamine 

[1:4] C,H,(NH.J(NMe,). (257° i.V.). 

Prepared by reduction of nitroso-di-methyl 
aniline and of (C,H,NMe.,)..N.,0 by tin and HCl 
(Schraube, B. 8, 616; Wurster, B. 12, 622; 
Weber, B. 10, 760). Prepared also by reduction 
of C«H,(NMo.J.N2.CeH,.SO,H (E. Fischer, B. 16, 
22h5). Formed also together with di-chloro-2’* 
phenylene-diamine and di-chloro-2J-phenylene- 
di-methyl diamine by boiling nitroso-di-mcthyl- 
uniline with HCl (S.G. 1*2) (Mdhlau, B. 19, ' 
2010 ). ( 
Propertieii—hong white needles or short ; 


alcoholic solution * in green scales [146"J 
(Wurster a. Sendtner, B. 12, 1803).-8. H,S 
and an oxidising agent i^.g. FeCl,) cives 
methylene-blue (v. vol. ili. p. 2^). ■ Methylene- 

red S2<^‘‘^^NMeaCl» ‘is a by-product 

(Bernthsen, A. 230, 137* ; 251, 1).~4. Na3S..O, 
and CrO, give C.H,(NMe,)gSlHg^S.SO,H, which 
yields methylene-blue on further oxid|tioii. 

5. Al^ehuiies*&nd ketones form products of coii- 
donsatioA. e.q. C,H,(NMc..).N:CHPh (Calm, 
B. 1^, 29lJfe), C«H,(NMeJ.N:CH.C.H,OH[l:21 
[134^], and C..II,(NMo..).N:CH.O,H,.OMe[l:4J 
[148®] (Nuth, B. 18, 674; Steinhart, A. 241, 
34.^. Bojiztl and a1g)holio KOIi form 
CPhB2:irCall,NM% [131r] ; benzoyl-acetone 
forms in likapmanimr CHjBz.CMe.N.CJI^NMe.j 
4[136°] (Vogtherr, /* 26, 635). Benzoin gives 
CHrh(OH).CPh:N.CJI,NMe, [127Ton lieating, 
whi^ deo.xybenzoin forms O.^Hj.^Nj [139°]. — 
().*Oxalic ^ler forms, on heating, the ether 
C«H,(NMeJ.NH.CO.CO,Et [117°] which yields 
a corresponding facid [192'-'’] and amide [269°] 
(Sendtner, B. 12, 530). 

SaUs.— B"2nCl. Very deliquescent plates. 
-jf'H.,SiiCl,. Cubes.-B"H.,PtCl,. 

Acetyl derivative C«H4(NMe.^)(NHAc). 
[130®]. (355°). Small leaflets or n^dles. 

^>-Phenyleiie-tri-methyl-diamine 
[1:4] C„H,(NMe,)(NMeH). (265®). Obtained by 
redaction of its nitrosamine, which is formed by 
the action of nitrous acid on jp-phenylene-tetra- 
niethyl-diamine (Wurster a. Schobig, B, 12, 
1809). Oil. 

Acetyl derivative. [96®]. Prisms. 

Nitrosamine C,H,(NMej)(NMo.NO). [99®]* 
Leaflets or tables, si. sol. cold water. 

m-Pbenylene-tetra-methyl-diamine 
[l:3j C„H,(NMe.,)j. [-2®]. (266® i.V.). S.G. BS 
•992. Prepared by heating phenylonc-7n-di amino 
with methyl alcohol and llCl at 190® (Wurster 
a. 1814). Purified by distilling 

with AOjO (liom burgh, R. T. G. 7, 2). Oil, si. 
sol. water. 110 Ac and nitric acid give 

CgU(NO.J.,NjMo,NO [132'^]. s-Tri-nitro-benzene 
forms B"CbH 5(N02), [121®]. m-Di-nitro-benzone 
gives B"Cjl,(NOj).^ [58®] crystallising in needloi. 
Bromine forms oily C,oH,,BrjNo. NaNOj, and 
dilute HClAq give oily C,;H3(N07l[NMe.^)2, which 
forms a hydrochloride B'liCl, crystallisiug in 
dark-red needles (Witt, B. 18, 877). 

Salts.— 'B"H;,Cl.,2aq : hygroscopic crystals. 
— B"H4FeCy5 aq. Pearly plates (Wurster a. 
Boser, B. 12, 1826). 

Methyl iodide [192®]. Crystals, 

V. sol. water.— B"MeHl2. 

Di-methylo-di’iodid^B'Mo^. Plates, 
V. sol. water (Hofmann, Pr. 12, 639). 

p-Pbenylene-tetra-methyl-diamine 
(l:4]C.,H,(NMe,),. [61®]. (260° i.V.). Prepared 
fcy heating p-phenylene-di-methyl-diaraine with 
MeOH and IlClAq at 200® (Wurster, B. 12, 526, 
1803, 1827). White leaflets, si. sol. cold water, 


pnsms, y. sol. water, alcohol, and ether. PbOj 
and aqueous^OAc give a magent^-red sq)ution 
changing to violet-black (Lauth, C. B. Ill, 975). 
Colours fsrood, ^nd paper made from wood, ! 
crimson (Wurster, B. 20, 808). I 

Reactions. — L quinone on oxidatio%' 

wjth MnOj^and H;SO<.— -2. Bromine in HOAc i 
(oni|B C^HiiN^Br, which crystallises from its red I 


V. sol. alcohol. Its aqueous solution become 
violct-bluo on exposure to air ar addition of 
oxidising agents. The blue subsianoo appeals 

only to exist as a salt, e.g. 

(Wurster, B. 19,3195; 20, 266; 21, 921). It 
becomes colourless on further oxidation. 

Reactions.— l. Bromine in HOAc forms a 



bln^ isoIoQting ttiatter which forms! r-w-VlPHBBmBHB-TXTftA^lCSTHlft.BL 

blties0luti6ii8 in water and alcohol.— 2. KjFeCy^ PTBBOIiS C^H^iNa i.e. 


add%d to a solution of the sulphate forms 
CiiH| 4 N 22 H 4 Fe%« cryslallisiDg in lustrous blue 
needles. — 3. Sodium mtrite and hydrochloric 
acid gite 0 ,H 4 (NMa,)(NMeN 0 ) [98«] and 
C^,(NOJ(NMeJ.NMe.NO [87% 

8AltB.-^B'WQf ; crystals. ~B"HgPtCIg . — 
B''2HJIO^.~—B"H^FeCyg : white needles. 

Methylo-iodides B"MeI. [above ^70% 
Leaflets (W.j.-B^'Me^Ij. Plates (HofAenn). 
Reference* — NiTBo-PHBNYLENE-dl-MwiAfL-M- 

AMINB. 

FHENTLENE - BI - METHYL - DI - AMINE 
flULPHONIC ACnb C,H,(NH,)(#ri^,).S#,H. 
Got by reduction of |)*nitio-di-methyl-amido- 
benzone ^ulphonic acid (Michlei«a. Walder, B. 
14, 2176). Cargo rhombohedra, ▼. 861. water.-* 
BaAV— GaA',: pl&tes. 

t) - PHEN YLENE - DI - METH YL-DI - ETMYL- 
DIAMINE 0,H4(NMe,)(NEg. (26fS). Forrflcd 
from [1:4] 0,H,(NEtj)(NH,), McOH.and HCIAq 
at 200° (Lippmann a. Fleismer, M. 4, 791). 
Liquid. Coloured blue by oxidising agents 
Methylo-iodide IB"2MeI. [218°]a Y^lds 
B"Me.,PtCl„ B^MejAuCl,, B^Me^Cdl^, and 
B^MejCO^HaNjO,), [236°J. 

* o« PHfNYLENE - METHYL' - ETHYLENE - 

BUllDrB C.H.<Nn'>0A- o-Methyl-iuin- 

cxalim tetrahydride. (274°). Formed by heat- 
ing phenylene-ethylene-diamino with Mel at 
110° (Bis, B. 21, 381). Liquid. Its aqueous 
solution is coloured blue by FeCI,. 

Methylo-iodide B'McI. [above 200°]. 
Crystals.— B'-^Me^PtCl,. Yellow needles. 

DIPHENYLENE > METHYL - POBFURANE 

c"h* Klingomann, B. 21, 

2932). 

PHEN YLENE - DI - METHYL > DI . M ALONIC 
ACIDS C«H*(CH.,.CH(CO,H),),. The ethers of 
these acids are formed by the action of zinc- 
dust on the acids G„H,(GH 2 .CCl(CO.Ft).J^ which 
ore formed f^om sodium chloro-nialonio ether 
and w-di-bromo-xylenes (Perkin a. Kipping, 0. J. 
63,16; B. 19, 437; 21, 36). The o- and w- 
others are oily, the p- ether is crystalline [61°]. 
The ethers form deliquescent sodium derivatives 
Na^OssB^ON, and the o- compound of this formula 
is converted by iodine into the tetrahydride of 
naphthalene tetraoarboxylio ether. The m- 
acid is a liquid v. sol. water, the p- acid is 
crystalline [196°7. The p- acid forma Ag-^A", 
and when heated splits up into CO, and 
0,H4(CH,.CH,.C0,H), [223°], 

PHENYLBNE . METHYL . METHENYL^ . 

Ainonrx 0,H,<™®>0H. [SS^. (278°) at 

J30 mm. Formed from phenylcne-raethenyl- 
amidine, Maj[, and McOH at 100° (0. Fischer, 
£.22,644). Prisms.— B'HAuCl,. Needles. i 

DIPHENYLENE-METHYL-PYRAZINE I 

0 SniCH** [128°]. Formed from phenan- | 
thraquinone and propylene-diamino (Straohe,*! 
.£.21,2362). White niedles.-B',HJ>tCV | 


Got by heating anflcoholio solution of acetonyl- 
acetone (2 molB.) -lind benzidine (1 mol.) (Paal 
a. Schneider, B. 19, 3x68). Colourless tabled 
f Sol. alcohol, ether, '^benzene, and ligroin. 

DIPHENYIENE-METHYI. QUIIfOXAZINE 

CAMe<N;e.aH 

fro* (l,3,4)-tolylone-diamine and phenanthra- 
quinone in HOAc ^liinsbcr^ B. 17, 323). Yel- 
low hair-like crysfels, v. sol. benzene. t 

* DIPHENYLENE . NAPHTHOQUINOXAL - 

IKE [273°]. *Fonnea by 

►boiling an alcohohe solution of (^2)-aaphthyl- 
en%diainme with phenanthraqdinone in HOAo 
(Lawson, B. 18, 2426). Small yellow crystals. 

Tlfe sulphonio ac^, got by mixing a hot 
^queous solution of naphthylenc-o-di amine sul- 
phonio acid with phenanthraquinone dissolved 
in NaHSOaAq with addition of Na6Ac, forms a 
yellow crystalline Na salt, sol. hot water, but 
ppd.fy alkalis (Witt, B. 12, 1719, 2791). When 
fused with KOH it yields the insoluble ^rhodol ' 

C,A<g>C,.H,(OII) [^4], which forms a 
scarlet hydrochloride. 

. m - PHEN7LENE - DI - (0) . NAPHTHYL . 
DIAMINE C,H,(NHC,„n,).,. [126^]. Formed 
by heojjing m-phenyleno-diamine with ($)- 
naphthol (Ruhemann, IJ. 14, 2051). Felted 
needles, sol. alcohol and ether. 

j)-Phenylene-di-(i8)-naphthyl.diamine 
CrtIl,(NnC,pn;)j. [235°]. (over 400° in t)ac«o). < 
Formed by heating ^^-phenylenc-diamine with 
(j8)-naphthol at 200° (RuclT, B. 22, 1080). White 
plates, almos^ insol. hoiliiig •alcohol, •v. sol. 
nilro-benzene. KNO, added to its sciution in 
cone. H.^SO, gives a •grcenish-'ijolot colour, 
changing J,o bluo.^—B' 2 C,iH^N 3 Q-. *[0.217°]. 

Acetyl derivaiive C„H 4 (NAc.C,JiL).,. 
[210°]. Plates (from benzcfldj. • 

Benzoyl derivative C.^jHi^Bz.N,. [220°j. 
Reference. — NiTito-PHJSNYLENE-NAPH'inrL-ni- 

AMINE. • 

I^HENYLENE - NAPHTHYLENE - AMINE 

carhazole. [330°]. (451°) (Schweizer, A. 264, 
195), S. (alcohol) *25 at 78“ ; S. (toluene) ‘6 at 
111° (Bechi, B. 12, 1978). Occurs in crude 
anthracene, from which it may be got from the 
residues after sublimation of the anthracene 
(Graebe a. Enecht, B. 12, 341, 2242 ; A. 202^ 1). 
Formed by passing phenyl-(j9)-naphthyl-amino 
*thr6agh a red-hot tube. Colourless plates, v. si. 
sol. HOAo. Its solutions show blue fluorescence. 
Oxidation by E^Gr^O, and H^SO, forms the 

quinone crystallises 

from^ HOAc in reddish-yellow i^pedles, and is 
accompanied by which crystallises 

from benzene in red prisma. ^ * 

Acetyl derivative [131°]. 

Nitrosamine C„H,oN,0! [9d0°]. 
Tetrahydride C|«H, 4 N. Forme| ^by 
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relqotion with Hitq and P at 210^" Syrup,— 
B'HI. Long needles. 

IPhenylene-iiaphthylrae-i^iiiiie 

[2:1] b? boating 

with i«anced copper at 240® 

(Kym, IJ. 23, 2465). Greeni^-yellow plates, si. 
Bol. cAd benzene, v. sol. hot alcoliol. 

PHSNTLillrE . KAFHTHTLENE- KETONE ! 

OXIDE C0<^'»^->0. [155°]. Formecf by 

boiling {a).naphthy^alioylfifii (Graebo a. Feer, B. 
19, 2612). Formed also by hft-ting (o)-naphtliol | 
with salicylic acid and HOAc ; and by distilling ■ 
(l,2)-(a)'aaiJtithol carboxylic acid with salicylic 
acid (Kostanecki, B. 25, 164.8). Crystals, si. sol. 
cold alcohol^ Its solution in H^SO^ shows grcoi^l 
fluorescence. Converted by^i)otash-fiision into 
o-(a)-di-ox3;^phenyl-naphthyl -ketone (Phom'lna, 

A. 267, 92). • 

Isomeride. [140°]. formed in like manner 

from (/8)-naphthyl salicylate; and by heating 
(2,l)-(i8)-naf^hthol carboxylic acid with salicylic ' 
acid. Needles, lieducod by zinc-dust to 

CH.*<^«'>^->0. [80°J. . • 

p - PHENYLENE - DI - (B) - NAPHTHYL - DI . 
METHYL-DIAMINE C«H,(NMe.C,,H,).« [180‘^]. 
Formed from C,n,(NHC,„II,),, Mel, and Me«U 
at 140° [Rueff, B. 22, lOrtOV. Plates. 

PHENYLENE - NAPHTHYLENE OXIDE 

C* [178°]. Formed by distilling ^mixture 

M phenol and (Sg-naphtbol with PbO (Arx, B. 
13, 1726 ; A, 209, 141). Yellow noodles, si. sol. 
alcohol. K.SO4 forms a tetrasulphonic acid 
which gives Ila,,C,,ilI,iS,0,,4a<i. CrO, and IK) Ac 
formC, JIA [140°].-0,,H.o<^*-i^^«H,,N30,. [166°]. 

Is^moride g„H,o6. [296°j (A.) ; flioO ’] (G. 
a. K.). Formed *in like mnryior from (0)- . 
naphthol (A.). Got also by distilling the com- j 
pound C,alf,0, (Irom* phcnylcne-naplithylene- ; 
amine) with rfne-dust (Graebo a. Jinecht, A. ■. 
2D2, 16). •Plate^iT. sol.'toluene. 

JSe/cmtc#s.— Di-nuoMo-, Di-chloro-, and Di- j 

NITIIO- FHENYLENE-NAPnTHYLENi? OXIDE. 

PHENYLENE OXIDE r^n/)? [103®]. A 
product of the distillation of o-oxy-beiizoyl-o- i 
oxj^benzoic acid (Marker, A. 124, 249). * Silky : 
needles (from alcohol). HNO3 yields tho nitro- i 
compound C«H3(NO,)0 [160°]. | 

Diphenylene oxide C.AgO i.e. 

[87°]. (283°) (Galewsky, A. 264, 188). ' ‘ | 

Formation. — 1. By distilling Ph.,rO, oaer ! 
lirne, MgO, or PbO (Lesimple, A. 138, 375 ; 
floffmeister, Z. [2J 7, 24 ; /1. 159, 211 ; Kreyslcr, 

B. 18, 1720).— 2. By distilling phenol (2 pts.) 
with PbO (3 pts.) (Behr a. Dorp, B. If 398 ; 
Graebe, A. 174, 190).— 3. By distilling Ca(OPh), 
(Nioderhausem, B. 15, 1120).— 4. By the action 
of red-hot lime on di-phenylene-ketone oxide.— 

5. One of tne products of the action of HCl on 
muoio acid it 160°. • . 

Pt-opsrftsj.— White plates (from afcohol). 

Con7erSdbyA«Clinto®^ ®®-^»g>>0 [81“], 

which yields an oxim [146°] and a phenyL 
hydrazide fl33°). l^SO^ forms a deliquesceru 
dliilpbonio aoi^ which yields BaOigH^BgOr aq. 


Piorio aoid compound OiAOCJlAO;^ 
[24°]. Yellow crystals (Goldschmiedt a, Schmidt, 
Jlf.2,14). 

22<j/erc»ce5.— AMiDO-iBBoAo-^TBam-CHLORo-, 
Di-IODO, DiNITBO- PkXI^LBKB OXIDES. 

0 - PHENYLENE - X|^Y - BENZAMIDINE 
|:223'’J. Formed by 

reducing salicyl-o-nitro-aniline with tin and 
HCl (Mensching, A, 210, 845). Needles. - 
BlICl a(f — BMl^SO* 4aq. NemUes, bI. sol. Aq. 

0-PHENTLENE.FHENYL-DIAMINE. Tho 
sulphonic acid which gives the barium salt 
BaA'3 2aq may be got from its anilide [1:2:4J 
0,Il3(NI^liUNHe).SO..NHPh [157°] which is got 
by reduetTon^f C,IlJ:NHPlf)(NO,).SOaNHPh, and 
yields B'HCl tl82*J (Fischer, B. 24, .3794). 

• p-Phenylene-phex^l-diamine 
CAi(NHPh).NH2. A7nido-dipJicnyl9mine. [67°] 
andJ75°]. (354°). 

■ FornuUi^pt. — 1. By reduction of nitro- 
diphenylamino (Nietzki a. Witt, D. 12, 1401). 
2. From p-nitrfso-diphonylaraine by boiling 
with alcoholic potash, by reduction with tin 
and TiCl (Ikuta, A. 243, 279), or by treatment 
witli pnenyl-hydrazine in ether (O.Fisohcr, 5.21, 
2015).— 3. Together with azophenine, by heating 
p-nttroBo-diphenylaraine with aniline and aniline 
hydrochloride (0. Fischer a. IIopp, it 20, 2480). 
4. By reducing CAdiNHPlONAiidSO^Na 
(Hess a. Bernthsen, B. 18, 092). 

Fro}}erties.-—Bhtes or needles, si. sol. water, 
V. sol, alcohol. Molts at 75° after crystallisation 
Trom ligroiii. FeCl, added to a solution of its 
salts gives a red colour, turned green by oxocss. 
Yields quinone on oxidation. 

Salt.-B',JIjS04. Plates. 

Nitrosamine CiAiNA* [0. 130°]. 
Acetyl derivative C,4lT,4N30. [158°], 
Bejizoyl derivative (Lollmann, 5. 15, 
826). 

Bulphonic acid. 

[l:f2]CA(NlIPh)(NH3).SOgn. Formed by re- 
ducing C,li3(NHPh)(N0.4).S03H (Fischer, B. 24, 
3800). Yields BaA'j aq and an anrlide [171°], 
which gives B'HCl [216°]. 

m-Fhenylene-di-pheuyl-diamine 
CrtH,(NHP!i)3. [95°]. Formed by heating res- 
orcin (2 mols.) with aniline (i mols.), CaCl, 
(8 mols.) and ZnCl.^ (1 mol.) for 85 hours at 210° 
(Calm, B. 16, 2792). Flat needles, v. sol. ether. 
Oxidising agents give a green colour passing 
to bluish violet. Amyl nitrite and alcohol HCl 
form the p-nitroso- derivative 0„H,.N,0, orys- 
tJilli.sing in brown-red prisms and yielding 
B"2HC1 (Fischer a. Hepp, A. 266, 146), B"2H01 : 
needles decomposed by wates. 

Acetyl derivative CsH|(NFliAc),. [163°]. 
Benzoyl derivative 0,H4(NPhBz)3. 
[134°]. 

• Nitrosamine OAlNPh-NO),. [102°]. 
Yellow needles, forming a violet solution in 
H4SO,. 

p-Phenylone-di-phenyl-diamlne 
C,H.(NHPh)a. [132°] (Bandrowski, Jf. 8, 47ff) ; 
[141°] (Limpricht, B. 22, 2910); [145°] (0. 
Fischer, B. 21, 2615); [162°] (Calm, B. 16, 
2303). Formed by heating hydroquinone (6 pts.) 
with aniline (17 pts.), Ca04 (20 g.), and ZnCl, 
(5 g.) for *18 hours at 210°. Formed also by the 
action of phenyl-hydrazine on niiroso-diphenyl- 
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PHBNYLENJE-PHENYL.1)UMmB. 


amitie In ^oohol, and from {he hydroohloride 
of amido-salioylio acid and aniline. Plates, y. 
Bol. hot benzene. .HNO, added to its solution 
in gives a blue Kquid, changing to red.— 
B''2HC1 : needles, decomposed by water. 

Acetyl derivative CaH,(NPhAc),. [192°]. 
Benzoyl derivative CaH*{NPhBz)j. 
[219°]. 

NitrosamineVi^'H.i^'^fiy [o. 120°]. 
PhAiylene-di-phenyl-diamine ^ 

C„H,(NH2)^Phj. Formed by roduclhg nitro- 
tri-phenyl-amino (Hcrz, B. 23, 25:^). Cfystal- 
liuc. -B'HCl : silvery needles. 

Acetyl derivative C,H.(NHAc).NPh„. 
[107°]. . ■ ^ • 


C,H,<;^|[^>C:NPh. [lOQIJ. (4«0°-45O°). 

Formed %y heating phenyleneo-diamine with 
di-])hcnyl*cyanamide at 215° (Keller, B^ 24, 
2490). White needles (from benzene) or prisms 
(from alcoiiol). Phenyl-cyanate forifta the com- 
pound NPh<;^^>N2(CNPh)(tH,. [266°]. — 


B'llCl.— B'jII.PtClfl. — I3'H,_,S04 : long n^dffes. 
M^o-acetyl derivative. [160* * 
JJi-benzoyl derivative. [171°]. Needles. 
PHEKYIENE - DI- PHENYL- DIHYDRXZ- 
INE. Rexahydride C„ll,«(NH.NHPh)2 
[148°]. Formed by reducing tjie di-phenybdi- 
hydrazide of quinone with sodium and alcohol 
(liaeyer a. Noyes, B. 22, 2175). Crystalline, si. 
sol. alcohol.— D'H^C^Oiaq. 

w-PHENYLENE DI-PHENYL DIKETONE 
CJI,(CO.C,H4 ).j. IsophthalopJmione. [05°] (M.) ; 
[100°] (A.l. (above 360°). Formed from iso- 
phthalyl chloride, benzene, and AICI3 (Ador, Bl. 
12] 33, 66; B. 13, 320; Mimchmeyer, B. 19, 
1848), Plates (from alcohol). Yields a mono- 
oxiin [201°] (Nolting a. Kohn, B. 19, 146), a 
dioxim f70°-75°j, and two di-nitro- derivatives 
[260°] and [0. 100°]. 

p-Phenylene diphenyl diketone 
C„H4 (CO.CbHj).j. [160°]. Formed from tere- 
piithalio chloride, benzene, and AlCl, (M.). 
Yields a dioxim [235°]. 

Diphenylene di-phenyl diketone 
0„H«(CO.O„H,),. [218°]. Got from diphenyl, 
BzGl, and AlOI., (Wolf, B. 14, 2031). Crystals. 
DIPHENYLENE-PHENYL-METHANE 

C,„H,4 t.e. ^*]J‘>CHPh. [145-5°]. Formed by 

the action of l\,0.,or AlCl, on a mixture of benz- 
ene and diphonylenc-carbinol ; and also by 
lieating CPh,Cl at 200° (llemilian, B. 11, 202, 
837 ; M. [2] 84, 326). Formed also in small 
quantity in the distillation of calcium benzoate 
or phthalate (Kekul6, B. 5, 910 ; Millor, B. 12, 
1489). Needles, si. sol. other. Yields o-benzoyl- 
benzoic acid on oxidation. 

Reference, — Di-BROMo-Di-PHENYLENB-PHnNYtf 

MKTIIANE. 

V - w - PHENYLENE - DI : PHENYL - DI - 
METHYL -DI- PYRROLE DI . CARBOXYLIC - 
ETHER 0,4H,04N3 i.e. 

CO.^Et.CrCMe'v ^ p „ ^^CMe;C.COjjEt 

HC-.OPh^^-^^^'-NSCPh-.CH . 
[185°]. Obtained by mixing together in acetic 
acid solution acotophenone-aceto-acctio ether 
(2 mols.) and »i-phenylene diamine (1 mol.), and 
allowing the mixture to stand a long time 


(Faal a. Schneider, B. 19, SlBl}. ^end^Niiita 
needles. V. sol. ordinary solvents, except Aq. 

v-p-Dlphenylene - di . phenyl - di - me&yl? di« 
pyrrole di-carboxylic-ether 045H3,04J^2 i.e. 

[179]. Obtained by mixing together in acetic 
acid solution acetophenone-aoeto-acetic other 
(2 mols.) and benzidine (1 mol.), and allowing 
the mixtufe to stand for a long time (P. a. S.). 
Haio-like needles. Sol. alcohol and acetic acid, 
V. ^1. ether, chlor^orm, anj petroleum-spirit. 

p - PHENYLE^ - TETRA - PHENYL - DI . 
PYRROLE DICARBOXYLIC ACID 


C 03 H.g:CPh\T^ ^ „ v/CPh:C.Cg-H , , 
HG:CPh^^‘^“®<‘^\0Ph:0H* ’ [above 


300°]. Formed by saponification of ^ts ether 
•[250°] which is egot from pherftcyl-benzoyl- 
acf4ic ether and phenylene-p-diamine (Paal a. 
Braik^lT, B. 22, 3095). Small grains. 

wt-PHENYLENE Ift-PHENYL SDLPHONE 
aPsH,(S02Ph)2. [191°]. Formed by heating 
benzene witli P^O, and benzene Twsdisulphonio 
acid or di-phnnyi sulphone w-sulphonic acid 
(Ottq^B. 19, 2421 ; 20, 185). Minute netdios 
(from IIOAc). AlcoJiolic potash at 170° forms 
0(C,H4.S03Ph)3 [70°] and C^n^.SO^K. • 
Di-phenylene di-phenyl trisulphone 
S«,(C,H4.S03C«H,)3. [193°]. Formed from 

802(0^114.80., 11)3, benzene, and PjO* at 200° 
(Otto a. Bossing, B. 19, 3127). 

PHENYLENE - DI - PHENYL - DI - THIO - DI- 
UREA C„H,(NH.CS.Nl-lPh),.A Formed • from 
phcnylene-diamine and phen^ thiocarbimido in 
alcohol (Lellman a. Wurthner, A. 221, 28; 228, 
200). The 0- and p- compounds are decom- i 
posed by heat into di-phenyl-thio-urea and 
phenylene-thio-urea ; the compound melts 
I at 161°, and the 0- isomerido qt about 290°» They 
aro insol. ethoa * 


m-PHENYLENE-DI-PHENYL-UREA 

C,;H,(NH.CO.NI1P1 i). 2. Formed from w-phenyl- 
ene-diamiife and phenyl cyaiiate (Kiihn, B. 13, 
1478). Amorphous. • • » * 

PH EN YLEIKE-PROPENYL-DI AMINE 

, [ICO'']. (aboTe SCO”). Got 

by hcdling o-phenylcne-diarnino with propi(pnic 
acid (Wundt, B. 11, 829), and by reducing pro- 
pionyl-o-nitro-anilintfwith tin and HO Ac (Smith, 
Am. 6, 172). Plates (from water). — B'HCl. — 
B'HgClj,— 2aq.- -B'^H.^CrjO,. 

PHENYLENE-DI-PROPIONIC ACIDS 
C^II,(CFl2.CII.,.C0.2H).2. Formed by heating 
C Il4(CH.2.CII(C02H),).. (Perkin a. Kipping, C. J. 
53, 8, 32 ; B. 21, 27, 40). The 0- acid [1C2°] 
forms Ag^A". The w- acid [147°] forms Me.,A" 
p51°]»and Et^A" (250° at 60 mm.). The p- acid 
[224°] forms Ag.A" and Me-^A" [115°]. 

pPHENYLENE-PROPYL-DUMINE 
C«H,(NH2)(NnPr). (281°). Got hy reducing 
p-nitroso-propyl-aniline with SnClJ (Wacker, A. 
2414,294). Plates.— B"2HC1. Plate!; v. e. sol. Aq. 
o-PHENYLENE-PBOPTLENE-DIAMINS 

m- (28»'’). Ponnodby 
^eating pyrocatcchiii with propylene-diamine at 
200° (Bis, B. 21. 382). Plates (frBm ligroiol, 
-BVIHC^-B',2C,HA(^. Thin needles.^ 
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unEBnixA-^'dunRB. Dihydride 

c'Hl.a^.ci^* Formed from 
phenanthraquinone and ethylene-diamine 
(Mason, B. 19, 112 ; 20, 267).-^B'5H.;P01,p 

< (a).PHENYLEN£.^fiIOTL-X£TON£ 

Formed by die- 

tilling the dicarboxylio acid 

:^‘C(CO^)^ [284^, which is 
formed by oxidising (a)-8tyryl-(/3)-naphtho^in- 
oline carboxylic acm (Doebifliw a. Peters, B. 23, 

* 1241). Yields a picric acid compound 
[197^]. The dicarboxylic acid yields AgjA.", 

(j 8 )-Pheifylene-pyridyl-ketone 

C.H.<^ ‘(^Cn’;CH- “ ’‘H 

manner from the corrcsp^ding dicarbojylio 
acid [264°j which is got by oxidising (a)- 8 tyryl- 
(a) naphthoquiuoline garboxylic acid* with 
KMnO,. Needles. Yields B',H.^tCl« 2aq. The 
dicarboxylic acid forms Ag.A?' as a pp. ^ 

PHENfLENE - QUINOLYLENE KETONE 

OXJLDK C„H„NOj i.e. ^heno- 

• quino^antJume. [188°]. Formed by distilling 
f)‘Oxy-quinoline with salicylic acid. Needles 
(from alcohol).— B'HCl : needles. 

DIPHENYLENE-QUINOXALINE 

C^h' C [217°]. Got from phenylenc- 

o-diatnine and phenanthraquinone (Hinsberg, A, 
237, 340). V. sUsol. alcohol. • 

DIPHENYLENE-STYEYL-OXAZOLE 

^^'’{^‘;-j*^>C.CH:CnPh. [172°]. Formed from 

phenanthraquinone, cinnamic aldehyde, and 
alcoholic NII 3 at ino° (Wadsworth, G. J. 57, 
11). oYellow needles. 

p.PHENYLENE •DISULPHIDE CJl.S.,. 
Formed by^oxidising^dithiohydroquinonc with 
an alkaline fcrricyanide solution (Leuckart, 
d- pr. [2j 11, 200). Chars without^ melting at 
*00°, inil)l.^ordi»ary s'olvents. Is reduced by 
fusing with potash to dithiohyjfroquinone. 

Diphenylene sulphide [97°]. (3.-13° 

r.V.). Formed by passing Ph-^S throng!^ a red- 
hot tube (Stenhouso, A. 150, 332 ; Graobe, A. 
171, 185). Needles, m. ac»l. alcohol. Yields on 
oxidation the sulphone C,. 3 HgS 03 [230°]. 

Diphenylene - disulphide 

[164°]. (366°). A product of the distillation of 
sodium benzene sulphonate (Stonhouse, Pr. 
y, 62 ; A. 149, 252). Formed also by heating 
phenol with P,S, (Graebo, A. 174, 185; 179, 
178), by heating benzene with S and AlCl, at 
80° (Friedel a. Crafts, A. Ch. [ 6 ] 1 , 63t); 14, 

439), and by heating C,H 4 ^g ^N (Jacobson a. 

Elley, B. 910). Prisms (from CSJ. Cone. 
H.BO 4 forms a purple solution. CrO, in HOAc 
gives the tulphone C, 2 HgS 204 1^26°] and the 
sulphoxide [241°], si. sol. cold benz- 

ene. Cr foniiB C, 3 HgS^r 4 crystallising from 
CS. in small black prisms. 

m-PHENYLENE SULPHOCYANIDE ^ 
iOtfH 4 (SCN 5 ^ [64°]. Formed by heating the 
leid salt ot di*th^ lesoroin wil^ ICy and 


alcohol at 100° (Gabriel, B. 10, 184). Needles, 
▼. e. sol. hot alcohol. Yields a nitro- compound 
C.H3(N0j(SCN), [WO’]. . 

DffaEimjtirB ttapson «. difb&yl. 

BNE SULPHIDE. - 

DI PHENYLENE SU|.(H0NE KETONE 

[186°]. Fopned by heating 

benzophenone with fuming* H^SO. (Beckmann, 

B. p, 1112 ; 8, 992), and by olidising 

C, H 4 <^^q^C,^H 4 (Graebe a. Schultes, A, 268, 

10). Yellowish needles, y. sol. alcohol. 

PHENYLENE DITHIOOAKBAMIO STHEE8 
C„A,(NHC^SEt),^. Formed by boilipg from 
plicnylene-tniocaryraide with alcohol (Billetor 
a. Steiner, i?. 20, 230). The t»- compound 
•[116°] and thep- ooifipound [197°] we crystalline 
and yield Ag.,A" as white pps. 

PHENYLENE-Dl-THIO-CARBIMIDS 
OjIl,(NCS)je Formed from phenylene-diamine 
and CSCL^^Billeter a. Steiner, B. 20, 231). The 
0 - compound [51|°], m- compound [63°] (250°), 
and 2 > compound [130°] all crystallise in needles, 
m-PHENYLENE - DI - THIO - DIOLYCOLLK 
AC*D C«H4(SCH,.C0.,H).,. [127°]. Formed 

from di-thio-resorcin and ClCHaCO.^H (Gabriel 

B. 12, 1630). Microcrystalline pow^r. 
Diphenylene-di-thio-di-glycollio acid 

C, 3H„(S.CH2.C0.;H).,. [262°]. Formed fron 

C,. 3 H,(SII). 3 , NaOHAq, and ohloro acetio acid 
(Gabriel, B. 13, 390). 

o-PHENYLENE-THIO-UREA 

C«H 4 <^^g^CS. [298°]. Formed by heating 

o-phenylene-diamino hydrochloride with am 
monium sulphocyanide and water at 180 
(Lelhnann, B. 15, 2146 ; A. 221, 9). Formed 
also from o-phenylcne-diamine and CSCl, 
(Billeter a. Steiner, B. 20, 231). Plates (froiD 
dilute alcohol, si. sol. water). The crystalline 
»?t-^oineride is got by heating m-pheuylene-di 
amine with CS.^ and some alcohol at 160° (Gucci 
0. 17, 524). The p-isomeride melts at 271°. 

Fheuylene-di-thio-di-ureas 
C,Jl 4 (NH.CS.NH,).,. m. -[216°]. p- [220°] 
Formed by heating phonylene-diamine hydro 
chloride with ammonium sulphocyanide (Loll 
mann, A. 221, 11 ; B. 16, 2840^. The p- com 
pound is also formed from p-phenyfene di- 
thiocarbiraide and alcoholic NH, (Billeter a. 
Steiner, B. 20, 230). 

Diphenylene - thio - urea 

[2.38°J. Formed by heating di-op-amido-diphenyl 
with alcohol and CS^ (lleuland, C. J. 68, 167 ; 

B. 22, 3014). 

o PHENYLENE-TOLENYL-AMIDINE 

C 4 H 4 Me.C^^jJ^>C.H 4 . [268°]. Formed from 

o-phenylene-diaraine and p-toluic chloride, and 
also by reduction of p-toluyl-o-nitro-anilino 
(Hiibner, A, 210, 328 ; cf. Bruckner, A. 205, 116). 
Prisms (from alcohol).— B'HCl. -B'jHjPtCL.— 
B'HNOg. -B' 2 H^S 04 ; slender mjedlos. ^ 
PHENYLENE-DI-p-TOLYL-m-DIAMIKE 

C. ^H„N, i.0. CgH4(NH.CgH4Me)g. [187°]. 

Formeti by heating resorcin with p-toluidine, 
ZnCl.^, and CaCl^ (Ilatschek a. Zega, J. pr. [2] 
33, 218). Needles. Yields a di-nitrosamine 
C^H,BN 40 a [c. 150°], a di-acetyl derivative 
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anda di-benzoyl derivative 
Oja,;Ba,N, fl52°].-B"2HCl; crystalline 
pow^T, decomposed by water. 

Fbesylene-^-e-tolyl-^-diamind [135^]. 
(420®). Formoa by hei\Jing liydroquinone with 
o-tolaidine and CaO/j^at 200® (Philip, J, pr. 
[2] 84, 65). Plates (from HOAc). Yields a di- 
nitrosamine [140®J. Yields C._.„H,„Bz 2 N.. [235°] 
and OjJi,*Ac.;N 2 [185°].— B"2HC1; needles. 

Phibylene-di-jp-tolyl-jp-diamine. [^82°], 
Formed bj^heating hydroquinono or (thenyl-p- 
amido-phenol with p-toluidine aiM Zn(?l„ at 
220® (H. a. Z.); Calm, B. 16, 2810). Plates. 
Yields a di-nitrosamine [152®], a di-acetyl de- 
rivative, [173°], and^a di-benzovi dprivaive 
(222®].-B"2HCl. • • 

PHEKYL£K£-TOLTLS|f E.KBCONE OXIDE 
C,H 4 <^^^€!sH._,Me, Methyl-xantlmie. [105®].* 


Formed by boiling p-tolyl aalFcylate (firaelip a. 
Fecr, B, 19, 2612; cf. Seifert, J.prtm 31,47»). 

liomnide C.n.<p° >C.Il,Mo[fl]. [17e']. 


Made by heating 0,H,Me(OH)CO,Ph tlO"] 
(Weber, B. 26, 1746). Crystals (from al^ohd). 

O-PHENYLENE-p-TOLYL-GUANIDINE 
0,H,<^]^^C:N.O«H,Me. [209®]. Formed by 

heating o-phenylone-diamine with di-p-tolyl- 
cyanamide at 210® (Keller, B. 24, 2600). Tables. 
Yields a mono-acetyl derivative [152®], a di- 
benzoyl derivative [101°], and a nitrosamino 
Ci 4 H„(NO)Nj, [160®- ICO®]. Phenyl cyanate forma, 

O.H.N<g^>N,(C.HJ:C:NC.H,Me (254T crys- 


tallising from benzene in small needles. Di-p- 
tolyl-cyanamide at 210® forms the compound 
(NHO,H,)jC:NJO,,H>.C:N.O..n,Me [188®]. 

Salt s.-B'HCl.-B' 2 H,PtCl„.-B',H,SO*. 


DIPHENYLENE-TOLYL-METHANE C,oH,« 
4.e.§«g<>CH.O,H*Me. [128°]. Formed by ^e 

action of P^Oj on a mixture of diphenylcne- 
oarbinol and toluene, or of AlCl, on dipheiijdcnc- 
carbinyl chloride dissolved in toluene (llemilian, 
B, 11, 208 ; Bl [2] 34, 825). Silky needles. 

PHENYLENE-DI-p-TOLYL-DI-METHYL-w- 
DUMINE 0«Hj(NMe.C«H,Me),. (c. 400®). Got 
by heating phenylene-di-p-tolyl-wi- diamine with 
Mel and KOH at 160® (Hatschok a. Zega, J. pr, 
[2] 33, 223).. Liquid smelling like geraniums. 

The isomeric phenylena-di-o-tolyl-di-methyl- 
p-diamine (385®-.390®) and phenylene-di-p-tolyl- 
di-methyl-diamine [163®] may be prepored in 
like manner (Philip, J.pr. [2] 34, 57 ; II. a. Z.). 


o-PHENYLENE-DKEA C«II,<^®>CO. 


[308®]. Formed by heating o-aniido-phenyl- 
carbamio ether at 90® (Budolph, B, 12, 1296), by 
heating o-amido-di-phenyl-urea (Lellmann a. 
Wiirthner, A, 228, 220), by heating its ethyl 
derivative with HOI (Sandmeyer, B. 19, 2654), 
and by the action of COCl, in toluene on a 
Bolhtiou of o-nJienylenc-diaraine hydrochloride 
at 100° (Hartmann, B, 23, 1046). Leaflets, si. 
sol* water. — B'HCl. Decomposed by water. 

Ethyl derivative 


160®]. Formed from o-phenylene-diamine and 
NH;0(O£t)«. Plates. 


m-Phenylene^Tirea. [aoove auu'']. Fonned 
by similar methods (Miohler a. Zimmermann, 
B, 14, 2177 ; L. a. W.). Insoluble powdto, ^ 
p-Phenylene-ures. [above 320®]. Got by 
heating p-amido-di-phenyl-urea (L. a. W.). 

Isomeride. [ISO®]. iPot by boiling an alco- 
holic solution of oxy-phenyl-tliio-urea with HgO 
(Bendix, B. 11, 2264). Tables, sol, water. 

Phenyleue - di - ureas CflHi{NH.CO.NH 3 )a. 
0 - [290®]. * w- [above 300®]. Formed from 
phenflcne-diaraine hydrochloride and potas- 
siune cyanate in cold aqueous solutions (Warder, 
B. 8, 1180 ; Lellmain, A. 2A, 13 ; B. 16, 592). 

The p- compoufid can be heated to carbonisa 
tion without melting. 

Referencea.~-A.moo- and Nitko- ^hekylbne- 

UREA. 

t PHENYL-ENNOIC ACID. 

Nitrile C„Hj.dll(C,H„).CN. (32'l®). Formed 
from Cn^Ph.CN, heptyl iodide, and «aOH (Roa- 
solymo? B. 22, i237/. Yellow oil. 

DI-PHENYL-ENNYL TRICYANIDE 
%gH,,0,N:,Ph3* [c.*38°]. (c. 293® at 15 mm.;. 

Formed from decoic chloride, benzc^itrile, and 
Aid, (Krafft a. Koenig, B. 23, 2384). 

PaENYL.ENNYL.THI0-UREAC,,H,,.N3S¥.<f. 
NHPh.CS.NHC«H,a. [60®]. Formed from |nnyl. 
tliiocarbimidc and aniline (Freund a. Sdioufcld, 

B. 24, 3359). Tables, v. sol. alcohol and ligroin. 
^HENYL-ENNYL-UREA C,«H,,6N.,0 i.e. 

NHPh.CO.NHCjH.i. [03®]. Formed from 
I^hoiiyl cyanate and aniline in alcohol (Freund 
a. Schonfeld, B. 24, 3368). Long prisms. 

' s-DI-PHENYL-ETHANE C„H„ i.e. 
Cn.,Ph.CII,Ph. Dibensyl. Mol. w. 182. [63®]. 
(277°). S.V.S. 174*2 (Schiff, A. 223, 261). H.F. 

- 31,200. H.C.v. 1,828,300. II.C.p. 1,830,200 
(Bertliclot a. Vieillc, BL [2] 47, 806). 

Formation. — 1. By the, action of Na on 
benzyl chloride (Cannizzaro a. titossi, At 121, 
250; Fittig, A.el37, 25?).— 2. From ethylene 
i chloride, benzene, and AJCl., (Silva. C. R. 89, 
j COO; A.Ph. S. 18, 315).— 3. From CIIBr:CHBr, 
j benzene, and AlClf (Ausobiilz, X. 235, 155).— 

; 4, From acetylene, benzene, Al^l,*(Varet a* 
Vienne, BL [2] 4J, 919).— 6. By beating benzyl 
chloride with copper powder (Onufrovitch, B. 
17, 833).— 6. A product of the action of Na on 
o-bron^-benzyl-bromide (Jackson a. White, Am. 
2, 390).— 7. By adding sodium (70 g.) to an alco- 
holic solution of phenyl -cinnamonitrilo (Freund 
t. Remso, B. 23, 2859). 

Properties.— Ljn" colourless needles, tol. 
alcoliol, ether, and CS^. 

Reaciions.—l. Yields toluene and di-phenyl- 
ethyleno when passed through a red-hot tube 
(Otto, Z. [2] 6, 22 ; A. 154, 170 ; Barbier, 0. k 
78, 1769). — 2. Chlorine passed into fused s-di- 
plienyl-ethane forms first CHPh:CHPh and then 

C, H,Cf.CH:CH.C.H,Cl (Kade, J.pr. [2] 19, 466). 

‘ In presence of I, chlorine forms p-di-chloro-di- 

phenyl-ethane in the cold. Exhaustive chlorin- 
ation yields CjCle and C^Cl, (iMerz % Weith, B. 
16, 2877). — 3. HaSOi forms a disulnhonic acid 
CuH,.J§ 0 ,H) 3 ^aq, which yields* K>" 2aq, 
BaA" |aq, and PbA" aq (Kade, B. 6, 953). A 
tctra-Bulphonio acid, C, 4 H, 3 (S 03 H )4 Saq.^s also 
formed. 

0 w-Di-phenyl-ethane CHj.CHPh-. (270°) (0.); 
(286®) (H.). ^ . t 

Formation,—!* From ^l|.CHPh„ alcolfbl, 
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ana.Na (GoldsohAiedt, B. 6,1601).— 2. From 
C£LPb.CH.^r, benzene, and «inc-dust (Radzia- 
z^kifJ3. 7, 140).— 8. From paraldehyde, benz- 
ene, and H,SO. (Baoyer, B. 7, H90).-4. To- 
gether with ethyl-benzene and di-methyl-anthra- 
oene dihydride by heqi^ing ethylidene chloride 
with benzene and Aid, (Silva, BL [2] 41, 443 ; 
Anfiohiitz, B. 17, 16f‘).— 5. By distilling its 
dicarboxylio iwid (Haiss, B. 15, 1481). 

PropertiesT— Oil, with blue lluorescence. 
Solidities in a freezing mixture. Yields b#nzo- 
phenone on oxidation. Fuming HNO, added to 
its solution in AOAc foiins benzopheuone, i 
CPh,(OH).CH,.O.NOa [107^, di-pbenyl-vinyl 
nitrite [87*’], and a body [143°] Nviiich yields di- 
phenyl-acetSinitrile on reduction (Anscliiitz a. 
liomig, A. 233, 329). 

Tri- phenyl -ethane CH^h.CHPho, (abov# 
360°). Formed from CH.pl.CHCl.O^t, b^jnz- 
ene, and Add, (Waas, B. 15, 1123). Liquid, 
with violet fluorescenccf. InSol. cold alcShol. 

s-Tetra-phenyl -ethane i.e. ^ 

CHPh,.CHPh..„ Mol. w. 334. [210°]. S. (benz- 
ene) 14 at 80°. S. (95 p.o. alcohol) *8 on boil- 
in{^ • , 

Formation. — 1. By distilling benzoyl- and 
* Buccini 5 rl- di-phenyl-carbinol and by distilling di- 
phenyl-carbinol with succinic acid (Linncinann, 
A. 133, 24).— 2. By distilling benzoplienoiie^th 
zinc-dust (Staedel, B. 6, 1401).— 3, By reducing 
bcnzpinacone CPh,j(OH).CPhy(01I) with HI and 
P (Graebe, B. 8, 1055).— 4.* From di-phcnyl- 
carbinol, glacial HO Ac, cone. HClAq, and zinc 
(Zagumenny, A. 184, 176; Bl. [2] 34, 5?9).— 5. 
By reducing (/3)-benzpiriacolin CPh^.CO.O,jHj 
with HI and P (Zincke a. Thorner, B. 11, 67). — 

* 6. By boiling (CHPli.J.jSj with alcohol and 
copper powder (Engler, B. 11, 920). — 7. By re- 
ducing CPhjj-.CPh,^ (Fnedcl a. Balsohn, Bl. [2] 
33, 888).— 8. P^-oui 01JPh.,d and Na (Kngler). 
9. By the action of benzen^ and Aid, on 
CBr,.Cn,B%oti01I13r2.CHBr.^,onCPhIIBr.CHBr.,, 
on CPhBtyCPjjBr,, and on CIIPhBr.CIiPhBr, 
the yield in the last cc^e b^iig excellent (An- 
schutz, A 285, 10. By distilling CPh^HCl 

(Anschutz, A. 235, 220). • 

Properifiez. — Needles (by sublimation), si. 
sol. alcohol. Crystallises from benzene with 
C,H,. Yields a crystalline tetra-nitro- derivative, 
a crystalline tetra-sulphonio acid, which gives 
Ba,A‘’ and C.^n,„(OH), [248°]. 

u-Tetra-phenyl-ethane CPh,.CII^h. [140°]. 
Formed from CPhjK and benzyl chloride 
(Hanriot, G. R. 108, 1119). 

References. — Amioo-, IJiiomo-, Bkomo-auido-, 
Di-bbomo-di-kitbo-, Chloro-, Pekta-ciiwro-di- 
MiTBO-, Nitro-, and Oxt-, Phknyl-etiianes. 

PHEinn-ETHANE DICARBOXYLIO ACID 
V . Oauboxt-puenyl-pbopiomig acid and PAem^* 
BUGCXNZO iOlD. 

Phenyl-ethane tricarboxylic acid 
CHPh(CO,H).CH(CO,H),. [171°]. Got by sa 
ponifying its ether, which is made by the action 
of a-ohloro^r a-b]lt)m6- phenyl-abetio ejher on 
sodium malonio ether (Spiegel, A, 219, 31; 
Alexanier, A. ^58, 71). SmaU tablets, v. sol. 
hot water. Decomposed on fusion into GO, and 
rl-BUcpinio acid. Salts. — Ca,A''^, 10 aq. ^ 
pd. from aqueous solution by aloo- 
orystalUne pp. 


Mthyl 4 ther Et,A"'. [46°]. (202° at 

10 mm.). Needles (from dilute alcohol). 

Di-phenyl-ethane o-oerboxylio acid 0,4H,,Oj 
i.e.‘C.H,.CH,.CH,.C,H,.CO.H: a31°3. Fofmod 
by the action of HI jmd P It 200° on iso- 
bonzytidene-phthalide, aji’d on deoxybenzoln 
carboxylic acid (Gabriel,/?. 11, 1010 ; 18, 2446). 
Tablets (from dilute alcohpy.— AgA' ; pp. 

Isomerides v. Di-piienyl-propionic acid. 

Di-phenyl-ethane di-o-carboxylio aoia 

i.e. CO.,H.CJI,.CH,.CH.,.fJA.CO.H. 
[l36‘1(H.)f[229°j'(D.). 

Formation. -1. By heating illphthalyl with 
HI and P (Graobo, B. 8, 1056).--2. By the 
action ^ and pho^horus on tjjjte acid 

^>CH.CII,.CJl^.CO,lI (WislicenuB, 

Lb. 17, 2181; Hasselffnch, J. 243, 254), and on 
diphthalylic acid (Dobreff, A. 239, o6). 

Propcrtics.—SmoW. needles, v, sol. alcohol 
aa^dilute HOAc. KMnO^ in alkaline solution 
forms diphthalylic acid [2G3°J. Distillation 
over Boda-limc fArms s-di-phenyl-ethyleno. 

Salts.— (NH,).A" (dried at 100°).-CaA' 
(at *100°). — BaA". — Cu.,A"0. — Pb,AU — 
Zn!A"0.— AgHA". 

'Methyl ether Me,A". [101°]. 

Ethyl ether Et,A". [71°]. Converted 
by alcoholio NH, into the amio ether 
C,H,(C«H,.CO,Et)(C.H^.CONH,) [o. 67°]. 

Di-phenyl -ethane dicarboxylio acid 
C,H,.CH,.Cn(CO,ll).C„H,.CO,H [1:2], [154°]. 

(above 3*00°). 4'ormed by heating the nitrilo 
*with cone. IICl at 220° (Eichelbaum, B. 21, 
2682). Small prisms, sol. alcohol, insol. ether. 

Nitrile C,l£,.ail,.CII{CN).C„H,.CN. [110°]. 
(above 300 "). Formed from benzyl chloride 
ajid [1:2] CJ1,(CN).CII,.CN. Plates, insol. 
water, alkalis, and acids. 

I Amide. [221°]. Formed by the Action of 
cone. H.SO* on the nitrile. Converted by oono. 
llQi (S.G. 1-19) at 100° into the imido 

C.H.<C0-NU (“‘•ovoSOO'’). 

Di-phenyl-ethane di-carboxylio acid 
CH,.CH(C,lI,.CO,H),. [275°]. Got by beating 
the tri-carboxylio acid (Haiss, B. 16, 1431). 
Long needles. May be sublime^.— CaA". 

Isomeride v. Di-PUENYii-sucoiKio acid. 

Di-phenyl-etbane tri-carboxylio acid 
CO,H.CMe(C„H,.CO,H),. [266°]. Formed by 
oxidation of di-o-tolyl-propionio acid with 
KMuO^ (Haiss, B. 15, 1479). Sol. alcohol and 
ether,— Ag.JIA'".—Agj,A'". 

Di-phenyl-ethane tri-carboxylio aoid 
C„H,A i.e. CHPh(COJ[l).CPh(CO,HL. 

A mide CHPh(CO,H).CPh(CO,H).CONH,. 
[190°]. Got from CHIih(CO,Et)X!Ph(CN).CO,Et 
[105°] Tifhich is got by heating a-ohloro-phenyl- 
|•acetic ether with alcoholio KCy on a water- batb 
(Poppe, B. 23, 114). 

Mono^nitrile 

CO,H.CHPh.CPh(CN).CO,H. The ethers 
[101 and Et,/*." (v. supra) got from a- 
cbloro-phenyl-acetic aoid and KCy in MeOH or 
EtOH. Cone. HijSOi converts EtjA" into 
CO Et.CHPh.CPh(CO.,Et).CONH, [157° j crystal- 
Using in aggregates of needles. 

References. — Nrrao- and Oxx* Di-Piujirkii- 

XXaAUX OABBOXYUO ACID. 



SS PniSNyL-ETHENYL-AMmiNR 


FRBNYX.-lIHSKTL.AlfI jiVE v. Phekti.. 

JkOBTAKlDIKS. 

PHENYL . ETHSNYL - AHIDO . PHENYL - 
M]rffoAPTAN U 

C,H4<[g^C.CH2ph,‘ f’ormed by heating 

phenyl-acetic chloride with o-amido-phenyl 
mercaptan (Hofmann, B. 13, 1234). Oil, sol. 
alcohol and ether. On fusion with potash it 
yields *phenyl*aretic acid and amido-pbenyl 
niercaptan^-B'HCl. — B'jHPtCl,, 6aq : Needles. 

PHENYL-ETriENYL-AMIDOXIM C.ir,„N,0 
i.$. CBHyCH2.G(NOHl.NH2. PhenyUacetamtd’ 
oxim. [07^^]. Got oy heating phenyl-aceto- 
nitrile with a solutio^f hydroxylaimn%iD dinte 
alcohol (Knudson, ^ 18, ^^68, ^82). Thin 
prisms, v. sol. water. Converted by phenyl 
oyanate into 0,Hj.CH,.C(!^H.CO.NHPh):NOII« 
[123°],-~BTrci. [155®]. White prisms. 

Acetyl derivative. [124°]. Plates.. 
Benzoyl derivative G,H,.C(ftiOBz).NH2. 
[144-']. Prisms, v. sol. alcohol. * 

Ethyl ether C,II,.C(NOi:t).NH,. [68°]. 
Converted by potassium cyanate into 

CH,Ph.C(NOEt).NH.CO.NHPh [148°]. , 
Benzyl ether. [65°]. Prisms. * 

Phenyl-ethenyl-amidozim 
CH,.C(NOg).NHPh. [121°]. Formed by heat- 
thioacetio anilide with hydroxylamine solution 
at 100° (Muller, B. 22, 2408 ; cf. Nordmann, B. 
17, 2746). Satiny plates, v. sol. alcohol. 
FeCl, gives a violet colour, changing to olive 
green and, on heating, to red.— B'UCl: needles. 
— B'jHgPtClfl : yellow needles. ' 

Benzoyl derivative C2Hs(NOBz).NHPh. 
[110°]. White needles (from dilute alcohol). 
PHBNYL-ETHENYL-AZOXIM v. Azoxims. 
PHENYL-ETHENYL - DI-ETHYL -TEI - SDL- 
PHONE CH,.C(S02Et)2(S0,Ph). [109°]. Got by 
oxidation of Cria.C(SPh)(S02Et)2 (Laves, B. 
26, 364). Needles, v. sol. alcohol.* 

TBl-PHENYL ETHENYL TBISULPH()^E 
OH,.C(SOaPh),. [182°]. Formed by the action 
of aioonolic NaOH, and MoT on CH(S02Ph),. Got 
also by oxidation of CH,,.C(SPh)3 by KMnO^ 
(Laves, B. 26, 362). Needles, v, sol. CHCla. 

DI-PHENYL-ETHENYL-DI-XTBEA 
NHPh.CO.N:OMe.NH.CO.NHPh. [169°].Formed 
by adding aqiAous NaOH (2 niols.) to an 
aqueous solution of acotamidine hydrochloride 
(2 mols.) shaken with phenyl cyanate (1 mol.) 
(Pinner, B. 23, 2923). Needles, m, sol. alcohol. 
Converted by boiling dilute (60 p.c.) acetic acid 
into aoetyl^henyl-urca [183°]. 

PHENYL ETHEB v. Di-phenyl oxibi. 
o-PHENYL-ETHYL ALCOHOL G,H„0 i.e. 
OH,.CHPh.OH, Mol. w, 122. (203°). S.G. 

VOis. Formed from CHs.CHBr.CjHj by suo- 
oessive treatment with AgOAo and NaOH (Bad- 
ziszewski, B. 7, 141 ; Berthelot, Z. 186$, 589). 
Got also by reducing acetophenone with sodium- 
amalgam (Emmerling a. Engler, B. 6, 1005). 
Yields an acetyl derivative CgHjOAo (217°-220°) 
w^ich yields styrene on treatment with alooholio 
potash. a 

Ethyl ether C,li,Om. (186°). S.G. 24 *931. 
Formed from CH,.CHBr.CgHg and alcoholic 
NH, at 100° (Thorpe, Z. 1871, 181). 

3-Phenyl - ethyl alcohol CHgPh.CHpH. 
Bmzyl^rbinol. (212°). S.G. 31 1034. Formed 
by reducing phenyl-acetic aldehyde with sodium- 


amalgam (Badziszewski, B. 9, 373). Oil. Ai-jO 
at 160° converts it into an acetyl derivaHve 
CgHgOAc, (224°), S.G. 1029. • ^ 

PHENYL-ETHYL-ALLOPHANIC ETHEB 
Cj^HjgNjO, i.e. CgHg.NH.CO.NH.C02Et. [106°]. 
Formed from phenyl-eAyl-urea and OlOOjEt 
(Neubert, D, 19, 1826). Needles (from water). 

PHENYL-ETHYL-ALLYL-OUANIDINE 
C,,H,2N, i.e. 0N3H2PhEi(C,H,).ji Forced by 
boiling ethyl-allyl-thio-urea with NHPh.HgCl 
and alcohol (Forster, A. 175, 41).-— B'HgCL aq, 

BHENYL-ETHYL-ALLYL-TmO-DBEA 
NH(C3H,).CS.NPhJR. [ 0 . 21)°]. Formed from 
allyl-thiocarbimide and ethyl-aniline (Gebhardt, 
B. 17, 3037). Colourless very soluble crystals. 

PHENYL - ETHYL- w-AMIDO - AOTTOPHEN- 
ONE C,gH„NO i.e. CgH3.CO.CH2.NPhEt. [96°]. 
fPormed from (»-bromo-acetophenonaaind*diethyl- 
aniline (Weller, J?. 16, 26). Needles. 

PHENYL ETHYLAMIDO - ETKTL SUL- 
PHONE C,H,.S02.C2H,^HEt. Formed from 
C2H4(S0.AH,).. and ethylamine at 85° (Otto, 
[2] 30. 337).— B'HCl. [130°]. Needles. 

PHENYL -ETHYL - AMIDO - (o)-tAPHTHO- 
QDINONE C,A(NPhEt)02. [166°]. Formed 
by h^ing (a)-naphthoquinone (2 pts.) with 
ethyl-aniline (3 pts.) and HOAo (5 pts.jt (Els- 
bach, B. 15, 1810). Violet needles (from alco- 
hoD.- BTlCl. [c. 230°]. Yellow needles, de- 
composed by water. 

Phenyl - ethyl - amido - (3) - naphthoquinone. 
[165°]. Formed by heating (3)-naphthoquinone 
with ethyl-aniline and alcohol (Elsbaoh, B. 15, 
091). 1!iiSrk-red needles (from ether). Decom- 
posed by boiling HClAq into ethyl-aniline and 
oxy-naphtlioquijione. 

PHEN YL-ETHYL-AMIDO-PHENOL. Ethyl 
ether C,,H„NO le. NPhEt.CgH^.OEt. (319°). 
Formed by lienting phenyl-p-nrnido-phcnol with 
alcoholic potash and EtI (Philipp. Calm, tJ, 17, 
2434). Oil. • • 

a-PHENYL-ETHYL-AJlIINE (LH„N i.e. 
CH3.CHPh.NH2. (187'6° i.V.). S. 4166 at 20°. 
P’ormed by*reduciRg tl^p phenjrl-hydrazide qf 
the oxim of acetophenone in ftkoli^lif solution 
with HOAc and fodium-amalgam (Tafel, B. 19, 
lt)29; 22, 1856; Kraft, B. 23, 2783), Formed 
also from acetophenone and sodium formate 
(Leucl^rt a. Jans.sen, B. 22, 1413). Liquid, 
miscible with alcohol and ether.— B'HCl. [158°]. 

-B'.2H2PtCl,.. -B'JLliO^. [170°].— B'Jl,C.p«. 

[238°]. Prisms, almost insol. alcohol. — 
B'HiCjO^. Plates, m. sol. boiling alcohol. 

Isomerides ; — Amuo-PHENYL-ETHANB and 
Ethyl-aniline. 

Di-phenyl-ethyl-amine i.e. NPh.Et. 

Ethyl diphenyUunine. (296°) (Girard, Bl. [J] 
23, 3); (286°) (Lippmann a. Fleissner, M. 4, 
71X7). « Got by heating diphenylamine with 
alcohol and HClAq. Oil. 

Di-phenyl-ethyl-axnine CHPhg.CHjNH;. 
Formed by reducing di -phenyl -acetonitrile in 
alcohol with Na (Freund a. Imincapahr, B. 23, 
2846). Oil.-B'HCl. [266°]. V. sd. water. 

Di-jhenyl-ethyl-amine CH;PhTCHPh.NH,. 
(310°) at 737 mm. Formed by heating deoxy- 
benzoin (1 pt.) with ammonium <ormat^(2 pts.) 
at 226° (Leuckhart a. Janssen, B. 22, 1409). 
Liquid, b1. sol. water. Potassium oywate forms 
CjasPh2.NH.CO.NH2 [99°]. Phenyl thiocarbimidt 
forms the corresponding (.JElsPh^H.CS N^h 



• PHfciNYL-ETHYLENE.. 


[170°]; while phenyl oyanate gives the com- 
pound 0^,Phj.NH.C0.NHPh [129].— B'HCl.— 

: needles.- B'Il,SO^. 

Acetyl derivative, [148°]. Needles. 
Benzoyl derivative, [178°]. Needles. 

. Di-phenyl-di-ethyl^mine Nn(CHj.CH^Ph)a. | 
(33(J° at 603 mm.). Formed, together with ' 
NH,.CH,.CH.Ph and N(CII,.CR,rU), by the 


Be/srencs.— ifiTRo-pnsNtL KTHTit oibdonatk. 

PHSNYI-STHTL-CTAirAlIIDE. Formed 
by boiling phenyhethyl-thio-urea in benzene 
with PbO (Weith, B, 8, 1630). ^Vitreous mass. 

DI-PHENYL-ETHYL-TRICfAHIDB 
C,N,Ph,Et.’ V.D. 129. [ 6 ^]. (284° at 16 mm.). 
Formed by the action of AlCla on a mixture of 
benzonitrile and propionyl chloride at 70° 


action of zinc and HClAq on phenyl-acetonitrile ' (Krafit a. von Hausen, B. 2 ' 2 , 606).- B"]I^tOla. 
(Spica,*0. 9,^567). Formed also by distilling j PHENYL-ETHYLEKE v, Styrbne. 
CH,Ph.CIl,.NH,Cl (Fileti a. Piccini, G. 9,^94). ‘ ‘ • 

Liquid, si. sol. water. — B'HCl. [270°]. Paarly ' 
scales.— B'jHjPtClJ ni. sol. Irater. ! 

Tri-phenyl-ethyl-amiue • CPh^.CH..NII.. ' 

[116°]. Formed by reducing CPha-CN with zinc | 1,71^3,331 (OKsipoff, Z. P, C. 2, 646). _ 
and HClAq^Elbs, B. 17, 700).— B'lICl. [247°]. ; Vorntat'Mn.-l.g^Wy tffe dry distillation of 


)HP 

Sitilbine. Sol. w. 180. "[124°]. (307° i.V.). 
H.C.v. 1.775,600. H.C.p. 1,777,300 (from dia- 
mond) (Bcrthelot a. Vieille, A, Gh. [10] 4, 60); 


Tri-phenyl-tri-ethyl-amine 


[247°]. 
N(CII,,.CH,Ph),. 


PHENYL-ETHYL-ARSINE v. vol. i. p. 321. 
PHENYL-ETHYL-THIA20LE CARBOXYLIC 

ACID [145°]. Got by 

saponifying its nitrile (Bladin, B. 18, 1548 ; 25, 
176). Melts at 123° when crystalliseoh from 
• w liter ^r alcohol, but at 145° when crystallised 
from benzene. — B'lICl : plates.— CuA'.^ 3^aq. — 
AgA': crystalline pp. 

Methyl ether MeA'. [41°]. • 

Ethyl ether KtA'. Oil. 

Nitrile C„H,„N^. [38°J. Formed by the 
action of propionic anhydride on phcnyl hydraz- 
ine dicyanide. Converted by ulcolifAie NU, 
and into C.,N,PhKt.CS.NH, [150°J which 
crystallises in yellow prisms. 

» Amide aNjPhEt.CO.NHj. [152*5°]. 
Formed from the nitrile, alcoholic potash, and 
Small prisms, si. sol. water, 
DAPHENYL-DI-ETHYL-DITRIAZYL 


-- X*0 1 

benzyl, or begzylidenc, sulphide (Laurent, B, J, 
•25, 616; Maercker, 130, 91; Anschutz, A. 
235, 200). — 2 . By distilling ben^io aldehyde 
wit^ Na (Williams, Z, 1867, 432).— 3. By heat- 
ing *benzoi% aldehyde with phenyl-acetic acid 
and NaOiftj at 250° ; the yield being 65 p.c. 
(Michael, Am. R 313).— 4. From s-di-phenyl- 
ethane and Cl (Kade, J. pr. [ 2 ] 19, 465). — 6. By 
heatfiic benzylidene chloride with Na or witli 
alcflhoT and zinc-dust (Limpricht, A. 139, 318 ; 
Jjippraann, J. 1877, 405).-- 6 , By passing s-di- 
phenyl-ethane through a red-hot tube (Ctto a. 
breher, A. 154, 177). — 7. By heatTtig benzoin 
with zinc-dust (Limpricht, ^4. 155, 80).— 8. By 
passing toluene over boated PbO (Behr a. Dorp, 
B, 6 , 754). -9. By heating di-phenyl-acetyleno 
with III and P at 175° (Barbior, J. 1874, 421).- 
*10. By distilling lead phenyl-acetate with sul- 
phur (Radziszewski, B. 6 , 390). -11. Together 
with benzonitrile by the action of zinc-dust and 
HCl on CJI,.CSNHj (Bamberger, B, 21, 65).— 
12. By heating di-phenyl-fuinarate or di-phenyl- 
By 


cinnamate (Anschiitz, B. 18, 
heating CHPhBr.OHPhBr with alcoholic KSH 
p w V V i j'-it rift 70 i I in a sealed tube at 100° (Auwers, B. 24, 1779). 

N.Nrh>^‘^<NPh.N • I 14^By heating thio-benzoio aldehyde at 190* 

Formed by*boiling pffenyl-hydrazinc dicyanido ; (Baumann a. Klctt, B. 24, 3308). 
with propionic^inhydrido (B+adin, M. 22, 3115). | Properties.— Monoclinic plates, v. sol. ether, 
Groups #f prism*. — B'’'2HC1 : minute prisms, ! si. sol. cold alcohol. Combines with N.P 4 form- 
decomposed oy water. i ing C.,H.^Ph.^N.P 4 [c. 300°] crystallising in 

PHENYL-ETHYL-CARBAinC CHLORIDE ’ needles', si. sol. hot alcohol (Gabriel, B. IS, 
NPhEt.COCl. [c. 62°]. Farmed from ethyl- 2438). Picryl chloride forms a combination 


C, 4 H,,C.II,(N 0 ,),CI [71°] (LieVermonn, B. 8 , 
378). 

Reactions .— Yields phonanthrene and 


aniline and CO., (Michler, B. 9, 396). Nfiedlei 
PHENYL-ETHYL-SEMICARBAZIDE* 

i.e. NHPh.CO.NH.NHEt. [112 ']. 

Formed from ethyl-hydrazine and phenyl i toluene when passed through a red-hot tube 
cyanate (E. Fischer, yl. 199, 295). Thin plates, I (Graebe, B. 6 , 126). — 2. Reduced by HIAq at 
m. sol. hot water. Yields a crystalline nitros- j 150° to s-di-phenyl-ethano (Limpricht a. 
amine. | Schwanert, A. 145, 333).— 3. Bromine added to 

Phenyl-ethyl-semicarbazide ! an ethereal solution forms a product con- 

liHEt.CO.NH.NHPh. [151°]. Formed from taining C.^lInBrA [121°] which gives rise to 
^enyl-hydrazine and ethyl cyanate (Fischer, C,,H„13r,0, [1.50°] and OijIIiBrnOj [206°] and 
A. 190, 109). Monoclinic tables (from dilute when dissolved in alcohol and redigyed by so- 
alcohol) a:6:c « •827:1:1*146 ; j3^61°. *01*63 dium-amalgam yields C, 4 H,„Oj, crystallising 
a bluish-black pp. with cold Fehling’s solution, •from alcohol in flat plates [172^], whence PCI, 
and Cu.^0 on warming. Its nitrosamine crystal- j forms CuH^ClO^ [;58°], C, 4 lI,CljOg^ [87°], and 


C,,H,CIs 6 , [190°] (Limpricht a. Schwanert, A. 
153, 121).— 4. Fuming HNO, added to an ethereal 
solution forms C,,H,,N 30 j [ 220 °J, which is con- 
rerted by boiling alcohol intoCa,H. 4 . 4 N, 0 ,[ 57 °- 73 °] 


Uses from Metone in yellow needles [86-5°]. 

PHBNTC ETHYL CARBONATE C,H,„0, i.e. 

C,HjO.CO.dEt. (d. 234°) (P.). S.G. “.11134 

(P.). Formed from KOPh and ClCO..Et (Fatianotf, 

Z. 1801 , 77).t Formed also by the action of I (Lorenz, B. 7, 1097 ; 8, 1050). 

AlCl, on a mixture of phenol and ClCO,Et (Paw- | w-Di-pheayl-etliylene CH./.CPlv (277 ) j 
Icwski, B.J7. 1205). Liquid. By long heating j (162° at 16 mm.). Formed by boiling CIlPh^CH^U 
*t 300° iris split up into PhjCO, and Et,CO, j with alcoholic potash (Hepp.B. 7, 1409). Formed 
(BUbdeXi B. 19, a268j| j al»o by the action of benzene and AlCI, on 



ao PHENYi^ETJatyiim 

OHj^rOBr, and on GHBriCBrs (Bemole, B. 12, Beaots with benzoic, muvu^uo lonning the oom« 
2245 ; Anschutz, ^ 23d, 154. Liquid. Oxidised pound OjH 4 (NPh) 2 :OHPh [137°], while ouininic, 
byCrO, to benzophenone. Combines with Br, salicylic, anisic, isobutyric, and heptoicaldohjaes 
foriftipg CPh.Br.CH.^Br, which readily gives off yield corresponding compounds [126°J, [110°j, 
filBr, and forms bromo-di-phenyl-ethylene [40°] [1C4°], and [95°] respectively (Moos, B, 20 
(c. 170° at n mm.). ' , 732).-B"2HCl.-B"H,PjCV 

Isomeride. [190°]. A product of the action Mono-acetyl derivative. [128°]. Got 
of alcoholic potash on exo-chloro-di-phenyl- by heating the base with chloro-acetic acid and 


ethane (Hepp, B. 7,* 1412). Small plates (from 
ether), *v. si. sol. alcohol. 

Tetra-iAenyl-ethylene OjaHjn t.A OjjPh^. 
Mol. w. 8^. [221°]. (193° at 30 tim.). • 

Formation. — 1. By heating ‘CPh.^Cl 2 with 
finely-divided silver (Bchr, B. 3, 751 ; 5, 277).— 

2. By heating bonzophenono with zinc-|ust 
(Staedel, B. ‘(i, 178* A. J94, .#7)7— 3. By 
strongly heating chloro-di-phenvl-ethano (En- 
gler a. Bethge, A. 174, 19JJ. -4. Prom CPhJJr, 
by repeate(P distillation (Friedel a. Balsohn,*Bf. 
[2] 33, 837).— 6. A by-product in the prenara- 
tion of tri-phenyl-methano fr(^ benlepe, 
chloroform, and AlCl, (Schwarz, B. 44, 1526). 

Preparation. — 1. By adding Br to di-phenyl- 
methone and warming the resulting CllPlijBr; 
the yield is 80 p.c. (Boissiea, Bl. [2] 49, 681).— 

3. By heating di-phenyl-mctlnine (20 J) #1111 
sulphur (8 g.) for 9 hours to 250°, and finally for 
one hour to 290°, exhausting with ether, and 
rccryfitallflfing the residue from benzene; the 
yield is 76 p.c. (Ziegler, B. 21, 780). 

Properties. —White needles, v. sol. hot benz- 
ene and eSj, v. si. sol. clhor. Yields benzo- 
phenone (2 mols.) on oxidation (Anschiitz, A. 
285, 221). Yields a tetrasulphonic acid. • 

Isomeride 0,3H,„? [244°J. Pormed by heat- 
ing (a).benzpinacolin with soda-lime at .370° 
(Zincke a. TJnirncr, B. 11, 1397). lleedles (from 
alcohol). Perhaps identical with the preceding. 

lic/fcTcnccs.— D i-amido-, Biiomo-, Di-ctiloro-, 
Di-iono-, NixRo-,NiTBo-AiUDO-,and Oxx- Pubnyl- 

BTUYIjENK. 

PHENYL-ETHYIENE-DIAMINE C,H...N, 
i.e. C«H,NIl.CH,.CH,,.NHj. (262° unAr.)‘ 
Formed by boiling phenyl-amido-ethyl-phthal- 
imide (got from bromo-ethyl-phthalimido and 
aniline) with cono. HClAq (Gabriel, B. 22, 
2224). Liquid, miscible with water, forming an 
alkaline solution. Absorbs CO.^ from the air, 
forming a ccTstalline carbonate, — ^B"2HC1; 
small greenisli needles, acid in reaction.— 
B"il01, Neutral to methyl-orange.-- -B"HjjBrj. 
— Picrate [143°]. Flat yellow tables. 

Di-acctyl derivative CsHniAcoN,^, [116°]. 
Crystals, v. e. sol. Aq (Newman, B. 24, 2193). 

Di’bemoylderivative. [143'5°]. Prisms. 
Phenyl-di-etbylene-triamine 
CjH 4 N(CaH^.NH 2 )y (above 300°). Formed by 
the action of boiling cono. IJBr upon its di- 
phtoalyl derivative NPh(C 2 H,.N:CHH^Oj 2 [211°], 
which is a product of the action of aniline on 
bromo- ethyl -phtlialimide at 100°-180° (G.)^ 
Thick ammoniacal liquid, miscible with water. 
Absorbs COj from the air.— B"H 2 Br-,— Picrate. 
[202°]. Needles (from alcohol). 

‘"Dl-phenyl. ethylene. diamine C,,H,,N, U. 
CJl 4 (NHPh),. [63°]. Prepared by heating 
ethylene bromide (1 mol.) with aniline (4 mols.) ; 
the yield being 80 p.c. of the theoretical (Mor- 
ley, B. 12, 1794; cf. Hofmann, Pr. 10, 104; 
Gretillat, Af. S. [3] 3, 383). Plates, v. sol. alcoliol. 
Yields a di-iiitrosamine C^lVNPh.NO)., [157°]. 


Naf)Ac at 170° (Bischoff a. Nastvogel, B. 22, 
1783). . ^ 

I^i-a cetyl derivative. [158°]. Crystals. 
J)i-pbenyl-ethylene.diamine t.e. 

CHPh(NH,J.CHPh(KH 2 ). fl21°J. Formed, to- 
gether with benzoic aldehyde, by the action of 
boiling HClAq on which is a product 

of the action of Na on amarine fOrossmann, 

B. 22, 2299). Formed also by the action of 
lammonia on the hydrocyanide of |^n 2 jbic alde- 
hyde (Limpricht af^liiller, A. Ill, 142). Is per- 
haps identical with lophine. Plates (from hot 
water)< Keacts with Iwnzoic aldchydo forming 
CllPh;N.CHPh.CHPh.N:CHPh [164 °], wj-nitro- 

'•berizoio aldehyde forming [161°], 

with salicylic aldehyde forming *C.;sH 24 N 202 
[205°], and with cuminol forming a compound 
[168°jl — B"2HGI. White needles (from *hot 
water). — B"HoPtCla : dark-yellow crystal^ 
Di-acctyl derivative, [above 350°]. 
Phthalyl derivative 

C, ^,:C202:N2H2:C2Hi.Ph2. [213°]. Minute crys- 
tals. 

Di-phenyl-di-ethylene-diamine C„,n,„N., i.e. 

. c H -V •« JM i 

NPh<^;jj^^Nrh. Diphcnylpipcrazhie, Di- 

phenylpyrazine hexahydride. [163°]. (c. 300°). 
Prepared by boating ethylene bromide (1 pt.) 
with aniline (1 pt.) and NaOAc, and by the action . 
of ethylene bromide on di-phcnyl-ethylene-di- 
amine at 120° (Morley, B. 12, 1795 ; Bischoff, 
B. 22, 1777 ; cf. Hofmann, l^r. 9, 277 ; 10^ 104 ; 
Lcllmann a. Soiileich, 22, 1387 ; Bischoff, B. 
22, 1778). Formed also by heating pyrazine 
liexahydride (1 pt.) with bromo-benzene (11 pts.) 
at 270° (S«hraidt»a. Wichmanif, B, 24, 32391 
Needles, sol. alcoliol and'etherr , ItE^oKitions arc 
neutral to litmu^ Yields a crystalline di-nitroso- 
derivative which may be reduced by tin and llCl 

to CA(NH,)N<^“--™P>NC.H^H, which. 

when diazotised and combined with naphthyl- 
amine sulphonic acid, yields a colouring matter 
which dyes cotton,— B" 2 nCl.—B"H. 2 PtCl,. 

Methyl-iodideB'Ual. Crystalline. Yields 
B'^Me^PteV 

Ethylo -iodide BEtl. [100°], YieUls 
B'^EtPtCle. 

P^/crewes.— Nitro- and Oxy- Di-phenA- 
bthylenb-duvinx. 

• Dj^PHENYL-ETHYlENE-DI-BENZYL-DI- 
AMINE CHPh(NnCHJ>h).CHPh(NHCH,Ph). 
[153°]. Formed by reducing the compound 
CHrh(N;CnPh).CHPh(N:CHPh) [i63°], which 
is itself got by reducing amariffe with Na 
(Grossmann, M. 22, 2301). White sidles. 

DI ? PHENYL - ETHYLENE. DIOAEBAMIO 
ACID CgH,(NPh.CO.,H)^ ’ w 

Ethyl ether Et^". [88°]. Needles. 

^ Chloride CjHdNPh.COCl). [183°]. 
Irormod from dl-phenyl-ethyleno-difhiine and 
COCl, (Hanssen, B. 20, 78J). Prisms. • ' 



DISULPnOJifB. * 


DtPHEHYI ^HtUSHK DI-o-CAEBOXT- 
110 ACID 0;H4(C0 sH).CH:CH.C;H^C 0,H. 
[26i®3.* Formed by heating for four hours at 215'^ 

C0<®'‘®*>CH.CH,.C«H4.C0,H (2 pts.) with 

K.Cy (6 pts.) (Hasselb^h, A. 243, 258). Small 
needles (from dilute HOAo). Changes on heat- 
ing into the parent acid [106°]. Heduced by 
cone. HIAq to C^i4(C,H,.CO^I), [185°].- Ag A". 
Flocculent pp.* ■ • 

Ethyl et her Et,A". [80°J. Needles^ 
iBomeride v. Di-puenyl-malkic acid. ^ 
References. — NAbo- and^ Oxy- Di-phenyl- 

ETHYLKNK CABBOXYLIO ACIDS. ** 

DI - PHENYL - ETHYLENE - DI - ETHYL - 
DIAMINE i.e. C.JIdNPhEt),. [70 'j. 

.Formed from di-phenyl-ctliylcno-diarnine and 
EtI (Hofmann, Pr. 10, 104).— 1}"2HI.— ^ 

B"H,PtCL: needles. ^ 

PHENYI-ETHYLENE-GLYCOL v.’Di-Gxy- 

KTHYL-BENZENK. , ' _ 

di.phenyl-ethy£1e:ne.di-hydkazine 
i.t, C,H,(NPJi.Nn,),. [90°J. Forme<> 
from sodium phenyl-hydrazine and ethylene 
bromide in benzene (Burchard a. Miohaelis, B. 
21,'- 3202: A. 254, 116). Prisms or <?lates. 
^Aldehyde forms CJI,(NPh.N;CIIMc), [82°]. 
Dcnzoic aldehyde forms an analogous body [193°]. 
Acetone and acetophenone form analogous com- 
pounds m°] and [118°]. Phcnyl-thioearbinf.de 
^forms NH..NPh.C.,H,.NPh.Nn.CS.NHPh [164°] 
andCJI,(NPh.NH.CS.NIlPh)2[194°]. Yields a 
crystalline nitroso- derivative [160°]. SOClj 
forms C2H,(NPh.N:SO).. [123°] (Miohaelis a. 
Tluhl, A. 170, 123).— B"fl.Cl,. [212°]. Needles, 
si. sol. nClAq. B"2HNO, [173°].- 

IV'llAO., [183°]. 

Acetyl derivative CijIIiaAc.Nj. [222°]. 
Succinyl derivative CuUjaN^tCjlI^O,. 

Succinoxyl aertvative 

c,n,(Nrh.Nii.co.cjL.co,ii)2. [203°]. 

Oxalyf derivative C,4n,^N3:C;jOj. [o. 

183°]. • ’ 

• Di-phtnyl-di-e^hylene-dihydrazino 
(C3H^),(N3tlfh)3. [178°]. Got by heating 

phenyl -hydrazine with C.JI,l?rj and alcohol 
(Marckwald, C. C. 1888, 1410). 

di-phenyl ethylene diketone 

C„Hj.CO.CH3.Cn3.CO.C,H,. Diphmacyl. ’^kccU 
nophenone. [134°] (A.) ; [140°] (C.) ; [142°- 115°] 
(P.). Formation.—!. Together with the isomeric 

CIl^ CPh action of succinyl chloride 

and^ AICI3 on benzene (Anger, A. Ch. [6] 22, 
312 ; Claus, B. 20, 1374).— 2. Fromacrdoplicnone 
treatment with fuming IINO, and reduction 
df the resulting C,bH,oN, 0^ by zinc-dust and 
HOAc (Hollcmann, B. 20, 3301).— 3. By the 
action of KOHAq on di-benzoyl-propionJo acid 
•uspended in alcohol (Paal, B. 21, 3066). 
Properties. -Needles, v. sol. ether. 
Oa;iman,(CPh:NOH)3. [204°]. 
Phenyt-hydrazide 03H4(CPh:N3HPh)2. 
ri80°J. Neidles, v. sol. ether. ^ 

DI-PHENYL ETHYLENE DIKETONE 
^ CABBOSYLIC j, ACID t;. Phenaoyl-benzoyi.- 
AOSTZe ETHEB. 

Di-phenyl-ethylene diketone di-o-oarboxyPe 
Mid 0„HftO,<.e.C.;E[*(CO.O«H,.C03H), [172°]. 
Vfaiamed by boiling di-phthalyl-ethane with 


alkalis (GabrieU.' Michael, J5. 10, 1561, 2109 j 
Roser, B. 17, 2622 ; 18, 803, 8116; Baumann, B. 
20, 1486). Prisms (from wat.er), v. sol. alcohol. 
Reconverted by cono. H3SO4 into di-phtlAilyl 
ethane C.^,(CjOAH4)r . A bailing alcoholic 
solution of phenyl-hydrasfihe forms CjoH^-NA 
[237°]. Hydroxylaminc “at 100° gives rise to 

C,H4 (o<^"|q‘>CO), [270f] (Baumann, P.20, 

1492).— Ag,A" : small plates, si. sol. hot'^ator. 

{a\-A^hydride C,h 1I,A* [230^. Got by 
hoatiHg th^ acid alone, or together with 
diphtlialyl-ethane, by heating it for a short 
time with HCl. Needles (from alcohol). 

4i^)-Anhvdride C.JI.A- [202°]. Formed 
by more proronged heatin^of the acid with HCl, 
and also, toother with the (a).iaoraorido, by 
.heating the acid ITy itself. Prisms (from 
alcohol). Both anhydrides are rocoftvertod into 
the acid by boiling alkalis, and into di-phthalyU 
etbd'he by elimination of TI,/). 

Isomeride v. Di-benzoyl-stjccinio acid. 

PHENYL-ETttYtENE OXIDE 

(260'* at 50 mm.). Formed by heating di-oxy- 
eth^'l-l)t>nzene with dilute H.SO, (Breuer a. 
Zincke, B. 11, 1402). Oil. Converted by PBr^ 
into CHPhBr.ClI ,Br. . 

Tetra-phenyl-etbylene oxide v. BitNzriNACo- 
LIN. 

PHENYL-ETHYLENE SULPHIDE 
CHPh^^* S.G. 1'099. Formed froni 
'PhCllBr.CHjBr by succossivo treatment with 
alcoholic KSHAq (Spring a. Marscnillo, Bl [3] 
7, 13). Oil with strong smell, sol. alcohol-ether. 
Oxidised by CrO, to benzoic acid. 

(''HPhv 

Di-phenyl-ethyleno sulphide cilPh^^’ 
[160°]. A product of the distillation of benzyl 
sulpliido (Barbier, J. 1876, 421). Needles. 

Di-phenyl-ethylene dP^ulpliide 
[Gi^. Formed from NaSPh and C.^H^Br, 
(Ewerlof, B. 4, 716). Needles, insol. water. 

DI-PHENYL-ETHYLENE DI8ULPH0NE 
C,H,(SOAH5)r [1«0°]. 

Formation.—!. By oxidation of C..;Hi(SFb)a 
(Ewerlof, P. 4, 717) —2. By boiling sodium benz- 
ene sulphinate (100 pts.) with C.HJJra (58 pts.) 
in alcohol (Otto, B. 13, 1270 ; J. pr. [2] 30, 174). 

3. By adding Cna.CCL.CO,,Na (1 mol.) to 
CA-SO.^’^a (2 mols.) in weak alcoholic solution, 
kept neutral by Na.CO, (Otto, J. pr. [2] 40, 531). 

4. By heating CH3.CCI, with C^H^.SOjNa at 
160° (Otto, B. 21, 16!)1). 

Properties. — Triclinio needles or plates, si. 
sol. water, m. sol. alcohol, v. sol. HOAo. 

* Iteactions. — 1. Sodium-amalgam reduces it 
to alcohol and CJI^SOaNa, which is finally 
I reduced ‘to CAjSNa.— 2. Chlorine ‘in diffused 
|^day light forms C,.H4Cl.a and benzene sulphonic 
' chloride. In sunlight the products are CaH^^z* 
SOaClj, and chlorinated benzenes. — 3. Boiling 
aqueous KOH splits it up into CrtH^SOjK and 
C„H.,.SOa.C.aH,.OTI. Cone. KOHAq forma a 
compound j88°J crystallising from alcohol.— 4. 
1 Aqueous NH, forms CAv^^O.ONHi and 
(C,H,.SO..CH,.CH,).,NH [78°] which yields 
B'HCl [193°], B',HzFkCl«, a nitrate [190°], and 
I the dorivativea (C«H!k*SO.^.CH2.CITj),NMo and 
1 {0,Hfc.SOa.CH3.Cna)jNMeUCl [221 °].--5. Aqueous 



DI-rifENYL-ETllYLENB PISULPHO^. 


a2 

tthylamim forms C,Hj.feOaNn,Et and 
C,H»SO^CaH,NHEt, an oil which yields BTSCl 
[180^.-6. Alcohojio KCy forms 0«n,S0.^ and 
0^,(CN)^ - 

PHENYL-EtHYlE^E-THIO-UEEA 

[153°]. Formed from phenyl- 

ethylenc-diamine and GS.^ (Newman, B. 24, 
2191). ^ White plates, v. sol. alcohol. 
Di-phenyl-ethylene-ifz-thio-nrea • 


C,H,<^'g*>C;NPh. 


[136°]. (rtove <800“). 


Formed by heating di-phcnyl-thio-urca with , KT^xirr • 'u /»r- ^ i* 

e%lene bromide (Will. £.14, 14W; 16. 343). i 


Phenyl-ethyl-^-hydantolii 

Separates from djjute 

alkaline solution of the preceding isomeride on 
standing. Slender needles, insol. water, nearly 
insol. alcohol. Decom]|p>sed by heating with 
baryta-water into NH„ NHjEt, and a-oxy« 
phenyl-acetio acid, 

tt-PHE»YL.ETHYL.HYDEAZINE ChH.jN, 
i.e. NPhEttNH^ (230°). Formic by reducing 
the pitrosamine of ethyl-anilihe with zinc-dust, 
j HO/c, and alcohol (Fischer. B. 8, 1642 ; A. 199, 
■ 325; Philips, B. 2is2485). •Formed also from 


Plates tfrom alcoholL KClOj and^IKilAq Arm 
CjjH.XsO, [187°] Undreisch, M. 4, 134), 
B'HjSO^ : thick prisms, v^sol. water. 

Di-pheMrl-ethylene-di-thio -di-urea 
C„H„N,8j i.e. C.,H,(NH.CS.NHPh),. [193°]. 
Formed from C.JH4(NH.j|), and phe^l-thio-iarb- 
imide in alcohol (Lellmann a. Wiirnyier, A. 228, 


Philips, A. 252, 270). Oil. Ileduces Fehling’a 
solution on warming. Oxidised •by HgO to 
diphenyl-di-ethyl-tetrazono NPliEt.NrN.NPhKfe 
,L[108°]. SOCl, forms oily NPhliU.NKiO (Mi- 
chaelis, B, 22, 22aft).-B'HCl. Plates. 

^Acetyl derivative NEtPh.N^Ac. [80°]. 

BbiiylO'bromide ^ N IL.N PhEt.Br. Tri- 
metric prisms (from alcohol) ; a:6:c « •822:1: '827. 


234). White scales, insol. alcohol, si. sol HO Ac. ‘Decomposes at 


Decomposed by heat, giving dr-phenyl-thio-uroa 
and a crystalline body [1C4°J. • 

PHENYh-ETHYLENE-UREA « « 

[161°]. Formed from phenyl- 

ethylono-diamine hydrochloride and potassium 
cyanate, NHj being given olT (Newman, B. 24, 
2192). Plates, v. sol. alcohol, insol. cold water. 

' Si • phenyl - ethylene - urea NPh^^^’ 

[209°]. Formed by the action of COCl.^ in benz* 
one on CjH,(NHPh),; an intermediate body being 
C,,H3,NA0* (Michler a. Keller, B. 14. 2183; 
lianssen, B. 20, 784). Plates. 

PHENYLETHYL-ETHYL-PyEIDINE 

n TT w^c(cn,.cn,Ph).ci{ 

C|»H„N t.e. Qjj. (316 cor.). 

S.O. 5 1*016. Formed by reducing styryl-ethyl- 
pyridine with HIAq at 165° (Plath, B. 21, 3(Jf)3 ; 
22, 1067). Oil, V. si. sol. water, v. sol. alcohol 
and ether, volatile with steam. Yields C, jII^BrN 
[128°] whence AgOAc forms C,3,j(O.Ac)..N 
(816°-320°). — B'..H.,PtCIg. [108°]. Yellow 
needles. — B'HHgCl,. • [136°]. . Needles. — 
B'HAuCl^ aq ; crystalline mass. 

Hexahydfide 0„n,,N. (314°). S.G. ?- 

•9668. Got by reducing the preceding body in 
alcohol with Na. Oil, si. sol. water, miscible 
with alcohol and ether. 

PHENYL-ETHYL-FDEFUEANE 
C,H,.CH,.CH,.C,H,0. (241°). A product of 

the action of Na on an alcoholic solution of 
C^HjO.CHiCPh.CN, which is formed by conden- 
sation of furfuraldehyde with plienyl-acetonitriie 
(Freund a. Immerwahr, B. 23, 2848). Oil, 
smelling like GH.,Ph2. 

DX-PHENYL-ETHYL-GUANIDINE , 

C,»H„N, i.e. NHEt.G(NPh).NHPh. Got from 
phenyl-ethyl-cyanamide and aniline at 100° 
(Weith, B. 8, 1531). Cry8talline.-B'.2H2PtGi,. 


19.3°. Insol. KOHAq. Convertc(P by moist 
Ag.O into a caustic hydroxide. Yichls also 
(Nil.AlPhEg3H,Fo2Cy,2 2aq (Fischer, A. 190, 
187): , 

Ethylo ^chloride NH,.NPhEt,Gl. [198°]. 
Needles, v. e. sol. water. li'.,Et..PtCl,, 
^Ethylo-iodide NH.^NPhEt,!. [145°]. 
s-Phenyl-ethyl-hydrazine NHlMnNllEt. 

Formed, together with the preceding isomeride, 
by heating phenyl-hydrazine with PltBr. TJio 
crude,product is dissolved in water mixed witli 
NaOHAq, and the ppd. oil extracted with etlier. 
The ethereal solution is freed from phenyl- 
hydrazine by HCl and the liltrate oxidised by 
HgO. On addition of 1101 it deposits di-phenyl- 
di-ethyl-tetrazone, and the mother-liquor yields 
by steam-distillation oily GJI^.N:NKt ^75°- 
185°). The NRlnNEt is flien reduced by sodium- 
amalgam (Ehrhardt a. Fischer, B. 11, 613), 
Prc^crfirs.—Oil, sol? alcohol *and ether. 
Readily re(Juces Bchling’s solufion and HgO. 
Zinc-dust and HO Ac yield anilinp tHid, ethyl- 
amine. -B'H.C^O, : needles, v. sol. hot water. 

DI.PHENYL?ETHYLIDENE-DIAMINE u. 
Ethylidene-di-anilme, vol. ii. p. 496. 

DI - PHENYL - ETHYLIDENE - DI - ETHYL- 
DIAMftNE Gi.H^.N^i.c. CIlMp(NPhEt)2. Formed 
from ethyl-aniline and aldehyde (Schill, A. UO, 
95; cf, Schultz, B. 16, 2601). Thick liquid.— 
B'^H-PtClg. 

PHENYL-ETHYLIDENE DI-ETHYL DI- 
BDLPHONE CH3.CPh(SO.,Et)2. [101°]. Formed 
from benzylidene di-ethyl di-sulphone, Mel, and 
EtONa (Fioram, A. 253, 154). Needles. 

PHENYL-ETHYLIDENE-HYDEAZINE ^ 
CHj,.GPh:N.NH.j. (255°). Formed from aoeto- 
ptiendhe and hydrazine hydrate (Gurtius, J. pr. 
[21 44, 640). Liquid. Yields GH,.CPh:N.N:GHrh 


[59°] and N.,(CPh.CH3)2 [121°]. 

DI-FHENYL ETHYLIDENE 


CH,.CH(S02Ph)2. [102°]. 


DUDLFHONE 

Got oxidising 


• PHENYL-ETHYL-HYDANTOlN C.jH.jNA ! CH,.CH(SPh); or CH3.C(SPh)2.C02H with dUute 
. nriTbi. ✓GO.NEt J 8 (1 P<c^ KAfnO^ (Escales a. Baumann, B. 19, 

t.e. CHPh<^2j . [94°]. Formed from ; 2315). Needles or thin lamella, insolf water, 
phenyl-hydanto'm, alcoholic KOH, and EtI ; acids, and alkalis, si. sol. alcmiol and ethec. 
(Pinner, B. 21; 2326). Prisms, v. sol. alcohol, j Ij^ot attacked by alcoholic potash at 140°. 
gl. aol. cold water. Decomposed by baryta into j PHENYL - ETHYLIDENE ^^DI - fWO - 


ethylamine and phenyl-amido-acetio acid. 


OLYCOILIC ACID OH rPh(S.CIL,.CO,«)r 
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ps#"]! Got by tht action of ZnCl.^ on a mix- 
ture of acetophenone atul thioglycollic acid 
(Bosgaitz, B, 21, 483). Needles, sol. hot 
water, CHCl,, and HOAo. 

PHENYL-ETHYL-IMESATIN v. DlpUrnyU 
di-ethul-diamide of Isamn. 

■ PHENYL ETHYL KETONE aH,„0 i.e. 
C^Hj.CO.C.JIj. Propiophcnonc. [21*-]. (‘218*^ 

cor.) (M. a. G.). V.D. (obs.). S.G. ^ 1-001) 

(W.). • 

Formation. -!. By distilling a inixtuii^ of 
calcium benzoate and propionate (Barry, /i <**, 
1000). 2. From B>^:i and (Freiind, A. 

118, 20; Kallc, A. Ill), 100). ♦;). By the action 
of Na on a mixture of BzCl and Ftl (liochi, />. 
12, 403). ' 4.*By the action of propionyl chloride 
on benzene in ])resence of AlCl., (Morley a. 
Green, 17^3018; rampel a. Schmidt, B. 10, < 
2800). — 5. By the decompoaflion of propylene 
phonyl-clhyf-ketatc by HI or H. SO, (^forl(‘y a. 
(iroon).— 0. By oxidisinf^CllPhEt.OIl (Wagner, 
J. II. 10, 32n). — 7. From benzoyl cyanide and 
ZnEt.^, either directly or by oxi<lising the product * 
(Frankland%. Louis, 6\ J. 37, TIO). - 8. From 
phenylallylcno (Kornor, 7>. 21, 277). 

Fropertics. -Tal)les. Does not cojnbin#\vith 
N’allSCL. Yields benzoic acid on oxid.-ition. 
Ilediiccd by sodium-amiilgam to CHl'liFil.OlI 
[211<=). 

CPbELNOIT. Oil. * 

, Phenyl hydrazide. Oil. 

Phenyl ethyl diketone C,jIT..CO.CO.Cjr.. 
Propionyl-hrnzoyl. {23!)'). Got by didiMiiig 
its mono'Oxim (obtaiiu'd from (dbyl bcirzoyl- 
icctio ether) with dilute II.SO, (Muller a. IVc'h- 
[uann, B. 22, 2131). Pun, rent liquid, volatile 
ivith steam, m. sol, wah.-r. 

Tieference, -F^uwo- and Oxy- Piiicnvi. ktiiyl ' 

KBTO.NIi:. i 

PHENYL ETHYf. KETONE DIBROMIDE u. 

Di-BROMO-COMKNK. ** • ! 

PHENYL^THYL KETONE o-CARBOXYLIC ' 
ACID C,H,.CO.C,.ir,.CO,U. rro,>io,inl-hcn:joic 
ic^. [9*2^. Formed by boiltjig jdit.4iatyl-pro- ; 
pionic acierwith KttllAii (Gabriel, B. 11, 1014; ' 
19, 840). Needles (from dilute fJcohol}. -AgA'. 

Anhydride 

Formed by heating ])lithalic anhydride ^with 
tuccinio acid and NaOAc (G.). Formed also by 
listilling the anhydride of the diear boxy lie acnl 
JRoser, B. 18, 3117). Plates (from water). Coin- 
oines with N.p^ forming G,„H^N.,0„ [90 J. 

A mide C„H,(CO.NH,,).COAlI,. [139 
Formed from the anhydride and alcoholic Nil,. 

Isomerides v. Benzoyl-phopiomc Acug vol. i. J 
?. ('87. ; 

Phenyl ethyl ketone dicarboxylio acid 
36Hi.CO.CH..CH {CO..,H),„ ^-Benzoyl-vmuc^iinim \ 
'u.id. [180'’]. Obtained by saponifying its ether 
vhich is formed from w-bromo-acetophenoiit.- 
md sodium malonic ether (Biscliolf, B. 10, 
1044; 19, 9#; Kues a. Paal, B. 18, 3321). 
Jleedles, v. alcohol and ether. Yields . 
)enzoyl-propionic acid wlien heated.— Aj.A" : 
leedles.-^tA " : oil. 

Phenyl hydhrazide 
3,H,.C(N^Ph).Cn,.CH(CO.,H),. [120°]. 

Phenyl et^yl ketone dicarbozylic acid 
3.H*JpO,H).CO.CHj.CH,.CO.,H. [137°]. Formed 
)y boiling its dilactoncpwith water or aqueous 

Von. 


' alkalis. Small six%ided prisms, ro-converted by 
heat into the dilaotone.~CaA". -BaA".~- AgA". 

I Dilactone * 

product of the action oj pbtlialic nnliydrido on 
succinic acid and NaOAc. at 230 ’ (Boser, B. 17. 
12770; 18, 804, 3115). Needles, si. sol. cold 
! water. At 200'’ it gives oiT CO.^ and changes to 

IIIAq and P at 190° rdfluco it 
to C,rt ((tl JI).Oir,.ClL.CfI ,.CO,H. C^iaNH,Aq 
forms [225°]. Boiling 

alcoholic Nil., forms 0,,IT.,NO., [c. 205°]. Sodium- 
}inudlgam^c(]^ccs it to plulialyl-propiowo acid 
C,,n,„0,. Phenyl litvdra/mie foims C,;l.l,,N.^O, 

, [210 ’] which gives OaA'.^ aq. 

• Isomeride v. BKNzoYL-Hru^cixic Aojp. 

Phenyl ethyl ketone tetraoarboxylic acid 
Pvn4(3\,lI).(3).C(C0.,]I).,.(’II.,.(’0.,lI. Formed 
by llic action^f chloro-acctic (‘tlu'r on 0, lIi.,NaO^ 
wliich is g(?t from phtlialyl-inalouic other and 
^NaOFd, (WisliceiiA, A. 212, 38 ). Oil. - Ag,A»v. 

PIfENYLETHYL METHYL KETONE v. 
Bk \ z y r,»\<;KT( »n k. 

Diphcnylethyl methyl ketone 
ClI,CPb.,.CO.cfr,. [41-;]. (311° i.V.). A pro- 

duct of till' action of zinc ,'ind HOI o^jj^an alco- 
Imlic solution of acitophononc (Zincke a. 
Thorner, B. 11, 1989). Prisms (from alcohol). 

PHENYLETHYL- METHYL- PYRIDINE 
C,,H„N i.e. C,lJ,Ph.C,H;,McN. (2!){)°-295°). 
tj.G. 2 10-283. P’orinod by reducing .styryl- 
inctbyLpyridinc with JlIAq at 100° (Bachcr, B. 
21, 3070). Oil, volatile with steam. B'.,TI,Pt01,j. 
[108«!.-B'Hiri.;01., aq. [l)3°j. Hilky 'needles. 
— B'C„1I,N,().. [130'']. Yellow mssdles 

JI e .lui h ydride 0, ,TI N . (c. 2 m8°). S.G. " 
•0773. Got by reducing styryl inctbyl -pyridine 
in aI(!ob()l with Na. Jnquid, v. si. sol. water. 
PHENYL-ETHYL.(/I)-NAPHrHOTRIAZINE 

DIHfDRlDE C,,n„N, i.e. 

[211)*']. Formed by adding propionic aldehyde 
to benzene azo-(8j-n.’iplithylaminc in alcohol 
(Goldschmidt a. Poltzer, B. 21, JOOO). White 
needlo.s, v. sol. alcohol. B'HCl. [238°].— 
B'.,H PtCl,.. Small yellow crystjilB. 

* PHENYL-i^THYL-OXAMiDE C,„ir,,NA i-<‘- 
NHPh.CO.CO.NHEt. [170"”. Formed by the 
action of etbylamiiie on plienyloxamic ether 
or of aniline on elliyloxamic ether (Wallach, 
A. 184, OU ; 214, 2.39). No«alles (from alcohol). 
Converted by 4*CI., (2 mols.) into a base wliicli 
forms the salt (C,„H,.N ,Cl)Jl,Pt(3,.. 

Di-phenyl di-ethyl oxaraide v. vol. iii. p. 034. 
PHENYL- ETHYL- PHENOL v. Oxy-di- 

PnKN\n-KTHANE. 

PHENYL - p - ETHYL - PHENYL - ETHANE 

C,TI..C1L.CI1,.C.H,.C H.. (294°). Formed by 
r«idiiction of CrtH ,.CII .CO.OyH,Et with III and 
P (Sollscher, B. 15. 1081). Liquid. 

Isomeride. Got by the action of zinc-dust 
on a mixture of ' thyl-benzeno and a-bromo* 
cthyl-bnnzene (Uadziszewski, bT 0, 811 ; 7, 

140). Givc.s p-bcnzoyl -benzoic acid on oxida- 
tion. 

PHENYL-ETHYLPHENYL-ETHYLENB 

C,H 5 .CH:CH.C,H,Rt. [90°]. Formed by boil- 
ing CH,Bli.CH(OH).C,H,Et[l:4] with dilute 
U,SO, (Sdllscher, B. 15, 1081). Plates. 

D 
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PHENYL ETHYLPHBNYL KETONE. 


PHBHYL i).ETHYLPHENf L KETONE ! 

OgHj.CO.OsH^Et. (831®) at 720 mm. Prepared 
by the aotion of AlCls on a mixture of BzGl and 
ethyloenzene (S^llscher, B, 16, 1082 ; Smith, B. 
24, 4029). Liquid, sol. a^ohol and ether. Yields 
^wo oxims [108®j and [l42°], both giving the same 
acetyl derivative (95®]. 

PHENTL-ETHTL.FHENYL METHANE o. 

BBNZVI^TnVL-nKNZENE. 

PHENYL - ETHYLPHENYL - THIO - UEEA 

NHPh.CS.^H.C«H^Et. [104°]. Forriitid !rom 
y)-ethyhplienyl-thiocarbimido and %nilin% in 
alcohol (Mainzer, B. 16, 2020). Plates. 

PHENYL-DI-ETHYL-PHOSPHINE 
PEt,CJL. (222®cor.l. S.G. -OoT.^Foriwid 
from CJljPCl.^ and Zmilt.^ (^^chaclla, Jj. 8, 49.3 ; 
A. 181, 846). Oil. Absorbs oxygen from air, 
yielding OPEtaC^Hj [56®]. •Combines also with, 
Cl and S lorming crystalline 0,oH,J®CI., and 
C,„H„PS. - B'2HC1. - BMl,PtCl«. — B'AI.— 
B'Etl. [115®],-B',Et,PtCV-B']\%I. [95^.^ 
B'j,Me,PtCl«. 

Di-phenyl-ethyl-phosphinetpEtPh,.. (298®). 
Formed from Pli.l'Cl and ZnEt.^ (Michaelis a. 
Link, A. 207, 214). Liquid, sol. alcolml*and 
ether. Yields OPElPh,^ on oxidation. Etlyiflds i 
Ph,PEt,I [204®] whicli gives (Ph.,PEt..Cl)J‘tCl, ^ 
[218®]. Mpl gives Ph,PEtMeI [181®] S. i*5 at 
22® ; 60 at 100®, which gives (Ph..PEtMc(U).,rtCl, 
[220®] and Ph,Pl!:tMe.O.CJl,(Naj., [86®].* 
Di-phenyl-ethyl-phosphine oxide PhitPlip. 
[121°]. Formed as above, and also by tlio 
action of AgO on PliJ’J'itl (Michaelis a. Soden, 
A. 229, 817). Prisms, sol. ether and ligroin. * 
PHENYL.DI-ETHYL PKOPENYL TEISUL- 
PHONE PhSO,OH,,.CMc(SO,,Et),. [128®]. Got 
from EtSH and PliS.CIl.,.CO.CII;„ the product 
being oxidised (Autenrieth, B. 24, 169). Plates. I 
Di-phenyl ethyl propenyl trisulphone 
EtSO,.CH,.CMe(80,Ph),. [189®]. Wade in like 
manner from PhSIl and EtS.ClLCO.CH,. 
Needles (Autenrieth, B. 24, 1613). * - 

TKI - PHENYL - ETHYL - PROPYL-DI-THIO- 


idine, si. sol. water. Turns ifloist litmus %Iao 
Has toxic properties similar to those of coniine 
Forms an oily hitrosamino. Yields pyridtm 
carboxylic acid on oxidation. — B'HCl. [155®] 
-B'^PtCl,. [189®].>-B'HAuCl^. [134®]. 
TETRA-PHENYL-ETEYL-PYEROLE 

^®Kci>h-CPh- 

bidesyl with aqueous NBtHj at 150° (Fehrlin 
B. 22, 555). Needles (from emoroform) oi 
plate* (from HOAc). 


W-PHENYL-ETHYL-PYRROLE DI-o-CARB- 
OXYLIC ACID aoHRNO, r.e. 

*^E<c(c:n;:CO:i);ci’ Formod bj 

heating C.^H 4 (CO.'CuH 4 .CO.,lI).^ with*ethylamine 
solution (Baumann, B. 20, 1188). Yellow plates 
^rom alcohol), ins(ji|. water.- Ag^A"# * 
PHENYLETHYL-ftUINOLINE « 


C„H,< 


pH:CII 

N = C.CH,.CH.,Plf 


[c. 30®]. Formed by 


^educing styryl-quinoliiie with III (Heymann a. 


Konigs, B. 21, 1426). Crystals. — Pixrate. [o. 
130®]. Yellow prisms, si. sol. alcohm. 


P^NYL-ETHYL SULPHIDE Ph.S,Et. 
(201° i.V.) at 744 mm. S.G. — :l-032. Formed 
by heating PhSNa with EtI in sealed tffbes at 
120° (Beckmann, J. pr. [2] 17, 457). Obtained 
alift by the action of ILS at50®onC,jlL,.SO.OJ‘]t 
(Otto a. Rossin'j, B. 20, 2275) and by the action 
of EISH on C,H,yN,01 (Stadlcr, B. 17, 2078). 
Liquid, with nasty smell. 

Sulphonic acid CJI.,.S.C,;II,,.SO.,H. 
Formed by boiling O.JJ ,S.N„.C„li.,.S();,Na with 
alcoliol. -NaA' : plates. 

Phenyl ethyl disulphide PhS^Et. Formed 
together with Et,S._j by heating C,iH.,SO.,ri with 
EtSII at 100'^ (Otto a. Bossing, li. 19, 3i35 ; 20, 
189). Heavy oil. Lccomposqd by ali^holio 
potash into EtJII, Ph.Bi> C^H.SOyH, and ethane 
Bulphinic acid. 

PHENYL ETHYL SlftPHONE e„H,„SO,, i.i. 


BIURET C,S,N,Ph,EtPr. The (a)- compound 
[106®] is formed by the action of di-phcnyl- 
propyl-thio-urea on ClCS.NPhJB, while the {&)• 
compound [165®| if got from di plienyl-cthyl- 
thio-urea and ClCS.NPhPr (Billeter a. Strohl, j 
B 21, 109). fboth crystallise in needles, v. sol. 
hot alcohol. 

DI - PHENYL . ETHYL - PROPYL - THIO- 
UREA NrhEt.CS.NPhPr. [OG®]. Formed by 
the action of CSCl. on propyl -aniline followed 
by ethyl-aniline or vice versd (Billeter a. Strohl, 
2i.21, 103). 

PHENYL-ETHYL-PYRAZOLE C„H,.N, U. 

(274°). S.G. IS 1-OGl. Formed 

from phenyl-hydrazine and propionyl-acetic 
aldehyde (Claisen a. Stylos, B. 21, 1148). Oil. 

PHENYLETHYIPYBIDINK * 

[-!)»). (289» 

d&r.). S.G. 5 1*0465. Formed by reducing styryl- 
pyridine witb^I (Baurath, 21.21, 821). Liquid, 
b 1. sol. water, volatile with steam. B',^ILpPtCl,j. 
[186®].— -B'HAuCl,. [150®]. Long yellow needles. 
-B'HHgCl,. [149®]. 

Hexahydride C,sH,jN. (288® cor.). S.G. 

I *9874« Got by reducing the preceding base in 
alcohol with Na. Liquid, smelling like piper- 


C«H,.SO...CIiH,. [43®]. (above «00^). Formed 
from C„II,SO,Na and EtBr mv ClL.Cll3r.,.CO..Na 
(Otto, B. 13, 1274 ; J.pr. [2] 40, 635). Formed 
also from CHj.Cn(SOorb).COoH by the action 
of alkalis and by g)xi dising iOiSEt with dilute 
KMii^., (Beckmann, J. pr. [2] 17, 458). Mono- 
clinic plates (Fock, B. 19, 1230), sol. hot water, 
V. sol. alcohol. 

o-Carboxylic acid CJI..SO_,.CHMo.COJI. 
PJumyl sulpliono-pf'opmiicacid. [116®]. Formed 
by saponifying its ether, which is got from 
C„H,SO,Na and CH,.CHBr.CO,Et (Otto, J, pr. 
[2] 40, 548). Groups of needles, v. sol. hot 
water. — NaA'. — BaA', 2aq ; leafy aggregates^ 
Ethyl ether VAM. [c. 17°j. Oil. 

• /SjCarboxylio acid 0„H5.SOi.CH..CH2.CO2H. 
[124 ’]. Formed from benzene sulphinio acid 
and /3-iodo-propionio acid (Otto, B. 21, 95). 
Plates, si. sol. cold water, ra. sol. ether. 

PHENYL-ETHTL-THIAZOLE ^uHmNS t.c. 

propionamide and bromo-acetophenone in alco- 
hol (Hubacher, A. 259, 231). lOil. -Bt^H^tCl, 
[129®].— B'HBr. [70®]. White needles. 

• TRI-PHENYL-DI-ETHYL-DI-THIO-BIUEET 

NPhEt.C(NPh).S.CS.NPhEt. [168*]. Ponntd 
from NPlHSt.OS.Gl (2 m(js.) and aniline (1 mol.) 
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Silleter a. Strohl, V, 21, 108). Yellow needles, 

[. sol. alcohol. 

IHlUrYL'ETaYL-THIOCABBAMIC ACID 

:PhEt.CS.OH. 

Ethyl ether EtA. [18®]. (143® at 12 

im.). S.G.i^ I'OfiO. Formed from NPhEt.CS. Cl 
nd NaOEt {Pilk ter a. Strohl, B. 20, 1C20; 21, 
04). Crystals. 

P henyl ‘ c t^cr V\\k! , [00 ®] . Fo r mod f roin 
lie chloride ann phenol. Flat noodles. 

Chloride NPliEt.CS.Cl. [57 ]. Foisncd 
rom ethyl-aniline iind CSCl... Prisms 
igroiii). Converted oyalcolioliuto (Nl’hl'lt.CS) .0 
143'®], S. (alcohol) 7 at 15®. * 

Pheny lethyl-thiocarbamic acid. P h e n y 1 - 
thylamin^ salt 

kH,Ph.NH.CS.?NlI,.C,H,Ph [1.30®]. Formed 
rom |)hertyl(^iylaniine and CS^. (Ncuhert, B, 10, 
825). SoLliot \Yater and alwhol. ^ ^ 

Phenyl- «hyl-di-thio-carbamic acid 
^PhKt.CS.SH. , 

Ethyl c/ her EtA'. [07®]. (:;05® 315 ). 

’’ormed by heating NPh;CXNPliKt).SEt with 
at 100* (Penithscn a. Fne;e, B. 15, 50H, 
5.33). Formed also from NPhEt.Cbv'l and 
vhiSrlt (TJ. a. S.). Prisms (from ether). R)itiis 
k crysl#lllnc cumpoimd with McI. 

Phenyl etii cr PliA'. [127 ']. Formed from 
sU'hEt.CS.Cl and PhSH (11. a. S.). Needles. ^ 

PHENYL- ETHYL-THIO-SEMI-CARBAZIIJE 
s’lIEt.CS.NH.NlIPh. [122®]. Fonnod from cdhyl- 
hiooarbimido and plicnyl-hydrazino (Dixun, 
'J. J. 55, 302). White crystals, v. si. sol. \Yat' r. 
L'VCl.j gives a red colour changing to leatHush- 
'rceri. 

Isomeride NflPh.CS.Nll.NlIEt. [110®]. 
[•''ormed fi'.'m jthonyl-thiocaibimide and ethyl- 
iiydrazine (Fischer, A. 100, 20(1]. Needh s. 

Di-phenyl-ethyl-thio-semi-carbazide 
^PliEBNH.CS.NllPJi. [140 -]. Formed from 
!i ])honyl-ethyl-hydra/dn1^ and • phenyl-thiu- 
jiiibimide (I^^ichaeiis a.Jdiilips, A. 252, 273). 

PHENYLETHYL-THIO ARBIMIDE 
CjljPh.NCS. Formed from p*lie..ylefiiyl -amino 
by BUcccbSlve* treift.mciit with CS. and IlgCl, 
(Ncubert, B. 10, 1825). Yellow 4 )il. 

PHENYL ETHYL DITHIOCARBONATE 
CS(OEt)(SPh). Formed hy mixiitg solutions of 
CjHyNXl and potassium ethyl ditliioe.arli^male 
at 0® (Leuckart, J. pr. [2] 41, 18(1). Keddish- 
ycllow oil, si. .'iol. water, slightly volatile with 
steam. Converted by heating with alcoholic 
NHg into phenyl mercaptan and ammonium 
Bulphocyanide. 

PHENYLETHYL-THIOHYDANTOlN 

0,^„N,SO i.c. CdI,Ph.N:C<^.^J™' or 

eiJn CO hydrochloi ide ll^lK] 

[188®] is formed from plienylethyl-tliio-urca and 
chloro-acctic acid (Neubeit, B. 10, 1822). 

PHENYL-ETHYL-THIOPHENE C,Jl,,S U. 

®^CH^'*CEt** Obtained by licating 

CH.^z.ClIEtXO,Na with (Dittrich a.«Paal, 1 
B. 21, 3jl57). Small plates. Gives a cljerry- | 
red colour with iHatin and ILSO^ and a bluisii- ; 
green colour with phenanthraqiiinone anil I 
HpAc. t *1 

•tfaPHENYL-ETHYL-THIO-UEBA 
UNPhEt.CS.NHj. [H6«J. Formed from ethyl- , 


' aniline hydrochloride and potassium sulpho- 
! cyanide (Gebhardt, B. 17, 2094). Large pearly 
: prisms (from alcohol). ^ 

Jienzoyl derivative NphEt.CS.NKBz. 
;131®J. Formed from eQiylanilinG and benzoyl- 
thiocurbiinide (Dixon, 6'. J. 55, 305). Pale 
lemon-yellow prisms, insol. water, sol. alcohol. 

I s-Pbenyl-3thyl-thio-urea NlIPh.C8.NUEt. 
[99®]. Formed from phcnyf-thiocarbimi^o and 
NlI .Et and from elhyi-lhioe.iibimide and aniline 
(Wfitn, If. 8, 1.524 ; Michael a. Pahng^r, Am. C, 
2(»0)- ^^lonoPlinic crystals. 

: Pheriylethyl-thio-urea NII,.CS.NH.C,H,Ph. 

! [123®]. Formed from pheiiylcthyl-atnine hydro- 
! ehb«-ide n^d y()(:i>< iiim sulnhocyaniile (Menbort, 

I B. 19, 1S22). Plalt^ (froni dilute aleoliol). 

Phoiiyl.elh|»l-;]/-thio-urea NHPh.(J(SEt);NH. 
^Formed from jdienyl thio urea and E^ (Dertnun, 
i />. 2.5, 55). Yields mercaptan on treatment with 
! alkalis. JilH. [103®;.- l.i'C’,lI,N,0,. [190®]. 

! Pbenyl-dwethvl-l'thio urea 

I NPliEt.(-(SEt);NiI. Fonne<l from the preceding 
■ bodvamlEti {B.).«-B'HL - D .U.PtCl,. [148®].- 
D'CV.il.N:»0,. [170®]. 

' Phe|^ltri-ethyl-|-thio-iirea 

NPl^:i.C(SEt]:NEt. (c. 275'). Got from the 
; preceding .and Etl (P>.). irCJl,N,(,);. [c. 90®].-- 
B'JlJ’tCl,. [135 'J. 

Di-phenyl-ethyl-thio-urea NliPli.CS.NPhEt. 
[SO’]. Formed from pheiiyl-tbiocarbiinide ajul 
cthyl-anillno ((Jeldiardt, B. 17, 2090). Crystals. 

i)i-phenyl-cthyl-(|/-thio-urea 
^MIP)i.C(SEt):NPh. (79®1. Formed from di- 
pb<!iiyl.thio-urea and Etllr (Uathko, B. 14, 
1770) and by the action of mercaptan on 
C'(NI’li)., in the cold (Will, Ti. 15, 1308). Needles 
(from dilute aleohnl), Deeom])Osed by heat 
into C(NPb).. and EtSlI. Cl passed into a solu- 
tion of its hydrochloride yields ethane sulphonic 
acid. DIKd.-- l.VJI_,PlCl,;2a(|.-— P'lll aq. 

[I57 r/''l (Dernthsen, B. 15, 200, 507). 

Di-pheiiyl-di-ethyl-thio-urea CS(N EtPh)^. 
f75-.5'’J. Formed from NPhJ'It.CSCl and cthyl- 
atiilino at 100’ (Billetcr, />. 20, 1031). Whilo 
tables (from ligroin) or neeules (from .alcohol). 

Di-phcnyl-di-ethyl-thio-urea 
CS(N1I.C 11 ,Ph),. [H4°J. FoniK'd from phenyl- 
ethyl-amine and alcoholic CS^ (Nciil)crt,*7L 19, 
i 1821). Plafc.^ (from alcohol), insol. water. 

I Acetyl derivative C,.,H.m^NjSO. [73®]. 

! Di-phenyl-di-ethyl-\//-thio-ur 
NPJ)Ef.(:.|:SEf):NPh. Oil. Tim liydro-iodide, 
got by licating di-phenyl-ethyl-l-tbio-nroa with 
Eli at 130®, is cry.stallino (IJ. a. F.). 

n-PHENYL-ETHYL-UREA NPhJlt.CO.Nll,. 
[02®]. Formed from ethyl-anilitic hydrochloride 
and potassium cyanate (Cobhardt, B. 17, 2095). 

s-Phenyl-ethyl-urea NPhll.CO.NEtU. [99®]. 
Formed from ethyl cyanate and aniline (Wurlz, 
O.li.’A'i, 417). Needles (from diluto alcohol). 
Y'ields a nitrosamine NPhll.CO.NEt.NO [00®] 
cry.staili;:.ing in monoclinic prisms (E. Fischer, 
A. 199, 280), • 

Phenylctbyl - urea NlL.dt).NHCH,Ph. 
[112®]. Formed from jS-phonyl -ethyl -amine and 
potassium cyanate (Spica, G. 9, 608). Flat 
prisms, m. sol. cold water. 

Phenyl - di - ethyl - urea NHPh.CO.NEtj. 
[85®]. Formed from phenyl cyanate and NHEt, 
(Gebhardt, B. 17, 3039). Needles, 
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PHENTI^ETOTL-UKEA. 


Di • phenyl - ethyl - nrea llHPh.CO.N PhEt. 
[OP]. Got from phenyl cyanato and ethyl- 
anilme (Gebhardt, B. 17, 2093). Prisms. 

s • Di - phenyl - di • ethyl - urea CO(N PhEt) .. 
[79°]. Formed from. NFhEt.COCl and ethyl- 
aniline at 130° (Michlcr, B. 9, 712). Crystals. 

tt-Di-phenyl-di-ethyl-urea NPh,j.CO.NEt.^. 
[64°]. Formed from, NPh.^COCI and NIIEtj. 

Diphenyldiethyl-urea NH 2 .CO.N(O.Jl^Ph).,. 
[109°]. Formed from diphenyldiethylapainc 
hydrochloride and potassium cyanate in*aqueous 
solution (Spica, Q. 9, 508). Prisms, 5bl. hof Aq. 

Tri • phenyl - ethyl - urea NPlio.CO.NPhEt. 
[89°]. Formed from NPh^COCl and ethyl- 
aniline 4M.). P'orrnod also h*om ^P^Et.CdCl 
and diphenylamine (Kaufmaein, B. 14, 2185). 

PHENYL-FORMAMJDE V. voUii. p. 508. 

DI-PHENYL-FORMAmDINE C„U,.,N, i.c.- 
CH(NPh)(NHPh). Di-p}ienyl-methcnijl-diamine. 
Mol. w. 190. [138°]. ^ 

Formation. — 1. By heating chloroform with 
aniline for 12 hours at 190'^ (Hofrnllnn, Pr. 9, 
220).— 2. By heating aniline with phenyl-carb- 
amine, with orthoformio ether, or with formic 
acid (Weith, B. 9, 454; Wichelhans,* I?. 2, 
IIG),— 3. Bypassing gaseous JIOI into helled 
formic anilide (Wallach, B. 15, 208).— 4. From 
formic anjiide and PGlj {Wallach, A. 214, 233). 
6. From CH(NPh)SEt and aniline (Wallacli 
a. Wiisten, B. 10, 140).— 0. From aniline and 
CH(NH,Cl)()Et (Pinner, B. 10, 358). 

Needles (from ether). Yields 
B'HCl and B'..H..PtCl«. 

PHENYL-FORMAMIDOXIM C,H,NO Le. 
On(NOH).NnPh. [116°J. Formed from thio- 
formanilide and hydroxylamine (Miillcr, B. 22, 
2411). Needles, m. sol. water.— B'HCl : needles. 
— B’.^H,;PtCl« : yellow needles. 

Benzoyl- derivative CH(NOBz)(NnPh). 
[145°]. Needles, m. sol. alcohol and ctlior. 

DI-PHENYL-FORMAZIDINE 0^,11, ,N, i.e. 
CH(N,,HPh).N,lFPh. [185°]. Formed i’om 
CH(NHXl).OEt and phenyl-hydrazine (Pinner, 
B. 17, 2002). Yellow plates, v. sol. hot alooljol. 

PHENYL.FORMYLACETIC ETHER 
CHO.CHPh.CO,Et. (145° at 10 inm.). Got, 
together with an isomeride [71°], by the action 
of NaGEt on a mixture of formic and plnmyl- 
acotio ethers (Wislicenus, B. 20, 2931). Inquid. 
Fed, colours its alcoholic solutions bluish- 
violet. Phenyl-hydrazine forms oxy-di-phenyl- 
pyrazole. 

DI-PHENYI-PUMARAMIC ACID r.FuMAWo 


DI-FHEHYl FOHAZAHE^|^;JJ>0. [94"] 

Formed by heating the (o)-di-oxim of benailvvti 
water at 210° (Dodge, A. 204, 180). Crystals 
At 300° it forms di-benzcnyl-azoxim. HjSO, 
and HNO, give a di-nitr(^ derivative [220°]. . 

DI-PHENYL-FDRFURANE ciPCPh^^' 

[01°]. (345°). Formed by heating 
CPh:C.CH(GO.JI).CO.C„n, or CILBz.Cn^Bz with 
conc.#HClAq at 100° for 3 hours (Kapf a. Paal, 
B. 1490, 3057). Got also by heating its 
! dicarboxylic acid (Will. PcrldlR, jun., a. Schlosser, 

! G. J. 57, 954). Pfttes, insol, water. 

Tetrahydride (321°). Got by 

reducing with Na and alcohol. -Oil.* 
Octohydride Oilf 

• Tri-phenyl-furfurane GoJl„iO i.e^ • 

OpllicPB>°- Mol. w. aC3*yBaouU'B 

! method (calo. 290). ^ Formed' by boiling 
I XPhBziCHBz with lIIAq (Japp a. Klingemann, 
1^. J. 57,075). Got also from desyl-acctophenone 
j by successive treatment with ll.^SOfand water 
' (ymith, C. J. 57, 015). Needles (from alcohol), 
Tell-a-phcnyl-furfurane v. Lki’idicn. * 
DI-PHENYL-FURFURANE CARBOXYLIC 

acid [ 217“]. Fonuea by 

boTling CPbiC.CHBz.CO.n witli cone. IIClAq 
and alcohol (Kapf a. Pual, h 21, 1189, 3059). 
Formed also by heating the dicarboxylio acid 
(W. U. Perkin, jun., a. Schlosscr, C. J. 67. 952). 
Needles (from alcohol), insol. water. May he 
distilled. Bryiclds G,7ll,jBr,0,.— NuA' : needles. 

Fthyl ether I'itA'. 1.82°]. Formed by 
boiling Cll^Bz.CIIBz.CO,;Et with alcohol and 
HClAq. Cry.stals (from ether). Yields on re- 
duction a tetrahydride which does not react 
with AcCl. ^ y • f 

Di-phonyl-ftrfurane '' dicarboxylic acid 

c,.H„o, i.c. co:;H;c;c!!il>o- 

by dissolvifig di-b^nzoyl-succinic ether in 
j and boiling the product wiflr alcohifiit] potash 
I (W. H. Perkin, iuri., G. J. 47, 202 ; 49, 168 ; 57, 
i 951). Needles, sol. alcolml and ether. FeCl, 
!, gives an orange cobur in its alcoholic solution. 
! Vieldjf acetophenone on distilling with soda- 
i lime. — Ag.A". 

j Fj thy i ether [80°]. Formed from 

dibcnzoyl-succinic acid and TES 04 . Yellow 
' prisms, v. sol. alcohol. Its solution in 


PHBNYL-FUMARIC ACID C.^H^O* i.e. 
CO.,H.CPh:CH.CO.,H. [101°]. Got by heating 
bromo-cinnamio ether with alcoholic KCy for 
8 hours at 150° (Barisch, J. pr. [2] 20, 180). 
Got also by heating CO,,H.CPh(OH).CH,.CO,H 
(Alexander, il. 258, 82). Nodules (from water).-^ 
BaA": scales.— Ag, A": amorphous pp. 
Di-phenyl-fumaric acid 

CO,H.CPh:CPh.CO.,H. [c.200°]. Formed from 
i(k ether, whidi is got, together with di-phenyl- 
maleio ether, by the action of Na on a-bromo- 
phenyl-acctio ether (Uiigheimer, B. 15, 1020). 
G^stals, decomposing at 200° into water and 
di-phenyl-maleio anhydride. 

CN.CPhiCPh.CN. [158°]. Got by 
adding alooholio NaOEt to a-chloro-pheh^l- 
abetonitrile (Michael a. Jeanprdtre, B. 26, 1680). 


I turns violet on heating. 

! Anhydride CjJlmO,. [255°], Formed by 
heating the acid alone or with Ac.p. Plates, 

• si. sol. hot alcohol. Its alcoholic solution eje- 
' hibits violet fluorescence. 

' • PHENYL - FURFURYL - ACRYLIC ACID. 
I Nitrile. C^H.O.CHXPh.CN. [43°]. Formed 
; from phenyl-acetonitrile, furfuraldehyde, and 
i NaOEt in alcohol (Frost, A. 250, 159). Yields 
CJf.O.CHBr.CBrPh.CN [111°] ci^stallising in 
! orange plates. ^ 

j ii^ercnce.— Nitro-phenyl-furjs'xjryl-acbymg 

ACID. 

PHENYL . FDRFDRYL - ()6) - NAtHTHO . 
iPIAZINE. Dihydride C,,,H,iN,0 ♦.«. 

! warming benzene-azo-(A^Daphthylaniine with 
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farfuraldehyde in alcohol (Goldschmidt a. 

B. 24, 1007). Needles. -B'HCl ; plates. 
--B'jjHoPtCl,. Liglit-yellow crystalline pp. 

(0) : PHENYL - ( 7 ) - FUBFUEYL - PROPYL - | 

AMINE C^U,O.CH,>.CnPh.CH,NH2. (280^). ! 
Formed from plicnyf^acctoiiitvilo and furfur- 
alduhydo, the product of condensation of these 
bodies CjHjO.CH.'CPh.CN being reduced by Na 
and dry alcdiol (Freund a. Inui^eiwalir, If. 
20, 28o0). Oil, with alkaline reaction. Con- 
verted by nitrous acid into the li(iuid afcohol 
OJIaO.ClL.CilPh.fil.OU. J.>henvl tliiocai^)iin- i 
ide forms* C»U,O.C,IJ>h.mC8.Xlirh [lid J. j 
- B'HCl. [170*’]. Crystalline, v. sol. wiil('r. | 
lieacts w^h potassium cviinatc forming ' 
C,lI,O.C 3 H,Ph.NH.CO.NIIj [idl j. — I^I erciiry 1 
double^ salt: [17r>'’] ; needles. — Ticra 
[l.»2'^J. YdWow crystalline pfcwder. 

PHENYL-FURIDANE. Dihydride ! 

CPh<Q^^’^J||->CIl 5 . • (250° at 721 mm.). | 

Formed by heating its earbo.xylic acid at 200*; 
(Perkin, '<d. J. 51, 7.11). Oil, llBr forms ' 
C,ll.,.CO.C.ll,l3r. j 

•PHENYI^FURIDANE DIHYDRIDE J3ARB. | 

OXYWC ACID CO,H.C<[^[Jj[^^^^^*>CH,. ' 

Viieni/ldchijilrohr.ivue carboxnUc acid, (c, 1 14 J, 
rormed by saponifying its ether, which i.s*ot 
hy the action of NaOJH on a mixture of tri- 
methylene hi'omido and benzoyl -:icetic ether i 
(Perkin, C. J. 51, 720). Monociinic prisims i 
(from ether); othic - 2‘0:5.S:1 ; 0 :74‘Mr. 

— AgA' ; needles (from water). 

EiiLyl ether Kt.\'. [00'). Prisms. 
PHENYL-GLUTARIC ACID C„H, 0, i.c. 
CHPh(CH,.C01i),. [IdS^j. Formed hy'lieatii.g 
sodium maloiiic ether with alcohol and cinnamic 
ethoi^at 100 ^,saj 2 onifving the resulting etlu-r 
ClI(CO,d:t),.CHPii.(dlKa.CO,i:if and heating 
the acid at 110" (Michael, /. pr. [2J.d5, 052; 
Am. 0, lllf). Necdldfj, si. sol. water, m. sol. 
alcohol. - AgA'*: anior|dious ftp. • 

• Di-phanyl-glukaric acid Cll,,(CHPh.COJI) 2 . 
[ICr^]. Formed by saiyonifying its nitrilo 
(Zelinsky a. Feldman 11 , B. 22, 3202). Needles. 

Nitrile CH,(CIlPh.CNL. [7PJ. Formed 
by heating Oil, Pli.ON with Clf, I .and dry NaOlI? 
PHENYL-GLYCERIC ACID v. (3t-oxY 

PIIKNYL-PKOPIONIC ACID. 

TRI-PHENYL GLYCERYL TRIKETONE 

CHJBz.CIIBz.ClFUz. Tri-beiizi 'nl-jnopanc. 
[137“]. Formed from tricarhallylic chloride, 
benzene, and AlCl^ (Finery, B. 21, 001). Straw- 
yellow needles. Yields a phenyl-bydruzido 
[d7"-.60“l, 

^ PHENTL-GLYCIDIC ACID C„ll,Oj i.e. 

Formed by boiling benzoyl-imido-phenyl-propi- 
PHPh 

onic acid qq with a(]ucous IICl 

or with KOH (Plochl, b\ 16, 2817 ; 19, 3167). 
Formed also by boiling phenyl-oxalacet^c acid 
with dUute H,SO« (VV. Wisiicenus, B. 20, 592p 
Plates, V. e. ol. alcohol and ether. FeCl, 
colours its alcoholic solution green. Sodium- 
amalgam jeduces it to a-oxy-phenyl-propioniC 
Yielus an oxim and a phenyl-hydrazide 
OIiJPh.C(N^Ph)CO^ [161®]. Tolylene-o-di- 
aumie f^ius % quiuoxaline (Erlenmejer, jon., j 


.B. 19, 2576; 20,2465; 22,1482). Aniline forma 
C,II,Pli(NHPh)(OH).COJI. 

(d)-Phenyl-glyoidic . acid. Formed *from 
C,H,.CH(OH).CHC].C(),lI and cold alcoholic 
ptash (Glaser, A. 14T, 98). Oil, crystallising 
at 0“. decomposes, even at 15“, into phenyl- 
acetic aldehyde and CO,^. Boiling dilute H..SO4 
forms CnPh(OU).CH(On):0O.,Il and phe'nyl- 
acetic aldeliydo (Erlenmeyor a. Lipp, fA. 219, 
181)t Vield.s /S-oxy-phenyl-propionic acid on 
redini(.iim ^^gth sodium-:im:ilgam. -NaA'. — KA'. 
— Ag.V': crystalline powder. 

Kthyl ether (280“ cor.). Oil. 

^/iV/m’7KVx.-~Nmio- arid O.vy- rnKNYL-GLY- 
cinic Acf^. • 

PHENYL-GLYffOCOLL r. Piii.:NYL-AMino- 

ACKTIC ACID. * • 

PHENYL-GLYCOL v. Di-oxy-ktHyl-jjenzkne. 

PHENYL-GLYCOLLIC ACID v. Phenyl- 
der^'atire Glycollig acid and Mandelio 

ACID. • 

Di-phenyl-glpcollio acid r. Bknzilio acid. 

PHENYL-GLYCOLLIC ACRYLIC ACID v. 
Carhoxy-mcthiil derivative of CouMAriic acid. 

tfHteNYLGLYCOLYL-TROPElNE C,jr.„NO,. 
Jloino-atropbie. [98"). Fonned by heating 
tropino mandelato with liClAq (Ladonbui'g, A. 
217, 82). Deliriuescent prisms (fronf ether), m, 
sol. water. Less poisonous than atropine.— 
B'JfAuCl4.-B'HBr.-B'C„UAO,. Yellowplutcs. 

TETRA-PHENYL-GLYCOSINE v. Glycosine. 

PHENYL-GLYOXAL CJI,.CO.CnO. (142® 
*at 125 mm.). Formed by allowing a mixture of 
its inoiio oxim (30 g.) with NalfSO, (120 g. of a 
35 i>.c. solution) to stand till all is dissolved, 
and then adding II SO, and distilling (Muller a. 
von Peclimanii, B, 20, 2904 ; 22, 2557). Oil. 
Forms a ci'ystallino hydrate [73°J. Converted 
by UNO., into phenyl glyoxylio acid, and by 
potash into mandelio acid. Ammonia forms 
; C!.;2y,,,N30 or 022n,,N.,0 crystallising in plates 
! [19o j whicli cun be distilled. Hydroxylamine 
: gives C,..lI,3NaO;„ [219®], sol. alkalis. 

I Mono-oxivi OJIyCO.ClLNOIT. Nitroso- 
acetophenone. fl28®]. Formed from uceto- 
; phenone, isoamyl nitrite, and alcoholic NaOEt 
(Claisen, B. 20, 656, 2191 ; Braun, B. 22, 556). 

' Monoelinic tables (from chloroform), si. sol. 

: cold water, v. sol. alkalis. Yields C^Hj.CO.CN 
' on warming with Ac/). Boilittg NaOilAq forms 
NaCJy and NaOBz. Its acetyl derivative is con- 
verted by NaOIIAq into CH'Mz( 011).C0.C0.CJI, 
[170®j cryslalliising in minute needles (iSoder- 
bauin, B. 21, 1386,3031). 

Di oxim 0„Hj.C(NOJI).CH(NOH). Anti- 
phenyhaniphi-yiyoxhn. [162‘"J (8.) ; [108®] (II.). 

; Formed by the action of liydroxylamine on the 
j inono-oxim, or on mono- or di-bronio- acetophen- 
j one (Schramm, B. 16, 2183 ; Strassmann, B. 22, 
■^19 ; llussanoff, B. 21, 3501). Small needles, v. 

I sol. alcohol, insol. CIICJ,; subliming below 
: 160®. N.4O, gives [c. 90®] crystal- 

I iisirig in colourles.s prisms (Sehol), B, 23, 3504). 

I By dissolving in ether and treating with HCl it 
' i.s converted into an isomeride [180®]. This 
! body, called phenyl-anti-glyoxim, is v. sol. Aap 
S and yields a di-acetyl derivative [92®J. Phenyl- 
anti'glyoxim is only stable in acid solutions 
being readily re-converted into the original di- 
oxim (168*^. By treatment of thedi-oxim [168®J 
NnOHAq and CO„ at - 10® there is formed a 
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second isomeride [148'*-164°] called plienyl-syn- 
glyoxira which yields an oily di*acctyl deriva* 
tivef— AgC«H,N.p.,. Curdy pp. 

Phenyl-hydrazide C,H,.C(N..HPh).CHO. 
[148®]. Yellow plated {M. a. P.). 

Phenyl-h y dr azide C^li i.CO.CH:N. JlPh. 
[129®]. Pornied by the action of warm dilute 
KOHAa on the compound got by treatment of 
Bodiunf benzoylacetic ether' witli diazobenzene 
chloride (^icrlin, B. 21, 2123). Yellow plfltes. 

p-Tolf/l-hydrazidc CHBz:¥.JI.C,#l^Mc. 
Got in like manner, using p-dia/.ololuone 
chloride. Yellowisli-hrown plates, v. sol. ether. 

JDi’nhcnyl-di’hydrazide ^ 

C,H,.C(N.,HPh).CII(NI»,kPh). [155®].* Got by 
heating phenyl-glyo.xal or,^ette^, the phcnyl- 
bydrazide of bcnzoyl-cafbinol with phwiyl- 
hydrazine flydrochlovide and NaOAc at J0»)® 
(Laubmann, A. 243, 217). Yellow plates. 

Di-pheuyUdi-meth yl-di-J^/drazfdc 
0 ,H4.C(N2MoaMi).Cn(N,MolMi). [iri*]. Formed 
from w-bromo-acctoi»hcnone tiAl phenyl-methyl- 
hydrazino (Culmann, B. 21, 2597). Prisui.s. 

Di-phenyl-glyoxal v. JiiiNzir.. 

PHtHyL-GLYOXALINE C.FI.Nj UT • 

[!»»]. (276”). Forincd by 

.warming*' sulphydro-phenyl glyoxaline [iHl®] 
with dilute UNO., or HClAtj (Wohl a. Mai(;k. 
wald, B. 22, 570, 1353). Crystalline, miscible 
with alcohol. B'lIAuCl^. — UUlPtCl,,. — Pi- 
crato 13'C,11,N,0,. [152®]. Yellow needles (frotn 
alcohol).— B./gNO;,.--B'MoI. Syrup. * 

Fhenyl-glyoxaline N'Kcrh:S'‘- 
(c. 340 ). Formed by distilling its dicarboxylio 
acid, which is got from di-nitro-tartaric aciil, 
benzoic aldehyde, and Nil., (Maquenno, C, B. 
111,742). Plates (from bonzeiie). - B'..lLC,0,. 
Needles.-B'.,lI,PtCl,. 

Bi-pkenyl-glyoxaUne [‘Je?”). 

Formed by the action of formic aldehyde and 
ammonia on benzil (.lapp, 0. J. 51, 559). Di- 
morphous. Crystallises with di-idienyl-methyl- 
glyoxaline as (CsN,,Il.d’h.,)C.N,.llMePiL. [2lb J. 
— B'3R,P(01,,; small Hat yellow needles. 

Tri-phenyl*glyoxalino i’. Lophim, vol. i. 
p. 474. 

PHENYL-GLYOXIM v, Oj:im of Puknyl- 

GLYOXAL. 

PHENYL-GLYOXYLIC ACID CJI.P,, i.e. 
OjHvCO.CO.JI. Bcnzoyl-formic acid, j 00®]. 

FormLxiion.~~l. From benzoyl cyaiiido and 
conc. JlOiAq in the cold (Claisen, Ih 10, 429, 
844, 1003 ; 12, 020, 1505) or HOAc saturated 
with HCl (Buchka, B. 20, 395). ~2. From di- 
oxy-ethyl-benzene (phenyl-glycol) and nitric 
acid of S.G. 1-38 (Zinckc, A. 210, 305).~3. By 
saponifying its ether, which is got by healin[{ 
COCl.CO.J'lt with IlgPhj for several hours at 
160® ; the yield being 40 p.c. of the theoretical 
(Olaisen a. Morloy, B, 11, 159(i).- 4. By oxidis- 
ing acetoplieifbne with alkaline KMnO^ at 0® ; 
the yield being 20 p.c. of the theoretical amount 
(Gliickmann, M. 11, 218). 

Properties.— Trismsy v. e. sol. water and 
ether. Decomposed by distillation into benzoic 
acid and GO, and partly also into benzoic alde- 
hyde and CO,. Phenyl-h^’drazine added to its 
•olntion in dilute HCl forms a bulky yellow pp. 


' of phenyl-hydrazide (Ebers, A 9 227, 340). \?he: 
mixed with benzene (containing thiopl^na) i 
gives with cone. H..SO, a red colour changing t 
violet. On adding water, the layer of benzen 
becomes crimson. 

Beactions. 1. Sodimn-amalgam reduces i 
to mandclic acid. - 2. HI and P at 100® reduci 
it to phenyl-acetic acid.— 3. Phenyl mcrcaptai 
and gaseous HCl form Cgn5C(SPh),.C0.1 
I [142^, si. sol. benzene (Baumann, B. 18, 891) 
Phenyl mercaptan alone forms a crystallini 
pow'der C,II,.C(OHh[SPli).C(f,H lOO®]. 

Salts.— NaA'W-KA' ail : dimntric tables.— 
NH4A'. — Ca A'„ aq : fl at prism a. — BaA'...— Sr A', aq 
— CuA'.,. - ZnA',2aq.— PbA',.— PbAAaq.— AgA' 

MelhyL ether HoA'. (218®). 

» E thy] ether mV. (257 ')* SXK 1-121, 
i Forms a crystalline compound w*h NallSOj. 

1 Bedets hi alcoholic solution will# hydrazine 
hydrate forming C^H|.^N.O.. 1 120®] and C.,uH„,N,0, 

. [i35®J (Curtius, J. pr. [!!] 44, 500). 

• n-Propyl ether PiA'. (174® at 00 mm.). 

Isohnlyl ether. (174® at 38 tim.). 

Isodtnyl ether. (IS‘2® at 40 mm.), 

C,.II ,.CO,CONH„ [91 ' 1 . Formed 
from benzoyl cyanide and cold IICIA^. On 
: solution and re-ppn. by CO.^it forms an unstablo 
^ hydrate CJI.-NO, aq [05®] (so-called (/3)-amide). 
* {y)- Amide (CJljNO.J,. [131®], Formed 
by adding an alcoholic solution of the (n). amide 
to dilute PIClAq (Claisen). Formed also, together 
with the (a)-amide, by the action of IlOAo 
I saturated with HCl upon Dz([v i Buchk.a). Prisms. 
I Nitrile v . Bf-nzoyl (•.yamdi':. 

(a) -Oxi m C„1 1 ,.C(N 0 ll).COolI. IsunilrosO’ 
\ phenyl -acetic acid. [127 ']. Formed by the 
action of hydroxylamiue on the Na .salt (A. 
i Muller, B. 10, 1017) or on the acid at 0® 
, (Ilantz.seh, B. 23, 2333 ; 21, 42)» Thick nf isma, 
j V. e. sol. \vat«*. Yields a-amido-phenyl-acoLic 
i acid on reduction. — KA'au : very soluble crystals. 

: -BaAk.l’.aq.-AgA'. ^ • 

' Accti{4 derifa ti re. [HIT]. Prisms, 

' {ft)-().rim CJI,.C(NOkl).CQ,Hs [145*]. 

I'ormeil by thc^ action <>f IJCl on an ethereal 
solution of the (a)-oxijij. Forjned also by 
^ warming phonyl-y^yoxylic acid with bydroxyl- 
'*nmine and potash. Wliite needles composed of 
! dimefric prisnfs. 

! Acetyl derivative. [125®]. Tables, 

i Methyl ether of the oxini 

CPh(NOli).CO..Me, [toP' ]. Got from the Ag 
salt and JIoI (Miillcr, B. 10, 2!t87). Converted 
by NaOEt and Mel into Cl'lj(NOMe).CO.jMe 
[50®], sol, alcohol, iusol. alkalis, 
j Ethyl ether of the oxim 

I CPh(NOH).CO.,Et. [113®]. Formed from phenyl- 
I glyojwlic ether and hydroxylamiue (Gabriel, B. 
10, 5l9). Needles (from hot water). 

Nitrile of the oxim C„H.,.C(NOn).CN. 
[129®]. Forinod from phonyl-acetonitrilo, amyl 
nitrite, and alcoholic NaOEt (Frosty A. 260, 103 ; 
Meyer, D, 21, 1306). Formed also by the action 
I of hy^iroxylamine on dibromo-acoiophenone in 
! dilute alcohol at 60® (Russanoll, B. 24, 3505). 
I Thin plates, v.sol. alcohol.-0,jii,.C(NONa).CN : 
yellow powder, v. sol. water. Yields an acetyl de • 
tivative [68°].— KA'.-CuAV— Pb^AAO.— AgA'. 

Phenyl hydraeide C,Hj.C(N3HPh).Cp3H. 
[163®]. (F.); 1163®-164®] (Von Pochnian4 B. 
85, 1064). Yellow neeues, sL sol. water 
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(PisAer, B. 17, 5?8 ; Ebers, A. 227, 340). May 
be reduced to CeH,.OH(N 5 H,Ph).CO^ [158°]. 
ani fiftally to aniline and a-amido-phenyl-aoetio 
acid. 

Phenyl -me thyl-hydrazide 
C«H,.C(N,.MuPh).CO,I^ [116°]. Plates (from 
alcohol). Its amide C,n^.C(N.^MePli).CONU,. ! 
[150^] is crystalline. | 

PhenyUethyl-hydrazide 
C,.H,.C(N,Etni).CO,H/ [109=]. Formed, to- ! 
getlier with its amide CJl ,.0(N.KtPh).C©.Nn.^ | 
[111°], by the action of phenyl-cthyMiydra/ipo 
in dilute HOAc on ph^nyl-Klyoxylic acid. 
Yellow plates, si. sol. water.* Yields ethyl-ani- 
line and benzoic aldehyde when heated with : 
cone. HClAf]. i 

References. — Amido-, Nituo-, and Oxy- | 

PHKNVL-^L’^^.XYLIC ACID. • ! 

PHENYL - GLYOXYLIC* o - CARBOXYLIC 
ACID C«rf,(CO,H).CO.CO,H. [140°]. * Formed i 
by oxidising the oxyqi^'nono C„,H,„03 or indo- , 
naphthene dihydrido carboxylic acid with alk;u j 
lino KMnO, (Scherks, B. 18, ;)78 ; cf. ZinckeT' 
A. 220, 53^ 210, 142). Yields CO, and phthalic 
anhydride on heating. ^lay bo redneod to 
phthalide carboxylic acid. - k.,A". Jhift"2uq. 
— Cn.jA"{011),,Caq.--Ag.A'' : crystalline pp. i 
PHENYL-biGUANIDE CJI,,N. i.e. 
NH:C(NHPh).NfI.C(Nn,):NII. [0.237°]. Formed ! 
by the action of alcoholic ammonia and AgNO, i 
or IlgClj on Ruanyl-[)henyl-thio.nr(.a (Ikim- 
herger, Ji. 13, 1582). rornied also by heating 
aniline hydrochloride with di-cyan-di-amido in 
alcohol at 100° (Hmolku a. Frujdrich, df. 9, 232). 
Plate.s, V. sol. w.ater and alcohol ; absorbs CO., 
from air. When boibnl with baryta-water it 
yields Nil,, aniline, jihcnyl-urea ' 147 '], phenyl- 
guanidine, guanidine, and ure.a (Emich, M. 12, 
1.5).--13'HC1 : prisms. Yields plumyl-carhamino 
whci#warmcd IvitV alcoholic potash and CllCl,. 

Salts. -- B'HNO/ [209'°].*— B'dI SO,. - - 
Cu(C 3H,„N.A. lAaq ; powder, sol. hot water. 
— CnA',H.,Cla l.Uq. — CuA',.H. SO, l ‘,aq. — 
guAyj.CrO^aq. NiA',.. •--* Ni.t'.ll.Xll... ~ 
NiA'„H.;^,, 1 [aq.A-CoA'j Uaq. CoA'.Jll'CE .’.aq. 
--CoA'yH,SO, aq ; crimson iict#lles. 

(a)-I)i-phenyl-diguRnide C|,IIj N, i.e. 
NPh;C(NHPh).NH.C(Nll,):MIJ. Formed by thq 
action of AgNO, and aniline on.giianyl ^jhenyl- 
thio-urca (Bamberger, B. 13, loSl). White 
solid, m. sol. water and alcohol, alkaline in re- 
action.-B'HNO,. [231°]. White needles. 

(/3)-Di-pheuyi-diKuanide 
Nn:C(Nrh,J.Nn.C(Nll,):NlI. fc. 102°]. Formed 
by heating diphenylainine hydrochloride with 
di-cyan-di-amide (Ernich, ilf. 12* 21). 'I’hin 
iDedles, with alkaline reaction. B'ENOj. [203°]. 
rrisms.—B'aSH^jSO,. 

Tri-phenyl-diguanide C.,„H,,,N5. 4138<‘]. 

F.ormo(l from guanyl-tri-phenyl-thlo-urca, Nil,, 
and AgNOj. Formed also from di-phenyi- 
guanidine and phenyl-cyanainide [78'’] in ether 
(Uathke a. tlppenhcira, B. 23, 1072). Prisms 
(from alcoh^)!). With CSj at 100° it yields iri- 
phenyl-thio-ammeline C2,n,,NjS. — 43'HCl : 
prisms, v. sol. alcohol. -B'2H.,PtCl6. 

PHENYL-tfbANIDINE i.e. 

NH:C(NH.,)(NHPh). Formed by desulphuration 
of phenyMhio-urea in presence of alcoholic i 
(Feuerlein, B, 12, 1602). Formed also by ■ 
the action of baryta-arater on phenyl-diguanide ! 


: pSmioh, M. 12, ll). Decomposes on standing 
1 into phenylcyanamide and ammonia. — Pi- 
: crate B'C.H^N.O,. [208°-214°] (Prelingy, Af. 
1 13, 99). 

Di-phenyl-guanidiv i.c. 

NII:C(NHPh).,. MehmiUne. [147°]. S. (90 p.c. 
alcohol) 9-25 at 21°. 

Formation. — 1. From qnilino and CyCl or 
CyBr (Hofmann, 4- 07, 129; 74, 8; iVcitb a. 
Ehcrt, R 8, 912). - 2. By tho action of PbO on 
a solution et di-i)hcnyl-urea in alfoholic NH., 
(Hofmann, *71. 2, 4.52, 688 ; Weitb, B. 7, 937 ; 
Il.athke, B. 12, 772).- 3. By boiling phenyl-thio- 
urea witli Ilg(’I{\IIPli) and alcohol (Forster, B. 
7,e291 ; 0i4.^17r>, 35). Together with thio- 
urea, by tho action of aniline on mcrciirio ful- 
minate (Steii#r*r, /?. 7, 1214; 8, 518). ■ 5. By 
eo)ffl)ination of di-pnenyl-cyanamiJe with NHj 
(Weith, li. 7, 10). 

^’ro/v’r7/c.s. Monoclinio prisms (Arzruni, P. 
162, 28 1), sit sol. cold WMitcr, 

Rea<Ai(ms.—l. AeP) at 100° yields acetyl- 
phenyl-urea [IhS ’]. At 150 ‘ tho product is 
ucetyl-di-phenyl-nrea [115°] (McCrcath, B. 8, 
ll]il)« 2. Piicnyl thiomrhimide forms, in the 
colTl. NHPh.CS.NPh.C(NH).NHPh [150°], a 
weak base, si. sol. benzene. 3. HClAq at 250° 
forms CO.j, Nil.,, and aniline. — 4. ^(7//a?70/7cn 
passed into its alcoholic solution forms C,,,ll,.,N,, 
winch crystallises from alcohol in yellowish 
ncedlc.s [154°], deconi posed by HClAq into 
crystalline inelanoxiinide 0,JI,,N., which is 
split up hy alcoholic potash into oxnlio acid and 
diphcnylguaniiline, and hy alcoholic IICl into 
Nil, and di-j)henyl-parabanic aci«1. 

Halts. The liydroe h 1 orido is gummy. 

, --B'HAuCI, : golden needles. -B'JPPtCl,,. - 

! B'HBr: stellate groups of needles, v. sol. water. 
__ jptf f. _ B'JINO,. - B',AgNO, : geodes. - 
B'.H.^jHO, : stellate groups t)f plates.— B'R^C.,0,. 
- H u 1 p h oc y a n i d c : [11 5 '] ; m. sol. water. 

^i-banzoyl derivatiiTe C^jlIoiNjO.,. 
[102''^]. Monoelinic (McCriath, /?. 8, 383). 

Tri-phenyl-guanidine C„.H„N, i.e. 
NPh:C(NHPh).,. Mol. w. 287. [143°] ; [147°] 

: (F. a. W.). H. (alcohol) 4’5 at 0°. 

! Fonnafion.~l. By adding I to an alcoholic 
! solution of di-plicnyl-thio-urea^lono or mixed 
with aniline (Hofmann, B. 2, 4f)3). -2. Froindi- 
plienyl thio urea and llgOl(NHPh) (Forster, B. 

7, 291).“ 3. From di-jjhonyl-cyanamide C(Ni^h)., 
and aniline (Weith, B. 7, 10). — 4. Together with 
phenyl-thiocarbimido by heating di*phenyl- 
cyanamido with di-phenyl-uroa (Weith, B. 9, 
810). — 5. By boiling di-phcnyl-urca with inverted 
condenser (Barr, B. 19, 1765).— 0. By heating 

■ di-phenyl-thio-urca witli aniline, with Cu, or 
1 with PbClj (Merz a. Weith, [2j 4, 613, 609; 

1 5, 583, 659 ; Glr.' id, Bl [2] 46, 506), or with 
!,HgCI, at 145° (Bull, B. 2, 498). - 7. By heating 
: di-phenyl cyanamide (2 mols.) with phcnylene- 
' O'diamino (1 mrl.) at 210° (Keller, B. 24, 2.505), 

8. By tho action of aniline on CCl^ or chloro- 
picrin (Hofmann ; Basset, C. /.^18, 31). - 9. “By 

! the acth n of PCI, (1 mol.) on a mixture of di- 
1 phenyl-urea (3 mols.) and anlHnc (3 mols.). — 

I 10. By the action of PCI, (2 mols.) and CO, 
(.3 mols.) on aniline (9 mols.) at 170° (Merz a. 
Weith, Z, [2] 6, 160).— 11. By fusing di-plicnyl- 
urea with NaOH (Hentschel, J. pr. [2J 27, 500). 
13. From phenyl thiocarbimide by ohlorinating 
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product NPhiCClj with aniline 
(Sell a. Zierold, B. 7, 1231). The base got is 
pos|ibly an isomeric tri-phenyl-guanidino. — 
13. A product of the action of CSCl., on 
CS(NHPh)j and berv^or^ (Freund a. Wolf, B, 
26, 1464). 

Pro^C7 fi/?5.— Trimelriosix-sided prisms (from 
alcohol) ; a:b:c = -67p:l: *658, nearly insol. boiling 
water. • Occurs also in an anioi*phou3 form 
(Giraud, Bl. [2] 46, 505). Decomposed above 
250^^ into tnilino and G(NPh),,. (U pt.) 

and HCl give a greenish solutioi^ depositing 
dark flakes which dissolve in alcohol with violet 
colour. 


^londe through diphenylamine at I60°(Weith, 
i?.7, 843). Pyramids (from ligroin), insol. water, 
V. sol. alcohol and other. Cone. forSs a 
colourless solution turned violct-red by heat. 
eSj at 260° forms tetra-phenyl-thio-urca. Solid 
KOH at 200°, and cgnU HCl.\n at 340°, yield 
NH,, CO,„ and NHPh^. ^ 

Salts. B'riC15aq. Elllorcscent tablets.— 
B'.,n,PtCl,.-B'HNO„. , 

Bcfcrenccs. ~ Di-bkomo-, Di-ciilobo-, Di-iodo*, 
and NitRO- PnKNYL-OtUNIDlNES. 

I)I-PHENYL.OUANIDII|E CARBOXYLIC 
ACID C(NH)(NH^).NH.aH,.COdl. PhenijU 
Quanido-benzoic acid. [165°]. Formed by heat* 


■rbimiac^ 2. H,b passed ; aimdo-henzoic acid with aniline (Traube, B. 1.5, 


and phenyl thiocarbimidca— 2. H.S* passed ' 

through it at 170; forms aud di-phcnjrl- j 2120; Gidess7A ibroMir'crystairfconh 

nearly insol. ^leoliol and etlftr, ‘sol. hot 


. s ^ 

urea (Morz^a. Weith,.^. J2] 6, 72).— 3.* wVlcr 
at 175° forms aniline and di-phcnyl-urea.— 4. 
Cone. KOHAq or cone. lIClAq yield anilin^and 


water, aqueous alkalis and acids.— 14 A'lICl atp 
liefcrcuce. — Amido - i>i - piienvl - oir.uriDrNB 


CO„ on heating.- 5. Gynnotjen pa^ed into tlio CAunoxYLic _ 

wb?, 1? C.,,H„N, 1^ PHENYI-GUANIDO-ACETIC ACID 

which IS decomposed by llcAy into Nil, ond C„II„N,(), i.c. C(NII)(NlIPli).NH,(JII,.00.,H. 


theoxslyl-dorivative C(NPli)<;^[,’{'J:;fJ [c, 


[260'’ uncor.] Formed from phenyl -cyaruiniido 
and d^ocoll (Derger, li. l;j, 0^2). Crystals 
DITPHENYL-DI-G l/ANIDO-DI-TOLYL - SUL- 
PHIDE S(CJI,,NIl.C(NTI).NIlPh),. fhio^p. • 
tidijl-di.phmyLd i-ynanid i iic. [1 53°J. Formed 
h^^ heating di-phenyl-di-uramido-di-tolyl sul* 
phidc with alcoholic NH, and HgQ (Truhlar, B. 
20, 675). Small white needles (from etllcr-* 
alcoliol, benzene, and otlier,— 


n 7 . , . . ^NPlliCal- 

j which IS itself decomposed by boiling with 
alcohol and HClAq into aniline and di-plirnvl- 
parabani^icid (Hofmann, B. 3, 761 ; Slojent'in, 

J. pr, [2] 32, 1).— 6. ■ Chloro-gl yoxylic cthrr 
COCl.CO.jIiit forma a carbonyl derivative 

C(NPh)<;^J,j‘]>CO which forms the salts B'lICl 

COO? tomm flm ^ (Stojeatio). --7.. iripolpWl' ; yellow umbbpiimis^b 

^oadnoedles.-B;HOAc.-]n 

»r !a oai ‘ “'“'‘"U li"pm, B. 21, 2<1)1). . 

Acetyl derivative C(NPh)(NPhAo).. ' ie C*i nT^CO 
[isn. Crystals (MacCatl, jl. «, A '' : heat^g ' h^pfadfellifne' h% iohlorTlviS 

■” boiizet.e'al 100^ the prolot boh * 

CmimraiiXh? rni<^l v I , ‘ PH^YL-HEPI-ANE r. HoPivlncNLo. 

Ml^V){^Hlh)(Nl ir.). [131]. Formed by Duphenyl-heptane C II,,.CHPh ru®! 

“l 13 mm.). Fon.md from C;k„.Cna; 


with diphenylamine at 125° (Weith a. Schiodori 
B. 8, 912). Regular tablets, nearly insol. water. 
Its solution in cone. 11, ,80, becomes violet on 
heating. 

BeacUotis.-^l. Cone. IIClAq or KOIIAq at 
260° forms CO.^, NII3, aniline, and NHPh.,. 2. 
CS;j at 160° forms the sulpliocyanidc, II. S, 
phenyl-tbiocarbimide and NHl*h,,. 


benzene, and AICI^ (Anger, Bl. [21 '47 ’48-’’ 
Krafft, 7i. 19, 2986). Needles. ’ 

PHENYL-HEi'TENOIC ACID C.,H. 0, ir 
Ph.CEt:CFt.CO.JI (?) Oil. Got by pas.sing CO 
over a heated mixture of NaOEt and sodio 
cinnamate (M. Schroeder, .4. 221 52) 

PHENYL HEPTYL KETONE CARBOXYLlW 
ACID CJI..CO.CH2 .CH(CjH,,).CO.^H. [103°]. 


*^g^So:s:s::‘ii7a»h a ,™duc7 


of the action of cyanogen as an alcoholic solu- 
tion of aniline (Hofmann, A, 66, 129; B. 3, 
763). Got als^ by boiling the compounds of 
cyanogen with di-phenyl-gnanidino or (a)-tri- 
phenyl-gimnidine with aniline iiydrochlorido 
(Landgrebe,R.10, 1593; 11,973). Dark-brown 


, vrxi >C{JUUbOU ai 

tillation it yields an oily lactone (310°-320°). 
Bthyl ether EtA'. (200°). Oil ' 
PHENYL-HEXINENE r. DuTE.^iL-siYBENB. 
DI-PHENYL-HEXOIC ACID. NitriU 
CH,Ph.CPhl^r.CN. [63°]. (330°^40°). Formed 
r.CN, benzyl chloride, and NaOH 


1.... ai *** ‘'•‘^;* A.'ttiiv-uiuwu 1 from CgHs.CHPr.uiN, benzvl chlorid 

needles (containing ^aq) with violet iridescence ' (Itossolymo, B. 22, 1230). Needles 
(trom alcohol).—BIIC13aq: brown needles. j TETSA-PHENYL-HEXUNENE 
C(NH)(NPhJ,. ' ^ 

i.181 J. Fonned by passing gaseouB cyanogen 


Formed by hwt- 
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ing^i-benzjl'Cftrbmol with Mel at 265° (Bogda- 
nowska, B, 25, 12^3). Needles, iiisol. alcohol 
an(f etlfer, sol. CHCl,. 

FHENYL HEXYL TEIAZOLE CARBOXYLIC 
ACID [1200], Ob. 

tained by saponifying its nitrile, which is got ^ 
from phenyl-hydrazine dicyanide and hei»toic hydantoin in alcoholic potash and then adding 
aldehyde (cen^thol) (Bladin, /J. 2.5, 18G). Sil-’ 
very plates, v. sol. alcohol. -CuA'.., aq.— HA'IICI. 

Aj/iiile, [82’5°]. White plates. 


C^HjMeNjOj [162°], crystallising in needles.— 
KA' : needles, v. sol. water. 

Acetyl derivative 09H;AcN.p.^. [145°]. 
Small needleo (from benzene), insol. water. 

Phenyl-+-hydantoin* ’ 0 (NU)<q”-^^P^. 
[above 300°]. Got by dissolving (a)-phenyl- 


IlCl. Crystalline.— KA': almost insol. water. 
AUlyl derivative C(NlI)<Q^'^gp^. 


White* prisins (Pinner a. Spilkcyr, B, 22, 698). 
Decomposes at about 290 ’. 

PHENYL-HYDBAZIDO-ACETIC ACID 
C,lt,NH.!lll.CH.,.CO,U. «fl.59°l. Forftied by 
reducing the phenyf-hydru/ide (d glyoxylic acid 


T hio- amide g G, ,H „h^.CS. N J I ,. [W^] . 

Formed from the crude nflplo and alcoholic 

* ammonium sulphide. Yellow plates, sol. alcohol. 

DI-PHEgYL-HEXYL-TRICYANIDE 

N<cp!:|>c-(«y..cn. [44»]. (2«5^ '^‘.(,,„e..s.-.,...2r.:453)..l.V.u..dals„byfoaucin« 

15 mm.jT Hot from hoptojl chloride, bonzo-^ phcnyl-osotriazole carboxylic acid \wth sodium- 
nitrile, andJVlClj at 70^ (KralTt a. llait^sscm, B. | amalgam (Pechmann, A. 262, 28S). Hexagonal 
22, 80i<). • ! tabl#?, sol. hot water. lU!-oxidiso<l by Fehling’s 

PHENYL HEXYL KETONE C,II,CO.C,]l,.. i golulion to.hniPh.N:ClI.C(Ml. ^ 

[17 ]. (207°) at 710 mm. Formed by thoi n-Phenyl-hydfazido-aofctic acid 

action of ^ICl, on a mixture of benzene and j NlD.NPh.CIL.CO H. fl31°J. Got by saponify- 
lui])toyl chloride (Auger, Bl. (2J 47, 50; KraiTt, j in^r its ether 1127°], which is formed by heating 
li. D), 2987). Leaflets. Yields an oxim [;5r>"J. ' * - - - -- 

raENYL-HEXYL-(i8)-NAPHTH0TRIA%INE. 

*Dihy3rid(i C,,1I,,N3 i.e. 

[170*5°J. Formed by heating henzcne-azo-(i^- 
nai>hthylamine with 4i!nanthol and alcohol 
((joldschmidt a. Pollzer, B. 24, 1007). Nc4:dlos, 
sol. alcohol. *'13T1CI. [22G°J. White needles. 

-B'..TI..rtCl,:. (225°J. Granules. 

PHENYL-HEX YL-PYRAZOLE C„H,„N, Ic. 

C,jH,3.C<^^rpj^ (319°). Formed from 

• heptoyl-acetic aldehyde and phenvl-hydrazine 
(Claison a. Stylos, BI 21, 1149). Oil. 

PHENYL-HEXYL-THIO-UREA Ci3H.,.,N..S i.e. 

CS(N^Ph).NII.Cn.jiCIlEt,. [53^1. Formed 
from hcxylaniino and iihenyrtiiiocarbimido 
(Freund a. lAirrmann, A’. 23, 195). Prisins. 

PHENYL-HEXYL-UREA i.e. 

Ce(NHPlid.NII.CI^.CIlLt,. [70°J. Formed 
from hexylanirtiie and phenyl eyanute (Freund a. 

' Ilernriann, B. 23, 194). NeedltA. 

PHENYL-HOMO-ITAMALIC ACID v. Oxy- 

BENZYL PYKOTAin’ARTC ACID. * • 

PHENYL-HYDANTOlC ACID • 

Nn,.CO.NH.CnPh.CO H. [178°]. Got by boil- 
ing (a)-phenyl-hydaiitoin with baryta (Pinner, 

B. 21, 2320). Prisins, si. sol. cold water. 

Amide NH^.CO.NH.CHPh.CO.NH,. [223°J. 

Formed by adding the compound got from urea 
and the cyauhydrin of benzoic aldeliyde to H 
and pouring into water at 0 ’ (Pinner a. Si)ilkcr, 

Jif 22, 097). Prisins (from dilute alcohol). 

Yields phenyl-hydantoin on heating. 

PHENYL-HYDANTOlN C,H,N,0 , i.e. • * 

^^^'XNPh CH * [^'‘^2°]. Formed by fusing urea 
with phenyl-^iido-acetic acid (Schwebel, B. 10, 

2045). Needles, v. si. sol. water, sol. alkalis. 

(a).PheiiyT-bydantoin • Di- 

9xy-p7ienyl-glyoa^linc. [178°]. Formed by 
Luting the cyanhydrin of benzoic aldehyde 
with mandelic nitrile at 100° (Pinner, B. 21, 

2^1). Foftned also from phenyl-uramido* 
acetic ether and EOH (Kossel, B. 24, 4150). 

Needles (from HClAqf. EOH and Mel yield 


phowyl^liydrazino with chloio-acetio ether at 
100° (llcissert a. Kayser, Z). 24, 1519). Needles. 

PHENYL-HYDRAZIDO-BCTYRIC ACID 
C,„n,,N,0, i.e. CMI':t(N,U,Ph).CO,H.* Formed 
. by reducing the phenyl-hydrazido of ethyl-gly- 
. oxylic acid (Japp a. Klingeinaiiu, A. 247, 217). 

; Needles (from MeOIl). Softens at 105°. 

I Pheayl-hydrazido-isobutyric acid 
^ CMc,(N.,lLPh).CO,H. 

Anhydride NJIPh<;^^^"‘. [176°]. Got by 

gently heating the nitrile with II. SO^ and pour- 
ing into water (lieissert, B, 17, 1458). Crystals, 
V. sol. alcohol.-— B'H Cl : crystals. 

iVi</ i/eCMe,(N,H.,Ph).aN. [70°]. Got by 
heating the cyanliydrin of acetone with phenyl- 
byd^izine at 100°. Needles, v. sol. alcohol. 

: Imide (CMe.,(N.,H,Ph).CO).,NH. [117°]. 

Got by passing HCl into an alcoholic solution 
of the nitrile. — B"'H3C1;, ; crystals. 

Phonyl-hydrazido-butyric aoid 
N II.,.NPh.CllMe.CII,,.CO,,H. [111°]- Formed 
from potassium i8-bromo-butyrato, phenyl- 
hydrazine and NaOAc in aqiTcous solution 
(Ledcrer, J, pr. [2J 45, 87). Plates (from alco- 
hol), V. sol. hot Aq. Converted by cone. HjSO, 
into oxy-phcnyl-mothyl-pyrazole dihydride. 

PHENYL - 3 - HYDRAZIDO - CROTONIC 
ETHER CH3.C(NH.NnPh):CH.CO,Et. [60°]. 
Formed from acctoacetic ether (1 mol.) dissolved 
in ether by adding phenyl-hydrazine (Nef, A, 
200, 70 ; c/. KnoiT, A. 238, 147). Colourless 
; needles, v. e. .sol. ether, si. sol. ligroin. Turns yel- 
i low in air. Split up by cone. HClAq into phenyl- 
; Ijydrazine and acetoacetio ether. When heated 
in vacuo at 200° it changes to oxy-phenyl- 
methyl pyrazole. Cone. H.SO, followed, after 
10 minutes, by water forms methyl-indole carb- 
oxyh'c ether [134°]. HgO oxidise^it to the azo- 
compound CHj,.C(NaPh):CH.C03Et crystallising 
from light petroleum in red needles [61°]. AcGl 
forma a di-acetyl derivative 
CfI,.C(NAc.NAcPh);CH.CO,Et (246°-260° at 
150 mm.). 

PHENYL-HYDRAZIDO - If ETHYL-QUl NOL- 
INE G^,MeN(N,H,Ph). [lO?**]. Formed from 
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iPy. 8 ) methyl -quinoline and phenyl-hydrazine 
(Ephraim, B. 24, 2820). 

JPHEKYL -HYDBAZIDO - METHYL - THI- 
AZOLE. Dihydride O.oHuNjS i.e. 

^j^*^>C.NH.NirPh! PhmylprdpyUne-^^ 

thio-eemicarbazidc, [98°]. Formed by heatinfj 
phenyl-allyl-thio-urca with cone. HClAq at 100° 
(ArenArius, B. 24, 209). Yellowish plates (from 
ligruin).— BllCl. [202°]. Conceutriq crystals. 
— PicratAs. [I(t7°]. . « 

PHENYL - H YDB AZIDO - PHENYL - ACETIC 
ACID C,*H,»N,0, i.e. NHPh.NH.CHPh.CO JI. 
[168°]. Got by rodaciiig the phenyl-hydrazido 
of phehyl-glyoxylic tcid (Fibers, ‘I. *227, ;Tt6). 
Crystalline, v. si. sol. cold v^ter, v. sol. alcohol. 

PHENYL-HYDBAZIDO-PRohONIC ACID 
0 ,H,2 NA*^-c. NII.,.NPh.CHMe.COJL [187°]. 
Formed by boiling its amide with NaOITAq 
(Rcissert, B. 17, 1464; 20, 311i>; 22, !?9‘2l). 
The etlier is got by he.ating laetio ether with 
phenyl-hydrazine. Needles. * Yields phenyl-a- 
ainido-propioriic acid on reduction. 

K thyl ether ]5tA'. [110°].— FtA'pCl. 

Nitrile. [58°]. Formed by heating • 
CHa.CH(01I).CN with phenyl-hy<lraziueat 100°. 

Amide. [124°]. White crystals. 

PheD^l-hydrazidO'propionic acid 
NHPh.NH.CIlMo.CO,II. [172°]. Formed by 
reducing the phenyl-hydra/ id e of pyruvic acid 
with sodium-amalgam (Fischer a. Jourdan, ]>. 
10, 2244 ; Japp a. Klingeinanri, B. 20, 8281 ; .1. 
247,211). Needles (from MoOll). Ko-oxidisod by 
cold Pehling’s solution to NHPh.NiCMc.CO.Il. 

PHENYL-HYDBAZIDO-QUINOLINE 
C„H,N.Nn.NHPh. [191°]. Formedfrom(P//.8)- 
ohloro-qiiinolineandphenyl-hydrazino (Ephraim, 
B. 24, 2818). Needles, V. sol, chloroform. Reduced 
by HI and P to { Py. 3) aniido-quinolir.o. 

PHENYL-HYDRAZINE CJIkN^ i.e. 
NHPh.NH.,. [28°]. (211-6° i.V.) at 750^mra. 
S.G. 1-097 (E. Fischer, A. 280, 198). H.C.v. 
806,240. II.C.p. 800,800. H.P. 34,200 (from 
diamond) (Petit, A. Ch. [0] 17. 108). 

Format ioii.—{E. Fischer, B. 8 , 589, 1005, 
1041 ; 9, 111, 880 ; A. 190, 07). -By the action 
of zinc and IJOAo on diazo-bcn/.eiic anilide or 
diazo-benzene diethylamide. 

Preparation.~l. A cold solution of 71 pts. 
of sodium nitrite in 60 pts. of water is slowly 
added to a w(dl-oooled mixture of 10 pts. of 
aniline and 200 pts. of IICl (30 p.c.). To the 
diazo-benzene chloride .solution so proi)arcd a 
cold solution of 45 pts. of stannous chloride in 
46 pts. of HCl is now added, when the mixture 
immediately becomes a thick magma of phenyl- 
hydrazine hydrochloride, which is filtered off, j 
basified, and distilled (Meyer a. Lecco, B. 16, 


Properties.—Oi\t solidifying fd rflonoofinic 
tables-; y. si. sol. hot water, almost insol. KOHAq. 
Miscible with alcohol, ether, benzene, anffC^Cl,. 
Volatile with steam. Reduces Fehling’s solution 
in the cold, N, aniline, and benzene being formed. 
When heated for a long ttne at 150° it is gradually 
' split up i rito aniline, NH^, benzene, and N (Roissert 
I a. Kayscr, J3. 23, 8703). Reduces ScOjto Se (Hins- 
>' berg, A. 200, 42). Gives bcnzei^ and N when 
boiled with CnSO,. It is very poisonous. 

Reactions. — 1. ILO Jonns benzene and diazo- 
benzene imide PhNg (Wuriter, B. 20, 2088). — 
2. Yellow HgO ajtiSd to its ethereal solution 
forms aniline, N, and HgPh.j (Fischer, A. 199, 
320). HgO added to a solution of^the sulphate 
j forms diazo-benzene Biili^hate and imide. — 

, 8. SOChin ether forms in the cold NPhll.NiSO, 
t which crystal lisesun yellow prisms ^lO.t ]; v. sol. 

I ('thcr, vplatile witTi steam. Thiony^-phenyl-hy- 
' drazino is hardly attacked by IlCl, but is con- 
verted byNaOIIAq iiAo phenyl-hj drazino and 
^ Na^SOj. Br furms Nl’liBr.NHr.. AcCl forms 
' diazo-benzene chloride, 8, and IlOAn (Michaelis, 

B. 22, 2228; A. 270, ll5).-4. SO,, passed into 
an elhoroal solution of plinnyl-hydrazino f^>rm8 
NnPtl.NII,.SO, as a crystalliile pp. SO, passed 
into an alcoholic solution of phenyl liNflrazini/ 

j forms (N HPh.N IL) .SO , ; v. sol. water and alcohol, 
igsol. etlier, crystallising in laldes which shrink 
together at 70°, but dccom]>ose at a higher tem- 
perature (Michaelis a. lliild, B. 28, 474). SO,, 
])assed into a benzene solution at 75° forms 
NHPb.N:SO, which when heated with phcnyl- 
liydrazinc gives Ph.,S,, bi nzeiic, and N.--5. I)ry 
CO., forms solid phenyl livdr izine plienyl-carb- 
azale (NHPh.Nfl,),CO.,or k.dlilF.CO.O.N Phll,, 
which is crystalline ; si. sol. water and other, de- 
composed by hot water.— 0. CS, forms the corre- 
sponding N'.PliH.,.CS.S.N,Lnili; [97°], wluch at 
110° splits up into H.,8-aMd»di-|ihonyl-tlftocarb- 
azide. COS ’forms crystalline COS(N,,H3ph)., 
(Fischer, B. 22, 1985).-«-7. and cone! 

IIClAq slowly for^n aniline and 8. Excess 

of phenyl -hydrazine acts upon iodine, fprmingSlI, 
aniline, and PhN, (Fischer, /j.’lO, 13185^ Excess of 
I forms iodo-boiizenc, N, and HI (E. von Meyer, 
J.pr. [2]* 30, 115). This reaction may bo used 
for til# volumcft’ic estimation of phonyl- 
hydrc.zine.-~9. Sulphur above 80° forma aniline, 
H,S, N, Ph.B,, Ph,S, PhSH, benzene, and NH,.— 

I 10. Nitrous acid forms PhN,. KNO., added to 
the hydrochloride at 0° forms a yellow crystal- 
line pp. of NPb(NO)NH,. — 11. Alcoholic potash 
aikdchloroform form, on heating, CnHjjN* [180°], 
mol. w. 280. This body crystallises in white 
needles; sol. alcohol, scarcely affected by HClAq 
at 200°, and yielding crystalline 0, ,TI, jN^.NO, ACid 

C, ,H,,N4.B0,H (Kuhemann a. Elliott, C. /. 63, 
850)1—12. EtBr forms NPhEt.NH,, NPliH.NHEt, 


2976).— 2. Aniline (28 g.) is dissolved in ICCQ, 
(21 g.) and water (500 c.c.) by passing in SO.,, 
The solution is mixed with a cold solution of 
NaNO., (25 g.) exactly neutralised by HO.\o. 
After two hof rs the product is warmed till dis- 
solved, acIdlOed by HOAo, and reduced with 
zinc-dust and HClAq (Reychler, B. 20, 240.3). 
By adding diazo-benzene nitrate to a cold 
aqueous solution of KHSO,, heating the result- 
ing CJl(,.N,.SO,K with excess of KHSO,, and de- 
composing the C3HyNH.NH.SO3K, thus formed, 
6/ hating with HCiA<2. 


! and NPhEtBr.NlL. — 13. Aqueous diazobenzene 
nitrate added to a cold solution of the 
hydrochloride ppts. PhNg, anilijjo nitrate re- 
maining in solution.— 14. Reacts with aldehydes 
and ketones, forming phenyl-hydrazides ; e.g. 
(Fisefter, B. 17, 672) CH3.CHO-l-NPhH.NH, 
! - H.,0 + CH,.CH;N.NHPh. 'JJus a ablution of 
I phenyl-hydrazine hydrochloride (2 pts.) and 
crystallised sodium acetate (3 pts.) in water (20 
pts.) gives a pp. of the phenyl-hydiazido wl^n 
added to an aqueous solution of on alddiyda 
or ketone, either in tht cold, or, in the caaa 
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of aromfttio compounds, on warming. These | hydrazine in HOAc (60 p.o.) gives with a dilute 
phenvlJiYdrazides are decomposed by* acids ; solution of gluconic, galactoriic, cnul arabuwse 

r r*'. • • 1 J : I I.'. n XT A V TI.PK 


of ketones are convertlfe by ZnClj into derive- : arc m. sol. hot W’ater. Saccharic acid gives a 
lives of indole. The phenyl-hydrazides of similar compound C^HnOgN.^H.^h [106 ’] which, 
aldehydes and ketones are dt'seribed under the , as well as the compounds from mucic and meta- 


aldehydes. amh ketones from which they arc 
derived. — 16. Diketouea containing the group 
CO.CUX.CO yield derivatives of plicnyl-mr- 
azolo. Saturated 7-iiketoneiyn ethereal Bolinion 
usually form a mono- or di- fhenyl-hydrazide ; 
in HOAc the product is the anhydrido of the 
mono-phenyi-hydra/idc, a derivative either of 
CH.,.CH:N CII:CH> 


saccharic acid, is almost insoluble. Th§ com- 
pound from mucic. acid melts at ‘JIO \ All these 
compownds contain the group CO.J^H.NHPli. 
Compounds containing this group aro also 
obtained by the action of phoiyl-hydra/.ine and 
dilute HOAc at 100 ' on foriiiir, succinic, vialic, 
tarfhric, ^.intuunic, and §ul}ic acids, But not 
from (ilijcuJlic, Iaci3‘, and ghfccric acids. The 


v.'xl.j«Ou.N » "MlTPli /T^liiirrA nOIll (flyCOlliC^ 

CH rCH.jjjPh ® ^ ^ ^ coinpouiuls i^of from ji;ic<mihc, malic, gallic, and 

mann, k. 20!^, 10>S).—1(). Ac<:‘iiiact7/c forms tartaric acid melt at 21H’, and 

a plicnyl-hydrazide, wliich atl40°change« to oxy- 2 10 ’ respectively. Acetyl-plu.'nyl-hydrazino is 

• 1 1 t prodiictid wlion uuueous ])heuyMiy(lrazin0 ace- 
phenyl- methyl-pyrazoIc%l'l<j^ .(,j,;,hylo»sot reaction 

alcohol. Acetijl-'/wopionic acid forms the com- •occurs with benzfic, glyceric, and lactic acids, 
pound CHi,.C(N.iirh),CH..CH.^.CO.J I [IOm ]. Compounds containing the group CO. Nfl.NHPh 


Iknzoglacetic ether forms two compounds [Idli^] 
und.[iG6'’j (Bender, B. 21, 24y;5).-17. Bcacts 
with sugars as with aldehydes ; thus a solution 
of glucisc gives CH (OlJ).(Cll(011)),.CH:N,,liITi 
[146 'J on heating with ])henvl-hydra'/.ine, wliile 
galactose gives C,H,,0,(iN,Tirh) |158 ] (Fi.6ch«-, 
TL 20, 824). On heating these conijiounds 
with aqueous iilienyl-liydrazirie acetate at 100' 

‘ osazoncs ’ aro formed, e.t/. p!ien> l-glucosazone 
CH,OH,(CH.OH).,.C(N,,mTi).CH;N,,IIPh [204 J 
and the isomeric phenyl -gulaeto.'na/.one [c. lOl 'J. i 
IH. By heating witli plionyl-hydrazine hydro- ' 
chlorale and NaOAe arabin<n:c is converted into 
Cj-Hj^N^Oj [158''’ i ; fonnosc into C,,lI.^..jN,04 I'*. 
144^j ; acrose [the product of the action of 
NaOijAq on gl^^ceric aldehyde) into C,„H.^N,0, 
[0.217^] and an isbnieiido 10. riuuiyl 

hydrazine acetate reacts with the product of , 
oxidation oj^ghjeerin ttith Na-CO^Aq and Br 
forming glycer<ft;azonc C,-,n,fN^O ciystallising , 
frftm benzene in yellow plates (Fischer a. 

Tafel, B. 20, TOhO, ililHI)). 20. Knjthritc, after ; 
oxidation by dilute HNO;„ yielfls wTb phenyl- ; 
hydrazine hydrochloride and NaOAc tlie com- , 
pound C,H„0.^(N..IIPli)._, [107 ']! 21. Mamiitc on i 
oxidation with HNO,, yields levulose (rnanifltose) ' 
and malinose, which with plienvl hydrazine : 
forms C,.JI„N.p, [ l',)r/'-200°J (Fi/chor, B. 21, ; 
1805).— 22. The acetate react.s witli the product 
of oxidation of diikife by bromine aTid Na./10.,Aq 
with formation of the ‘ phenyldulciteosa/.one ’ 
C,gH.^N,0^ [200°]. — 2;{. Isodulcite heated with 
phenyl-hydrazino hydrochloride 


give a reddish-violet colouiatum with HjjSOi 
.andsa Ifltle Im'CI,, and they are readily dccom* 
pose<l by KOllAq and by barylainlo phenyl-hy- 
drazine and a salt of tlic acid (Fischer, B, 22, 
2728). - 20. (ilucose carboxylic lachme yields 
C;H,j(X.NJI.^Vh [172°J, wlnle uiannosccarhoxylic 
acid gives an isomeric body [22’}'-’).- iK). Tlio 
acetate give.s with rhamnosc carboxylic acid 
the compound CJ l,aO-N..II J^h [e. 210°], while 
BJ. Maionic acid lu ated at JOO' with phenyl- 
hydrazine and dilute HOAc forma C,.,li,„N,0, 
[I4;t''jand CO.Jl.CH.,.CO.N H.,Ph [164°], which 
when heated witJi Water and phenyl-hydrazino 

at 200° yields Cn.,<^Q>N JlPh [128°]. - 32. 

Lactic ether forms, on liealing, plienyl-hydraz- 
ido-propioiiic ether. a- Oxy -butyric acid at 
100° forms C,„H,,N.p,^ [102 j, wlnle mandelic 
acid* yields CnHuN^O^ [182°] (Rcissert a. 
Kayaer, B. 22, 2024). — 33. y-Oxy-vakric 
lactone at 100° forms Cj,H„0,.N2phH, 
[70°J (Wislieonus, B. 20, 402).- 34. Bem^jU 
carhinol gives N.,IlPh:CPh.CiPOH [112°] 
and the ‘ osazono N dlPh;CPh.CII:NJiPii 
[102] (Laubmarin, A. 2^3, 244). — 

35. Boiling aqueous ilaconic acid forms the 

acid NHPh.N<;^[]»'(;|}-^^'-«“ [104°] (Scharfen- 

berger, A, 254, 150).— 30. Cinnamic acid forms 
C,Ji„N.^O [183 I, whicli on distillation yields 
C„n,,N./)t251“] (Knorr, B. 20, 1107).-'37. Acro^ 
kin rea*ct.s forming phcuyl-i)yrazole diliydrido 

CH. (Fischer a. Knoe- 


and sodium 

a^State at 100° forms ‘phenyl -isodulcitc-osn zone’ , 

O^H^jN^O, orC,H,„0..(N HPli),,[180°J. Solutions , vcnagel, A. 230, 104).— 38. Mesityl oxidejxchU 

of M0d«f«<e and plieuyl-hydraziiw fon«, on „,,„ny|.tri.n,cthyl-pyrazoIe 
mixing, C,.H,.,0^(N.jHPh) [150°] (Fischer a. lafel, ^ XCMOa.Cll^ 

B. 20, 2574; Kaymann, Bl. [2] 47, 700).— 21. (F. a. K.).— 30. C/iforo-acefoue in alcoholic solu- 
Sorbin heatt^ with aqueous plicnyl-hydraziue tion at — 18° fo ms [168°] which 3delda 

hydrochloride and NaOAc at 100° forms the i an acetyl derivative C^Hj^AcN^ [220°] (Bender, 
osazone C,sft.^N40| [164-J.~25. Mil/c sugar j B. 21, 2406). s-Tctra-chloro acetonc forms 
heated v^th aqueous phenyl-hydrazine flydro- C,iH,jN^ [12C°] converted by fuming HNO, into 
chloride and NiOAc forms C^Ht^N^O, [200 '] ! [235°] and by SnCl.^ to two bases 

and Cj^HjoN^O, [224°].— 26. Maltose forms j C,,H,,N^ [77°] and [193°] (Levy a. Witte, A. 252. 

Q91°].-~27. The acetate gives with ; 343; Zinoke a. Kegel, B. 22, 1478).— 40. Tetra- 
gif/oxyliCf phenyUglyoxylic, and pyruvic acids j bronw-di-bensyl-kctone heated with alcoholic 
the ♦corresponding p^nyl-hydrazides [137°], ! phenyl-hydrazine at 160° fonns 0,Ph,(N,Ph), 
[163°], (192^ rwpectively.~28. Phenyl- 1 i70°](Bourcart,JB.22,1369).— 41.2)4:6roww-^icsle 
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phenone forms N,HPh:CPh.CH:NaHPh [148®], [ 
crystallising from alcohol in yellow prisms (13.). 
42^ Brorno-acetyUjpropionic etJier mixed with an 
alooholio solution of phenyl-hydrazine forms 
OH,.C(N2HPh).Cn:GH.CO.,Et [117‘5®]nwhich on 
reduction with tin and HCl forms methyl-indole 
carboxylic acid (Bender). I3romo-acetyl-pro- 
pionic acid forms. CHa.C(NanPh).CH:CILCO,H 
[167°f (Decker, B. 21, 29;i7). — 43. DUhloro- 
maleic iMe at . 100® forms C^O..(NjH.,Dh),NH 
crystallisftig from acetone in orange-red eiecdles i 
(Ciamician, B, 22. 24'J5)._44. Amides react 
bus: N.,H3Ph + lt.CO.NII,==NH3-^R.CO.N..lU»h 
(Just, B. 19. ]201).-.45. Carhamic ether forms, 
d‘-l>licn3rf-caiba/ide CO(]*H.Nift‘h), 
[*51®] (Skinner a. lluhenAnn, B. 20, 3372). — I 
46. Reduces alloxan to a%xantiif, N and benzene I 
being forraed (Pellizzari, Q. 17, 254). In tliia*i 
reaction the first product is tho compound 

(SJfltnner a.^ulic- 
mann, C. J. 5.3, 550).— 47. Pg.rahanic acid \vitl» 
phenyl-hydrazine hydrochlorido and NaOAc 
}ields [170^J, wliieh on boiling with 

water forma NIl3.CO.Nn.CO.CO.N,Tf,rti [4'15° 


(S. a. K.). — 48. Urea heated with phenyl-! 
hydrazine hydrochloride at 100® forma pl.enyl- ' 

nra2oletoh<^^-^'0 - 49. « 

nitmso-aniline to jyi plienylene-diamine and 
C,2H,,^N^0 (Fischer, B. 21, 2010). -50. The. 
acetate (2 mols.) acting on tnfrosu-di methyl- ' 
amlme (3 mols.) forma C,,l.[,«N,0 [103®]. .Am ' 
ethereal solution of phenyl-hydrazino converts ■ 
nitroso-di-methyl-anilino into di-melhyl-amido* ; 
benzene-azo-di-methyl-aiiilino and plienylene- ! 
di-methyl-diamine. In alcoliolic solution thero I 
IS formed NHPh.C [130®] which yields a 
^jtrosamincC„n,,-,N30 [11(1®] (0. Fischer, i>*. 21, I 
2009).— 51. Di-nitroso-ncctonc (1 mol.; mixed ' 
with phenyl-hydrazine (1 mol.) in hot alcoholic 
solution forms Cn{NOII).C(.N.,lIPh).CH(^qoii) : 
[145 ]. Di-uitroso-aeetone boiled with excess 
of phenyl-hydrazine acetate forms C,-H,..N ! 
crystallising in yellow plates [122®].— 52. iJur o*. ■ 
acetic ether at 100® gives olT N and forms a 
colourless compound [130®]. — 53. p-Diaso- i 
benzene suljiiLotiic acid forms tho compound 
•N3C,iH^.SO,N,,HJ’haq crystallising in plah-a 
(Griess, B. 20, 1528). -54. Di-acetyUuccinic ' 
ether fused with phenyl-liydrazino at 100" forms 
C02Et.CH(CMe:N2phH).CHAc.C0„Kt 191°] and 

C02Et.CH(CMe:N2PbH).ClI(CMe:N2Phn).C0..Et 

which on heating with toluene at 180® gives *di- 
oxy-^-phenyl-di-mothyl-dipyrazyl (q,v.). — 55. 
Dioxims form additive compounds ; c.a. alvoxim 
yields 02 H 2 (NOH),N.APh [110®], h phenyl- 
yields C2Ph,(NOH)2N2Tl3Ph [160®!, 
n « (^ym^^^thoquinone forms 
' [168°] (Polonowsky, B. W, 
182) -56. P/iZoroiyfwdn kept for five days with 
an alcoholic solution of phenyl-hydrazine in the i 

be oxidised Iflr KcCl, to C.H,(OH)(N..Ph). ri77°l I 
(Baojor B.22, 2891).-67.‘ ^ 

tonn.S(OH<CO-|Pl*), pajoj, „j,j. 

the compounds NHPh.N;C<^^“^Pl» [ISgoj^ 

ja /prr^CO --NPhA 

*W^“NCMe:N /« di-oxy-di-phenyl-di- 


methyl-dipyrazyl (Sprague, C. J. 69, 332).— 6( 
Cyanogen passed into an emulsion of plmnyi 
hydrazine in cold water forms the dicyanide (t 
infra). - 69. Cyanogen passed into an alcohol! 

PhN,H.,.C{NH).C(NII).N2PhI] 
[226 ], crystallising A white plates (fror 
alcohol). The same compound is formed by th 
action of phenyl-hydrazine on cyananilino. I 
gives a rosc-red colour with calcoholio Nil. 
Cone. II.,SO^ is coloured indigo-blue. Dry IIC 
fonfis the hydrochloride C,,H,«N;2HC1 [188®: 
Ditutc nCl forms JhN.NIIfCO.C(NH).NHNHFi 
[180 j. 00. Cycyyatiilinc in chloroform solulioi 
forms, after boiling, matted needles of tho com 
pound C,,H.,.N,Cl3 [200®-212®]. ;i’his body ii 
perhaps (PlilFN,.Cllt!l.C,,H,,N,)2llCl (Senf 
/. pr. [2] 35, 633).-i;i. PCI, in ether forrai 
aniorplious NHmi.N:r.NH.Nlirit»converted In 
water into (NIlPh,NH).POIl, a yel!ovvish-\vhit( 
powder [92 ] which reiluccs Fehling’g solutior 
m the cold (Miehaelfc a. Ostcr, A.. 270, 120) 
pis body is split up by acids into phenyl- 
hydrazine and HjP03,but is aUaclg;d by alkali:: 
with dillicuUy. Benzoic aldehyde produces 
and U, !>(),. _(i2. I’OCl, forms 
1 0(NH.NlIPh)3 [fOO®], easily docon 


•1 X decomposed by 

aeid.s and alkalis (Micliaelis, .1. 270,* 135).-- 
03. PSCI3 forms, in like manner, PS(NH.NIIPh), 

|i54®].— 01. AsCl3f()rnj,s(NPhJJJ,,AsCl3,an amor- 
phous powder dt.‘e()inp(),sed at 230®.— 06. BCl 
forms, in like manner, {N..PliH3)3BGl.„ v. sol! 
water, decomposed at 242®.— (>0. C 11 PCI in 
ether forms NlIPh.N.Pcyi., [152®] ciVstallising 
from ]';t()Ac in plates (Mi.diaelis a. Oster, A. 
270, 129). It roducc.s hot Fehling’s solution, 
and is split up by acids into PhPO.JL and 
phenyl-hydrazino. 

Salts.— B'ilCl. Plates, m. sol. water. Got 
hy pp«- an alcoliolic solution o( the base j>v IlCl 
ami washinf^the pp., till* it is coloirrlcs.s.- 
B ilBr. Needles (from water).— B'.,H..SO . 
Plah's, V. sol. waler*-B'CIl,Jf:,0;. ‘Yellow 
needles. -,B',lL(i.O J. Plates.-* B e n z e n e s u 1 - 
pinnate; [131-j (Esealcs, D. 18,,895).— Di- 
nitro-(a)-nanhthol sulpbo'iuite: light- 
brown needles* si. sol. liot water (Richardson, 
C. N. 08, 39}.-Su]phocyanide: sparingly 
soluble plates. Clianges at 100°-170° into 
phcflyl-thio-semicarbazide. — B'Jl PO ril8°l 

6Wn(f« dcrivatiro C.II.NNa.NH.,. Formed 
by dissolving 8g. of sodium in 70 g. of warm 
phenyl-hydrazine. The II evolved reduces some 
of the phenyl-hydrazino to NH., and aniline; 
when the reaction is completo tho aniline and 
excess of phenyl-hydrazino are distilled olfby 
^he^ing the product in an oil-bath to 200°-210° 
(uof higher) in a current of H. It is a yellow 
hygroscopio powder. When finely divided it 
sometimes lakes fire in the air. Decomposed by 
water into phenyl-hydrazine and NaOH. Readily 
reacts With alkyl haloids, giving unsymmctrical 

A 

• NHPh.NH.CHO, 

^ by heating formamide with 

phenyl-hydrazme at 180°. White scales. 

deriuaZiuc NHPh.NlfAo. [12841°]. 
Formed by heating phe^l-hydrazine with^OAo 
or acetamide (Fischer, A. 190. 120; Just. R 
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19 , 1201 ). Formed iso from the sodium* deri- 
vative and Ac.jO at 0® (Michaolis a. Schmidt, A. 
252, i)lf Six-sided prisms, si. sol. cold water. 

Di- acetyl derivative NPhAc.NHAc. 
[108^]. Formed from NrhNa.NII.j and AcGl in 
ether. Tables or ncedHs, v. e. ?ol. alcohol. 
Completely reduces hot Fehling’s solution. 

Chloro-acetyl derivative 
NIiPh.NH.CO.OH.,Cl. [115"]. Formed from 
the base and CH.,Ci.COCl in ether (Gattermaiiu, 
n. 25, 1081). 

Propionyl derA'ative ^IIPh.NII.CO.fit. 
l|158'"] (Freund a. Goldschmidt, oiJ. 21, 2101). 

n-hutyryl derivative. [111*"]. Scales, v. 
sol. ether (Mi^fliaelis a. Schmidt, A. 252, 308). 

laovaleryl derivative 
NnPli.Nir.Cd,CIl,Pr. [101°].^ Formed from 
the base an^ accto-valeric anhydride (Auti'ii- 
rieth, 7^. 20, 3100). Plates, v. si. sol. cold ligroin. 
llexoyl derivative*. [117‘*]. Needles. 
s-licnzoyl derivative NHPh.NJll?^,. 
[160°]. Formed from plicnyl-hydrazine by add- 
ing 15/.C1 in ether at O'" (Fischer, A. 100, 125), or 
by he^iting with bcnzaiuide. (.lust, JO. 10, 1203). 
t'ormed also by warming phenyl-Iiydrazine'Nvith 
ftzCy (Ijkiu.sk necht, 77. 22, 320), Prisms, si. sol. 
hot water. Yields NPliMo.NIlBz on mothylation. 
Kednees HgO. Plithalic anhydride at 180^, 
forms an addition-compound C.,,II,uN.p, [172"], 
crystallising from alcohol in prisms. It is pro- 
h.tl)ly CO,Jl.C,ll,.CO.NPh.NllBz. At 250" it 
splits up into benzoic acid and ()3)-phthalyl- 

phenyl-hvdrazine CJI,:C^O./ 1 

NXPh 

u-Bcnzoyl derivative NPhBz.NIL. 
[70"]. A product of the action of BzCl in henz- 
onc on NPliNa.NIl,^ at0° (Michaelis a. Schmidt, 
TJ, 20, I'H, 1718 ;* .4.# 252. 310). j^eedles (from 
water). Kcduces hot Fehling's solution but not 
IlgO. Conc.«HCI at UO" gives liOBz and 
phonyl-hydrazinti. IlNO.^ formg in acid solution 
binieanilido. and N,,0, but in neutriil solution it 
forms N^Ph alid I^OBz. Reacts like phenyl- 
hydrazine with aldehydes and rivctoncs ; thus 
acetone yields NPhBz.N;CMG^ [115-5"], aerdo- 
phenone forms NPhBz.NrCjVfePh [124"], and 
benzoic aldehyde gives NPhBz.N:CIlPh [1^2"]. 

a 1 ts.— B'llCl. [202"]. Needles, m. sol. IIClAq. 
- NPhBz.NHNa. White pp., decomposed by 
water. — [101°]. Needles, si. sol. cold 
walfcr.-B'HNO,. [145°].— B'C.Tl.NaO,. [122°]. 

Di-hemoyl derivative NPhBz.NHBz. 
[178°] (Fischer, A. 100, 128; M. a. S.). Prisms, 
V. si. sol. water, sol. alkali.s. On ni ethylation it 
yiefi’ds NPhBz.NHBz.—NPhBz.NBzNa : plates. 
Benzoyl - acetyl derivative 
NPhBz.NnAc. [153°]. Got from NPhBz.NlI, 
and Ac.^0. Needles (from dilute alcohol). 

p -NitrO'benzoyl derivative 
NHPh.NU.COIC„H,.NOo. [108°]. Formed from 
phenyl - hydi^zino and C,jH,(N03)CN (Ilaus- 
knccht, B. 22, 328). Yellowish-red needleg. 

0‘Amido-bensioyl derivative. [170°]. 
Got by warrainj phenyl-hydrazine with an 
alcoholic solution of isatoio acid (Meyer, J. pr. 
[2^33, 20). fellow needles, v. si. sol. ether. 



I heating phenyl hyd^zino (1 mol.) with m-amido- 
I benzoic acid (1 mol.) at 105° (Pellizzari, Q, 16, 
200). Scales, insol. cold alkalis, sol. acids. ^ 
Ainido-toluyl derivative [3:0:1] 
0«H,Mo(NH,).CO.N,H,Pho [198°]. Formed from 
incthyl-isatoic acid and phenyl-hydrazine fPan- 
aotovitch J. pr, [2] .33, 08). Prisms (from 
chloroform), si. sol. ether. 

I Phcnyl-acetyl derivative • 

I N2H,Ph.c6.CII,Ph. [100°]. Got by heating 
1 phenyl.vcotic acid witli phenyl -hydftiziue at 
I 130° (Billow, J. 236, 100). Needles (from alco- 
; hoi), si. sol. water, 
j Cinnavioyl derivative 

i N,II,tli.Ca?C Jl,rh. [258°h Got by hbating 
j cinnamic acid with 'j^henyl-hydrazine at 100° 
l,(Knorr, B. 20, IjOH). ;?ornis, on distillation, a 
' compound C, Il,„N.O [258°], crystmOising in 
i needles with green lluoresccnce. 

I Oialyl ti;yr7va<7vcaO,(N,II,Pli),. [278°]. 

i Described in vol. iii. p. 055. 
j*" Ethyl ‘TnaloA^h/l derivative 
I CHEt(Cb.NJl,Ph),. [233°]. Got by heating 
! cthyl-iriqjonic amide with phenyl-hydrazine at 
220° (Freund a. Gold.smith, 77. 21, 1242). Needles 
(from HOAc). Converted by COClj into 
C.,1I.oNA[U3°1. 

Huccinyl derivative 
C.,U,:C,(),:(NJl,Ph).,. [218°]. Formed from 

' succinyl chloride (I mol.) and phenyl-liydraziiio 
(2 mols.). Formed also by hf iiting C.^H^:Cj{Oj{:S 
with phenyl-hydrazine and 110Ac(Zanotti, Ticfid. 
Accad.Linc.[i]&,u'^25}. Plates (from HOAc) 
(Freund, B. 21, 2450 ; Fisclier a. l"assmoro, B. 
22, 2734). When succinic anhydride is heated 
with phcnyl-hydrazini! at 100° there is formed 
C,lI^:C.,0..:N.NiiPh [155°], which yields anitros- 
umine ‘cjl^:C.,0,:N.,Ph.NO [84°] ( I lotto, 

[2J 35, 203). 

I {a) - Phthalyl derivative 
I C,H,^.,O/.N.NllPh.fl70°J. Formed from phenyl- 
hydrazine and plithalyi chloride in ether (Picket, 
A. 232, 233). Formed also by luMiting phenyl- 
hydrazine (1 mol.) with phtbalimide (1 mol.) 
at 120" (Pellizzari, G. 10, 203 ; Just, B. 19, 1204) ; 
or with plithalic anhydride (I mol.) at 160° 
(Hotto, J. pr. [2] 33, 90 ; 35, 208). Prepared by 
boiling an alcoholic solution of jftithulic anhy-, 
drido with plienyl-liydrazine. Colourless needles 
(from alcohol), insol. water and alkalis. Cone. 
U.^SO, forma a violet solution, turning brown. 
Reactions.— 1. Converted by boiling alcoholic 
potash info N.JJ.jPh.CO.O,;ll4.C0.^11 [166°], an 
acid of wliich the benzoyl derivative 
NHIdi.NBz.CO.C,II,.COJI [172°] is formed by 
i heating NlJPh.NIIBz with plithalic anhydride at 
I 180°. — 2. Boiling aqueous KOH or llClAq at 160° 

I splits it up into phthalic anhydride and phenyl- 
1 hydrazine. -3. Benzoyl chloride at 100° forms 
I C„H,:C,0,:N.NPhBz [19.3°].— 4. Nitrous acid 
! passed into its sed ition in diluted HOAc forms 
the nitramine CuH,:C._jO./N.NPh.NOj [148°] ; but 
I in boiling HOAc it forms the di-nijf^o- derivative 
C,JIfcN,0,. [182°]. Nitrous acid passed into 
phthaly 1-phenyl- hydrazine suspended in ether 
forms tho nitrosamine C„H,;0,02:N.NPh(N0) 
[154°].— 6. Alcoholic NH, at 80° forms unstable 
Nn2.CO.CeH,.CO.NH.NHPh [146°], which de- 
composes at 170° into NH, and (^)*phthalyl- 
phenyl-hydrazine [210°]. 
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{0) ‘Phthalyt derivative 

[210°]. Formed at the same 

time as the (a).isomerido by heating phenyl- 
hydrazine with phthalimide or phthali^ an- 
hydride, being the chief product when the tem- 
perature is above 163“ (Pellizzari, 0. 16, 20‘1 ; 

17, 278 ; HOtte, J, pr. [2] 36, 284). Monoclinic 

tablete (from benzene) or prisms (from alcohol), 
V. sol. alkalis. Aramoniacal AgNO- ppts. 
Cen,:0,Of:N,PhAg. * 

Ileacti/ms. — l. NaOMe and Mel at 100“ 
form 0,H<:C,0,:N,PhMe [125°], which is de- 
composed by cone. HClAq into phthalic acid 
and NHPh.NIIMe.#- 2. KOEt and* Etl^givo 
CnH^OjiNsPhEt [l06°].-3*EzCl at 200“ forms ' 
C8HA:N,PhAc [122“J. « • 

Phthulyl derivative 1 

C,H,(CO.NH.NIIPh),. [101“J. Formed by 
heating phenyl-hydrazine (2 mol.^ with ^htha- I 
lie anhydride (1 mol.) at 150^ (11.). White 
tables. At 170° it gives th4 (0) phthalyl dcri* 
vative [210°]. 

JNitrosavUne NlI.^.NPh.NO. Fanned by 
adding NaNOj to an aqueous solution of pl^iiiyl- ; 
hydrazine hydrochloride at 0“ (Fischer, A. 100, 
92). Pale-yellow plates. Very poisonous. Con- . 
verted hot alcoholic potash into diaz(tben/,eno- : 
imide. Alcoholic IICl ac^ts in like manner. ' 
Exhibits Jiiebcrmann’s reaction. 

Dicyanide CJLN* i.c. 

NIL.NPh.C(NlJ).CN ? Separates as colonrlegs 
flakes when cyanogen is passed into an cmylsion 
of phenyl-hydrazine and cold water (Bladm, B. 

18, 1544). Monoclinio lamintD, v. sol. alcohol 
and ether. Decoinpose.s above 160\ Yields a 
formyl derivative 0„H;(CHO)N^ [lO.TJ. 

lieactiona, —1. By heating with Ac^^O it is 
converted into [108 ’J, which on saponi- 

fication yields an acid C|„HuN.,().^ [177°J, which 
on healing loses CO., leaving oily C„H„hK)3 (c. 
240°). — 2. By heating with propionic anhydride 
it is converted into C,',n,(,N4 [38'].— 3. By treat- 
ment with nitrous oc/d, followed by boiling with 
water, it yiold.s C„H,,N5, crystallising in needles 
[6G°], V. si. sol. water, — 4. Acetic (ddehyde in 
alcohol and QCl gdve Cn,,.CII:N.Nrh.C(Nll).CX 
• [9G‘6°], crystallising in i)alo-yellow plates, t. e. 
sol. alcohol and other, insol. water ; converted 
by alcoholic AgNO, into phenyl-metliyl-triazolo 
carboxylic nitrile [109°] (Uladin, B. 26, 184). - 
6. Benzoic aldehyde forms tlm corresponding 
CHPh:N.NPh.C{NII).CN [129-5'], crystallising 
from alcohol in prisms, oxidised by FcCl, to 
OuH,«N, [16G°] (Bladin, B, 22, 790).— 

6. Pyruvic acid in alcohol forms the above 
phcnyl-metliyl-trinzole carboxylic nitrile on 
warming gently (Bliidin, D. 19, *2698).— 7. Boil- 
ing acetoacedic ether forms the compouad 
C04H.CH.„CMe:N.NPh.C(NH).CN [209°], the 
oily ether of this acid, and phenyl-methyl- 

triazole carboxylic nitrile [109°] | 

(Bladin, B. 26, 190). The acid forms the salts ; 
KA' and NH,A', and is converted by nitrous acid 
into CO^.C(NOH).CMe:N.NPh.C(NH).CN 
[218°], and by potash into the compound 
Ca^.CH^CMe:N.NPh.CO.CN [188°], from 
which potassium nitrite and HGlAq form 
CO,H.C(NOH).CMe;N.NPh.CO.CN [209®]. 


References.— kmDO; iodd-, witbo-, and On 
Phbmyl-hydbazine. . 

w-Li-phenyl-hydrazine NPh,.NH,. [2r4-5°] 
(220° at 40 mm.) (Stahel, A. 268, 243). Formcc 
by reducing di-phcnyl-nitrosamine NPh2.NO ir 
alcoholic solution with^zinc-ddst and HOAc (E 
Fischer, A. 190, 174). Monoclinio tables (from 
ligroin), partially decomposed on distillatior, 
into diidienylamine and NH3# Cone. H.SO. 
forms a deep- blue solution. Decomposed by 
nilfous acid into NPh,„NO and N X), lleducefi 
HftO, forming in the cdld crystalline tetra- 
phenyl-telrazon(^‘‘’Nrh..N:N.NPh2 [123°], but ij| 
the temperature rises the products are N and 
(lil)henyhiTnme. Benzoic .aldqliyde forms 
Nrh.,.N:CHP]i [122°J. With salicylic aldehyde, 
furfuraldehyde, glucose, mannose, galj^ctose, and 
rhamnoso it forgas di i)henyl-hyAaizides, melt- 
ing at 1.39“ 90 ', c. 102°, c. 156°; U.7°, and 134° 
respectively. 

Salts. - B'HCl. I^cdles, v, si. sol. cold water. 
— B'JI.SO, : needles, m. sol. dilute H.SO^. 

Forviyl derivative NPh2.NH.CnO. 
[116*5°]. Formed by builing the formyl deriva- 
tive ^ of phenyl-hydrazine with ammoRiacal 
CuSO, (Gattonnann, B. 25, 1976). Needles, s^. 
sol. hot water and ligroin, v. sol. alcohol. 

Acetyl derivative NPh2.NMAc. [186°]. 
Formed by boiling NIIPh.NHAc with HOAc and 
Cu(0.\c).. (’J'afel, B. 25, 413). 

Propiony I derivative. [178 ]. Needles. 

Benzoyl derivative NPh.,.NIIBz. [189°] 
(O.)'; rji)2-J (Fischer, .1. 190,‘]7''5). Needles 
(from acetone), m. sol. alcohol. 

Phthalyl derivative C,,H,02:N.NPh2. 
[155°]. Formed by heating di-plienyI-hydrazin*G 
with phtluilic anhydride at 1(10 ' (Hotte, J. nr. 
[2J 35, 271). 

5-Di-phenjl-hydrazjne vHfPh.NHPlf! J/?/- 
drazO‘he)t:enc. Mol. w. 184. [131°]. H.G. 

1,598,000 (from diemo^d) (l'ctit,%4. Ch. [0] 17, 
1G3). S., (alcohpl) 5 at 16 ‘ («Moll.schanowsky, 
G. J. 42, 965). Prepared hv passin{4 H.^S info a 
solution of uzobenzene Pli.N^.l’li in alcoholic 
NHj (HofnmnA, Pr. 12, 576). Formed also by 
reducing nitro benzene witli sodium-amalgam 
or zinc-dust (Ale^ejeff, Z. 1868, 497 ; Glaser, A, 
142, *364). Lamiiue, si. sol. water, m. sol. alco- 
hol and ether. Yields aniline and azobonzene 
on distillation. 

lleac:tions.~l. HClAq converts it into the 
isomericdi-2>amido-diphonyl (benzidine). H.SO^ 
acts in like manner. - 2. Ucadily oxidised to 
azobenzene, even by moist air.— 3. Nitrous acid, 
passed into an alcoholic solution at 0°, yields a 
uitroso- com})Ound which, when warmed, fio- 
lently decomposes into NO and azobenzene 
’(BaGyer, B. 2^ C83).— 4. On heating with BzGl it 
I yields di-benzoyl-di-p-amido-diplienyl; formic 
acid gives di-fonnyl-di-p-amido-diphenyl (Stern, 

B. 17, 379) ; and phthalic arihy^fide yields di- 
phthalyl di-amido-diphcnyl (Bandrowski, B. 17, 
1181).— 6. Boiling benzoic aldehiJHe forms azo- 
benzene, but benzoic aldehyde and ZnGL, gives 

C, 2H,(N;OHPh).2 (G15ve, Bl. [2]^5, 188). B'enzoio 
aldehyde, heated with hydrazobenzene at 120°- 

160°, forms ‘ benzhydrazoin ’ CHPh^^p^ [65°]. 

The o-nitro- derivative C,H4(N02).OHN..Ph2 of 
this body melts at 66°.— 6. Jhttfuraldehvds forma 



47 


P11ENYL-HY0IUZ1NE SULPHONIC ACID. 


C,H,O.CH<§p^ [S9“] (Oor-ieUas a. Horaolka, 

B, l^f, 2540). — 7. Phenyl cyanate (2 mols.) and 
Bome benzene at 150° forma the compound 
NHPh.CO.NPh.NPh.CO.NHPh [220 (Gold- 
Bchmidta. liosell, B. 23|»490). 

Acetyl derivative NflPh.NriiAc. [150°]. 
Formed from s-di -phenyl-hydrazine and Ac.d) in 
the cold (Ster^, B. 17, Ih'iO). Needles (from 
alcohol). Decomposed by heat into acetanilide 
and azobonzone, « 

Di-acetyl demivative NPhAc.NPh.Vc. 
[105°]. Forniod from s-di-phfcuyl-hydrazine and 
Ac.O (Schmidt a. Schultz, B. *12, 485 ; ^4. 207, 
320). Yello\^i.sh Irimolric crystals (from alco- 
liol); rt:6:c = ‘67:l: -Sij, not affected by dilute 
HClAq. 

Ghlo^O’^derivatives « 

C, H4NII.NT1^1,H,C1. fO()°].-N.>H..(C,H,Cl[l:3J). 
[01°j.-N H,(0,H.Cl[l:4j)., [122 ] (Claus a. lieu- 
matin,/?. 13, 1181, 10 , iD’kSS; Laubeiiheimer, 
B. s, 1024). 

Brc in 0 -^derivative C^H..NH.N H.CJI ,Br. 
:U5°J. Formed from bnnzcne-azo-j^-bromo- 
iip.nz^ne and alcoholic ammouium sulphide 
(Janowsky a. Fib, B, 20, 301). Tables. Con- 
verted ir.SO', into bromo-benzidino. 

Oi- broino- derivatives N .11 (C, II,13r.) 

0. [82°]. m. n 00°J. p. [130°] (J. a! E . ; Gabriql, 

B. 0, 1400 ; Worigo, A. 105, 192). 
lodo- derivatives v. vol. iii. p. 41. 
NitrO’ derivatives v. vol. iii. p. 007. 
O.r//- derivatives v. vol. iii. p. 743, 

G liloro-nit ro- derivative 
NHPh.N 11CJI,C1(N0.,) [1:3:01. [135°-140^]. 

Formed from chloro-di-nitro-beiizcno and 
jihenyl-hydiuzinc in alcohol (Willgerodt a. 
Ferko, J. pr. [2] 37, 355). lied prisms. 

p-Ainido- derivative. The compound 
NHPh^^II.CJI,.Mfc\c ri40 J is L^ot by in aling 

C, jIIvN,^.C„II,NnAc with alcoholic ammonium 

sulphide (S#huUz, /?.# 17, 403). Yellowish 
plates (from dilyte alcohol). Jle-o:iidised to the 
azU)- compound by^ir. * 

Di-tn^avfidO’ dcrivati ve 
N,,H,,(C«H,.NH,).,. [141°] (Ceheb, v4. 251, 193;. 
Got by treatment of 77i-nitio-aniline with alco- 
holic potash and zinc-dust (Gtaeff, A. 229, 311;, 
or with sodium-amalgam (Haarliau.s, /!.« 135, 
104). Golden needles (from alcoliol). Yields 
Cp-HaBr^N, [150°] and C,..ll,..Ac.,N, [247'J.— 
B'TI.,C4.-B"H2PtCl«.-B"2riN(),. -B'TI.SO,. - 
B'TI^C.D^. Prisms, v. si. sol. water. 

Di-p-amido- derivative. [115°]. Got 
by reducing NJC,H,.NOJ,; with alcohoHc am- 
monium sulphide (Gerlmidt a. Laurent, A. 75, 
7>; Lermontoff, B. 5, 232). Yellow crystals. 
Yields quinone on oxidation. — B'Ti^^Cl^. - 
B"2HNO,. 

Di-dipheayl-hydrazine v. Hydbazo-diphenyl. 
PHENYL-HYDEAZINE o-CARBOXYLIC 
ACID C,H,N ,03 i,e. NH,.NH.C«H,.CO.,H. Hy- 
drazido-benzoic acid. Formed from o-amido- 
benzoicacid^by diazotising and treating the pro- 
duct with Na^SO, (B. Fischer, B. 13, 070 ; 
212, 333). Neales, sol. hot water. Reduces 
Fehling’g solution In the cold. — HATICl : 
needles, sol. hot water. 

0 .dnAydl-ide OjH^NjO. [242°]. Formed by 
headng the acid at 220°. Monoclinio plates 
(from alcohol); a;6»=a072;l: -064; (1*75° 18'. 


Sublimes in white' needles, — NaO^H^NfO oraq : 
silvery plates. — B'HCl : white needles. — 
B'HgCl, : needles (from water). Yields an acetyl 
derivative O^H^ACjN^O [112°]. 

Phenyl-hydrazine m-parboxylio acid 
N,II*.CJI,.CO,H. [180°]. Formed by the action 
of tin _imd HClAq on C,iH,(COj,U).N:N.SOJv, 
which is got by w.anning the nitrate of m-diazo- 
beuzoic acid \vith aqueous K^SOj (Gries^ B. 9, 
1057 ; ^Roder, *4. 230, 104). Plates, si. sol. hot Aq. 

Benctions.- 1. Acetone forms 
[150 '], whichVives EtA' [91°].— 2. Benzoic aide’- 
hyde forma ClIPh:N.Nll.C,II, .00,11 [172°].— 

• 3. Pyruvic acid reacts with formation of 
CO,H.CMqN.NII.C,H,.CO,H [208°], whic\i forms 
whetstone-shaped cnvstala*|containing aq), and 
i gives EtA' [10it°].— 4. Cihu-osc, hcatod with the 
Miydrop.hloride and Tf!LO.\c, give.s Cj„n..,,N40„ 
i [208 J. — 5. Phenyldhiocaihimidc 'forms IJie 
compound C, ,H,,N.,SO, [205°]. 

Salts.— H.A'HCl. -BaA,' 4aq. Nodules. 

Phenyl-hydrazine ;»-carboxylic acid 
N,n,.C,n,.CO,U. ^[220°..225"j. Formed, in the 
j same way as its isoni('ridos,from /;-amido-bcnzoic 
j acid (Fischer, .irl. 212, 337). Noodles or plates 
(froi^ water). — HA'llCl : si. sol. cold water. 

.s-Di-phenyl-hydrazine di-o-carboxylic acid 
! C,,1I,.,N,0, i.c, CO,n.CJf,.NIl.NH.Cai,.CO.,Il. 

' Hoi. w.' 272. [205°). I'’ormod by reducing 

j o-azo.Ky-bonzoic .'veid with sodium-amalgam 
j (Griess, />'. 7, 1009; Homolka, B. 17, 1901). 

I Small colourless ]jjates. Oxidised by moist air 
^ o-azobeazoic acid. 

.s-Di-phenyl-hydrazine di-7n-carboxylio acid. 
Ilydrazo-bcnzoic acid. Formed by boiling m-azo- 
benzoic acid with FeSO, and NaOliAq (Strccker, 

A. 129, 141). Insul. water, si. sol. hot alcohol. 
In alkaline solutions it absorbs 0, being oxidised 
to azohcnzoio acid. Boiling cone. llGlAq forms 
azobenzoio acid and aniiilohenzoic acid. Yields 
oraiigo-rcd crystals of BaA''. On warming with 
SiiCii and HClAq at 100° it yields di-amido-di- 
])lienyl dicarboxylic acid and two other acids. 
(Jiio of the.se C,,ll,oN.O:, cry.stallise8 from hot 
w'ati r in yellowish noecTles and forms BaA', 7aq 
and IIATICI. The other acid Cnll„N,0, crystal- 
lises in yellow needlc.s melting above 290°, and 
forms NaA'4aq, BaA'.. 2;i,q, HA'llCl, HA'HBr, 
and (IIA').,II.,SO, (Kus'seroff, B. 1%, 913). 

s-Di-phcnyl-hydrazine di-p-carboxylic aoia 
j C,,H,.Ak,0,. P’ormed by boiling p-azobenzoio 
aciii with FeSO, and NaOIIAq (Reieheiibach a. 
i Beilsteiii, A, 132, 137; Billfmger, A. 135, 152). 

, N('odles (from alcoliol), easily oxidi.sed in alkaline 
solution. 

s-Di-phenyl-hydrazine tetra-cnrboxylic acid 
[l:4:2]CJl,(COH),.NH.NiI.C«H,(CO.,H), [2:1:4]. 
Formed by reducing azoxytoreplithalio acid in 
alkaline solution with sodium-amalgam (Homolka 
I q. Low, B. 19, 1092). Whito crystalline pp., v. 

' sol. alcohol and ether. 

PHENYL-HYDRAZINE w-SDLPHONIC 
ACID C„n,(N,H 3 ).S 03 lI. Formed from m-amido- 
benzeno sulphonio acid by dia^otisation and 
subsequeut reduction by HnCl, at 0° (Limpricht, 

B. 21, 3409). Crystals (containing 2aq), si. sol. 

I cold water, nearly insol. alcohol. Converted in 
i alcoholic solution by nitrous acid into 

NAH48O3H. 

Phenyl-hydrazine p-sulphonic acid 

[1:4]0A(N2Hs).S0,H- 
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1. From diazobenzene p-sul- 
pbonio acid by warming with aqueous K^SO, 
fo^pwed by HOI (E. Fischer, A. 190, 74).— 2. By 
heating phenyl hydrazine sulphate with C1S0,H 
at (timpricht, B.^8, 21{)6).-3. Together 
with alcohol, by heating phenyl-hydrazine ethyl- 
sulphate at 160®. — 4. By heating phenyl-hydraz- 
ine (1 pt.) with H2SO4 (6 pts.) at 100® (Gallinek 
a. Richter, B. 18, 3172). 

Prqpcriics.— Needles (containing ^aq),|1.8ol. 
water. ^Jy boiling with CuSO, it is ^neatly 
oxidised to N and benzene sulphonft acid. With 
acctoacetic ether and dilute (50 p. c.) HOAc at 

155° it forms (MOUen- 

hoff, B. 26, 1849), wfiich ci^^stallises with aq. 

S alts . — NaA' 1 Jaq.-NH,Ab-BaA'., 6aq.— 
PbA'j 2aq.— ZnA'j 4aq : ifiinute tables. 

Fhenyl^ydrazine v-sulphonio acid. Potas- 
sium salt. C„HjNH.NH.SO,K. Fornied*froin 
diazobenzene nitrate and K.St)., (llfliner, Z. 1H71, 
481) and also by heating phenyl-hydrazine with< 
K.,SjO, (Fischer, A. 190, 07). Crystals (contain- 
ing aq), si. sol. cold water and alcohol. Oxidised 
by HgO to CuH 5.N;^.SO.,K. Split up bj^bq^Iing 
HClAq into phenyl-hydrazine and KHSO,. 

Phenyl-hydrazine disulphonic acid 
NlT2.NHiCaH3(S03H)j. Two acids of this for- 
inula are got by further sulphonation of the m- 
and p- sulphonio acids respectively (L.). They 
both yield BaA" and BaH.^A'a. 

s-Di-phenyl-hydrazine m-sulphonic acid 
0«H4.NH.NH.C«H4.S0,II. Formed by heating 
the disulphonic acid with water at 200'’ for 
3 days (Limpricht, B. 11, 1048). Yellow needles 
(containing 2.1 aq). — KA'diiq. — ri>A'.3aq. — 
BaA'a 4aq ; yellow plates, v. sol. water. ’ 
Chloride 0,,H„N,S02C1. [210®]. 
Di-bromo- derivative 
C«H4Br.NH.NH.O«H,,Br.SO,TI. Formed as a by- 
product in the oxidation of C„H..Brj((NJUS03H 
[l:3:G:4] by KMnO, (Limpricht, ii. 18, 142t>).- 
KA' aq : long needles. 

s-Di-phenyl-hydraziiTe di-wi-sulphonic acid 
NjH,( 0„H4 .SO,H)j. S. -079 at 22®. Formed by 
reduction of nitro-, azo-, or azoxy- benzenc-sui- 
phonic acid (Limpricht, B. 11, 1018; 21, 3409; 
23, 1067 ; Bruliiiemann, A. 202, 344; Mahren- 
holz a. Gilbert, .4. 202,337; Neumann, B. 21, 
8419). White needles, v. 0. sol. water, almost 
insol. alcohol and ether. Readily reduces 
aminoniacal AgNO, and Fehling’s solution. 
HClAq immediately forms benzidine disulphonic ! 
acid.— KA" aq.— BaA" 2aq. I 

A mide NH(C«H4.SO,NH,).NH.C,H,.SO.,NR,. 
[248°]. Formed by reducing N2 (CuH 4.SO„NHJ2 
with zinc-dust and NH,,Aq or HOAc (Limpricht 
a. F. Meyer, A. 268, 132). White needles (from 
50 p.o. acetic acid), almost insol. water, ether, and 
toluene. Reduces ammoniacal AgNO, forming 
a mirror. HClAq converts it into the amide 
of diamido-diphenyl (benzidine) disulphonic 
acid, m-amido-benzeno sulphonio amide and 
N«(0.H4.S02NH,),. - N2H,(C,H4.SOjNHK)2l.Jaq. 
Thin needles or plates quickly oxidised by air. — 
N^2(C,H4.S02NHNa)2 2Aq : needles. 

s-Ri-phenyl-hydrazinq dip-snlphonio acid 
N,H,(0„H4.S0,H)2. Obtained, in the same way 
as the preening acid, from amido-benzene 
p'lulphonio aoid.—BaHjA'V— BaA'': orystalline. 


Isommde.—V, Benzidinb iethasulphonic 
ACID, vol. i. p. 174. 

DI . PHElfYL - HYDRAZINE - DI ?THl0 - 
CARBOXYLIC ACID NPh,,.NH.CS.SH. [0. 109®]. 
Formed by dissolving NPL.NH2 in OS., (Stahel, 

A. 268, 249). Goldeniprisras, v. sol. alcohol, 
insol. water. 

s-Di-phenyl-hydrazine di-m-thiosulphonic 
acid N2H2 (CoH 4 .SO.jSH)„. Formed, together with 
N2(C«H4.S0.,,SH).2, by adding ^(C^H^.SO.Cl). to 
a cold saturated solution of Ba(SH)„ (Limpricht, 

B. d8, 1470; A. 220, .354)4 White' amorphous 
pp., becoming stftky on boiling with water. 
Oxidised by KJlnO^ to N^ICJI^-SO.,!!).,. — ‘ 
BaA" 2aq : minute needles, si. sol. cold water. 

TRI - PHENVL - HYDRAZOIN is Benz- 
hydrazdin,v. s-Di-PHENYL-HYnnAziNE, Bcactionb. 

DI-PHEN YL-HYDROQUINONR C,^, ,0^ i.e. 
CyH2Ph.^{OH)2 [6:2:4:!]. [219®]. Fprmcd by re- 
ducing di-phenyl-quinone with aqueous SO,_, 
(Miillcr a. Peohmaim,a?i. 22, 2131). Colourless 
cubes (from dilute alcohol). 

PHENYL-IMESATIN Isatin. _ 
PHENYL-IMIDO-DIACETIC ACID 
NPh(ClI.,.CO,ll),. [150®-155°J. A prodiK^ of 
theacfliori of aniline on chloro-acetic acid (P. 
Meyer, B. 14,1326; Ilausdorfer, B. 22f 179(1).® 
Formed also by licating phenyl-amido-acctic 
agid with chloro-acetic acid and NaOAcat 120°- 
130® (H.). Needles, v. sol. hot water and alcohol. 
NPhlIjA'. Needles (from alcohol). Decom- 
poses at 1.51®. 

Mono-anilide 

C02H,CH,.Nrh.Cir,,.C0.NITPh. [213®]. Formed 
together with the diariilido by heating the acid 
with uniliriG at 175®. Needles. Its ether 
CO.,Et.CIl.,.NPh.ClL.CO.NHPh [122®J is got by 
heating the anilide of phenyl-amldo-aectic acid 
(g.v.) with ether and NaOAc at 140 ’. 

JH-aniliije NPh(q)I,,.a0.lTllPh)2. ^218®]. 
Needles, v. si. sol. alcohol. 

TRI - PHENYL - TRI - IMID0»- BENZENE 
a,H.,,N,i^. C„H4NHPh),. [242®]. Formed by 
warming C^HgCly with anilin^ (Mohr,^. 11, 2fi). 
Golden plates, v, sol, chlorofonii* insol. water 
and alcohol, done. H^,SO., gives a dark-blue 
colour changed to violet by potash. 

PHENYL - IMDO - BENZYL - MALONIC 
ETHER C,H,.C(NPh).CII(C02Et),,. [75®J. 

Formed, together with (CJIyC(NPh)).C(C02Et)2, 
by the action of sodium muloiiic ether on the 
compound OBlIs.CChNPh (Just, B. 18, 2624). 
Decomposes at 150® into alcohol and oxy- 
phenyl-quinolino carboxylic ether. 

DI-PHENYL IMIDO-DI-ETHYL DISUL- 
PHONE NH(Cn.,.CHo.SO,.C«HJ,,. [78®J. Got 
by heating CJl,(S02.C,iHj)2 with NHAq is seabed 
tubes (Otto, J. pr. [2] 30, 321). Triclinio plates 
(fronf alcohol).— N i t r a t e ; [190® ].— B'HCl. 

[193°].- B^HaPtClfl : plates, si. sol. water. 
PHENYL - IMIDO - METHENYL-o-AMIDO- 

PHlSOt C.H.<™>C:NPh. • [o. 230°). 

Fonn»d by healing with anil- 

ine at 210’ fVon Chelmicki, [2] 42, 440). 
Needles, insol. water, si. sol. cola alcohol. 

DI-PHENYL-DI-IMIDO-NAPHTHOL v, {$)• 

Naphthoquinone, Reaction 5. ^ g 

FHXNYL-IXIDO-DINAPHTHYL v, PhjAtl 

dxnaphthhiEnb aminx. ^ 





mifUnDO-PHran-KETHTL-THI- 
iZOUl . DIHYDBIDS . 

188®]. Formed from di-pbenyl-thio-uroa and 
hloro-aoetone (Traumann, A. 249, 51). Yel- 
>wish prisms, insol. wallr, v. sol. ether. 

DI . PHENTL . DI . IMIDO • DI . FHEKTL . 
lAZTHIOLE TETBAHTORIEE t.s. 

l<C(NPhj;NpS • Got by oxidising di- 

benyi-thio-urea with H.O.^ (Hector, B. 23,967). 

PHENTL IMIDOfiBbPlONIC ACID * 

!H,.C(NPh).CO,H. AiLilpyr^ic acid. [122®]. 
firmed from aniline and pyruvic acid in ether 
86Uinger, B, 16, 1924 ; A. 188, 336 ; 263, 126). 
Irystals, v. sJl. w«ter. Decomposed by boiling 
^ator. Br yields C,jH„Br3N,0,^ [264®]. 
IsomeAdeco. iMiDO PHENYL-riiopioNio acid. 
PHEKYIglMIDO-SUCCINIC ACID . 
10,H.CHj.C{NPli).G0,H. [150®]. Fomied by 
le action of dilute (1 p.c^ KMnOi on * pyranil- 
yroic ’ acid (Anschdtz, B. 22, 738 ; cf. Iteissert, 
1. 21, 1942). Decomposed on fusion. 
PHENTT-miDO-THIAZOLE DIHYDBIDE 

(NDhX^g^g. [124°]. Formed from . 

HjCl.CHlCl.OEt and phenyl-thio-urea (Niif, A. 
15, 125). White needles, sol. alcohol. Yields 
nitrosamine C^H,(NO)NjS [68®]. ^ 

Di-phenyl-luido-tMasole dihydride 

(NPh)<;®^ 1^^. [105®]. Formed from di- 

cbloro-di-othyl oxide and di-phcnyl-thio-uroa. 
DIPHEmniKE V. Di-AMiDo-niriiENYL. • 
PHENYL.INDAZINE U. 

Crtn,<^^^^NPh, [84®]. (345® uucor.). Formed 

by reducing o-nitro-benzyl-anilino with tin and 
IlClAq (Paal, B. 23, 2640; 24, 961). Needles 
(from fldoohol). Not affected by distillation over 
red-hot zinc-dust, llodifbed to a dftiydride [98'^] 
by adding Na^ its alcoholic solution. Yields a 
methylo jodioe B'Mel [188®]. 

OTEMH^-INDO^E (327® 

1. V.). Formed by heating its qarboxylic acid 
[170®] (Fischer a. Hess, B, 17, 507; Pfiilf, A. 
239, 221). Oil, V. sol. alcohob Its solution in 
HGlAq colonrs pine-wood intensely violet. ^ 

Phenyl-iadole GJl 4 <^{}>GPh. MethyU 

phenanihridine» [186®]. (above 300®). 

Formation. — 1. By boiling w-bromo-aceto- 
phenone or phenyl-w-araido-acetophenone with 
aniline (MOhlau, B. 14, 173 ; 16, 2480 ; 18, 165). 

2 . By heating the pbenyl-hydrazido of aceto- 
phenone or of phenyl-acetic aldehyde with ZnGl^ 
at 180® (Fischer, B. 19, 1565 ; 21, 1071 ; .4.230, 
135).— 8. By passing benzylidene-o-toluidino 
through a red-hot tube (Etard, Bl. [2] 39, 531). 
4. By the action of zinc-dust and NH,Aq on 
C^H,(NO,).GHrGO.G.H,.(Pictet, B. 19, 1065). 

J^qp^ties.a-Golourless plates, in sol. water. 
May be sublimed. Golours pine- wood violet- 
blue. Yidd8lB'G,H,N,0, [127®]. Nitrous ^cid 

forms a nitroso- privative C,H44^^^j^^^GPh 

[c. 258®], which yields B'HGl, B'HNO,, and 
NaO| 4 H^, 0 . and may be reduced to amido- 
phml.indoll [174®]. ‘ 

mhydridi 0,4H„N. [46®]. Formed by 
Voi„ IV. • 


boiling phenyl-indolo with zino-dost, alcohol* 
and HOI. Colours pine-wood orange. Yields a 
nitrosamine. • 

PlWByUiiidol. [89°]. 

Formed by the action of alcoholic HGl on the 
phenyl-hydrazide of phenyl acetic aldehyde 
(Fischer, B. 21, 18111. White plates (from 
ligroin), v. sol. alcohol. Converted by hinting 
for fift^^en minutes with ZnCl, into the preceding 
isomei^e [18J®]. Yields a piorato [lOf ®J and a 

niirosamino [61®] which 

gives Liebermann’s reaction (luce, A. 253, 87). 
ift-pheifirl-indole jD,H4<4^^jj^CPh. [123®]. 

Formed by healrng theLphenyl-hydrazide of do- 
^xybenzoin witii ZnClj*Fi8ehor, B. IIL 1666 ; A. 
230, 136). Colourless crystals, v. sol. alcohol. 
Does not give the pine-wood reaction. Its picrato 
orystailiscB in4ark-red noodles. 

PH 

9 Di-phenyl-indolb 

360®). Got by heating the tt-di-phenyl-hydfazidc 
of acetophenone with ZnCl, at 175® (Pfiilf, A. 
239, z23). Oil. Colours acidified pine-wood 
bluish-violet. 

PHENYL-INDOLE CARBOXYLIC ^CID 
C..H„NO, U. [170°). 

Formed by heating the di-phenyl-hvdrazido of 
pyruvic acid with HOAo and HClAq (E. Fischer, 
iL 17, 667). Needles, v. si. sol. water, v. sol. 
alcohol. NaOCl in the cold forms phenyl 

isatin C,H 4 <jJ^^Jj^>CO. [134®] (PfiUf, A, 239. 

222 ). 

PHENYL INDOXAZINB O.H.^^^N. 

[81®]. Got from o-bromo-benzophenone and ati 
alkaline solution of phenyl-hydrazine (Cathcart 
a. V. Aleyor, B. 26, 1498). Largo crystals. 
PHENYL-INDDLINE C^HpN, i.e. 

E[NW:SNPh>C.H.- [231°]. Mol. w. (bj 
Baoult’s method) 320-370 (calc. 347). Formed 
from amido-phenyl-induline [152°] by treatment 
with nitrous acid (Fischer a. Hepp. A. 262, 267 ; 
266, 263). Reddish tables, witli blue reflex ; v. 
sol. benzene, insol. ligroin. Heated with HOAo 
(5pts.) and HClAq (25pts. of 20p.o.)at 165® 
for six hours it forms : (a) C. 44 H„N ,0 crystallis- 
ing from benzene in steel-blue plates [218®], 
forming a brownish-red solution in HClAq, and 
converted by cone. HClAq at 200® into a com- 
pound C„H,4N,0,; (5) the compound C„H, 4 N. 40 , 
[c. 280®] which crystallises from benzene or 
alcohol in brownish-yellow prisms or plates, and 
is both base and phenol. Its hydrochloride 
crystallises from cone. HClAq in prisms with 
green lustre ; (c) benzolindone OihHjjNjjO ; (d) a 
body which dissolve- in benzene with fiery brown 
fluorescence, and is perhaps l^bazole-tluor- 
indine (Fischer a. Hepp, A. 266. 2^). 
Benzolindone C, JI,jNaO is, 

Co!cH:C.NPh^^*^<‘ Formed by heating 
phenyl-induline with HOAo and HClAq at 
160®-200® (Fischer a. Hep]?, A, 266, 263). 
Lustrous brown phttes, insol. alkalis, sol. dilute 
HClAq, forming a rose-coloured solution. Its* 

£ 
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PHENYL-INDUUNB. 


iolotlon in cone. H^SO, ‘is green. Yields 
on distillation with zinc*dast. 

^ PHENYL IODIDE v. Iodobknzene. 

PHENYL lODOMETHYL SULPHONE 


C^^SO,.CHjI. (G4-5^. Formed from benzene 
aulphmio acid, NaOEt, and CH,!, at 100® 
(Michael a. Palmer, 6, 263). Prisms (from 
alcohol). NaOEt at 76® gives phenyl-methyl 
Bulphone and products of oxidation (Otto, B, 21, 
654). 

PHENYL-ITACONIC ACID 
CHPJi;CrCO^).CH^CO,H. [172«|. Fofmed by 
the acUon of Na or Na()Et on phenyl-paraconic 
acid (Fittig, A. 266, 68). Prisms, sL sol. cold 
water^ Yields phenyl-isocrotonio ^id (i79°l 
and 7-ox v-phenyl-tfhtyric^ lactone [37®] when 
boaed witTidautedH,SO. (1:1). JBr gives bromo- 
phenyl-paraconic acid •,iHuBrO, [09°] and am 
isomeridif [144®].- BaA" iiaq.-CaA".-Ai/A'' ' 
EtjA". (316® uncor.). Oil. 
®i"PHENYL-KETONE v. BEii^opiiENcfl^E. 
Di-phenyl diketone v, Benzil. 

trlketone C^flj.CO.CO.CO.OgH? 
K? « (248® at 40 mm.). Formed by distilling 
OUZaBr.OAc in vacuo. Formed also hy adding 
aque^s NaN02 to a solution of the mond*oxim 
ITi boiling (Pcchmann, J5. 22, 852; 

313, 3376). Hygrosoopio golden needles (from 
igroi^ V. sol. all solvents. Give a blue colour 
wtli HjSOi and benzene that contains thio 
phene. 

Re^tions. 1. Alkalis decompose it, forming 
benzoic acid, and CBzPh(OH).CO.,H 
[118 ].-— 2. Phenyl-hydrazine forms a phonyi- 
hydrazide C^H.^N^O, [c. 136®], benzene-azo-tri 
phenjl-pyrazole [ISyoj^ 

and a thirf compound Aniline gives 

nse to OPh(NPh).0(OH)„COPh flOO'’] and 
C(OH).(CPh:NPh), (148»]. ^ ^ 

Bydrate BSjC(OH),. [gO”]. 
ifon^oxim BzjO:NOH. [140”]. Fprmod 
irom Jdz^CE^ and nitrous acid. ' 

Tfi-oxim (C.H..C(NOH)),C:NOH. [ISGoj. 
formed from the triketone and hydroxylamiuo. 
Di-phenyl tetraketone 

OA;CO.CO.CO.CO.O.H,. Tlio hydrate [88»1 of 
this body is formed by the action of cone. HNO, 

24 J^4)^^ (Abenius a. Soderbaura, B. 

’di-phenyl-ketone cabboxylic acid 

• 0 , Benzoyl-benzoic acid. 

Di-phenyl ketone dicarbozylio acid v. Benzo- 

PHENONB DICABBOXYLIO ACID. 

Di-phenyl diketone o-oarbozylio aeid 
C^Hj.CO.CO.CaH^.COjH. Formed by oxidising 
deoxybenzoin o-carboxylio acid with alkaline 
KMnO^ (Graebe, B. 21, 2003 ; 23, 1344). Occurs 
in a yellow modification [141-6°] and a white 
variety [126®-130°]. The yellow modification is 
nearly twice as sol. alcohol and ohlorofoim as 
tM white variety, and is converted into the 
white variety by dissolving in alkali and ppn. 
by acids. The white modification changes into 
the yellow of:e at 116®-126°. 

DiPHTHALYLIO ACID. 

DI-PHENYL-KETOXIH V. Oxim of Benzo- 

fUNONE. 

PHENYLLACTIC acid v. Oxy-phenyl-pbo- 

PIONIO ACID. 

PHENYL-LACTIIIIDE v. vol i. p. 180. 


PHENTI-LUTIDINE-CIHBOXTLIO ACIDpl 

ACID. 

tHBSJt-LFTIDONE p. 

methyl-pybidine. 

PHENYl-MALElC ACID C..H 0 ie 

by dissolving its 
anhydride in water and extracting with ether 
(Alexander, A. 268, 77). Prisms, m. sol. water, 
iiegms to lose water below 100®^ 

Anhydride ^pj,:ca>0- Formed 

b:fc distilling phenyl-malio acid. Needles, insol. 
water, v. sol. chloioform and ether. 

Di.phenyl-mrfleic acid CO^H.GPhiCPh.COjH. 
bhlhene dicarboxylic acid. Formed by saponi- 
fication of its nitrile. Its #011161? is formed, 
together with di-phenyl-fumaric ether, by the 
action of Na on a-bromo-phenyl-imetfc ether in 
; Iliighcimer, B. 16, 
1626). The free acid splits up*at once, on 
liberation from its ^Its, into H^O and anhy- 
dride. On distillation with lime it yields s-di- 
phenyhethyleno.— . needles, v. sol. water, 
-Ag,A ' : amorphous pp.-AgIIA'*i needles. 
Pthyl etherFA,k^’. [64®]. Prisms. 

I^ntde C„H,„0,(NH). [213®]. Nebdles, 

almost insol. water, v. sol. alcohol. ^ 
Phenylimide C,«H,A(NPh). [176®]. 

anhydride with aniline 
at 120 (Anschutz a. Bendix, A. 259, 63) 

CNfl’t^CPh-CN. DkyanJstilbene. 

^ a formed by heating a-bromo-phenyl- 
acetonitrile alone or with alcoholic KCy (Beimer. 
B. 14, 1798). Plates (from benzene). 

[2420J. Occurs in small 
quantity in the preparation of the nitrile by 
heating the product of bromination of phenvl- 
wetomtnle. Golden needles (from alcohol). 
Yields an acid [222®] on saponification. 

Anhydride ^p}j;^^>0.* [155®].*^ (236® 

by adding HCl to solu- 
tions of salts of the acuf, or by heafing di-phenyl- 
fumaric acid at 260® (Iteiraer, B. 13, 742) Tri 
^Icchol); a:6:c 

- -bOd;!; -385, ^insol. water, sol. CS,. May be 
sublimed. Its alkaline solution reduces AgNO 
Not changed by NaOHAq into the fumaroid 
term Dehsle, A. SfiS, 01). NaOHAq (15 p.c.) at 
* Polyraende molting much above 
2o0 , insol. water and other solvents. 

Bcactwm .—) . Reduced in alcoholic solution 
by zinc-dust and IJCl to a mixture of the twodi- 
phenyl-sucoinio acids.-2. Fuming HNO, gives 

Ic H WO n*o derivative 

-3. p-Tolyl-acetic acid forma 
C,Ph,Oj:CH.C,H, [165®], crystallising in yellow 
needles.— 4. P/i«nyi-aecfic acid and NaOAc at 

'-Mi^!^N[n6»].whiohmay 

be reduo^ by HI and P to bonzyl-dj-phenyl. 
maloide |;i28»] (Gabriel a. 

156 -160 into HBr and 04ph^j(CBrPh) [166®]. 
The compound C,Ph^,HO.^CH„Ph) is converted 

CO(NHEt).C,Ph,.CH(OH).OHjPh [196®]!^ The 
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lompound O4Ph,O,(0f[Ph) ii oonverted hj KOH 
Uto C 4 ph 5 , 0 ,( 0 H).CH^h [186°], and in benzene 
Olution By HNO* into C 4 PhjO,(OH).CH(NOs)Pli 
125°J (which yields an acetyl derivative [166°]), 
ind the compound C,Ph,0,(N0,).CH(N0.JPh 
146°], which is oonverted4)y boiling alcohol into 
34phjO,:C(NOj)Ph [177°], a body that may be 
ipeduced by HI and P to iso-benzyl- diphenyl* 
paleide [118°]. Benzyl-di-phenyl-maleide is 
lonvertod by alcoholio NH, at 180° into 

DPb.Ca^^— b-NH [W0°]. which yields* a 
^trosamine [136°]. t 

P PHENYL-MALIC ACID v» OxT-rnENYL-suo- 

IDXNIO ACID. 

FHENYL-MALONAMIC ACID v. Malonio 

4CID. 

DI. PHENOL. MALONIC ACID. Ethyl 
filler of the nitrile CPlij(C>fl.CO,i:t. [69°j. 
Formed from TPhXl.CO.Jlt and HgCy, af 125° 
(Bickel, B. 22, 1537). Ye'U^wish tables. 

iif/cretice.— D i-nitro-phknyl-malonicether. 
PHEITO - MANDELIC ACID v. Phenyl 
ierivative dt Manoelic acid. 

P HE NYL-MELAMINE v. vol. ii. p. 322. 
PHENYL MEHCAPTAN CJI,SH. Tkio- 
p1^cnol. ^ Phenyl-sulphydrate, Mol, w. 110. 
(168°) (L.) ; (172°) (F. a. C.). S.G. 3A 1*078. 

Fortmtion.-^!. A product of the dry distilla- 
tion of sodium benzene snlphonato (Kekul6, /f. 
1867 104 ; Stenhouse, A. 110, 248 ; Pr. 17,62). 
2. Together with Pli.^S and dijjhenylcnc sulphide 
by heating benzene with S and AlCl, at 75° i 
(Fricdcl a. Crafts, C. R. 86, 884 ; A. Ch. [6J 14, | 
437). -3. By distilling phenol (10 mols.) w^th 
/, Pj.S.,. (1 mol.), the yield being 6 p.c. of the phenol 
f used (Kokul6, Z. [2] 3, 103, 306 ; Beckmann, 

1; J. pr. [2] 17, 456) — 4. From Pli^S.^ and K,S in 
, alcohol (Otto a. Ildssing, D. 1*9, 3120).— 5. By 
distillin|^C„H 4 .SO,Na with NaSH (Stadler, B. 

17,2080). ' 4 • 

Preparatiofu—Vhenyl ethyl dithiocarbonate, 
or a mixture or diazobenfene chloride solution 
and potassium etl^l dithiocarboftate (xanthute) 
is boued with alcoholic potash until the solution 
remains clear on addition of water. The alco- 
hol is then distilled off and the residue dissolved 
in water, mixed with a little H,SO, and zinc- 
dust (to prevent oxidation), and distilled with 
steam. The distillate is extracted with ctiftr. 
The yield is 76 p.c. of the theoretical (Leuckart, 
J.pr. [2] 41, 187). 

Properties. — Oil, v. sol. alcohol and ether. 
Bmells like garlic. Attacks the skin. Cone. 

forms a violet solution, changing on 
warming through cherry-red to blue (Baumann, 
H. 6, 321 ; cf. Brunner, B. 4, 984). 

Reactions. — 1. Deadly oxidised to Ph.^S,. — 
wid dilute (20 p.c.) NaOHAq form 
CIi,.C(SPh)„ crystallising in white plates; v. 
Bol. hot alcohol (Laves, B. 26, 353).— 3. Aceto^ 
^ hydrochloric acid form 
CH, C(SPh) 2 .CHf CO.^Et [68°], crystallising from 
alcohol m plates. Not attacked by boiling HClAq, 
but decompo^etf by alkalis into alcohol, PhSH, 
and CH,.C(SPh):CH.COiH [177°] (Escales^ a. 

d700).-4. NH,.COCl forms 
P18°] (Gattermann, A. 
244, 43). — 6. Acetone and HCl in the cold 
[66°] (Baumann, B. 10, 
2804). %hich IS oxidised by KMnO^ and R^SO^ 


I to M6,C(SO^Ph), [97°]. — 6. Chloro • acetone 
I reacts on PhSNa in ether, forming acetonyl- 
; phenyl -sulphide PhS.CH».CO.CH, [36°] (269°J 
S.G. * 1*244 (Delisle, A. 260, 262). This body 
crystallises in prisms, b1.«so 1. hot water, v. sol. 
alcohol ,* combines with KHSO|, yields a phenyl- 
hydrazide [82 5°], and is converted by oxida- 
tion into Ph.SO,.CH,»CO.CH, [67°J. Aoetonyl- 
phenyl sulphide may be converted by successive 
treatment with IlCy, alcoholic hydrochloric 
acid, and alcoholio potash into tb^ acid 
PhS.CH;CMe(«H).CO,H [97°], which yields 
CaA'jaq, BaA'oaq, and AgA', and is oxidised by 
KMiiO. to Ph.SOJ.CH,.C^ie(OH).C(),H [121°].— 
7. Ch^al (orms CCl,.CU(OH)(SPh) [63°i de- 
composed bjmeat into ooin^onents (Baumann, 
B. 18, 886).— S./Jombines with pyruvic acidt 
firming CH 3 .C(OH)(Sl'«).C().^I [87°], but in 
presence of gaseous HCI it forms the ‘ mA’caiitol ’ 
CH}.C(SPh).^.C0.4H [117 7 which ia not attacked 
byboilingHClA<sor alcoholic potash.— 9. P/ieny/- 
glvoxylic acuZ forms C«nj.O(OH)(8Ph).CO„H con- 
verted byllCl gas info CuH4.C(SPh)jj.CO,H[148°] 
(Escales a. Baumann, B. 19, 1780).— 10. Acetyl- 
^opionic^id does ^ot combine directly, but 
in pfikcnce of hydrochloric acid it forms 
CH,.C(Srh),.CIIj.CH 2 .CO,H [60°], which is not 
attacked by alkalis, but is decomposed by 
dilute acids into PhSH and acetyl -prdj[)ionic 
acid (E. a. B.).— 11. CH^.CO.CH.SPh forma 
CH,.C(SPh)j.Cli,.SPh [65°J, crystallising In 
cubes; v. sol. alcohol, insol. water; converted 
by oxidation in CU 3 .C(SPh)(S(.\Pli).OH 3 .SO.^Ph 
[1^°], crystallising in needles, si. sol. cold 
alcohol, split up by alkalis into Ph.SOj.CIf., 
PhSH, and Ph.SO.jtH (Autenrieth, Jb. 24, 
170). -12. CBr^(SOaEt )2 and NaOIIAq form 
PhS.CH(SO.^*U ).4 [86°J, crystallising in tables; 
V. si, sol. hot water, v. sol. alkalis ; converted by 
alcoholic NaOH and Mel into PhS.CMe(SO^?t), 
[113°], crystallising in white needles; m. sol. 
hot alcghol (Fromm, A. 253, IOC ; Laves, B. 26, 
361). — 13. NaSPh reacts with isobutylene 
bromide, forming NaBr, Ph^Sj, and isobutylene 
(Otto, B. 23, 1052). 

Salts. — NaSPh. When Na is dissolved in 
an ethereal solution of PhSH containing phenol, 
a pp. of NaSPh is got while NaOPh remains in 
solution.— Hg(SPh).^ : colourless ndBdIes (from 
alcohol).— ClHgSPh : plates.- Pb(SPh)-: yellow 
crystalline pp., split up on distillation into PbS 
and PlijjS.— Cu(Srh)j : pale-yellow powder. — 
AgSPh .* pale-yellow crystalline pp. 

Methyl ether PhSMe. (188°). Formed 
from Pb(SPh)j and Mel (Obernteyer, B. 20, 
2926). 

Ethyl ether PhSEt. (204°) at 744 mm. 
Formed from NaSPh and EtI at 120° (Beck- 
mann, J.pr. [2] 17, 457), and by the action of 
PhSH on PhN.,Cl (Stadler, B. 17, 2078). Liquid 
with unpleasant smell. 

Ally I ether v. PuENTii alltl bulphiob. 

Acetyl derivative PhSAc. (229°). Formed 
from phenyl mercaptan and AcCl (Michler, A. 
176, 177). Oil. • 

References. — Amido-, Bromo-, Cnr,ono-, 
Chloro-nitro-, Niiro-, and Oxt- Phenyl- 

UERCAPTAN. 

PHENYL-MEBCAPTVRIC ACID C,,H„NSO, 
i.e. NHAc.CMe(SPhhCO.,H. [143°]. Formed 
by reducing bromo-phenyl-mercapturic acid with 
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•odiiim»ain«!gam (Baninariti, B, 16, 178d; IS, 
258 ; H. 6, 885 ; 8, 190). Tetrahedra, m. sol. 

. alcohol. Lasvorotatory in aloolfolio solution. 
Solutions o! its salts are dextrorotatory. De> 
composed by dilate H^O, into HOAo and phenyl- 
oyste!Ln.>-BaA', 8aq : needles. 

Befereitcei.--Biiouo- and Chlobo- Pbbkxii- 

MBnCAPTUBIO ACID. 

9HEKTL.ME8ITTL41ABB1N0L o Fhbhxx.. 

VRI-MBTUYL-PHENYL-CABBINOL. 

PHINTL-XEBITTL-CAEBIKOL CA'bBOXT. 
IIO -ANBnTBBIDE o. Tri • sPethyl-phenyl- 

rUTUAlilOE. 

PHENYL MESITYL KETONE t». Phenyl 

TBI-SiBTHYL-PHRNYl KETONE. ♦ • ' 

phenyl-hethacrVlic acid V. PlIENYL- 

OBOTOMIO AOXl). i ^ 

PHEuTYL-METHACBYLIC ALDEHYDE 

CHPhiCMe.COH. (150® at 100 mm.). Formed 
by adding NaOHAq to a mijdure of *uenzoio 
aldehyde and propionic aldehyde (Miller a. Kin- 
kelin, B, 19, 525). Oil. Reduces ammoniaAii 
AgNO,. Combines with bisulphite. Yields a 
phenyl-hydrazide [137°J. 

PHENYL-METHANE V. Toluene.** •• 
Di-phenyl-methane CH^Ph,. Mol. 

W. 108. [25®]. (c. 2G3®). 

F&iination.-^l. Together with C,H,(CH3Ph),, 
by boiling benzyl chloride with benzene and 
Einc-dust (Zincke, B. 4, 298 ; C. J. 24, 508, 688). 
2. By the action of H^SO^ and HOAo on a mix- 
ture of benzene and benzyl alcohol (Meyer a. 
Wurster, B, 6, 963).— 3. By heating beiAso- 
phenone with zinc-dust (Staedel, B. 6, 1401 ; 7, 
1480 ; cf. Barbier, C. B. 79, 812), or by reducing 
it with HI and P (Graebe, B. 7, 1624), or Zn 
and HjSO, (Zinoko, B. 10, 1473).— 4. From 
benzene, GH,C1„ and AlCl, (Friedel a. Crafts, 
Bi, [2] 41, 824; A. Ch. [6] 11, 264).-5. From 
CH,(OMe)3, benzene, HOAo, and H.^SO, (Baeyer, 
B. 6, 221). — 6. By distilling barium di-phenyl- 
acetate with soda-lime (Jena, A. 155, 86f 

Treparation.—By adding AlCl, (35 g.) to a 
mixture of benzyl chloride (100 g.) and benzene 
(500 g.) (Friedel a. Crafts, A, Ch. [6] 1, 478 ; Bl 
t2J 83, 837). 

Properties. — Prisms, v.sol. alcohol and other, 
smelling lihe oranges. According to Boissert 
(B. 28, 2242) it melts at 28®. Oxidised by 
chromic acid mixture to benzophenorie. Yields 
diphenylene-metbane when passed through a 
red-hot tube (Graebe, B..7, 1623). Prolonged 
treatment with Cl in presence of I forms CCI4 
and 0,01, (Ruoff,J3. 9, 1048). 

Tri-phenyl-methane 0„H„ t.s. CHPh,. [92®J. 
(830®) (Schwarz) ; (865®! (K. a. P.). 

Formation,---!. By neating PhCHOl, with 
HgPh« at 150® (Kekul5 a. Franohimont, B. 5, 
907). — ^2. By heating Ph,OH(OH) with benzene 
and P,0, at 136® (Hemilian, B. 7, 1203).-3. 
By heating (8)-benzpiaacolin Cj^H^O with soda- 
lime at 300® (ThOrner a. Zincke, B. 9, 66).— 4. 
Together with a little CH,Ph- by adding AlCl, 
to a mixtuK} of chloroform and benzene (Friedel 
a. Crafts, J.pr. [2] 16, 233 ; A. Ch. [6] 1, 496). 
5. With other products, by the action of AlCl, 
on benzene mixed with G:^C1„ with CG1„ with 
PhCCl,, and with GFhHBr.CPhHBr (Magatti, B. 
12, 1468 ; Schwarz, B. 14, 1526 ; Ansohiitz, A, 
885^ 208),— 8. By heating bexizoic aldehyde 


(100 gd with benzene tUfg.) and Znd, (100 g.) 
at 260® for 7 hours (Griepentrog, B. 19, 1876 ; 
A. 242, 829). ♦ 

Preparation.^MC\t (600 g.) is slowly added 
to a mixture of benzene ^400 g.) and chloroform 
(400 g.). The mixtoie is finely heated on the 
water-bath, water is carefully added, and the 
oil dried and fractionally distilled. It is finally 
purified by conversion into the compound with 
benzene (Allen a. KOlliker, 9l. 227, 108; ef. 
Fischer, A. 194, 252; Schwarz, B. 14, 1516). 
}f the benzene contains toluene the product will 
contain a homolague (Hanriot, Bl. [8] 1, 773). 

Propcrties.-^Bl&tts (from alcohol), v. sdt 
benzene, ether, and CHCl,, m. sol. cold alcohol. 
Crystallises from benzene in efflorescent rhombo- 
hedra CHPh,C,H, [76®]. Oxidised by ohroraio 
acid to tri-phenyl-carbinol fl6y°]» AlCl, at 
120® decompofts it, but below ^® it forms 
CHjPh, (Friedel a. Crafts, G. B. tOO, 692). On 
exhaustive chlorination with SbClj it yields CCl, 
and C,Ci, (Merz a. Weith, B. 16, 2876). Na has 
DO action at 300®, but K at 200® forms a red 
substance (CKPh,). K at 250®Yorms a dark 
mass, whence HClAq liberates [148*5°J 

(360®) (Hanriot a. Saint-Pierre, C. B. 108* 1119 ; 
Bl. [3] 1, 774). The potassium derivative CKB?j| 
absorbs CO, at 200°, yielding CPhj.COjl [264®]. 
Benzyl chloride acting on CKPh, forms the com- 
’ pound CPh,.CH,Ph [140®]. BzA forms C^jH^G 
[172®] which may be reduced by HI and P to 
CA[234®]. 

Beferencee, — Amno-, Bromo-, Ouloro-, 
Methyl-amido-, Nitro-, Nitro-amido-, Oxy- 
AMIDO-, and OxY- Phenyl-methane. 

DI-PHENYL-HETHANE DIk)-CABBOZY. 
Lie ACID CH,(C,H4.C0,H),. [255®]. Formed 
by reducing the lactone of CH(0H)(C,H4.C0,H), 
with El and P (Graebe a. Juillard, A. 242, 253). 
Crystals (from alcohol). Tigids anthmquinone 
on heatingsst 280°.-«BaA*' 6aq. 8. 4-7. 

Methyl ether [44°]. 

Isomeride v, BEN^L-isopUTHlItLio Acn>. 

Di-phenyl-aetbane trioarbozylio acid 
C0,H.CH(C«H4.C0,H),. [220°:^ 8. -096 at 26®. 
Got by heating the lactone of the oxyacid 
CO,H.C(6H)tc,H4.CO,H), with HI and P at 
170® (Graebe a. Juillard, A. 242, 235). Crystals 
(containing aqf. At 270® it forms a red com- 
pound C,bH„ 0, [261°]. 

Methyl ether Ue^k"\ [145®]. 

Tri-phenyl methane o-oarbozylie acid 
CHPh, .0,04.00,11. [162°]. 

Fonnatum.—!, By the action of NaOH an 
zinc-dust on di-phenyl-phtholide (Baeyer, B. 15 
644 ; A. 202, 52). — 2. By heating phenyl 
phthalide with benzene and AlCl, (Gresly, A 
234, 242).— 8. By saponifying the nitrile, whicl 
is obtained from CHC1,.C,H4.CN, benzene, ant 
AlCl, (Drory, B. 24, 2572). 

Properties . — Needles (from alcohol), insol 
water. May be sublimed. Yields tri-phenyl 
methane when heated with BalOH),. CrO, ii 
HOAo oxidises it to diphenyl-phthalide. 

Fitrile CHPh,.C,H4.CN. |B9®]. 

*Tri.- phenyl • methane -p • oarbozylie acid 
[162®]. Obtained by saponifying the nitrile 
which is obtained by Sandmeyer’s reaction from 
p-amido-tri-phenyl-metbane [84®] (Fischer a 
Frankel, A. 241, 864 ; Otto a. Kscher, 24, 
729). Needles, t. sol alcohol and 6ther.A.AgA'. 
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An ifommrie told melting above 860^ was ob> 
ained by Oppenheimer (B. 19, 2029) by oxidising 
be correiponding aldehyde with AgjO. 

Tri-phenyl-methane dioarboxytio aeid 
CHPhrC^,(COfl), [1:5:6]. [280®]. Formed 

by reduction of the lacton^f tri-phenyl -carbinol 
dicarboxyllc acid by xinc-dust and NaOH (He 
milian, B, 16, 2375). Needles (from HOAo). 
Gone. H,S04 forgis a greenish-yellow solution, 
which on he;iting changes through green, blue, 
and violet to purple.— Ba A'' 4aq.— Ag^A" : pp. • 
Tri-phenyl-methann diearbozylio acid • 
CHPh«C^H,(CO,H), [1:3:4]. ||fc78°]. Formed 

ny boiling di-phenyi-phthalide d'lcarboxylio acid 
with zino-dust and NaOHAq (Hemilian, D. 19, 
3068). Needles (from dilute alcohol). May be 
sublimed. Yields CllPh, when distilled with 
Ba(OH)^ Re-oxidised by alkaljjie KMnOito di- 
phenyl-phthaUde dicarboxylio acid. — CaA" 2aq : 
needles. — AgA" : curdy pp. 

Reference, — Oxy - ni - puonyl - methanb carb- 
oxylic ACID. 

DiPdEing:. . methane disulphonic 

ACID C,^Hu,(SO,n)a. [69^’’]. Got by sulphona- 
tion (poer, R. 5, 706). Deliquescent plates. 

K.A" aq : prisms (from dilute alcohol).— BdA". 
-•CuA" :*green plates. 

Tri-phenyl-methane trisulphonic acid 
C|»H|»(SOj,H),. Formed by warming CHPh, with 
fuming IL.SO4 (Kckul^ a. Franohimont, B. 6, 
908; Hemilian, B. 7, 1205).— Ija4A'",.8aq : 
needles, ppd, by adding alcohol to its aqueous 
solution. 

DIPHENYL-METHAZINE C„H„0, t.fl. 
CHPh<^>Cimi. [9;t»]. Formed by shaking 

a dilute solution of hydrazine with benzoic alde- 
hyde (Curtins, J. pr. [2] 39, 44). Dight-ycllow 
prisms, ^ si. sol, hot water, v. sol. liot alcohol. 
Decomposed by b()ilihg ivto CHPkCIIPh and 
nitrogen, and by boiling dilute acids into benzoic 
aldehyde and Bydrazine#* llcduced in alcoholic 
solution by sodium -amalgam ta di-b<yizyl-hy- 
drazfhe, an4»by cxceas of Na to benzylamine. 

PHENYL-MfeTHENYL-AMIDINE v. Benz- 
amidink. • , 

pipheiiyl-metheiiyl>diainixie,i8 described as 

Pl-PnENYL-rORMAlIIDlKE. 

PHENYL-METHENYI-AZIDINE C,n„N,*.c. 

NH,.CH:NjHPh. [225®]. Formed from phenyl- 
hydrazine and HCy (Fischer, B. 22, 1931), 
Insol. water, v. sol. hot alcohol. The nitrate and 
hydrochloride are crystalline. 

• hethenyl di-ethyl teisul. 

PHONE C,H4.S0»CH(S0.«C^J,. [166®]. 8. 

^ by oxidising PhS.CHlSOaEt), 
with alkaline KMn04 (Fromm, A. 253, 167; 
u ^1?* Snow-white needles, v. sol. 

alkalis. — KA' : prisms. — BaA'2 : tables. 

TBI-PHEKYL METHENYL TEIKETONEu. 
Tri-benzoyl-ub^hamii. 

TEI.PHBNYL METHENYL TEI8DLPH0NE 
^216®]. Formed by oxidising 
PhS.CH(SO,Ph), with alkaline KMn04 (La^es, 
■B. 26, 348). Tablqp, v, sol. alcohol, insol. ether, 
». fioL water.- KA' ; tablets.— BaAV—AgA'. 
,»!; PHKinrL . DI . METHYL - ACETYLENE 
TXTEAKETOlffE Dx-BBUZOTL-DI-AOKtYL- 

sthawI^ 


FSE]nn..MITBlrt.A0BIDIEE i«. 

>>/ 

heating phenyl-p-toluidine with benzole aeid 
and ZnCl, at 260® (Bonna^ A. 239, 62). Needles, 
si. sol. water. Its alcoholic solution shows 
greenish-blue fluorescence. Yields phenyl- 
acridine carboxylic acid [253®] on oxidation. — 
B'HCl: yellow needles.— — 
B'C,H,N,0,. Red needles. 

Phenvl-methyl-aoridiae dlhydride • 

*■»”"«* ‘•y ‘h® 

action of Mel on phenyl-acridine dihydrido ; or 
by re^ctio%of the methylo-ohloride of plii^nyU 
acridine witli zinc-duft (Bernthsen a. Bonder, 
B. 16, 1816). White needles or prisms. On 
<ftcidation with nitrous fAid it gives the nicthylo* 
hydroxide of phenyl-aoridine. ^ 

PHENYL-METHYL-ALLYL-PYBEOLB 
pH.-CMev 
CJl:Cri 


[62®]. (278®). Formed by 


heating the carboxylic acid [168°] (Ledorer a. 
Paal, B. 18, ?2695). Large colourless plates. 
Blue fluorescence. Extremely sol. all ordinary 
solvents. 

PHENYL - METHYL . ALLYL - PYEEOLE 
CABBOXYIIO ACID cO,H.^'i;SMe>«CA. 
[168®].^ Obtained by saponification of its ether, 
which is formed by the action of allylamine upon 
acetophenone-acctoacetio ether (Lcderer a. Paal, 
7i.^l8, 2694). Short glistening prisms. V. sol. 
alcohol, ether, benzene, and acetic acid. 

PHENYL-METHYL-AMIDO-ACETIO ACID 
C„H„NO, t.«. CH,(NPhMe).CO,H. PhmyU 
methyUglycocoll. Formed by beating chloro- 
acetic ether with dimcthylaniline and saponify- 
ing the product by boiling HOlAq (Silberstein, 
B. 17, 2661), Liquid. — HA'HCl : prisms. 

Amide, CH.,(NPhMe).CO.NH,. [168®]. 
Formed by heating* CHjCI.CONH.; with NPhMe- 
or NPnMell. Crystals, sol. hot water. Its 
hydrochloride forms easily soluble prisms. 

Mcthylo-chloride CH,(NrhMeaCl).CO^. 
Formed by warming ohloro-acetio acid with 
NPhMej in ether (Zimmermann, B. 12, 2206). 
Needles. Moist Ag.^O forms an hydroxide. 

Amide of the methylo-chl/hride 
CH,(NPhM€-Cl).CO.NH^ Formed by heating 
chloro-acetaraide with dimethyloniline In alco- 
hol (S.). Crystals, decomposed by heat into 
MeCl and CH,(NPhMe).CO.NH.- 

PHENYL - METHYL - » - AMIDO - AOETO- 
PHENONE C,H*.CO.CH*.NPhMe. PhenacyU 
methyl-aniline, [120®]. Formed by the action 
of NPhMell or NPhMo.^ on w-bromo-acetophon- 
one (Staedel a. Sieperraann, B. 18, 842 ; 14, 988 ; 
21, 2196). Prisms (from alcohol). A solution 
of its hydrochloride gives a red pp. with dilute 
HNO, (Weller. B. 16, 27). ZnCl^ forms C,4H,.N 
[102°]. — B'jHjPtCl, ; tables. — B'Mel. Crystals. 
— B'MeOH. Strongly alkaline. 

PHENYL . METHYL - AMIDO - BENZENE 
PHOBPHINIC ACID NPhMe.<?.H4.P(OH)2. 
[160-6®]. Formed by the action of NaOHAq on 
the oily chloride NPhMe.C„H4.PCla, which is 
formed by the action of AlCl, on a mixture of 
NPh^e and PCI, (Michaelis, A, 260, 87). Small 
needles (from water) or plates (from alcohol),^ 
NaUA'^^aq. [205®]. Plates, y« e. sol. water* 
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PHENyi>.METHYL^iJaiK).BBNZW AOm. 

• . ■ • 

PHEHTXfKSTHTI-AltlDO'BEHZOlC ACID i Pheayl’peaU-methyl -Vi • amido • di-phenvl- 


0. 4H„N0, i.e. C.H,(NPhMe).CO^. [184°]. 
formed from NPh^Me and COOl, (Michler a. 
Sarauw, Bi 14,^2180). Plates.— BaA', ; pearly 
plates.- AgA' : whit^pp. 

PHEHYL-METHYL-AKIDO-ETHANE SDL- 
PHONIC ACID NPhMe.O,H,.SO,H. Formed 
from CH^01.Cn2.SOgH and methylaniline at 160° 
(Jaftie?, J. pr. [2] 31, 417). Silky crystals (from 
alcohol). , 

PHENYL - METHYL - AMIDO - JBTHYL - 
PHTHALIMIDE C.H.OjiN.C^H^PhMe. [105“]. 
Formed from bromo-ethyl-phthalimide and 
methyl-aniline at 166° (Newman, B, 24, 2199). 
Greenish-yellow fc^r-sided tables, H c. soil C^H,. 

PHENYL - METHYLS AMIDO-METHENYL- 
AMIDO-PHENOL . 

CaH 4 <^^^C.NPhMe. (above 360°). Formed 

from CjH^<^q^C.SH and • methyt-aniline 

(Ealokhoff, B. 16, 1825).« Syrup, with bko 
fluorescence.— B'aH^PtCl, : prisma. 

PHENYL - METHYL -AMIDO-DI-METHYL. 
PTBKOLE 0„H,.N, i.e. NPhMo.N<;®^=^' . 

[41°]. (310°). Formed by heating its dicarb- 
oxyli<>aoid at 231° (Knorr, A. 230, 310). Crys- 
talline mass, V. sol. alcohol. Volatile with 
steam. 

Phenyl-methyl-amido-di-methyl-pyrrole di- 
earboxylio acid Cu^IlmNp^. Formed by saponi- 
fication of its oily ether, which is formed from 
diacetyl-succinic etlier and phenyl-methyl- 
hydraaine (K.). Prisms, decomposing at 231°. 
—AgA' : flocculent pp. 

PHENYL - METHYL -p - AMIDO - PHENOL. 
JkfethyldertvatiusNPbMe.CaH^.OMe. (313°). 
Formed from nhenyl-p-amido-phenol, KOH, and 
Mel (Philip af Calm, B. 17, 2433). Oil, insol. 
HaOHAq. 

PHENYL . TETEA - METHYL - TRI-llMIDO- 
DI-PHENYL-NAPHTHYLCARBINOL 

0*,n3,N,0 w. NPhH.C,„II,.C(OH)(C,H,.NMe2)2. 
[95°J. Base of Victoria Blue B. Formed by 
heating tetra-methyl-di-amido-benzophenone 
(10 pts.) with phenyl- (a)-naphthylamine (9 pts.), 
and POCl|: (7 pts.) at 110° (Nathansohn a. 
Muller, B. 22, 1890). The base is set free by 
NaOHAq. Brick-red powder, v. sol. alcohol and 
benzene. — (C.aH,2N3Cl)2PtCl^ ; violet needles. 
— C,,H3,N,0 ,Hj(NOj),OH : dork -blue pp. 

Phenyl • peata - methyl- tri-amido-di-phenyl- 
naphthyl-carbinol 0„H„N,0 is, 
NPhMe.C,oH,.C(OH)(C,H,.NMe2)2. [77°]. The 
chloride C,,H,4N,C1, ‘ Victoria Blue^ Bf toxmoii 
by the action of methyl-phenyl-(a)-naphthyl- 
amine on CO(C„H4NMe2)2 in presence of POCl, 
is V. sol. hot water (Nathansohn a. Muller, 
B. 22, 1892). The oarbinol is a brick rod pp., 
V. sol. alcohol. It forms (C34Hs4N,Cl)jPtCl4 and 
0(iH„N,CflH2(N02)aOH crystallising in very small 
dark-blue needles. 

PHENYL - TETEA - METHYL - TBI-AMIDO- 
Dl-PHENYL-NAPHTHYL-METHANE 0«H„N. 

1. e, NHPh.O,„H,.OH(0,H4.NMeJj. [126°]. 

Formed by reducing the carbinol (v. supra) 
(Nathansohn a. Miiller, B, 22, 1891). kooculent 
pp., V. sol. hot alcohol. Yields B"'JiaPtCL and 
B"'CgH,N,Oy, both being crystalline*. j 


naphthyl-methane 0,4HuN, 4.e. 
.NPhMe.O,oH;.CH(C,p4NMe,),. [87°].« Formed 
by reducing the oarbinol (N. a. M.). ^orphous. 
Yields crystalline B'",H2PtCl4 and B'"C,H,N20,. 

PHENYL DI • MdBTHYL - AMIDO - lOLYL 
KETONE C4H4.CO.O4H2Me.NMe2. [67°]. (360°- 
360°). Formed from benzoic acid, di-mcthyl-o< 
toluidine, and PjO^ (0. Fische^A. 206, 91). 

PHENYL-TETBA • METHYL-DI-AMIDO-DI- 
TOLYL-METHANE Cj^HspN., is. 
CHPh(C4H3Me.NMe2)2. ^109°]. Formed by 
heating ^-methpl-m-toluidine with benzoic alde- 
hyde and ZnCr, (Fischer, B. 13, 807). PrismA 
— B"H2PtCl4 2aq : small yellow crystals. 

PHENYL-METHYL-AMINE v. Mktuyl-amii^ 

INB. 

Phenyl-di-methyl-amine v, J^i-methyl-akil- 

INE. • 

Dl-phenyl-methyl- amine tf»*' Metuyl-di- 

PHENYL-AMINE. ^ 

Tri-phenyl-methyl-amine v. Tri-phenyl 

CARDIN YLAMINE. 

PHENYL-METHYL-ANTHRACENE O^.H,, 

is. C4H3Me<^^^^>C4H4. [119°]. Obtained 

by distilling phenyl-methyl-anthranoljvith zipo^ 
dust (Hcmilian, B. 16, 2367). Yellow pointed 
crystals. Dissolves in alcohol and ether, with a 
strong greenish-blue fluorescence. By CrO, in 
acetic acid it is oxidised to phenyl-methyl- 
oxanthranol. 

PHENYL-METHYL-ANTHRANOL Oa.Hj.O 

U. [167']. Obtained 

by heating di-phcnyl-tolyl-methane carboxylic 
acid with 'H.2SO4 (Ilemilian, B. 16, 2366). 
Yellow glistening tables. Sol. ether, boiling ' 
alcohol and acetic acid, insol. cold alkalis, but 
dissolves on boiling to a y§llow solqJ^on. On 
oxidation i4 gives pb^nyl-^ethyl-oxanthranol. 

PHENYL-DI-METHYL-ARSINE v. vol. i. p. 
320. •• • 

DI .JHENYL - DI - METHYL - AZIMETHYL- 
ENE N2(CMePh).,. [12WJ. Fowiied bj the 
action of acetophenone on hydrazine hydrate or 
on CPhMe:^f.^^IT„ (Curtius, J. pr. [2] 44, 642). 
PHENYL-METHYL-BIAZOLE DIHYDRIDE 

Foraod by «io action 

of tin and HCI on [122°], which ia 

made by the action of COCl, on acetyl-phenyl-. 
hydrazine (Freund a. Kuh, B. 23, 2838). Yel- 
lowish plates. 

PHENYL-METHYL-TRIAZOLE C.ILN. i.e. 

N NPh^ 

CMe N^^^* Formed by heating its carb- 
oxylic acid to 180° (Bladin, B. 19, 2602). Oil. 
B'2H.^PtCl6 aq. [124°]. Lemon -yellow tables. 

PHENYL-METHYL-TRIAZOLE CARBOXY- 

lie ACID ^177']. Formed 

by saponifying its nitrile, which is got by the 
action of Ac^O on phenyl-hydfazine dicyanide 
aifll also by gently warming phenyl-hydrazine 
dicyanide with an alcoholic^ solution of pyruvic 
acid (Bladin, B. 18, 1644; 19, 2698; 22, 1749: 
26. 186). 

Salts. — CuA'jUaq. — VbA'jZluft. — 
AgA' l^aq.—HA'HOlj tables [from HClAq). 





Stkyl $ih$r Oil. 

Nitrils. [109^]. Prisms. 
i(mf<ieC,N,PhMe.CO.NHy tl70®]. Prisms, 
m. sol. wator and alcohol. 

Amidoxim 0,N,PhMe.C(NH„):NOH. [210®]. 
Formed from the nitrile and hy^oxylamino in 
alcohol. Plates (from alcohol), v. si. sol. water. 
Fed, colours its alcoholic solution deep red. 
Yields B'HCUand B'..H,Pt01, [201®]. Ac,0 
forms C,N,PliMe.C(NH.,):NOAo [148®] and 

C,N,PhMe.C<^^j^^^CMe [105-6®]. BzGl fdVms 
C,N,PhMe.C{NHj):NOBz [18»5®] converted *by 
Wt intoC.,N,PhMe.C<^^j;j^^CPh [167®]. 

DI-PHENYL-DI-METHYL-TETEAZONE 

NPhMo.NiN.NPliMe. [137®]. Formed by oxidising 
phenyl-mfthfl-hydrazine (Fischer, A. 190, 162; 
Tafel, B. 18, 1744)t Monoclinic^lates. With I in 
CHCljit forms a black crystalline pp. 

DI-PHENYL-DI-MET^YL-DI-TKIAZYL 

t223»]. Formed by 

heating the Cyanide of phenyl-hydrazine with 
Ac.,0 (Bladin, B. 21, 3063). Prisms (from al- 
cohol).— B"H,Cl,.—B"H,PtCl„ Uq. Plates. 

• D^EHENYL.METHYL-BE1^ZAMIDINE 
C„Hj.C{NMe).NPlLj. Formed by heating di- 
phenyl-bcnzamidine with Mel at 130° (Bcrnth- 
sen, A. 192, 17). Syrup. -B',^H,,PtCI« : yellow pp. 

PHENYL p-METHYL-BENZYL KETONE 
C,H,.CO.CH,,.C,H,Me. [94°]. Formed from p- 
tolyi-acetic chloride, benzene, and AlCl, (Slrass- 
maiin, B. 22, 1231). Yields an oxim [109°}. 

PHENYL-METHYL-BENZYL.UREA 
NHPh.CU.NH.CHAH, Mo. [131®]. Formed 

from w-mc-thyl-henzylamineand phenyl cyanato 
(Bromtne, B. 21, 2700). 

TEI-PHENYL-BLETHYL-BEOMIDE v, 

BttOMOgrni-PIIENVL-MKTnANE. 

PH£NYL-METHYL4!AEBAM>C ACID. 

Ethyl ^ther NPhMe.CO.OFt. (211®). 
Formed from raethylaniTinc and Cl.COaEt (Geb- 
hitfdt. B. 17, 3Cft2). Yellow otl. 

Chlomdc, NWiMe.COCl. [88°]. (280°). 

Got by passing COClj into a ■solution of methyl- 
aniline in benzene (Michler a. 7immermann, B. 
12, 1105). Tables (from alcohol), insol. water. 
Ileacts with toluene and aluminium chloride, 
forming NPhMe.CO.C,H,Me [70®] while ^ICl, 
and 0-, W-, and p- xylene give rise to the com- 
pounds NPhMe.CO.C,H,Me., melting at 78°, 54®, 
and 71° respectively (Lcllmann, B. 24, 2114). 

Fhenyl ether J4PhMe.CO.OC,H-. [58°]. 
Formed from the chloride and KOPh in alcohol 
(Lellmann a. Benz, A. 24, 2108). Large crystals. 

NitrO’phenyl ethers CgH,(N6jA'. The 
0-, m-, andp- nitro-phcnyl ethers melt at 110°, 
106°, and 70° respectively. They yield on re- 
duction the corresponding amido-phcnyl others 
molting at 103°, 94°, and 104° respectively. 
p-Tolyl ether C„H,MeA'. [62®]. 
PHENYL4fETHYL.8£tfI-CAEBAZIDE 
NPhMe.NH.CO.Na,. [138°]. Formed from 
phenyl-metlljl-hydrazine hydrochloride and 
potassium cyanate (Fischer, A, 190, * 164). 
Crystalline masi^ m. sol. hot water. Yields a 
nitrosamine NPhMe.N(NO).CO.NH, [77®]. 

Phenyl-dl-methyl-i^mi-carbazido 
N;Me,.NH.<JD.NHPh. [108°]. Formed from 
pheAyl -oyanate and di-metbyl-hydraaine(Benouf , 


B. 18 , 2172 ). Pyramids. Decomposed by HCl 
into Uie parent sabstances. 

Di-phenyldl-methyl-oarbasidt 
CS(NH.NPhMe)j. [o. 168®]. Got by heatlbg 
phenyl-methyl-hydrasine witH 0S| (Stahel, A. 
258, 250). 

PHENYL-MSTHTL-OYANIDS 0. mwiu of 
Phentl-acetic acid.' 

Di-phenyl-methyl-oyanide v. Nitrile qf Di* 

PUENYL-ACETIO ACID. 

Dl-^henyl-methyl dioyanide i.s. 

[110°]. (227° at 16 mm.). 

Formed from bonzonitrilo, AcCl, and AlCl, 
(Krofft a. Hansen, B. 22, 803; 23, 2.382). 
Neeales, sol. aloohol^and Ngroin. Decotflposed 
by diluted 11,8^4 benzoic aoid, acetic acid, 
•and NH,. Oxidised eby alkaline KMnO^ to 
ChNjPhjj.C02H [c. 192®] which on heiiting yields 

C, N,Ph..H [7.5®] (205° at 9 mm.). 

aflls.-BHICl : needles.-B' HjPtCl,. 

DI - PHEl^L . METHYLENE -p - AMIDO- 
IBENZOIC ACID •CPh,;N.C„H,.CO,H. [240®]. 
Formed from Ph.2CCl2 and p-amido benzoic aoid 
(Hantzsch a. Krafft, B. 24, 3522). Short prisms. 
PR]^ YL-METHTLENS-AMINS CH2:NPh 

or CII.<;[Jp}j>CH,7 [140°]. Formed by add- 

ing aniline to a solution of formic aldehyde 
(Wellington a. Tollens, B. 18, 3309). Formed 
also from trioxymethylcne and aniline (Kolo- 
toff, J. 1885, 777). Long slender needles. De- 
composed by wator at 100° into trioxymethylene 
And aniline. 

Phenyl-trlmetliylene-diamine 
NHPh.C,Ue.NH2. (282® cor.). S.O. g 1*0366. 
A product of the action of Na on an alcoholic 
solution of phenyl -pyrazole (Balbiano, 0. 18, 
354 ; 19, 688 ; Rend. Accad. Line. [4] 4, ii. 441. 
Formed also by boiling phenyl-7-amido-propyl- 
phthaliiuide with HClAq (Oddonring, B. 23, 
1169). Oil. Sulphide of carbon forms 
NHI%.C,Ha.NH.CS.SNH2Ph.O,U,NH„ crystal- 
lising from alcohol in white plates.— B"2HC1 : 
tufts of needles, v. e. sol. water. When heated 
it gives off NH, and NPhiC^H,, which forms 
(C,lI„N).4H3PtCl,.-C,H,4N.,20,H,N,0,. Greenish 
crystals, decomposing at 195®.— Suooinate 
[ 100 °]. • 
Phenyl-di-trimethylene-trlamine 
NPh(CH2,Cll2.CH2.NH.,)2. Formed by heating 
its plithalyl derivative with HClAq at 240® 
(Goldenring, B. 23, 1170). — B'"8HC1. — 
B./"3H.,PtCl,. 

Di-phlhalyl derivative 
NPh(CH,.CH.,.CH2.N:C,H40.,)2 [146®]. Formed 
from 7-bromo-propyl-phthalimide and aniline. 

Di-phenyl -methy lene-amine GPh,: N H. 

Formed by heating CPhgCl, with carbamic ether 
at 130° (Hantzsch a. Krafft, B. 24, 3517). Colour- 
less liquid.— B'HCl : snow-white powder. 

Di-phenyl-metbylene-diamine CH2(NHPh),. 
[49°]. Formed mixing a large ex^ss of an 
aqueous solution of aniline with formic aldehyde 
solution (Pratesi, G. 14, 351 ; c/. ijormontoff, B. 
7, 1255). Four-sided tables, sol. alcohol. Its 
hydrochloride is unstable.— B"H,PtGl,. 

Di-phenyl-trimethylene-diamine 
CH,(CH,.NHPh)2. Formed from aniline and 
trimethylene bromide (Hanssen, B. 20, 781). 
Thick brown liquid.— B"HaSO,. [166°]. Needles. 
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NPh:(^ [109°]. (above 860°). Formed 
CPlLjClj and aniline (Pauly, A, 187, 199). 
pllow tables (from ether). Split up by HClAq 
into aniline and benzoj(}henone. 

mSXEA . PHKHYl . M . MKTHYIBHB . 
TEraiZOHS N.(N:CPh,), Formod by shaking 
a Ix^ene solution of NH^NrOPh, with HgO 
fCortiDs a. Bauterbcrg, J. pr. [2] 44, 200). Rod 

SpiT •“‘0 nitrogkn and 

CPh,:NJfiCPh, Gaseous HBt f«rmB OPb^r 

JUIIC 

Ethyl other OH.,(CH..NPh.CO,1St)r fboo). 

B. 20, 788). Crystailino* * . 

Ohlomdt CIt,(CH,.NPh.COCl)r [102°]. 
Formed bom CH,(0H,^tPhH), and COCi. in 
benzene. Needles. c 

PHEHTI.-TBIltETHTLEirEl>!oABBOZTLIO 
ACID CHPh<gg;“=“. [iTfio], Gotbysapo* 

nilying its ether. Prisms, m. sol. wat^, y. sol. 
alcohol and ether [Buchner a. Sessauer, K. 21 
2646 ; 25, 1162). When heated in vacuo it yields 
an MhydrideC„H,0, [i34°].-NaHA'': needles. 
Di-tn»thyl ether Me, A". [63°1. 

Ethyl ether Et^" (257° at 120 mm.). 
Formed by distilling CO.Et.CH^^'g^^ 
in vacuo. Thick oil. * * 

Phenyl-trimethylene.tri.carboxylic acid • 
by saponifying its 

other (B. a. D.). Crystals containing 4aq. 

Methyl ether Me, A"'. [47°]. (210° at 
20 mm.). Formed from NaOMe, methyl ma- 
ionate, and m ethyl di-bromo-phenyl-propionate. 

methylene ethyl diketone 

^^^P^^yi-acetophenone. 
(277 ). S.G, ^5 1-081. Formed from aceto- 
ether, and NaOEt (Sylos, 
Jo. 20, 2181). Liquid. 

DI.PHENYL-METHYLENE-HYDKAZINE 

mm.). 

tiydraztde of hmzophenone. Formod by hoat- 
ng benzophenono (5 with hydrazine hydrate 
(1-8 g.l and Mcohol (1 g.) at 160° (Curtins a. 
Lauterberg J pr. [2] 44. 192). Prisma (from 
alcohol). Deduces alcoholic AgNO, forming a 
mirro^ Eeducea Fehling’s solution on warm- 
ing. Boiling dilute H,SO* splits off hydrazine, 
ileacts readily with ketones. -B'HCl. [183°]. 
Acetyl derivative. [107°]. .Prisms. 
Benzoyl derivative. [116*6°]. Prisms. 
Tetra-phenyl-di-methylene-hydrazine 

CPhatN.NrOPh,. Di-phenyl-hetazine. [162°]. 
Formed by toiling CPh,:N.NH, with iodine in 
alcohol. Yellow prisms, v. si. sol. hot water, 

by toiling dilute 
into benzophenone and N-H,H,SO.. 
rcooi *f^®tbylena - hydraiine C,H,,N,. 

mfth 1 Phenyl-hydrazine and tri- 

methylene brtimide (Marokwald, 0. C. 1888, 

# iu * by trimethylene bromide on 

further heating into (PhNJ,(C,H ), [226°]. 

5???^ methylene D*IKET0NE 

’ i^-iljtLO.CjH,),. BcMoyl'Ocetophenone. Di- 
Unfoylmtha7i4. [81°]. (over 200°). 




. For^tion.-^!. By boU&g. di.biniqyl.aoetio 
21^4^* p •* ^Prkin, jun^’ 3. 16. 

184, p- ^7t 240).— 2. By the adtion of 

Preparatim.-^Bj q^ding dry sodium ethyl- 
ateto a mixture of acetophenone and benzoio 
ether, the rewtion taking place with spontaneous 
heating. The crystalline mass is extracted with 
cold water, finally with dilute I^hOH. and from 
the, solution of the sodium salt the ketone is 

precipitated bymeansof CO.; the yieldi8O.60p.c. 

01 the acetophenqiio used (Claisen, B. 20, 656). 
Prqperfws.— Trimetrio plates, v. sol. alkalis. 

wifh ®n ““.'’“‘‘‘“‘‘on treatment 

With NaOEt and alkyl iodides. 

lieactiom.~^l. Bromine (1 mol.) in CHCl, 

HOA® )ie«»ting with 

HOAc and KOAcd^ields Bz.,CHOAc^ [94°J, which 
on further brornination gives Bz.^CUt.OAc [102°1 
which IS split up by heat into Ph.CO.CO.CO.Ph 
Excesf of l^omine 12 mols.) in 
KOaS whence HOAc and 

triketone.-3.sAmyl nitrite 
and alTOhoho IlCl give Bz.,C:NOH [146°], con- 
verted by nitrous acid into the triketone (Neuf- 
ville a. 1 echmann, B. 22, 852 ; 23, 3^6).--4.. . 
PhenyUhydrazine forms tri-plienyUpyrazole 
(Japp a. Klmgemann, B. 22, 2886). ^ 

KEMNE ^ R “^’^^ylene methyl di. 

&J!.X0N£ V. BaKZOyL-ACZTONK. 

methylene methyl SUL. 
phone-ketone C«H,.S0,,.CH.,.C0.CH,. Ace- 
tonyl phenyl sulpJiom. [57°j. Formed by oxi- 
® (Delisle, /26O. 

p ViQn chloro-acetone and 

CjySO^Na (Otto, B. 19, 1642; 21, 1871; 23. 

Ifn i sol. water and 

alcohol. Yields a phenyl-hydrazide [129°] and 

StIt^piI? /it? ^bo compound 

I'bonyl memaptan 
yie ds (PhS ,CMe CH,SO.,Ph [104]. Potash 
yields phenyl methyl tulphone. ‘Br forms a 
brorao- dey vativQ496°] and a di-bromo- derivative 

PHENYL-METHYLENE-PHTfiALIMIDINE 

C,.H„NO *O.H,<gg’.^>NPh. [100°], 

Formed by heatiflg acetophenone o-oarboxvlio 
aniline at 230^ (Mertens, B. 19, 2372). Prisms 
V. sol. alcohol. An isomeride [2G6°], got bv 
treating acetophenone o-carboxylic anilide with 
cone. H,bO^, 18 si. sol. alcohol. • 

by oiidaUon of 

Srum n? 'j *“21 boiling CH^Ol, with 
NaSPh (bromm, A. 253, 161). Neediesfv. aL 
sol. bo\)mg water. 

C„H|,S,0.».s. CO(CH^OJPh)_ 

C H SO N. At CHWf-CO.CH.S^h ai5 
^I’ora COfCHCn and 
0,Hj.SO.^a(Otto, B. 19, 1642; 22^1967). Small 
crystals ,^9^°)' Yields an oxim [137°] 

Dl - * HENYL-METHYLENJB-DI-TBil(l-Ol.v 
S b."h"r 

Form^ by heating benzophenone with thio* 
glywllio acid Md ZnCl, (Bongarts, C. 21, 488), 

Needles (from dilute HOAo), insof. hot wafiT^ 
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>H»|Tt.tBn tAHm H»-TmO.TOKA 

[216“]. Fonned by boiling 

NHPh. 0 ,i-NH.CS.SHPhHr 03 ,NH, with 
water (Goldenring, B, 23, 1172). White prisma. 
l)i-phe&yl-meth 7 lene#-thio-Tirea 0, iHigN^S 

l.e. ^>NPh. [68®]. Formed from 

di-phenyl-tliio-mrea and OHJ, (Foerster, B. 21, 
1872). Thin needles, v. e. sol. alcohol. — 
B^^^Cl,. Crystalline pp. • 

Di'phenyl-trimetli^lene-^-thio-area • 

P<C^CH:.cS,^- 

phenyl-thio-urea and trimethylene bromide (F.). 

Di-phenyl-trimethyleae-di-thiodi-nrea 
CH,(CH-NH.C8.NPhH)j. Formed from phenyl- 
khiocarbimide^ trimethylene“diamine, and 
alcohol (Lellmann a. Wiirthafr, A. 228, 236). 
Plates [115°] nodules [60°J,v. sol. alcohol. 

Tri-phenyl-trimethylene-di-thio-di-nrea 
NHPh.CS.NH.CII,.CH,.Clf,.NPh.CS.NHPh. 
[145°]. Formed by heating phenyl- trimethylene- 
diamine (1 g!f with phenyl-thiocarbimido (2 g.) 
and alcohol (15 c.c.) (G.). Slender needles. 

DlPHENYL-lIETHYLENE-p-TOLUIDINE 
C;H,Meli;CPh.^ (above 360°). Formed from 
Ph..CClj and p-toluidine (Pauly, A. 187, 214). 
Oil, split up by acids intop-toluidino andbenzo- 
phenune. 

^PHENYL-TRIMETHYLENE-TTBEA 

[215°]. Formed by heating 

phenyl-amido-propyl-urea at 210° (Goldenring, 

B. 23, 1173). Yellowish plates, si. sol. hot Aq. 
Di-phenyl-trimethylene-area 

^^^NPh Formed, together 

withOH,(CIH,.NPh.COCl),[102°],(romdi-phenyl. 
triraothalene-dianjine and COCl, in benzene 
(Hanssen, B. 20, 782). Plates. • 
Tetra-phenyl-trimethylene-di-area 
OH,(CH,.NPh.CO.NHPh)* [153°]. Formed 
from 0HJCHj.NFh.C001).^ and aniline ^H.). 
FHENYi TEIM5THYLENYL KETONE 

C. H..CO.CH<g or Benzoyl- 

trimethijlene. Phenyl-furfurane dihydride 
(239°) at 720 mm. V.D. 6*27 (cafe. 6-04). Formed 
by heating its carboxylic acid at 200° (Porhin, 
jun., B. 16, 2140 ; C. J. 47, 842). Oil with 
aromatic odour. Alcoholic bydroxylamine forms 
the oxim in the cold, but by heating the ketone 
with alcoholic bydroxylamine hydrochloride at 
135 ’ there are formed CajH-^^NjO, (a red amor- 
phous powder) and C„Ha*NaO, (a black brittle 
mass which forms deep -blue B^HaCl, and 
B"H,PtCg. 

Oxim. [87°]. Colourless plates. 

PHENYL TBIXETHTLENyL KETONE 

CARBOXYLIC ACID ^gp>CBz.COaH. [149°], 

Formed by saponification of the ether. Mono- 
olinio prisms; a:5:c a2’380:l;2'132 ; j8*»83°4'. 
M. sol. ether,*Bl. sol. water. DecomTOsed by 
water at 110° into phenyl oxypropyl kefijne 
CH 20 H.CIL.CH^^ which when extracted with 
ether and »ied over K^CO, is found to have 
iplit water, the resulting anhydride being 
possibly phei^l trimethylenyl ketone (Perkin, 
C. /. fll,837}.— AgA' ; floceolent pp. 


mhyl ether El^". (282°) et 720mm. 

Formed from behzoyl-aoetio ether, ethylene 
bromide, and NaOEt (Perkin, B. 16, 2188 ; C.Jf, 
47,841). OiL 

Re/erefice.—'Bmo - rpBNXL - tbimbthilknyl 
KBTONB CABnOXTIitO AGIO. 

PHENYLHETHTL-ETHTLENE-DUXINE 
NH,.CH-.CIL.NPhMe. (256°). Formed by the 
action of HCl on G«H|:020.^*N.CaH4.NFhM6 
(Newman, B. 24. 2200). Liquid, v, sol. water 
and aldbhol. -B'C.H,(NO,).OH. [173°].,Needlea. 

Di phenyl 4l.methyl -ethylene-diamine 
0,H,(NPhMe)^ The methylo-bromide B"Me3r^ 
got by heating di-methyl-aniline with ethylene 
brouude (iUbner, A. 224, 84G), orystalli^ in 
deliquescent prisms ^nd fields B"Me,(DH)^ 
B"Me,Cl„ B"M^PtCl„ B"Me,Cl .SHgCl, [174°], 
B"Me,I„ B"Me,Cr,0„tand B"Me,(0AN,O,), 
[124°]. * 

PHENYL -METHYL -ETHYLENE DIKE- 
TONE*v. Acvi'opubnone-acbtonb. Its oarb- 
oxylic acid is described as Aobtophbnobs-aobto- 

A^ETIO ACID. 

DI - PHENYL - DI . METHYL - v -ETHYLENE. 
DI-FYBROLE-DI-CABBOXYLIC ACID 

CO,nfQ:uMes^l^ « tt ^^CMeiQ.COgH ngioi 

HC:CPh/^-^=^‘*"\CPh:CH * 

Obtained by saponification of its ether, which 
is formed by mixing acetophenone-aoetO-aoetio 
ether with ethylene-diamine (Paal a. Schneider, 
B. 19, 3158). Crystalline solid. Bl. sol. alcohol, 
acetic acid, and oono. HCl, insol. other ordinary 
solvents. On heating above 180° it evolves COs, 
giving the free base. 

Di-ethyl-ether EtjA'' : [197°]; plates; 
distillable under ordinary pressure ; sol. alcohol, 
benzene, chloroform, and acetic aoid, insol. 
water and petroleum-spirit. 

PHENYL . METHYL-ETHYL-OBOTRIAZOLB 

NPh<[^;^g®. (270°). Formed by condensa- 
tion of the oxim - phenyl - hydrazide of 
CH,.C6.CO.C,n, (Pechmann, A. 262, 812). 
Needles. Yields a di-nitro- derivative [113°]. 
Oxidised by alkaline KMnO, to phenyl-methyl- 
triazole carboxylic acid. 

PHENYL - METHYL - ETHYL - PYRAZOLS 

B.0. J 0476. Got 

by the action of phenyl-hydrazine OQ 
CjHj.CO.Cinie.CHO (Claisen, B. 22, 8278). 
Reference.— Oxt - phenyl - methyl - btbtl* 

PTBAZOLR. 

TRI - PHENYL - METHYL - ETHYL - THIO- 
BIURET aS^NaPh^MeEt. [157°]. Formed from 
di-pheny]-cthyl-thio-urea and NPhMe.CSOl 
(Billeter a. «tiohl, B. 21, 108). An isomeride 
[15C°] is formed from di-phenyl-methyl-iirca 
and NPhEtCSCl. Both bodies crystallise in 
needles, si. sol. alcohol. 

PHENYL - METHYL - ETHYL - THIO - UREA 
CS(NHMe).NPhEt. Got from methyl thio- 
carbimido and ethvl-aniline (Gcbhardt, B» 17, 
3037). Crystalline solid. 

Di-phenyl-methyl-ethyl-thio-urea 
OS(NPhMe),NPhEt. [49-6°]. Formed from 
methyl-aniline and NPhEt.COGl (Billeter, B, 20, 
1632). Monoclinic crystals. 

PHENYL.METHYL.FURFURANS CaH„0, 

•■^'CH-CPh^ OxyplienyhpentafMihenyl 
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>PHENYL-MErHTL.FtjanjRANB. 


lkjrJrM«§^:^»>CO. [40«]. (o. 238“). Formea 

hf beating phenythronic acid, and prepared by 
warming acetophenone-acetone with fuming 
HClAq, the yield beipg 65 p.c. (Paal, B. 17. 
2759 ; Fittig, B. 21, 2134 ; A. 250, 222). Needles 
or prisms, insol. water and alkalis, volatile 
with steam. Br forms C,,HgBrjO [210°]. Phenyl- 
hydrazine forma a compound [106°-176°], crys- 
tallising from alcohol in golden spangles. 

. 230“). 

Formed by reduction in alcoholic solution by 
Na. Oil, miscible with alcohol and ether. 

P^ENYL-METHYL-FUEFUEANE 


OXYLIO ACID 


COjH.C;C]Vfe\^ 
, HC:CPh/^- 
[181°]. Formed by •boiling dehydro-acot(^ 
phenone^cetoacetic ether (c/. vol. i. p. 36) with 
HOlAq (Paal, B. 17, 2762). Needles. Boiling 
ACjO forma an acetyl derivative 0, [83°J, 

reconverted by NaOHAq into the parent acid.— 
KA'.— AgA' : crystalline pp. 

Fhenyl-methyl-furfiirane carboxylic acid 

n TT « ii CHiCMesv /\ « 

0,gH|oO, i.c. cO.^.C=CPh-^^ or « ^ 


CO»H.gH.CPh^^jj 


[145°]. 


CHj CO acid, 

Formdd by heating phenythronic acid (Fittig, B. 
21, 2134). Its ether is obtained from chloro- 
acetone and sodium bcnzoyl-acetic ether (Cole- 
fax, 0. /. 59, 190). Long silky needles. — 
CaA', 2aq.— BaAj'aq.— AgA' : amorphous pp. 

Phenyl-methyl-farfarane dicarboxylic a6id 




CO,H.gH.CPh^««^„ 
CH.,.CO >0-CO,H 


CO^C-CpJv^^' acid [193°]. 

Formed by saponifying its ether with boiling 
baryta (Fittig, A. 250, 216). Silky needles, m. sol. 
hot water, v, sol. alcohol,— CaA" 3aq. S. 5.— 
BaA" aq.— Ag.iA" ; crystalline pp. 

Mono-ethyl ether EtHA". •[112°]. 
Formed by the action of Ao^jO on a mixture of 
sodium succinate and benzoyl-acetic ether.— 
Ca{EtA")a ; crystalline nodules (from alcohol). — 
BaifitA"),.— AgEtA" : white amorphous pp. 
Di-ethyl ether Et.,A". [41-5°J. 
PHENYI-METHYL-GLYCOCOLL V. PuENYL- 

VITHYL-Amno-ACETIO ACID. 

PHKNYL-METHYL-GLYOXALINE C,„H,oN, 
[159°]. Formed by heat- 
ing phenyl-methyl-oxazole with alcoholic NH, 
at 230° (Lewy, B. 22, 2195). Needles, v. si. sol. 
alcohol. Salts.-B'HC1. [242°]. Needles.- 
B'jH.iPtCL 2aq. [212°]. Yellow prisms. 

Phenyl-di-methyl-glyoxaline GnH^N, i.e. 

^^^‘^NH.CMe* [230°-234°]. Formed by 

heating diaoetyl with benzoic aldehyde and 
alooholio NH, (Wadsworth, C. J, 57, 8). 
Needles (from benzene).— B',H,FtCl, ; needles. 
Di-phenyl-methyl-glyoxaline 

0^®^H.CPh* Formed by the action 

of aldehyde and NH, on benzil (Japp, 0. J. 49, 
466 ; 61, 557 ; C. J. Proc. 3, 34). Trimetrio 
crystals; a;6:c*» 1*207:1:1*929. Crystallises with 
diphenylglyoxaliue (1 mol.), the compound melt- 
ing at 218°. 


PHEHYi-HSIHn-EfDAVIOIO AOIS 

C.H,.KH.CO.NH.CH(CH,).COja [170“]. PormeA 
by the combination of phenyl cyaiftCe with 
alanine and boiling the product with alooholio 
£OH (Kuhn, B. 17, 2884). Glistening scales. 
PHENYL-H£THYf.-HYDXNTOIN 

[162“]. Formed from phenyl- 

hydantoln, KOMe, and Mel ^Pinner, B. 21, 
2325). Needles, si. sol. cold alcohol. 

•s-PHENYL-METHYL-HYDEAZINE . 
O^HjNH.NHMe. Bydrafo - phenyl - methyl. 
Got by saponification of its dibenzoyl derivative 
which is formed by heating NPhBz.NBzH with 
NaOMe and Mel (Tofel, B. 18, 1740). Obtained 
also by the action of alkalis on nitroso-antipyrin 
(Knorr, A. 238, 137). Oil, oxidised by HgO to 
PhN:NM 0 . Boriuces Fehling’s* solution and 
ammoniacal AgNO, in the coid.— B'jH^SO^. 
[180°].— Oxalate: white needles. 

Di-henzoyl dfrivative PhNBz.NMeBa. 
[145°]. Crystals, v. sol. alcohol and ether. 

u - Phenyl - methyl - hydrazina NPhMe.NH,. 
(227° i.V.) at 745 mm. Formed by converting 
methyl-aniline into phenyl -methyl-nitrosamine, 
and reducing this body (6 pts.) by zinc-dust, 
(20 pts.), HOAc (10 pts.), and water (.f5 pts.) at 
0° (E. Fischer, A, 190, 152; 236, 199). 

iVoper/fes.— Colourless oil, turning brown in 
air ; m. sol. hot water, miscible with alcohol. 

Reactions.-—!. Nitrous act’dyieldsNPliMo.NO, 
water, and N.p.— 2. Diazobenzene nitrate solu- 
tion forms PhN, and methyl-aniline nitrate.— 
3. "HgO added to its solution in chloroform pro- 
duces NPhMo.N:N.NPhMo [137°]. — 4. Eeacts 
with aldehydes and hetones in the same way as 
phenyl-hydrazine, forming products of con- 
densation ; thus benzoic aldohydo forms 
NPhMe.N:CIlPh [104°] (Ebers, A. 227, 340), 
acetophenogo forms NPh^fG.N:CMeftl [50°], 
acetone forms 0,on,,N, (216°) (Degen, A. 236, 
152), propionic aldch^ale yields (^.,H,,N2{198° at 
170in in .j,glucoie yields CgH|oC^:N.NPhMeii71°], 

. , while benzil yields Ph.CO.qi*h:N,PliAle [66°} and 
N.,PhMe;Crh.CPh:N..PhMe[180°](Kohlrausch,A. 
253,16; Fisclfer,B.22,87).— 6. CS.,at 100° forma 
CS(NH.NPhMc), [o. 168°] (Stahol,il,268,250).— 
6. Nitroso-anilifie forms C,jH„N,0 [151°], while 
niifoso-dimcthylaniline gives C,5 H,bN, 0 [141°] 
(0. Fischer, B. 22, 622).— 7. With PhNrSO it 
forms rhNMe.N:bO [77°] crystallising from alco- 
hol in yellow needles (Michaelis, A. 270, 120). 

S a 1 1 B'oHjSO, : plates, v. e. sol. water. 
Acetyl derivative NPhMe.NHAo. [93°], 
Prisms, m. sol. hot water. Converted by Na and 
Mel into NPhMe.NMeAc [68°], which is not de- 
composed by alkalis, but gives methylaniline 
when boiled with HClAq. 

Benzoyl derivative NPhMe.NHBz. 
[163°]. Formed by heating NPhH.NHBz with 
NaOMe and Mel. Needles (T|ifol, B. 18, 1743). 

Sulphonic acid SOj,^.C«HtNMe.NHy 
Formed by heating with fuming H^SO^ (Pfiilf, A, 
239,219). Plates.— NaA'aq: slander needles. 

CHENYL-METHYL-IMESATIN v. Anilide 
of Methyl Isatin. ^ 

DI- PHENYL METHYLIUIDO-DI- ETHYL 
DI8ULPH0NE NMe(OjH,.SO,Ph) 2 . Formed by 
heating NH(C 3 H 4 .SO}Ph) with alcfthol and Mel 
I at 115° (Otto, J.pr. [2J30, 335).-B'HClt231°]. 
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PHINYL-METHYL^XANTHRANOL. 


fBEHTL-MBTHn-HniOU OuHuN U. 

POl”]. Formed by heating 

the phenyl-hydrazide of acetophenone with 
ZnCl, at 130^ (Fischer, B. 19, 1666 ; Degen, A. 
230, 166). Formed als<^y heating CH.^z.NMePh 
with ZnCl^at 180® (Staedel, B. 21,2196; Cul- 
mann, B. 21, 2696), and by heating the isomeric 

with ZnCl, at 220® (Ince, A. 

263, 40). Needles (from alcohol). Colours'pine- 
wood, moistened with HCl, dark-red. • 

Acetyl derivative 

[136°]. Formed by heating CH2Ac.CPh:N.NMerii 
with ZnCl,at 150^ Needles (from dilute HOAc). 

Pheiyrl-pethyl-indole 

[66°]. Fonped from phenyl-acetic aldehyde and 
phcnyl-melhyl-hydraziue (Ince, A. 253, 38). 
Crystals, v. sol. benzene.^ Colours acidified pine- 
wood reddish-violet.—B'CjHjNjO,. [90 ]. 

• Phenykmethyl-indole C,H,<^^^>CMe. 

[60°]. Formed by heating the phenyl-hydrazide 
of tonzyl methyl ketone with ZnCl, (Ti'enkler, 
A. 24i, 110). Prisma (from ligroiu). — Pic rate ; 
[142“] ; V. sol. benzene. 

PHENYL METHYL KETONE v. Aceto- 

PBENONK. 

Phenyl methyl diketone CJIa.CO.CO.CII,. 
Aceiylbenzoyl (217°). S.G.V1'1941. B.-26at 
20°. Formed by distilling its oxim 13z.C(NOll)Mo 
with dilute H,S04 (Von Pcchmann, B. 21, *2119; 
22, 2129) or with isoaiuyl nitrite (Manasse, B» 
21, 2177). Heavy oil, volatile with steam. 

Oxim C«H4.C0.C(N0H).CII,. Nitroso-pro- 
^pJieyiove. [114°]. Formed by the action cf 
isoainyl nitrite and ilCl or NaOFt on the ketone 
(Claiaen a. Manasse, B. 22, 529). Prepared by 
the action of nitrous a*id on hohzoyl-propionio 


[ (3 mols.) (P. ; Gudo- 


l^edles (from hot water)t 
forming a deef -yellow solution in' alkalis. SnCl, 


ether (1 mol.) and KO] 
man, B. 22, 562). 


and HCl yield hychoxylamine and phenyl metH^l 
diketone, lleduced by scdium-amalgam to a 
base which crystallises from alcohoi in needles 
[108°]. 

Di-oxim Ph.C(NOH).C(NOH).Mo. 1236°]. 
P'ormed from the raono-oxim andhydroxynvmino 
hydrochloride. Needles (from dilute alcohol). 

Phenyl hydrazide C,jH,4N,0. [14.6°] 

Di-phenyl-di-hy dr azide 
CMe(N,HPh).Crh(N,HPh). [106°]. Yellow 
crystals, v. sol. ether. 

Oxim-phenyl-hy dr azide 


Tri-phcnyl-methyl-malonie cthc? 

CPh,.CH(CO.,Et)y [133-6®]. Formed from 
CPh,Br and sodium malonic ether (Hendovon, 
D. 20, 1014 ; G. J. Proc. 2, 251). Needles (from 
alcohol). Yields tri-phenyl-propionio acid when 
heated with alcoholic potash. — NaA'aq: needles. 
— BaA',aq.— AgA': minute white crystals. 

PHENYL - DI . METHYL - NAPHTHALENE 
TSTBAHYDRIBE v. METirooNOL. 

BHENYL - METHYL - (i9)-NAPHTHOTBIAZ- 

IKE i>IHY*EIDEC.,II„N, i.e. 

Formed by adding aldehyde to a mixture of 
benzone-azo-(0)-naphthylamine and alcohol 
(Gbldschftiidt a. Poltzor,»B. 24, 1001). • Plates,' 
V. sol. hot alcohol. -'^VHCl. [252°].-Byi,PtCl,. 
Yellow needlch.-B'Hel. [244°].-B',Me,PtCl.. 
[260°]. Yellow needles. a 

PHENYL - METHYL.(fl)-NAPHTHYl-THIO- 
UR2AC4HH,^,Si.e.NPhMe.CS.NHC,oH,.[127°]. 
Formed from (i8)-naphthyl thiocarbimido and 
methyl-aniline (Qebhardt, B, 17, 2091). Yellow 
needles. 

PE^ENYL 1 METHYL - NITROSAMINE r. 

NiXosamine of Methyl-aniline, vol. iii. p. 286. 
PHENYL-METHYL-OSOTRIAZOLE 


1-1071. 


F’ormed by oxidising the diphenyl-hydrazide of 
pyruvic aldehyde and warming the resulting 

NPlnNicMe- 

|•NaOH on CH,.C(N,HPh).CII:NOAo (Pcchmann, 
B. 21, 2751 ; A. 262, 279). Oil. Yields a tri- 
nitro- derivative [138°], and a sulplionio acid, of 
which the Na salt crystallises in hexagonal 
plates. 

Phenyl-di-methyl-OBotriazole 

[35°]. (354°). Formed by 




heating the phenyl-hydrazide-oxim of diacetyl 
witn AcD (P.). Crystalline, insol. water, sol. 
cone. HGlAq, but reppd. by water. Yields a di- 
nitro- derivative [139°J anda tri-nitro- derivative 
[227°]. 

PHENYL-METHYL-OSOTRIAZOLE GARB- 
OXYLIC ACID jj. [198°]. 

Formed by oxidising phenyl-di-methyl-oso- 
triazole with KMnOf (Pcchmann, A. 262, 308). 
Needles, v. si. sol. water.- AgA': white pp. 

PHENYL-METHYL-OXAMIDE C,H„N.A 
i.c. NHPh.C,0,-NHMe. [180°]. Formed from 
NHMo.CA.OEt and aniline (Wallaoh, A, 184, 
70). Needles. 

PHEN YL.METHYL.OXANTHRANOL 


CPh(N,HPh).CMe:NOH. [202°]. While needles. , 

Phenyl methyl triketone. Mono-oxim , r* w O C H H . ri96<n 

CA.CO.C(NOH).CO.CH.. [124“]. Fonned by J- 

the action of nitrous acid on phenyl methylene Formed by oxidation of phenyl-methyl-anthra- 
methyl diketone (Ceresole, B, 17, 814). Needles, nol with KjCrgO, and HOAc (Hemilian, B. 16, 
▼. sol. benzene, sol. alkalis. 

Di-oxirH C JJ5.C(N0H).C(N0H) .CO.CH,. 

[178°]. Formed by heating the mono- oxim with 
hydrQzylanllne hydrochloride. Needles^ insol. 

cold water, sol. alkalis. , , , 

PHENYL-lfltTHYL-KETONE CARBOXYLIC I [213°]. Formed by oxidising di-phenyl-tolyl- 


2360). Trimetrio tables, v. sol. hot alcohol, 
insol. alkalis. Cone. H.4SO4 forms A purple 
solution. 

Iiometid. [ 


ACID V, Benzotl-acstio acid and Aoktophenonb 
CABBOZYLIO ACID. 

PHENtL-METHTL-KAIONIC ACID v. Bzn 

IT^-MALOiaO ACID, 


methane o-carboxylio acid with KjCrOi and 
cone. ASO4 (Hemilian, B. 19, 3064). Prisms, 
insol. alkalis. Reduced by zinc-uust to a 
phcnyl-methyl-anthranoL 





mxTiiimsn4>xAzout c,ano M. 

Fomiedbyheai. 

inff acetamide with bromo-aceiophenone at 125** 
(Blflmleiii, B. 17, 257»; Lewy, B. 20, 2676; 
21 , 024 ). Needles (from alcohol). Yields benz* 
Dio aoia on oxidation. Na and alcohol form an 
oUy tetrahydride C,oH„NO (261«), which yields 
orvstalUne C,oH,.;BzNO [140°]. HI and P give 
oily C,^H„ (o. 276°). Cone, nitric acid ^orms 
0,oH^(NO,)NO [167°], which may he redijced to 
0 ,^,(NH 2 )N 0 [116°]. Hydroxylamine, phenyl- 
hydrazine, and hot zinc-dust have no action.— 
H'HCl.-B'^,PtCI. 2aq.-B*C,H,N,0,. [134°]. 

Plifayl.meth,l-<>*uol» ( 2 A°). 


Formed by boiling be^amidtf with chloro- 
acetone (l^wy, B. 21 , 2i93). Oil with fruity 
odour.-B^^tCl,2aq. [170 ^]. Yellow needles. 

(J44''). F(S-m.d 

by tbe action of KOH on bromo-propyl-benz-iJ 
Bihide in hot aqueous or alcoholic solution, the ' 
product being distilled with steam (Gabriel a. 
Heymann, B. 23, 2499). Liquid. Part'y con- 
verted, by evaporation with excess of HClAq (or 
HBrAq), into i3-chloro- (or bromo-) propyl- benz- 
amide [76T (or [73°]). Boiling with an equiva- 
lent of HGLAq yields /3.amido- propyl benzoate. 
— B'jH^CL— B'3H,Cr,0,.-B'C«H,N,0,.[167°]. 
PHENYL - TBI - METHYL-PHENYL-CARBI- 


K0LO„H„O t.e. CHPh(OH).0,H,Me,. 
mesUylene carbinol. [84°]. (330°). Formecl 

by reducing benzoyl-mesitylene with sodium- 
amalgam (Louise, Bl. [ 2 ] 45, 231 ; A, Ch. [ 6 ] 6 , 
209). Prisms. Boiling diluted H.^S 04 (1:1) 
converts it into (0„H„)aO [137°]. 

Ethyl ether [32°]. Prisms. 

Acetyl derivative OifHpAcO. [62°]. 

Benzoyl derivative. [94°]. Crystals. 

’ DIPHENYL TBIMETHYLPHENYLENE DI- 


XETONE (O 4 H,.CO).AHM 0 ,. [117°]. Fc^med 
by heating 04 H,.CO.C,H,Me, witli BzCl and 
Aid, (Louise, C. i2.-98, 161 ; A. Ch. [ 6 ] 6 , 236). 
Prisms, sol. alcohol and ether. 

Dl-phenyl tetrametbylphenylene diketone 
C,Me 4 (GO.C,H,),. [270°]. A product of the 

action of BzGl and AlCl, on durene (Friedel a. 
Grafts, 0, i2.^ 88 , 880). Minute prisms, sol. 
benzene, almost insol. boiling alcohol. 

PHENYL METHYLPHENYL KETONE v. 
PhEMVL TOLTL KBTOinC. 

Phenyl dimethylphenyl ketone v. Fiientl 

XTLTLKSTONK. 

Phenyl trimethylphenyl ketone 
C,H,.CO.O,H,Me,[l:2:4:6]. BemoyUmesitylene. 
Ph^l mesityl ketone. [36°]. (319°). V.D. 8-18. 
Formed from BzOl, mesitylene, CS„ and AlGl, 
(Elbs, w. [ 2 ] 86 , 486 ; cf. Louise, A. Ch. [ 6 ] 
6 , 200; C. R. 96, 499; Claus, B. 19, 2879). 
Prisms (from alcohol), sol. acetone and ligroin. 
Does not react with nydroxylamine (Smith, B, 
« 4 , 4052). 

Beaetions.^l. Cone. HjSO, or HjSjO, at 
100 ° gives benzoic acid and mesitylene sulphonic 
acid. — 2 . Cone. H.JSO 4 at 60° forms phenyl* 
mesityl-ketone sulphonic acid 0, JH„0,SO,H.— 8 . 
A mixture of fuming HNO, and H,S,0, forms 
two trinitro- derivatives [188°] and [146°]« 
4 . HNO, (S.G. I’l) at 200° forms benzoyl-uvitic 
or phenyl-tolyl-ketone dicarboxylio acid.-^ 


Potash-fusion gives mesitylene and KOBz.— 6 . 
HI reduces it to benzyl-mesitylene. — 7. Sydium- 
amalgam yields the carbinol.— 8 . Chromic acid 
oxi(Bses it to G,H,.GO.C,H;Me,.GO,H. 

rhenyl tetra-methyl-phenyl ketone 
C.H..CO.O.HMe,. [119*]. (SIS”)- Formed by 
heating durene with BzOl and AICl, at IZO” 
(Friedel, Crafts, a. Ador, 0. R. 88 , 980). Crys- 
talline. Decomposed by potath-fusion into 
benzoic acid and durene. Beducod by HlAq 
and P at 240° to CH.;[>b.C,HMe 4 [60-6°], (310°). 

Itomeride C,H 4 ^ 0 . 0 ,HM 64 . [63°J. (300°). 

Formed from BzCl and isodurene (got from 
toluene, MeCl, and AlCl,). Crystals (Essner a. 
GoBsin, Bl. [2] 42, 171)i 

PHENYL TRIHETHYLPHENYL KETONE 
o-CABBOXYLIC ACID C^H^Me,. 00 . 0 ,^ 4 . 00 . 11 . 
[ 212 °]. Formeds from phthalio ‘ anhydride, 
mesitylqne, and AlCl, (F. Meyer ac Gresly, B. 
15, 639 ; A. 234, 234). .Needles (from alcohol). 

Phenyl tetramethyl^benyl ketone carboxylic 
acid V. Tpitra-methyl-benzoyl-benzoio acid. 

PHENYL - TBIMETHYLPHENyX - THIO- 
UREA NHPh.CS.NHO,H, Me,. [193°]. Formed 
by heating methyl-thiocarbimide with an alco- 
holic Solution of aniline (Eisenberg, B. 15, 1014). 

PHEN YL-DI-METHYL-PHOSPHINE « 
PMe,Ph. (192° cor.). S.G. u *977. Formed 
from POl^Ph and ZnMej in benzene (Michaelis, 

A. 181, 359). Liquid, oxidised by air. Com- 
bines with eSj forming PMe.^PhCS.^ crystallising 
in red plates and yielding B'.H.PtCL (Czimatis, 

B. 15. 2017). 

Salts. — B'HCl : crystalline, si. sol. ether, v. 
e. sol. alcohol.— B'2HC1. Liquid.— B',IL,PtCl,. 

Methylo-iodide PMe,PhI. [205°]. 

Bromo -cthylo-bromide 
PMe^h(0.;H,Br)Br. [173°]. Formed from 
PMcoPh and C.jll 4 Brj (Gleichmann, B. 16, 199). 
Yields (B'{Cjj^ 4 Br)I 3 r) 2 PtCl 4 an\l the uAstablo 
B'C,H,Br,. An alcohoho solution of phenyl- 
di-methyl-phosphine fqfins (PMoiPh)j,C 2 H 4 Br, 
[above 300^], S. (alcohol)' 2 at J^l°, which gives 
imstablo (PMe;fPhy 2 C.^ 4 Br, [171°]. • 

Di-phenyl-methyl-phosphfte PMerti,. (284°), 
S.G. 1*08. Formed from PClPh, and ZnMo- 
(Michaelis a. Link, A. 207, 210). Liquid. Yields 
PMe,Ph,i [241°], <PMe,Ph,),PtCl, [218°], and 
PMo^^O [ 112 °] (Michaelis a. La Coste, B. 18, 
2116; A. 229, 316). 

PHENYL - DI - HETHYL-PHOSPHINE p* 
CARBOXYLIC ACID C«H 4 (CO,H).PMe,. The 
methylo-chloride C,H 4 (CO,H).PMe,Cl, formed 
by oxidation of the methylo-oliloride of p-tolyl* 
di-methyl-phosphino, crystallises in prisma 
(Michaelis, B. 15, 2018). It yields the com- 
pounds B'Me^PtCl,, CrtH,(CO,H).PMe,OH 2 aq, 
and 0 ,H.(C 0 ,H)PMe,.S 04 H. 

Oaride C 4 H 4 (CO,H).POMey [243°]. Formed 
by oxidation of the ethyleno-bromideof tolyl-di- 
metbyl-phosphine. Colourless prisms. 

PHENYL METHYL PROPYLENE DZ* 
KETONE 0,H,.CO.CHEt.CO.CH,.* (266°-270°). 
Formed from benzoyl-acetone, 1^, and Etl 
(Claiun a. Lowman, B. 21, 1152). Liquid. 

PHENYL - METHYL-PROPYLENE-^r-THIO- 

UBEA^j^l^NPhMe. (..‘sOO"), Formed 

by heatmg metbyLaniline with alljl thiooarb- 
imlde and HCIAq at 100° (Prager, jK 22, 2flj96)« 
— B'aH^tCI,. [184°].-g'C4H,N40,. * [126^ 
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OARBOXTLIO ACia 


TU-rHBinn.-]terEYl.PBO?TI..DI.TBIO. 
Bnmn (58^JPh,MePr. [110^. Pornjed from 
NPhMflfCSCl and di-phenyl-propyl-thio-urea 
(Billeter a. Strohl, B, 21, 100). Small yellow 
pyramids. An isomeride Tlll^ is formed from 
MPhPr.GSCl and di ph^yi-methyl-thio-urca. 

DI - PHENYL . METHYL - PEOPYL - THIO- 
TJEEA NPhMe.CS.NPhPr. [50“]. Formed from 
CSCl,, propyl-^iline, and MeCl or from CSCl., 
methyl-aniline, and PrCl (Billeter a. Strohl, B* 
21, 103). Colourless prisms. . * 

DLPHENYL.DI4IETHYL-PYEAZINE • 
[124®]. Formed when 

phenyl araido-ethyl ketone is allowed to stand 
with NHaAq (Schmidt, B. 22, 3253).-B'HCl: 
needles.— B'^jPtCl,. 

Di-pheli jKmethyl pyrazineadihydride 

n<chS.chm«M- 

benzil and propylene-diifinine (Strache, B. 21, 
2803). Needles, v. solTljcnzene,- m. sol. alcohol. 

Bi-phenyl-tetra-methyl-pyrazine dihydride 
C„HyN. i... NPh<C““;CJ{^Nl>h. [108^. 

(281°). Formed by heating ^-bromo-)8-acetyl. 
propionic acid (1 pt.) with aniline (3 pts.) at 
05“ ; the yield being 70 p.c. of the theoretical 
amount (WolfiF, B. 20, 42‘J). Satiny plates, v. 
•ol. ether and cone. HClAq. 

References .— and Oxy-di-pheniii- 

BlRTllYL-PTRAZINE. 

PHENYL-METHYL-PYEAZOLE 

S.O.i‘ 1085. 

Formation. — 1. By heating oxy-phenyl- 
methyl-pyrazole ^ ^ zinc-dust 

(Knorr. i4. 238, 199). — 2. From acotoacetic alde- 
hyde, pnenyl-hydrazine, p,nd HOA« (Claisen, B. 
21, 1147 ; 24, 1888).— 3. By heating Hs carb- 
oxylic acid at*210° (Ach? A. 253, 65).— 4. From 
oxy*phenyl-mctliyl-pyrazole diiiydrid^and P^Sj 
(Kdorr a. louden, B^ 25, 706). • 

Prqpcrfies." -Needles, v. sol. alcohol and 
ether ; volatile with steam. Oxidised by KMnO^ 
to phenyl-pyrazole carboxylic acids [146°]. 
Salt.— B'HjPtClj: orange'Vicedles, 

Dihydride [f5°]. 

Formed by reducing the base in alcoholic solu- 
tion with Na. Flj^t needles, m, sol. alcohol. 

Phenyl-methyl-pyrazole • 

(262°). Formed by distilling its dicarboxylio 
acid (Enorr a. Laubmann, B. 22, 178). Got 
also from acetone, oxalic acid, and phenyl- 
hydrazine (Claisen a. lioosen, B. 24, 1890). 
Yields phenyl-pyrazole carboxylic acid [183°] on 
oxidation by KMnO* — B',H,PtCl, 2aq. [147°]. 
Phenyl-di-methyl-pyrazole 

heating its oaiboxyliG acid (Enorr, B. 20, 1103) 
and by wanning acetyl- acetone with phAiyl- 
hydrazine (E. ; Combes, Bl. [2] 60, 145). Oil, 
volatile with steam.— B'iH,PtCl«4aq. Decom- 
poses at 186°. 

Meihylm-iodid^B'Uel. [100°]. Crystals, 
T. toljirater.-— B'^e^tClg. Deeoxnposes at 220°. 


Dihydride NPh<^j^g^*.(S!90->I.V.). 

Formed by adding Na to a boiling alcoluilie 
solution of the” base. 

Phenyl-tri-methyl-pyrasole. Dihydrid% 

NPh<^^j^‘^^^®. Formed by heating mesityl 

oxide with phenyl-hydrazine (Fisoher a. Enoo- 
venagel, A. 239, 203). Oil, v. e. sol, ether and 
alcohol, si. sol. water. Its solution in dilute 
HCl gives a violet colour with K,Cr|Of.-<* 
B'JHJhGI, : Ay stall ine pp. 

Bi-phenyl-methyl-pyrazole i.e» 

NPh<2j^j^^g^. [63°]. (336° or 856°). Fj)rmed 

by heating its oarbo:iylic acid at 250°, and also 
by wanning bon.ioyl-nceiono with phonyl-hydraz- 
•ine (Enorr, B. 18, 814; Fischer, B. J8, 2186). 
Insol. water, v. sol. alcohol. Weak base. Yields 
C„H, BrO, [75°]. — B',U,PtCl„ aq. — B'MoI. 
[187 ’]. -B'.^MciPtCl,(. [241°]. Orange- red needles. 

Dihydride [109°]. Long prisms 

(from ether). Its acid solution is coloured in* 
tensely red by nitrous acid. 

BJ-phenyl-methyl-pyrazole %.$, 

NP‘<CPb:CMe- 

heating its carboxylio acid, and also, ^gether 
with its dihydridc, by distilling the phenyl- 
hydrazide of benzylidene-aoetone (Enorr, B. 18, 
931 ; 20, 1100). Weak base.— B',H,PtCl, : red 
pri8nis.*-B'MeI. [192°].— B',MejPtCV [229°]. 
. Dihydride C„H„N,. [114°]. (o. 860°). 

Prisms. Its solutions Huoresco blue and give a 
blue colour with nitrous acid. 

Tri - phenyl - methyl-pyrazole. Teirahy* 

dride Nfl><cHPli;CHf**- ^°™®^ 

by the action of Na and boiling alcohol on tri* 
phenyl-pyrazole methylo-iodide (Enorr a. Laub* 
mann, B. 21, 1205). Insol. water, v. sol. alcohol, 
llesiiiltied by cone. HNO,. 

References.— OxY-AniDO* and Oxt-puxntl* 

&IET11YL-PY21AZOLE; 

PHENYL - METHYL - FYEAZOLE OABB* 
OXYLIC ACID NPh<^j^.^jj^*^. [106°]. 

Formed from acetone, oxalio acid/ and phenyl 
hydrazine (Claisen a. lluosen, B. 24, 1891). 

Me thy I ether MeA'. (256° at 109 mm.). 
Amide. [146°]. 

Phenyl-methyl-pyrazole oarbozylio acid 
NPh<”-g5^,^y®. [100°]. Formed by heat. 

ing NPh<^Q;“^j>.CH with HCIAq at 170* 

(Ach, A. 253, 54). Needles, sol. hot alcohol. 
Phenyl-methyl-pyrazole dicarboxylio acid 

C.JI,.NA NPh<N-.g;^^. [198"]. 

Formed by oxidising phenvl-di-methyl-pyrazolo 
carboxylic acid wtth alkaline EMnO, (Enorr a. 
Laubmann, B. 22, 177). Needles (from water). 
Phenyl-di-methyl-pyrazole oarl1)zylie acid 

NP'><csi;g.coA- 

ing its ether, which is obtained from ethylidene- 
acetuacetio ether and phenyl-hydrazine (Enorr, 
Be 20, 1102). Needles, v. si. sol. water.— EA'. 
Ethyl ctUrEiMe [68°]. (266°at260mm.), 
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Di-phenyl^methyl-pyrazole carboxylic acid 

O..H..NA U [205«]. 

Got from its ether, which is obtained by the 
action of phenyl -hydr^ine on benzoyl-aceto- 
acetio ether (Enorr a. Elank, B. 18, 311). Sol. 
alkalis and cono. HClAq, insol. water. 

Ethyl ether EtA'. [122®]. 

Di-pbenyl-methyl-pyiazole carboxylic acid 

ether, which w got by mixing benzj-lidend^aceto- 
aootio ether with phenyl-hytlrazino (Knorr a. 
Blank, B. 18, 931). Crystalline, v. sol. alkalis 
and acids. 

Efhyl ether [110®]. ^ • 

References. — NiTRo-an(l*bxY-]^iiENyL-METHYL- 

rYBAZOLE CARBOXYIilO ACI* 

PHE1WI.DI.METHYL-PYBIDAZINE. Di- 
hydride 

at 780 mm.). Formed by heating the dicarb- 
oxylio acid at 220® (Knorr, B. 18, 304, 1508).* 
Volatile with steam. Insol. water and alkalis, 
sol. cono. HClAq. Colours pinewood, dipped in 
HClAq, red. HjSO. added to its solillioii in 
HOAc containing phenanthruquiiione gives a 
deep-red colour. 

Bicaxboxylic acid of the dihydride 
OnH^NaO^. Obtained from its ether, which is 
formed by mixing acetic acid solutions of di« 
acetyl-succinic ether and phenyl-hydrazine. 
Needles (from HOAc).-BaA". 

Ethyl ether Et^A". [127®]. Prisms. • 

Bc/crcnCC.— OXY-PHENYL-METIIYL-PYRIDAZINB. 

PHENYL-DI-METHYLPYKIDINE 
N<^y*;CH>CPh. [55°]. (287°) at 731 mm. 

Formed by distilling its dicarboxylic acid with 
lime (Bally, B. 20, 2591). Prisms (from ether). 
— B'HClSaq: needles.— fi'jH,PtCl,4aci: needles. 
— B'HNOa. [177®]. Needles. — B'H..Cr.,0,. 
Needles.— B'C^H^NjO,. [222®]. Needles.# 
Methylo-iodide B'Mel. Granules, si. sol. 
\vator.-B'Me.,PtCl,. [250®]. 

Hexahydridc C,NH,Mc.,Ph. (274®) at 731 
mm. Got by adding Na to an alcoholic solution 
of phenyl-di-methyl-pyridine. Liquid. Hoes 
not give a ^p. with picric acid. — B'HCl. — 
B'HNO,. [210°].-B’.,H,,PtCl.. [237®]. Plates. 
References. — Nitbo- and Oxy-phenyl-di- 

IIETHYL-PYBIDINE. 


EtA'Mel [o. 206®], which is converted by alco- 
holic potash into CnHjjNOj [161®], split up by 
HGlAq at 180® into acetic acid and oxy-{>henyl- 
di-methyl -pyridine [112°]. 

Phenyl-di-methyl-pyridine dicarboxylic acid 



Mono-ethyl ether HEtA". [180°], 
Formed by boiling the di-ethyl c|her with alco- 
holic KOH (1 mol.) (H.). Cubes (from alcohol). 

Ri-eihyl ether Et.^A". [67®]. Formed 

by oxidising its dihydride viith nitrous acid. 
Dihydride of the di-ethyl ether 

KcS“(CO: 11!>CPI>. pen. Formed 
by heating a mixture of benzoic aldehyde, acoto- 
acetic ether, and alcoholic NH, (Schiff^a. Puliti, 
B. 16, 1607 ; Bally, B. 20, 2591). Tormed also 
by mixing benzylidenc-acctoacetic oilier with j8- 
imiclo-butyric ether (Beyer, B. 24, 1660). Co- 
lourless crystals, sol. alfcojiol. 

(0) -Phenyl-di-methyl-pyridine dicarboxylic 

acid [1;2 ]CO,H.C.H..C<™°o^^®>CUo. 

Formed by oxidising di-methyl- (i8)-naplilho- 
qiiinolino with KMuO^ (Reed, jir. [2] 35,311). 
Syrup.— AgA'. 

Be/crenCC.— OxY-PHENYL-DI-METIIYL-PYBiniNB 
CAJtUOXYLIC ACID. 

PHENYL TRI-METHYL-PYBIDYL KETONE 
CARBOXYLIC ETHER 

^'^CMc:C(Co!ph)^®“®- Formed by the action 

of nitrous acid on its dibydride. — B'lINO, : 
white plates. — B'HCl. [192°]. Prisms. — 
B'.,H,PtClB : needles. 

Dihydride 

[187®]. Formed fron^ ethvlideiie-aceloacetio 
ether and C,H,.CO.CH,.C(NH).CH, (Beyer, B. 
24, 1667). Yellowish pfhtcs. * 

Methyl dernmtive of th^ dihydride 

”“®<CMe;C(C()!ph)>™’®- 
in like manner, ’by the action of the methyliraide 
of benzoyl-acetone on ethylidcne-acetoacetio 
ether (B.). Yello\fish-whito needres, 

HHENYL-METHYL-PYEIMIDINE C„H„N, 

U. CPh<^:^^®>CH. [74®-78®]. Formed 


PHENYL - METHYL - PYRIDINE DICARB- 
OXYLIC ACID C„H„NO, f,e. 

[204°]. Formed 

by oxidising methyl - [0) - naphthoquinoline 
by KMnOi in acid solution (F. Seitz, B. 22, 
257). Needles (containing aq) or anhydrous 
prisms. FeSOf colours its aqueous solution 
lemon-yellow. — Na,A"2aq. — 2nA"l^aq. — 
GuA" l^aq : minute bluish-green plates. 
Phenyl-di-methyl-pyridine carboxylic acid 

[190°]- Got from its 


ether, which is formed by heating the mono- 
ethyl ether of the dicarboxylic acid (Hantzsch, 
B. 17, 2911). Small prisms (containing 2aq), v. 
sol. hot water.— CuA' 3 .— (HA').^,PtC4aq. 

Ethyl ether EtA'. (316®-320®). Thick 
liquid. Yields (EtA'),H.FtCl« [196®] and also 


by distilling the oxy- derivative (from benzamid- 
ine and acetoacetic ether) with zino-dust (Pinner, 
B. 18, 2860), Colourless needles.— B'-jHjCljPtCl,. 
[190®]. 

References. -O xy- and OxY-Auino-pnsMit,- 

MBTIIYL PYIUMIDINE. 

PHENYL-METHYL-PYRROLE 0„H„N U 

^^<CPh!cH* he&iing aceto- 

pheiiono-acetone CHoBz.CH.Ao with alcoholic 
Nil, at 150°; the yield being 'iO p.c. of the 
theoretical (Paal, B, 18, 367). Plates, v. sol. 
alcohol. May be sublimed. Give#a purple-red 
colouf with isatin and HoSO,. 

Phenyl-di-methyl-pynole i.e, 

(262°). Formed by 

distilling its dicarboxylic acid at 24# (Knon, A. 
236, 806). 



PHENYL-METflYL^UINOLINE. 


DX.PHBinri.MET&Yl.PYBROLE 

formed by heating the 
rboxyllc acid [226®] to above its meUinc-poinl 
'Jderer a. Paal, B. 18, 2596). Largo tables. 
Tetra.phenyl.methyl-pfrrole 

jy ^®^CPh:CPh* Formed by heating 

iwesyl r256°] with aqueous methyl- 

imine at 150® (Peiirlin, B. 22, 554). Groups ot 
lllnute needles, sol. hot alcoliol and ether. • 
Reference.— 0 \Y - t*i - puen yl - methyl - pyu, 

r ,E. y 

PHENYL-METHYL-PYRROLB CARBOXY- 

ACID [O.is,o»]. Got 

y saponification of its ether, which is formed 
allowing*ac§topheiionc-acetoacetio ether to 

P nd with excess of NH,A(] (Ledfrcr a. Paal, B. 
2593). Fl^ needles (from IlOAc). 

Ethyl ether YAhJ. [1^°]. Needles. 

0; Phenyl-di-methyl-pyrrole carboxylic ether 

formed from acetophenone acetoacetio ether 
And NMeH._.Aq (L. a. P.). Plates (from alcohol- 
•tlicr), V. ^ sol. alcohol. 

• Phenyl-di-methyl-pyrrole m-carboxylic acid 
co,H.c.H,N<c«;;:gH [1350J. 

Ideating acetonyl-aeetone with fu-amido-benzoio 
:,pcid and alcohol (Paal, B. 19, 558). Flat crys- 
Iftls, si. sol. water, v. sol. alcohol. 

Phenyl-di-methyl-pyrrole di-carboxylic acid 

Got by 

..pponifying its ether. Small needles (from'alco- 
.j.pol), si. sol. water. 

^ Ethyl ether [131®]; Got by allow- 

acetoi^cnone-acjetoacetic ether to stand with 
I jly cocoll and IIOAc (Paal «. Schnefflcr, B. 19, 
^100). Needles (from IIOAc), si. sol. water. 
Phenyl-di-methyl-pyrrofe dicarboxylic acid 

^■^^'\CMe:CiCO*ir il-a ether. Powder, 

lecoraposing at '224° into CO,, and phenyl-di- 
ncthyl-pyrrolc.— CaA".- Call.A"..; prisms. 
Ethyl ether Ft, A". [3S°J. (280 ®) at 500 
pnm. Formed by warming di-acctyl-suceinio 
tether with aniline and HOAc (Knorr, A. 23? 
^805). Crystals. ' 

Di-phenyl-methyl-pyrrole carboxylic acid 
^^^<^Me:C.CO.,H' [220°]. Obtained by 

roaponification of its ether, which is formed by 
polling acetophenone-aceto-acetic ether with an 
luetic acid solution of aniline (Lederer a. Paal, 
18. 2595). Small needles (from acetic acid). 
Ethyl ether UYtix [100°]; prisma. 
Di-phenyLmetoyl-pyrrole di-o-carboxylio 



Li u 1 Aiicbuymrnme in 

alcohol at 100® (Paumann, B. 20, 1489). Deep, 
[yehow plates, insol. water, si. sol. ether. • 
Di-phenyl-methy^yrrole dicarboxylic acid 
co,h.c.h..n<cm«|^o,h 

by sa^nifyingf its ether, which is got from 
a<Jetopheiiono-acetoacetic ether, w-amido-benz- 


«r 

oio acid, and HOAc (Paal a. 'Schneider, B. 19* 
8162). Needles (from dilute alcohol). 

Ethyl ether YiM. [160°], Needles. • 
Reference.— Ox^ . phenyl - methyl - ptrroli 

CARBOXYLIC ACTD. • 

PHENYI-METHYL-QUINAZOLINE DIHY- 
DKIDE C..H,.N, U. C.H.<N -gM®. [60»]. 

Formed by^eduction of tlio acetyl derivative of 
o-nitro-bgnzyl-aiiilino with tin and IIClAq (Paal 
a. Krcck^ B. 23, 2638). Rosettes of white 
needles, insol. \fater, m. sol. ligroin. The tin 
double chloride melts at 122\~B'nCl 2aq. 
[25 i ], R jILPtCl,. Flat orange needles. De- . 
compoxes at A23°. ^ • 

Reference.— OxY - PiKKn, - methyl - quinaz- 

OLINE. • 

*{Py. 1,3) - PHENYL-fiETHYl-QUIlJpLINE 

[^0®°]* Formed by boiling 
an alcoholic soliftion of o-nmido-beiizophenone 
witii acetone and KOIIAq (Geigy a. Konigs, B. 
18, 2406 ; 19, 2428). Obtained also from par- 
aldehyde, acetophenone, HCl, and aniline, and 
by heaGng bonzoyl-acctone-ajiilide C„H,jNO 
with II^BO^ on the water-bath (Royer, J. pr. [2] 

33, 420 ; B. 20, 1771). Tables (from ether). — 
i BTl.,80,. [236°l.-Byi,PtCl,2aq. [226°], Its 
j acid solutions lluoro.sco bltfe. By heating with 
! phthalic anhydride and ZnCl, at 150° it is eon- 
j verted into the phthalone 0.^,H„NO, [270°], 
which crystallises from alcohol or HOAc in 
j spiniingly-solublo orange-rod crystals. 

{By. 3,l).Phenyl.methyl.qniiioUne 0„H„N 
i.c. Flavoline. [66®]. (3V4®). 

V.D. 7*7 (calc. 7*6). Formed by distilling flave- 
nol with zinc-dust. Prepared by adding a little 
dilute (10 p.c.) NaOHAq to a solution of equi- 
niolecular quantities of o-amido-acetophonono 
and acetophenone, and then lieatiug on the 
' watcr-biAli (Fischer, R. 15,* 1503; ^6, 68; 19, 
1037). Thick tables. Yields flavaniline on 
nitration and reduction. Salt s.— B'HCl 2aq.-- 
: B'..Jl.^PtCI, : reddish -yellow needles.— B'Mel. 

, [185°J (Bernthsen a. Hess, B. 18, 34). Con- 
vt rted by KOIIAq into a strongly alkaline solid 
‘ methyl-flavolinium hydrate.’— B'^Mc^HCl,. 

{By.^ 3,2)-Phenyl-methyl-quinoline 

[63°]. . (above 300®). Formed 
by heating a mixture of CHPh:CMe.CHO, anil- 
ine, and cone. HClAq at 200° (Miller a. Kinko- 
lin, B. 19, 527). Trimetrio prisms, v. sol. alco- 
hol and ether.— B'.,H.,PtCl,: orange plates.— 

F C,II^N,0,. [202°]. Largo yellow plates. 

{B. 2)-Phenyl.(2>2/. 4)-methyl.quixioline tetra- 
hydride C,.n„N i.r. 

Formed by reducing IB. 21-phenyl.quinolina 
methylo-chloride with tin and HClAq (La Coste 
a. Sorger, A. 230, 24.. Amorphous powdec, 

insol. cold water.— B 'HCL 

[147°]. — B'Mel aq. [195°]. Yellow piktes. 

(By. 3)-Pheuyl.(B. 4) -methyl- quinoline 
qH:CH .C.CH:CH ' 

CH:GMo.C.N=CPh* J’ Formed by distil, 
ling its (By. l).carboxylic acid with soda-lima 
jDoebner a. Giesecke, A. 242, 299). Plates 
(from alcohol).— B'jHJPtCl,. Brick-red ueedloii. 
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(Pp. B)‘Thenjl{B. 2)-m0thyl-qiiinollii« 

.cSaN^im- Got 

by distilling its carboxylic acid with soda-lime 
(D. a. G.). Small yellow needles (from dilute 
alcohol).— JB',H,PtClg : golden needles. 

2ie/erm!es,—NiTR0-and Oxy-phenyl-mbthyl* 

QUINOLINE. 

(Py. 3)-PnENYI.(P. 4)-METHyi-aniN0L. 
INE (Py. 1).CAEB0XYIIC ACID C^H„NO,. 
[245®]. Formed by heating equi-mol^ular pro- 
portions of O'toluidine, bcnzoft aldehyde, and 
pyruvio acid in alcoholic solution on the water- 
bath (Doebner a. Gicaecke, A. 242, 298). Small 
yettow crystals (^om alcohol), ^ si. ^1. hot 
water.— CtiA',aq.—AgAdaq: needles (from Aq). 

(Py. 3)-Phenyl-(J5 2)-meUiyl-qninolme (Py. 
l)-ear^X 7 lio acid. *228®J. Formed in iBce 
manner from p-toluidine (D. a. G.). Yellow 
needles (from alcohol).— CuA'j.—PbA^.— Ag A'. 
— HjA''aHi4’tCl„ : golden needlet, v. si. s *. hot Aq. 
Refehnce.—Oix - phenyl - methyl - qdinoj^nb 

OABDOXTLIC ACID. 

PHENYL (Py. 3).METHYL-(B. 2).aUlN. 
OLYL KETONE [68®]. 

(above 800®). Formed from atnido-bcnzophen- 
one, paraldehyde, and HClAq at 100° (Hinz, A. 
242, 323). Needles (from water) or plates (from 
alcohol).— B',H.,PtClo2aq.-B'.,HjCrjO,.-B'MeI. 
[220®]. Small dark-green needles ; v. sol. water. 

Phenyl (Py.3)-methyl-(P.4)-qttinolyl ketone. 
[108®]. Formed by boiling o amido-benzophon- 
one with dilute II^SO, and paraldehyde (Cfeigy 
a. Kbnigs, B. 18, 2406). Matted needles (from 
dilute alcohol). 

PHENYL - DI . METHYL-QUINOLYL-THIO- 
DBEA NHPh.CS.NH.C„H,„N. [159®]. Formed 
by heating phenyl-thiocarbimide with amido-di- 
methyl-quinoline (Marckwald, B. 23, 1025). 
Prisms, v. sol. hot alcohol.— B'^IPtCl,: pp. 
PHENIL-HETHYL-QUINOXALINE 

gM0:OH.C.N:gPh if 4 u Vi • 

CH :CH.b.N:Cn • Formed by reducing 

C,H,Me(N6j.NH.CH,Bz with SnCl, and HCl 
(l^llmann a. Bonner, B. 23, 171). Needles, v. 
sol. alcohol.— IVHgCl,,. [223®]. White needles. 
Phenyl-methyl-quinoxaline 

CH*:Oa&N;CPb- 

the preceding isomeride, by the action of chloro- 
acetopbenone on tolylcnc-o-diomine (Hinsberg, 
A. 237, 870). Formed also by warming phenyl- 
glyozylio aldehyde OgHj.CO.CHO with tolylene- 
o-diamine sulphate and NaOAo (Pechmann, B. 
20, 2905). Needles, v. sol. hot alcohol and ether. 
Phenyl-di-methyl-qninozaline 

[48®]. Formed by boiling 

phenyl methyl diketone with tolylene-o*diamine 
in ether (Muller a. Pechmann, B. 22, 2130). V, 
•oi. most solvents. 

Di-phenyl-methyl-quinozaline O^Ht^N, i.e. 
C,H,Me<j]J;^pjj, [111®]. Formed by heating 

benzil with tolylene-o-diamine in alcoholic solu- 
tion (Hinsberg, B. 17, 822). Silvery plates. 
May he distilled. Weak base. Nearly insol. Aq. 
Di-phenyl-v-methyl-qninozaline dihydride 

C^#®f»<N=CPh^* Formed by heating 


fphenylene-methyl-o-diamjijo witn benzoTn af 
1 165® (Fischer a. Busch, B. 24, 2682). YeHo^ 
needles, m. sol. alcohol. Its solutions 11 uor*\-.ca 
greenish-yellow. 

Reference. — Oxr - phenyl - methyl - qdin- 

OIALINB. • 

PHENYL-METHYL-ROSINDULINE 
0,.H.(NPh)<’Jp,,>C.H,Me ^ 4 ]. [232”]. 

Formed from benzene-azo-^-toIyI-(a).naphtbyl. 
aftnine (Fischer a. Hepp, A. 266, 243). Beddish- 
dbrown bronzed plates. Split up by cone. IIClAq 
at 200® into anifne and methyl- rosindone. 

PHENYL-METHYL-SUCCINIC ACID 
Phenyl- PYROTABTAR ic acid. 

Phenyl-tri-metbyl-succinio acid C„H,„0, i.c. 
CH,Ph.CH(CO,H).CMe,.COj,H. [148°J. Formed 
from bromo-isgbutyrio ether and sodium benzyl- 
malonio ether, the resulting ether (200^-220’) 
being saponified (BischolT, B. 2* 1060). Short 
needles (from watei), v. sol. alcohol and ether. 

Di-phenyl-di-methyl-sncoinic acid. 'Nitrile 
CPl»MG(CN).CPhMe.CN. [227®]. Formed from 
CTIPhMe.CN by treatment with* NaOEt and I 
(Chalanay a. Knoevenagol, B. 25, 289). Insol. 
benzene, si. sol. alcohol. ^ 

PHENYL-METHYL-SULPHAMIC ACID 
NPliMe.SOjH. Formed from ClSOjH and 
methyl-aniline in chloroform (Traube, J5. 24, 
3G2).— NH^A'. Turns violet in air. Decom- 
posed by boiling HClAq into methyl-aniline and 
The potassium salt is a crystalline 
powder, si. sol. alcohol, v. sol. water. 

PHENYL-DI-METHYL SDLPHAMIDE 
SO.,(NMe.,)(NHPh). [86®]. Formed from 
NMo.^.SO.^Cl and aniline (Behrcnd, A. 222, 128). 
Needles (from ether). Yields SO.^{NMe.i)(NPhNa) , 
crystallising in needles, v. sol. water and alcohol. 

PHENYL METHYL SULPHIDE PhSMe. 
188®). Formed from Pb(SPh )2 and l)foI at 100® 
ObermeyA*, B. 20, 8926). Liquid. 

PHENYL METHYL SULPHONE C,H,SOat.e. 
C,Hj.S02.CHs. [89^. Formed from benzene 
Bulphinio aciS, NaOEt, and* Mel at lOOf, and 
also by boiling CJl 5 .S 0 q.CH 2 .CC^H witH alco- 
holic potash (Michael a. Palmer, Am. 6, 251 ; 

7, 66 ; Otto a. Bossing, B. 18, 156 ; 21, 652 ; 
22, 1449, 1452 ^ 23, 755). Plates (from hot water), 

V. e. sol. alcohol and ether. 

• PHENYL METHYL SULPHONE «-CARB. 
OXYLIC ACID V. Phenyl-sulphono-acbtio acid. 
PHENYL-METHYL-THIAZOLE C„H,NS i.e. 

^^CPh S^’ (279® oor,). Formed from thio- 

benzamide and ohloro-aectona in alcohol 
(Hubacher, A. 259, 236). OU. 

Pbenyl-methyl-tbiazole ^"^CMeS^* 

[68’5®]. (284° oor.). Formed from thioacet- 
amide and w-bromo-acetophenone (Hantzsoh, B, 
21, 913; A. 250, 269). Weak base. Not at- 
tacked in boiling alooholio solution by sodium 
(Sohatzmann, A. 261, 7).— ’‘N'HCl : si. sol. Aq. 
Phenyl-methyl-thiazole. Dihydride 

Formed by boiling propylene 

bromide with thiobenzamide (Gabriel a. Hey- 
mann, B. 24, 785). Yellowish liquid.— Pi crate 
B'CfHiNsO,: crystalline. 

Di-phenyl-metbyl-tbiaBole 
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lU* Formed frouf thioaoetamide and bromo* 
ozybenzoSn in alcohol (Hubacher, A. 259, 
„4). Stellate groups of needles, insol. water, 
fe-nydrochloride: [97'^J; white crystals 
itroni dilute HClAq). 

I PHENYL-METHYL-miAZOLE CARBOXY- 

|ic AMD [203'“]. Formed 

saponifying its ether. Needles, si. sol. ether. 
Ethyl ethir EtA'. [43'^]. Foniu'd from 
ihiobenzamide audchloro-acetic ether (Hiibacljer, 
1 259, 237). , . 

r PHENYL (a)-METHYL-TIUENYL KETOlfE 
iP,H,.CO.C^H..MeS. [124°]. Formed by heating 
D<H,Me(HgCr)S with BzCl at 100" (Volhard, A. 
867, 181 ; cf. Ernst, Jj. 19, 3280). Needles (from- 
tigroin). 

; TRI - BiHENYL - DI - METHYL . DI-THIO- 
felURET C..,H.„N,S., i.c. Nl‘h(f;.S.NPliMe)., or 
PS(NPhMc).'lf.C(Nl’h)(Nrh^re). ]202° j. l>>rmed 
from Cl-CS.Nrii.Mo ami aniline (Billetor a. 
3trohl, D. 21, lOrt). Needles, v. si. sol. C(dd 
Ucohol. 

PHENYIA METHYL - DI THIO-CARBAMIC 
ICID NPiiMe.OS.SMc. '88"]. 

J’orinftd bv heating NPhA[o.C(NMe).H.Mo. or 
s'Ph.Me.g(NlI).SMe with CS at K.IO'' (liortiam, 
25, 51). Plates. 

PHENYL - METHYL - THIOCARBAMIC 
CHLORIDE NPhMe.CS.Cl. [35 !. Forme.l 
from Miethyl-aiiiliue and C8C1^ (IJilicter, ]i. 2ih 
1031). Yellowish crystals. Converted by alco- 
hol into (NPliMc.CS) .0 [110’5'j. 

PHENYL - METHYL-THI0-SEMI-CAR3AZ- | 
IDENllPh.Nfl.CS.NHMc. [89"]. Formed from 
methyl -tliiocarbimide and plienyl-hydra/.iiic 
(Dixon, C. J. 57, 202). Trijnetric [n'isms, v. si. 
sol. cold water. foniis an a/.uro-blue 

solution. CuSOigiNCS a deep-bhio colour, and 
Fed;, a^reeuisli-lilua. 

Phenyl-iuethyl.thio-8%mi-carba^ido 


I PHSHTL-KETSarL-IHIOraENZ C„ri,.3 
|^•®<CPh;OH• (aTCunoot.). Gotbj 

heating acetophenone-acetono with P;,Siat 12^^, 
I the yield being 70 p.c. of the theoretical amount 
(Piial, B. 18, 3C7). Neodtes, volatile with steam. 

I Gives the indoplieiiine reaction. 

I Phonyl-methyl-thiophene 

[73°j. Formed by heating CII.Ac.CHPh.CO.^Na 
with P.^B, or P.,S, (Paal a. Puschel, /?. 20, 2558). 
Piatc.s, f. sol. iot alcohol. Give.s the indophen- 
ine reaction on wanning. Dr forms C„H^13r*fil 
[137"]. 

5-PHENYL-METHYL.THT0.DBEAC,rL„N.,S 
i.i\ 6S(NHfh){NJfMeJ. [IW']. Formed from 
methyl-thiocarbmiiiie and aniline (Gebliardt, 71. 
*7,3(138). Six-.sided tables. Yields NH.^Me and 
C;S{NliI‘h) . on boiling with aniline. • 

?<-Phenyl-inothyl-thio.urea 
CS(NIPJ{NPli^^). [107°]. Funned from methyl- 
aniline ljydro(Miloridc and pota-ssinm sulpho- 
c^anide (Gebliardt, 71. 17, 2091). Tables (from 
alcohol) or prisms (from Jiot water). 

Phenvl-methyl4-thio-urea 
McS.»(Nni){NliPh). [71°]. Formed by warm- 
ing phonyl-thio-urea with McI and alcohol 
(Bertram, 71. 25, 49). Colourless crystals, si. 
sol. hot water. Converted by diliito at 

100° into MeS.CO.NlIPh.-B'IlI. [147°].— 
JFH SiJ,. [171°].— Byi, SO,. |171°J.-B'HN(),,. 
[113°].-Jt'IIOAo. [115"].~-BOl.,nCl„. [184°j. 
— B'C..Il.,(N(.).),Ori. [175°]. Yellow plates, 

• Phonyl-di-methyl-tliio-urca 
CS(NJlMc)(NPliMe). [114°]. Formed from 
methyl-thiocarbimido and methyl-aniline (G.). 

Phonyl-di-methyl-if'-thiourea 
MeS.C(NH)(Nl*hMc). Formed from phonyl- 
i.'iethyl-i|'-thio-urea and methyl iodide (B.). 
()il. Converted by dilute ll.si), at 100° into 
MeS.CO.NPhMo [54°]. — Bill. [184°]. - 


NHPh.CS.Nll.NHMe. [143°]. bormed from 
methyl-hydrazine and *phenyl-tliioe:irbimi(lo 
(Briining, A. 253^1)- Piisms ffrom aVcuhol). 

Di-pheupl-methyi-thio-semi-carbazide 
NPhMe.NH.CS.NlIPh. [154°]. Formed from 
phenyl-methyl liydrazine and phcnyl-thiocarb- 
imide (Fischer, A. 190, 100).* \ sol. hot aicohul, 
PKENYL-METHYL-THIOOARBIZINE 

[123°]. Formed from p!ienyl-thio- 

carbizine and Mel at 100° (Fischer, A. 212, 
330). Tables (from water). Not attacked by 
nitrous acid. 

PHENYL-METHYL-THIOHYDANTOXCACID 

NHPh.CS.NH,CHMe.CO,H. Formed frmn j 
alanine and phenyl-thiocarbiinicle in alcohol 
(Marckwald, B. 24, 3280 ; cf. Aschan, J>. 17, 
421). — KA' : minute needles. 

PHEN YL-ME THYL-THIOHYD ANTOiN 

treating 

phenyl-metliyl-ftiiohydantoic acid (a. attpru) 
with HOI. Small prisms (from alcohol). Split 
up by HCLAq al 150° into aniline, alaaine, CO.,, 
andCS^ ^ 

Phenyl-di-metliyl-thiohydantolLn 

phenyl- 

thiocubimidf and a-amido-isobutyrio acid 
(Murcliwttld, B. 21, 3282)^ Crystals, si. soLAq. 


B'CJI^N.,0,. Small prisms. 

Phenyl-tri-motliyl*ij/-tliio-urea C,„n,,Nj,B i.e. 
MeS.C(N-Me)(NPbMe). M ethyl iniuLMnethyh 
yhcnyl-carbamic tliik methyl ether. Formed by 
inethylution of phenyl-di-methyl-^^-thio-urea 
(B.).- B'Hf. [c. lH4 ].-B',,fI,PtCl„. [c. 174°]. 
— B'C,;fJ.jN.,Oj. [120°]. Lemon-yejjow crystals. 

Di-phenyl-methyl-thio-arca 
I CS(NllPb;(NPhMe). [87°j. (205°). Formed 

from phenyl-thiocarbimide and methyl-aniline 
(G.). Pri.sm3, v. sol. hot alcohol. Decomposed 
into the parent substances by distillation with 
steam. Boiling anilino yields CS(NHrh)a and 
methyl-aniline. 

Di-pbeayl-methyl-if'-thio-urea 
MeS.C(NFh)(NIIPh). [110°J. Formed from 
CS(NnPh), and Mel. Cone. HClAq at 160° 
yields aniline and methyl-mercaptan. — BTII. 

Di-phenyl-di-methyl-tbio-urea CS{NPhMe)j. 
[72*5"]. Formed from NPhMe.CS.Cl and methyl- 
' aniline (Bilicter, li. 30, 1031). Prisms (from 
ligroin). 

Di-phenyl-di-methyl-il^-thlo-uref 
MeS.C(NPh)(NPhMe). (above 300°). Formed 
from CS(NHPh)(NPhMe) and Mel (Bertram, B. 
25, 67). CS, at 160° forms NPhMe.CS.,Me.- 
! B'HI. Crystalline meal, b 1. sol. hot water. 

Referciice.^Qn - nx - phenyl - MisTHYL-if-inio- 

' UKKA. 
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W 

PHKirn,-JIBTHTL.0BSA CHNf) i. 

j,«SKT».KK'?m™S 

[104 ]• (204 }. Pormed from phenyl cvanate 
and metljyl-amline (G.). Small needles/ 

f 1 9 T 01 ‘ *’/‘“?JnoV ■ “®*'*y>-“'‘ea *CO(NthMe).. 

in!/ m«(h I Nl'liMo.COdl 

and raethyl-andine (M.ehler a. Zimmcrmann 

■“■ (from alcohol). 

PHEIfYI..(fl).N/f?HTI(ACKIDINt ’ 

[^7“). s. (alcohol) -o-^ 
at ISO j d (benzene) -29 at 18o. Formed by 
liznTJJl. r® ®'.'l‘-(S)-n'‘Pl>thyI«mine with 
ttnd,,l’,Oj or‘ZiiCI, 

(Clane a. Jhohter, B. 17, 159,7 ; nig /j jy 2029 • 

Klopsoh, B. 18. 168B). Needles, v. sol hoi. 
benseno.-B'HCI.-ByipiCI,t yellow netdlis. 

Dihydride , Got 

““'J («)-nai.hthyl. 

.® «!?, !““*“•) '» presence of condensin'' 

Tenifl i'. O'riJired to 

phenyl-naphthacndine. 

(a)-PHENYL.NAPHTHALENE C II ip 

Formed by passing a mixture of naplitlialene 
and brorno-benzene through a red-hot tu£o 
(Watson Smith, J3. 12, 2049; O. J. 39 r,.io- 
nf 70). Formed also by the Action’ 

8-) diluted with water M4 a ) on 
a. llreuo;, Z’2 ^g; 

23; 240, 137). Fluorescent plates. May be 
sublimed. Gives rise on oxidation to a quiLne i p,, „ ^ 

CioH,„p2 [110°]. ^ I CO,n.CjNHC]i<v 

A hydrocarbon C„II,, [104°] got by distilling ' ^ 

chrysoquinone with soda-lime is porlmpa ulenti" 
cal with the above (Gracbe, B. (}, CG ; 7, 792 • 

Schmidt, /.yir. [2] 9,285). » ♦ ' » 

j“)-^^®“yl’“aphthalene dihydride v. Atro^. 

DI-PHEftYL-NAPHTHAMIDINE 0 H N 
from (o)-n^hthoio acid, aniline, and PCI 

PHENYL.(3).NAPHTHIND0LE 0.,U„N z.e. 

^®io®‘'<sNH^CPh. [1.30°J. Formed by heat- 
mg the (^)*nnphthyl.hydrazide of acetophenone 

V. sol. alcohol and ether. Colours piriewood 
green.-B'C«H3N30y. [16G°J. Brown needles. 
Pheayl.(^).naphthindole 

action of alcoholic HCl 
0^ phenyl-acetic 

aldehyde (IX nLa]L 


arnine with formic paraldeByde at 140® fGoM. 
schmidt a. Poltzer, B, 24, 1002). Plates (con- 
taming | aq).~B'HCl. [254®1.-:B' H,PtCl 

Di.p^enyl.(a3).naphthotria2ine C,,H.,lf, U 

^•»®^<N.NPh ? C^ot by heating a 

solution of CHPh:N.C,„H,N,Ph in IIOAc (Mel. 
^ PHFWVT^vA%,.w™*® flattened needles. 

6 .Xc 1T.N^^"*^«- phenylo-nitrate 
^iJinc phenanthraquinone 
fW in IIOAc and 

then adding HNO, crystallises in dicliroio® 
needles or prisms (Witt, B. 20. 1185). 

(Pp..3).PHENYL.(a)-NAPHTH0QUIN0LINE 

CiglljjN i.e. [08°]^ Formed 

by Jioa^ng its {fy. l)-curboxylic acid with soda- 
ime (lOobner. A. 249. 114): yIiIow ncTdlo, 
(from alcohol-ether).. Yields a syrupy tetra’. 
hydride. Salts. -lI'.naHCI 2aq,-Ii'H Cr O 1 
I> [lG7°j. Thin needles (from alcoliol). 

(7^//*^0-^heuyl-(^)-naphthoquin^line. [188°I 
lime m M carboxylic acid with soda- 

11 or plates, insol. water, v. sol 

alcohol.-^B',II,r>tCl,. aq.-B'C„H,N,Oy. . [250® * 
\ellow plates, si. sol. other.— B'„n. Cr 0 ^ 

(^y*^)‘^^®NYL-(a).NAPHTH0QIlIN0LINE 

i_icph- [300°]. Formed by 
heating (a)-naphthylamlne with pyruvic acid 
n^ ‘/f alcoholic solution (D.), 
Yellow needles (from alcohol-acetone). May be 
reduced to a tetrahyilriflfi. Produces! on Sa' 
’^p n ‘“■‘^^^5oxylic aeid and 

" -"^aA'^aq.-dKA',4aq. 


'CJI. 

CO 


ZnAV- PbAV— AgA' : insoluble powder 
'rEtA\ [103% Needles. 

iTlfhnni. / 


Ethyl ethe 
(PV.9)-Phei 
carboxylic acid 


(Py,3).Phenb.(8PnapUh:4^„i„S'(?.„.i, 
ad a.H..NO,,. ‘ [29C°J.uFo;mmlin 


Sy^irr 

Coloars pmswood green. ZnClj at 
-Ib'P ?f N*!? * preceding iaomeride. 

dride 0„H„N, U. pgA"]. 

■Fonned by beating benzene-azo-(fl).naphthyl. 


like manner from ‘'(/3)-napbthyinmino"'(D’)' 
5«-l-NaA'5a„; 

.PHENYLNAPlfrHoWrao^^ 
°i*^“<CN:CPh’ Pi'cnylo-bromido B'PhBr 
I formed from phenyl.napl.thylone.diamine an<l 
biomo-acetophcnono, crystallises in yellow 
neaoi' ‘“J,® by NaOH into B'PhOIt 

B'PhNn^^/w^ crystallises in prisms, and yields 
B FhNOs (Fischer a. Busch, B. 24, 1873). 

Di-phenyl-naphthoquinoxaline 

°>»®*‘sN!cPh- Formed by heating 

naphehyleno-(l,2).diamino hydrochloride with 
benzil ID alcohol (Lawson, B. 18, 242G) Lieht 
brown plates, v. sol. alcohol and ether.’ ^ 

Phenylo-hydroxide ^ 


C,A<1 


=gph 


[167°].* Formed by 


, -NPh(OH):OPh- - . 

oxidation of 

Pj®”yV*i®Pb‘hylene-o-diamine 

with benzom at 200° (Fischer, JB. 24, 722, 1871) 

Formed also naphthylene-plenyl-d^mine 
and benziI (Fischer, < J3. 24, 2679). Yellow 
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prisms, iosol watei^ v. soL ether. --B'HNO,.— 
B^Cl : dark-yellow needles, v. sol. alcohol. 

Di- pheny l-naphthoquinoxaline dihydride 

[16S“]. Formed, together 

with a compound at 105^, from naph- 

thylcne-phenyl'diamino and benzoyl carbinol at 
165^^ (Fischer a. Busch, B. 24, 2080). Orange 
needles, v. sol. benzene, v. si. sol. alcohol. 

PHENYL-N1LPHTH0R0SINDULINE 

Formed, together witlinaphthj^-rosiiululine, from 
%benzene-azo-di-(a)-naphthylaniine, hydrochlor- 
ide, aniline, and alcohol at 11)5 ' (Fischer a. Hepp, 

A. 250, 247). Deep-red bronzed plates. Cone. 
HClAq forms aniline and naphtliorosindone 
[295"]. 

DI - PHENYL - (a)-NAPHTHyL.ACETAMID- 

INE C,on,.Cir.j.C(Nl‘h).NHrh. [iaO"J. R)rmed 
from (a)-naphthyl-acctio acid (3 inols.), aniline 
(0 mols.), and PClj (HoAsncck, B, 10, 042). 
Needles, sol. ether and Ixnizene. 

PHENYL*{a)-NAPHTHYL-AMINE C„n,.,N 
i.c. [00°]. Forms by heating (a)- 

naph^hylamine hydrochloride witli aniline at 
250" (Girard a. Vogt, Bl [2] 18, 07 ; Strcilf, B. 
13, 185lJ). Prepared by heating a mixture of 
(a)-iiaphthol (15 pt.s.), aniline (lO'i pts.) and 
CaCl, (IPG pts.) under pressure for 0 hours at 
280" ; tlie yield being 20 p.c. of the theoretical 
(Fricdliinder, B. 10, 2077). Wliile plates or 
prisms, v. sol. alcohol. Its solutions show blue 
• tlunrescence. Yields a tri-hromo- derivative 
[137"] and adi-nitro- derivative [77"]. ll.^SO^ at 
100" forms a tetra-sulplionic acid.— jVllCi: 
prisma, decomposed by water.— B'CylljN./),, 
Acetyl derivative 0,^11,-, NO. [115"]. 
Benzoyl derivative. [152"]. 
Nittosamin^e. CiJL.NPh.NO. [02"]. 
Beddish-yollow crystals (Fischer a. ^lepp, JO. 20, 
1247). 

Phenyl -(^) -naph thy laAine C,„U,sN. [108 ’]. 
(305"). Formed* b^ heating (/^f-rmphthol with 
aniline and^nCl,^ aUlOO" (Merz a. Weith, B.13, 
1300), or with aniline hydrochloride (.Merz a. 
Weith, B. 13, 1850). 

Preparation.— k mixture of (/3)-naphthol (15 
ts.). aniline (19-4 pts.), and CaCl^ (11*0 pts.j is 
eated under pressure at 280^ for 9 hours; The 
yield is 98 p.c. of the theoretical (Friedlander, 

B. 10, 2075). 

White needles, sol. McOIL 
Yields a tetra-bromo- derivative [198 ] and a 
mitro- derivative [87°]. With nitroso-di-methyl- 
aniline hydrochloride and HO Ac it yields lustrous 
black crystals, which form a violet solution in 
H,SO, (Witt, B. 21, 723). Sulphur at 210" forms 

S<o|"{[|>Nn [178^ (Kym, B. 23, 2IW), 

H.^S 04 at 100" forms a trisulphonic acid 

Salts. — BUCl ; unstable crystalline powder. 
— B'C,HjN,0,. Brownish needles, v. sol. CHOI,. 
Acetyl derivative, [93"]. Crystals. 
Benzoyl derivative, [136"] (Streiff, A. 
209, 161) ; [148"] (Claus a. Richter, B. 17, 15^). 
Arifro«awine#C„H..NPh.NO. [93"]. 
Di-phenyl-naphthylamine C,„H,NPh,. [142°]. 
(336"-340° at 85L mm.). Formed by adding o- 
bromo^aphtlftilene (20 g.) to a boiling solution 
of potAsiam (8'3 g.) in ^iphenylamino (20 g.) 


mixed with aniline (15 o.o.) (Herz, D. 23, 2641). 
Silky needles (from dilute alcohol), insol. water. 

References, — Nitko-amido-^ Di-nitro-, opd 
Nitroso- Piientl-nai»hthyl-aminb. 

PHENYI.(a)-NAPHTHYLAM;NE BLUE v, 

TrI - KAPHTHTL • TBI- AMlDO-TRI-PHENVL CAlUlINTt 
CHLORIDE. 

PHENYL . (A) • NAPHTHYL - CAEBAMIC 
ACID. 

FAhyl ether C,.,H,NPh.CO,Et. [93°]. 
Fonncfl by the action of NaOKt on the chloride 
(PasclilA)wez%, B. 24, 2919). Satiny needles. 

Phenyl ether C,„lPNPh.CO,Ph. [149°]. 
S. (96 p.c. alcohol) -30 at 17" ; S. (benzene) 2*3 
at 17". Fm mod from tlio chloride and N^OPh. 
Neoffles, v. el. sol. cold alcofSol, 

Chloride a,li:mn\.COC\. [102"]. Formed 
rfrom phenyl-(ja)-naph.fliunino and COCl, in 
toluene (Kym, B. 23, 125). White pliftt'S. 

PHENYL- (a) -NAPHTHYL CARBINOL 
Ph.Cli^OH).C,#H,. im-rP]. (above .3t;0"). Formed 
from the ketone, zinc-dust, and KOFI (F.lbs, 
J. pr. [2] 35, 504; cf. Leln’nc, B. 13, 359; Beck- 
mann, B. 22, 915). Crystals, v. sol. alcohol. 
Gives a giolet colour with Il.^SO^. 

pfenyl-di- (a) -naphthyl carbinol C^JI^O i.e. 
rii.C(C,„U,).HH. [160"-170"]. Formed, together 
with benzoic aldehyde, by boiling phe 4 )yl-(a)- 
naphthyl-()8)-pii)acolin (C,„H,) CPhBz (got by 
' reclucing phenyl (o)-naphthyl ki.lone with zinc 
and alcoholic HCl) with alcoholic KOH (Elba, 
J. pr. [2] 35, 507). Grey cry8talIinecrust»(from 
ctjier-alcohol), in. sol. ulcoliol, v, sol. ether. 

PHENYL . (3) - NAPHTHYL - CARBINYL - 
THIO-UREA. Tetrahydride C„H,,/7,S i.e. 
Nin»li.CS.NH.ClI,CH,Hn* Forined from 

0,„H,,.CI1,NH. and phenyl Ihiocarbimido (Bam- 
berger a. Helwig, B. 22, 1913). Vitreous rosettes. 

PHENYL -NAPHTHYL -CARBINYL. UREA. 
'tetrahydride NJlPh.CO.NH.ClI,C,on,,. 
Formed from naidithyhcaibinylamine and 
phonyf cyanate (Bamberger, B. 22, J913). The 
(a)-compound melts at 12l)-5", the (8)-i8omorido 
at 141". Both crystallise in needles. 

PHENYL.(a).NAPHTHYLENE-DIAMINE 
C,„H,,N., LC. C,„11,.(NJI,)(NJ1P1>) [1:4J. [118°]. 
Formed by reducing mtroso-plienyl-(a)-naphthyl- 
amine [Wack<!r, .^1. 213, 305). Nlfbdloa (from 
alcohol) or pl.-ites (from benzene). 

Phenyl-o-naphthylene-dianiine 
C,„Il«(NlI.,)(NHC«ig [1:2], Anndo-{P)>naph. 
thul-phcnyCamine. [140"]. Formed, together 
with aniline, by reduction of b( n/.eue-azo-(/3) 
naphthyl-phenyl-amino with HnClj (Zincke a. 
Lawson, B. 20, 1170 ; Witt, B. 20, 1184). Broad 
I needles or plale..s. Nitrous acid passed into 
HOAc (11 pts.) containing the hydrochloride in 
suspension formsC,„H.,N ,0.^ or OmHi^N^Oj [208"J, 
whence SuCL forms C^^Hi.^N^ [194°], which 
yields BTICI, C,..H,,AcN 4 [26l°] and C,,H,„Ac.,N 4 
[177°], and gives with benzoic aldehyde a com- 
pound [lo.i"J (Zincke a. Campbell, 4. 

255, 349). V 

Salts.— B'HCl: long colourless glistening 
needles, v. bl. sol. water, more readily in alcohol. 
— xB'HaS 04 ; needles, similar solubility. 

Pheny l-dinaphthylene-amine C.*jH„N i,e, 

^'|^p>NPh. [ 0 . 1440]. Fonnod bj beating 
(3^)-^-cxy-dmaphthyl with aniline-zinc'ohloridf • 
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ftt 800° (Waldcr,’ B. 16, *2175). Prisms or ! 
needles, sol alcohol .—B'2CaH;,N,Oj. [109°]. 

Di-phenyl'iiaphthylezie-diamine 
[2:2'J C,JI,{Nnrh),. [108°]. Formed, toRether 
vjrith C,oH«(OHJ(NHPh^l03°], by heating dioxy. 
naphthalene with aniline andCaCia (Annaheiui, ! 
B. 20, 1372 ; Clausius, B. 23, 528). Silvery 
plates (from hot benzene). 

Acetyl derivative C._aH 2 oN.^Oj,. [198°]. 
Di-phenyl-naphthylene-jn-diamine 
[1:4J C,„li,(Nlirh),,. [144°]. Formed b^rcduc- 
ing the di -anilide of (a)-naphlh81iuino!le with 
zinc, HOAc, and alcohol (Fischer a. IIcpp, A. 
250, 255). Colourless prisms. 

DI - jPHENYI - NAPHTHYLENE-DI.THIO- 
UREA C,„II«(NH»CS.NyPh)2. f355°-3l>0°]. 
Formed from naphthylene (1^2)-diamino and 
phenyl-thio-carbiniido (Bamberger a. SchiclTelinf 

B. 22, mO). Needles. 
DI-PHENYL-NAPHTHYLENE-UREA 

C, „U„(NH.CO.NIJP}i).,. [335°]. ^Formeif from 
naphthylene (l,2)-diaminc and phenyl cyanato 
(JJamberger a. SchielTelin, B. 22, 1370). Cryl- 
talline granules, v. si. sol. benzene. 

PHENYL-NAPKTHYL.ETHANE C,,II,„ i,c, 
OioHj.ClIjj.ClLPh. Formed by heating nai hlhyl 
benzyl ketone with III and P at 155° (Crnebo a. 
Bungener, B. 12, 1078). Yields chrysene on 
passing through a red-hot tube. 

a-PHENYL.(/3) NAPHTHYL-ETHYIENE 
C(,Hj.C 2H2,C,„1T,. [115°]. Formed by distilling 
(/8)-naplithyi cinnamate, CO., being split oil’ 
(Anschiitz, B. 18, 1910). Silvery plates. 
Di’hromidc. [192°]. • 

PHENyL-NAPHTHYL-ETHYLENE-il^-THIO- 

tTEEA [185°]. Form.'d 

from phenyl-(a)-naplithyl-urea and ethylene 
bromide (Foerster, B. 21, 1870). 

DI-PHENYL-NAPHTHYL-GUANIDINE 
C 2 ,H,„N,CN,II.,Ph.,(C„.H.-). [155°]. Formed by 

heating di-phenyl-tluo-urea with (a)-iundithyl- 
amino, alcohol, and PbO (Ticmann, B. 0 ; Z. 
[2] 0, 309). Crystalline, sol. alcohol. 

PHENYL . (i3) . NAPHTHYL - GUANIDINE 
CARBOXYLIC ACID 

OwH,NH.C(NH).NH.C«n,.CO.,H. Formed by heat- 
ing oyan-carbimidamido-bcn/oic acid with ()8)- 
iiaphthylaniilne (Gric.s.s, B. 10, 338). Crystals 
si. sol. hot alcohol.— B'ITGl. Six-sided plates. 

PHENYL (a).NAPHTHYL-KETONE 
CpH.^O i.e. CJI,.CO.C,„H,. Mol. w. 232. [75-5°]. 
(385°) (Schweizer, A. 201, 190). V.D. 119 (calc. 
116). S. (alcohol) 2-6 at 12°. 

Formation. — 1. Together with the (0)- 
iaomeride, by heating naidithalene with HOBz 


gives C„HJJr(N02)20 decofnposing at 90*’.—*. 
Cone. H..SC), with a few drops of water forms at 
100°-156° benzoic acid and naphthalene (/3)- 
Bulphonic acid.— 3. Soda-lime at 350° forms 
naphthalene and NaOBz. — 4. Chromic acid 
mixture forms C«IJ,.C0.C„H;,(C0.2H)2[1:2:3]. 
[155°].-— 5. Sodium acting on its ethereal solu- 
tion forma a greenish-yellow compound 
(C,oHj.CPh),p, 2 Na.j, whence water produces 

CPh(C,„H,) 2 .CO.C„Il 5 and othe^ bodies, while 
CO, acting on the Na compound forms a yellow 
pmvder, split u]) by waier into ketone and 
C,P,.C(C,„1L)(0I4' CO-P [148°] (Beckmann a. 
Paul, A. 260, 10). 

Oaitm C„H,.C(NOn).C,„H,. [142°]. Groups 
of white needles (from dilute alcoliol) (Kegel, A. 
217, 181). Oxidi.sed by CrO, in HOAc to 

, C,II,.CO.C„n 2 <^Q [152°], whicll yields an 

anilide [20*0°] and a p- 

toluide [197°] both converted by boiling NaOHAq 
I into C.H.B<g0.g^H ^ 

; Phenyl (jS) -naphthyl ketone [82°]. S. 2 at 
: 12 '.. Formoil, at the same time as the (o^- iso- 
; mevidc, from naphthalene (v. supra). Formed 
also by heating (^l)-na})hthoic acid with benzene 
! and P-Ps (.Merz). N(;cdles, v. sol. hot alcohol, 
j Oxim. [176°]. Needles. Oxidised by CrOj 

in IlOAo to yellow [132°], 

which is converted by heating witJi aniline into 
I darlc-rcd plates of [210°]. 

I llcfcrcncc. — Di ■ oxy - rnKNYr. - naphthyl • 

' KI/rONK. 

PHENYL NAPHTHYL KETONE o-CARB- 
OXYLIC ACID C,Jl;.CO.C,ll,.CO,H. [174°]. 
The chloride is formed fjom naphthalene, 
phlhalic aidiydi’ide, ^id AlCl., (.\dor a. Crafts, 
B/. [2] 31, 531). Prisms (from dilute alcohol). 

PHENYL - NAPHTHYL - METHANE v. 
B K.N’ /. Y L-NArilTI AlKNE. • 

Phenyl-di- (a) -naphthyl «nethan^ C.,,H 2 o i.e. 
C„npH(C,„U,)... [c. 180°]. Formed from 

phenyl-(a) naphthyl-(j8)-pinaculin by distilling 
with zinc-dust. ^ Got also by heating phenyl- 
di-(a)-naphthy]-oarl)iiiol with zinc-dust (Elbs, 
J.^pr. [2] 35, 50iS). Grey powder ; cakes together 
at 100 

Di-phonyl-naphthyl-methane C,oH,.CHPh,. 
[131° and 149°]. Formed by heating di-phenyl- 
carbinol with naphthalene and PjOj at 140° 
! (Lehno, B. 13, 358; Hemilian, Bl, [2] 34, 326). 
! Needles, sol. benzene and ether, si. sol. alcohol. 


and 1\0, at 210° (Merz, B. 6, 511, 960, 1238).— | 
2. By heating (a) -naphthoic acid with benzene 
and P.Pj (M.).— 3. Together with a smaller 
quantity of the (/3)- isoracride, by the action of 
AlClj on a mixture of naphthalene, CS,. and 
BzCl, The two ketones are separated by crystal- ' 
lisation from alcohol-ether (Elbs, J. pr, [2J 35, ! 
503; B, 1^ 1966; Rospendowski, 0. B. 102, i 
872). — 4. By heating naphthalene with BzCl j 
and ZnCI., or Zn (Roux, A. Ch. [GJ 12, 336 ; ! 
Kegel, 4. 247, 178). 

P»’op<?r<ws.— Trimetrio prisms, very slightly 
volatile with steam, 

Bcactions. — 1. Br forms C„H,,BrO [98°j 
.(E.); [100*5°] (Rospendowski), whence HNO, j 


PHENYL - (a) - NAPHTHYL - METHYL-PYR - 
nn (above 3C0»). 
Formed by heating the carboxylic acid [244°] 
(Lederer a. Paal, B. 18, 2598). Plates. V. e. 
sol. alcohol, benzene, and ligroin. 
Phenyl-(/8)-naphthyl-metliyA-pyrrole 

the* carboxylic acid [249°] (L. a. P.). Small 
white concentric needles. V: sol. alcohol. 

PHENYL - (a) - NAPHTHYL - METHYL PYR- 
ROLE CARBOXYLIC ACID 

CO,H.So>NO..H,. van Fomea bj 
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Ad&tlng acciopbenoneacetoacctio ether with (a)- 
naphthylamine at 130°, and saponihcatioii of the 
product (Lederer a. Paal, B. 18, 2508). Needles. 
V. sol. alcohol, benzene, and acetic acid. 

Phenyl-jS-naphthyl-n^thyl-pyrrole carb- 
ozylio acid. [240 ']. Formed in like manner, 
using (jS) -naphthylamine (L. a. P.). Small 
white needles, sol. alcohol and IlOAc. 

Ethyl etifkr EtW [ll.vj. Plates. 

PHENYL - (fl).NAPHTHYL-METHYL-TIlIO- 
UEEA Ci.,H.NH.CS.^Ph^[e. [127 ’]. (lotfr^m 
(/8)-naphthyl-thiociii'biniide a^d Jiiethyl-anilmc 
•(Gebhardt, B. 17, 2001). Long yellow needks. 

Pbenyl-(a)-naphthyl.methyl-»>-thio-urea 
C,„n,N:C(SMe).NHPh. [00 J. Formed from 
phenyl (a)-naiilUhyl-thio-urca and j\lel {Foorster, 
1{. 21, l{i70). Small white needles. Yields 
(a)-naphthyl-thiocarl)iinidc on floating with CS... 

PHENYIA (a) - NAPHTHYL-(iS)-PlNACOLIN 
0,U,.C(C,oH,),.CO.C,H,. fc.l30°]. Fromphenyl- 
(a)-naphthyl ketone by l)i)iling with zinc and 
HCl (Klbs, J. pr. [2] 35,500). Palo greenish* 
yellow crystilline erusls, v. sol. ether, si. sol. 
uleohol, insol. water. Cake-.s together at 
llO'k* Boiling aleoholic KOil forms benzoic 
aldehvde and phenyl-di-naphthyl-carhinol. 

PHENYL . (a) - NAPHTHYL - PINACONE 
C,„U,CPh(On).CPh(OH).C,JI,. [01°]. A pr.)* 
duct of the aeiion of Bodium-amulgam on an 
alcoholic solution of phenyl*(a)-naphthyl ketone 
(lieiine, B. 13, 130')). Needles (from cthf-r). 

D1 - PHENYL . (a) • NAPHTHYL * PYRROLE 

[I IDJ. Formed hy heating 

its carboxylic acid with lime (Paal a. Braikoff, 
B. 22, 30'J2). Neetllos, v. sol. hot alcohol. 

Di - phonyl - (8) * naphthyl - pyrrole. [208°]. 
Formed in like manner (P. a. B.). Needles. 

DI .^HENYI^. (a) * NAPHTHYL - PYRROLE 

CARBOXYLIC ACID 

[272^. Got by saponifyfng its ether, which i.s 
obtained from •i)henacyl-ben2?nl-acctic elher 
and (u)-nai^ilhylamine (Paal a. Jiraikolf, L‘. 22, 
3001). vSmall white plates, si. sol. hot alcohol. — 
KA'. SI. sol. hut water. 

Ethyl ether EtA', [182°J. Needles. 

Di-phenyl.(/3)-naphthyl.pyrrolo carboxylic 
acid, [above 350^]. Got in like manner, iiflijg 
(/3) naphthylamine. Plates.— KA'. St. .sol. water. 

Ethyl ether EtA'. [182‘"1. N.-rdles. 

PHtNYL.(o).NAPHTHYL SULPHIDE 
C„U,.SPh. [42°] (K. a. B.) ; [10°]. (c. 215° at 
15 mm.). Formed from Pb(SPh).^ and C,„lI,Br 
(Krafft a. Bourgeois, B. 23, 3047). Formed also 
from (o) -diazonaphthalene chloride and NuSPh 
(Ziegler, B. 23, 2471). Prisms (from dil. alcohol). 

Phenyl (/3)-iiaphthyl sulphide. [52°j. (c. 221° 
at 14 mra.). Formed in like manner. Needles. 

PHENYL (a) - NAPHTHYL SULPHONE 
CsHj.SO.j.CioHj. [100°]. Formed by oxidising 
phenyl (o).napl!tliyl sulphide with C1O3 and 
HOAc (Krafft a. Bourgeois, B. 23, 3047). Formed 
also, together ^ith the (0)- isomcride, by heating 
benzene suliihonic acid with naphthalene *and 
PjOj at 176° (Miahael a. Adair, B. 10, 685). 
Crystals (from alcohol). 

Phenyl (0) . naphthyl gulphone. [11G°]. 
Form^ in nke manner, and also by heating 
naphtnalena (B)'Sulphorm acid with benzene 
nod (M* A. A), and*by the action of zinc- 


dust or AICl^ on a mixture of naphthalene and 
benzene sulphonio chloride (Crustschoff, iL*7, 
1107 ; Otto a. Bockurts, B, 11, 2000). Needles. 

PHENYL.(a)-NAPHTHYL.THIO-SEMlCABB. 
AZIDE NHPh.CS.NH.NtlC,„II,. [135°]. Formed 
from (o)-miphtliyl-hydrazine and pheuyl-thio- 
Cttrbimi<io (Prouiul, B. 24, 4191). Needles. 

Phenyl - (8) • naphthyl - thio . semicarbazide. 
[202'J, Formed in like manner from (B)- 
iiaplilhv! hvdraziue (P.). White plates. 

PHINYL *(0) - NAPHTHYL - THIO - UBEA 
NlIPluCS.MItvdl,. [103 ]. Formed from 
(a)-na]'h{hylaminu ajid piitnyl-thioearbimide 
(Hofmann, /V. 9, 274), and also from imiline 
aiid^a)-iiaiflilliyLlhio^'arLii(eido (Main/.er, 16, 
1414). Plaits, V. si. sol. alcoliol. With ethylene 
duromi.le it gives two lulfces [ l.Sfg^] ,aiwl [130°]. 

Tctra h yd ride N llPh.CH.NHC,,!!,,. 
[153 ’]. Formed from phon.vl-thiocarbimide and 
(aj-mi^iithylai^iie tolrahydritle (Ihimborger, B, 
21, 1794). Prisms, v. sol. benzene-alcohol. 

• Phenyl-()8)-naphthyl-tliio-urea 
NHPh.CS.N110,olI,. [105° j. Formed from 
(/3) napldhylamino and piienyl thioearbimide 
(^1. ; •Freiiud a. Wolf, i). 25, 1408). Plate.s. 
t?[)lit up by 1JG1A(J at 150’ into aniline, (/3)- 
naphthylamino, and ])lienyl and (^l)-naphtbyl 
tliiocarbimid’ S. COCl,. in tolueno • forms 


NPhiC 




>CO [117°]. 


Tef?*rt;t//tZruL. NIlPhXkS.NIlC,„ir„. [101°]. 
Formed from phenyl thioearbimide and (j3)- 
iiTiphtliylamine tetrabydrido (Biynbcrger .a. 
Miiller, JL 21, 858). Prisms (from alcohol). 

PHENYL-(o) NAPHTHYL.UREA. Tc tra - 
/r7/drit/cNlIPh.CO.NHC,.,lI„. [193°]. Formed 
from (a). naphthylamine tetrabydrido and phenyl 
cyanate (Bamberger, B. 21, 1794). Needles. 

;/-Phcnyl-(8)-naphthyl-urea 
NJl ,.(10.NPh.t',„H;. [190’]. Formed by heating 
NPh(G,„U-).COC'»l and alcoholic NH, at 130° 
(Kym,*ii. 23, 420). Needles, si. sol. cold alcohol. 

Phfcnyl-(/l) -naphthyl-urea 
NnPh.CO.NHC,„II.. [221°]. Formed from 

phenyl cyanate and {j3)-naphlhylamine (Gold- 
schnndt, B. 21, 2507). Prisms (from ulconol). 

7'ePm/iy(irL/cNnPh.CO.NH(k„H,,.[100°]. 
; Formc'l from phenyl cyanate ann the tetra- 
hydride of (8)-miphtliylumino (Bamberger a. 
: Miiller, ]J. 21, 859). Needles, v. e. sol. alcoliol. 
j Pheiiyl-di*(i3)-iiaphthyl-uroa C,.,U.^„N,p i.c. 
I NnPh.CO,N(C,„ll,),. [182 j. Formed from 
j idicnyl cyanate and di-(/i)-napbthylttmino (Geb- 
: hardt, B. 17, 3039). Formed also by heating 
i N{C,„iP)..COCl with aniliiie in CliCJ, at 130° 
j (Kym, h. 23, 429; Kiihii a. Landau, B. 23, 811^. 
I Needles (from alcohol). By lieating with ani- 
I line it is coaverl.cd into CO(NHPh)2 and di-(i8). 
' naplithylaraine. 

Phenyl-tri.(i3) -naphthyl-urea 
CO(NPhC„Hd.N(C„H,)2. [108°]. S. (alcohol) 
•9 at 10°; S. (be zene) 4'54 at 10°. Formed 
from (C,„II;)...N.COCl and phenyl-jB)-naphthyl- 
amine at 200° (Paschkowezky, B. 24, 2924). 
Granular crystals, si. sol. cold alcohol. 

Di-phenyl-(8)-naphthyl-urea 
NnPli.CO.NPhC,„H,. [133°]. Formed from 
NPh(C,oHj).COCi and aniline (Kym, B, 23, 420), 
White plates, si. sol. cold alcohbl. 

M-Di-phenyl.di-(i3) -naphthyl-urea 
NPh^CO.N(0,^,), [104°j. Formed hy heat* 
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ing NPhj.COCl with (C,oH,).,NH at 220“ or by 
heating (C,oH,)^.COCl with NPh^H at 260“ 
(Paschkowezky, B. 24, 2923). Crystalline 
powder, m. sol. cold alcohol. 

• a-Di-phonyl-di-(j3)-naphthyl-urea 
CO(NPh.O,oH,)2. [18G“J. S. (alcohol) 1 at 18-6“. 
S. (benzene) 69 at 18’5“. Formed by heating 
C,„H,NPh.COCl with C,eH,NPh.COCl at 250“ 
(P.). Polyhedral granules. Converted by HClAq 
at 250“ into aniline, ()8).naphthol, andCd^- 
Tri-phenyl- (3) -naphthyl-urea • 
NPh2.CO.NPh.(C.„H.). [128“J. Formed from 
C„H,NPh.COCl and NPh.,H at 210“ (P.). Crys- 
talline powder, v. sqh alcohol. • 

PHENYL o-NlfttO-BENZYL KETONE* 
CgHj.CO.CHyC^H^NOa. » NitMO-dcoxybcnsoin. 
P^ormed, ^gether with tlie ^j-isomeride, by nitr.i-* 
ting phenyl benzyl ketone (Ncy, B. 21, 2418). 
Sol. ether (difference from p- isomeridek The 
jp- isomeride yields a crystalline (ftim [10 y“J. 

PHENYL p-NITEO-BENZYL OXIDE « 
CrtHs.O.CHj.CuIIiNO^. [01“J. Formed from 
yj-nitro-benzyl chloride and KOPh (Kumpf, B. 
17, 1076). Plates (from alcohol). ^ 

Reference. — Nitro - i’Henyl - nitro - benzyUi 

OXIDE. 

PHENYL NITRODIPHENYLETHYL KE- 
TONE 0,H,.CO.CHPh,Cn,.C«H^NO,. Formed 
from nitro-benzyl chloride, deoxybenzoin, and 
NaOEt (Buddeberg, B. 23, 2071). The o- com- 
pound melts at 102’ and yields diphenylquinol- 
ine [96“J (420°) on reduction. They>- i8omcri(i'e 
melts at 112° and yields an amido- compound 
[141“] on reduction. 

DI-PHENYL-DINITROSACYL. So-called. 
Oi6H,oNa04. [87°]. The chief product of the 
action of HNOj (S. G. 1*4) on acetophenone 
(Holleinann, I?. 21, 860, 2835). It is accom- 
panied by an isomeride [179°]. Crystals (from 
ether). Converted by acids and alkalis into 
benzoic and oxalic acids, NH,, and hydroxyl- 
amino. Ao.p yields C,«H,„Ao,N,Oj [149°]. 
Aniline and benzanilide form compounds melt- 
ing at 206“ and 160° respectively. 

DI^IPHENYL-NITROSAMINE V. Nitrosaviine 
of Di-phbnyl-amine. 

PHENY^-NITRO-TOLYL-THIO-UREA v. 

NiTRO-PnBNYL-TOLYL-THIO-UREA. 

DI-PHENYL-NITRO-p-TOLYL-UREA 

NPh,.CO.NHCJI,Me(NO,) [1:4:3J. [139-5“]. 

Formed from nitro-jp-toluidine and NPh...COCl 
at 125“ (Lollniann a. Bonhoffer, B. 20, 2121). 
Yellow needles, v. sol. chloroform and benzene. 

PHENYL-OCTINOIC ACID C,,n,A i,e. 
l'hC(0,H,)(C^;Et).CO,H (310»-320°). This 
appears to bo one of the products of the action 
of CO at 170° on a mixture of NaOEt and 
PhCH.^.C02Na (M. Schroeder, A. 221, 46). 

PHENYL-OCTOIC ACID. Nitrile. 
C,H,3.CHPh.CN. (287^. Formed from phenyl- 
acetonitrile, hexyl iodide, and NaOH (Rossolymo. 
£.22, 1237). Oil. 

DI-PHENYL-n-OCTYL TRICYANIDE 
0,H„.a,N,Ph2. [43°]. (285“ at 15 mm.). 

Formed from C^Hp.COCl, benzonitrile, and 
AlOlj (Krafft a. Koenig, B. 23, 2384). 

PHENYL-OCTYL-THIO-UREA 0„H„N,Si.e. 
6fH,,NH.CS.NHPh. [63°]. Formed from aniline 
and w-octyl-thiocarbimide (John, B. 8, 804). 


v-PHENYi.-wirraiAibi:ir cak U 

QB[‘N 8**7*^* 

[224°]. Formed by warming th* 

osotetrazono of glyoxal with FeCl^ and HClAq 

(Pechmann, A. 262, 291^. SI. sol. water, v, sol. 

alcohol. HNO, yields £184°]. 

Tri-phcoyl-osotriaiole cPh^N^NPh. [122^. 
Forfned by heating the diphenyl-dihydrazide of 
benzil with alcohol at 210‘VAuwer8 a. V. Meyer 
£.21,2806). WWte plates. 

PHENYL-OSOTRIAZOLE CARBOXYLIC* 
ACID Formed by 

oxidising phenyl-methyl-osotriazole with KMnO, 
(Von Pechmann,»D. 21, 2760). Foimcd also by 
boiling^the phony l-hydrazide of di-niroso-acctone 
with NaOHAq (Pechmann, A. 262, 283). White 
needles, sol. alcohol,* not volatile with steam. 
Yields a nitro- compound [236°] wliich may be 
reduced to an amido- compound [2^42°]. 

Salts.— K A' aq.-BaA',^ 4aq.— CdA'^laq. 
Methyl ether MoA'. [90’]. (286°).* 
Ethyl ether EtA'. [59°j. (306°). 

C..N.,llPh.CONH... [143'5“]. Formed 
, by boiling the phenyl-hydrazide of acctyl-di- 
; nitroso-acetono with NaXO.Aq (P.). Noodles. 

I ^ Nitrile CJIN.Ph.CN. [94‘5“]. (191° at 

; 60 mm.). Formed by the action of NaOTI on 
; thcpheijyl-hydrazide of di-nitroso-acetone (Pech- 
■ maim, A. 262, 297). Plates, v. sol. ether. H^S 
an<l alcoholic NH^ convert it into the thio-amidc 
<l,HN,Ph.CS.NH, [132°). 

Phenyl-osotriazole dicarboxylio acid 

C(CO:a)!N>^*’‘'- I'crmedbyosidisme- 

phonyl-di-methyl-osotriazole with KMnO^ (Peoh- 
mann, A. 26V., 311). Crystalliho powdef. After 
fusion it melts at 184°.— CaA" : noodles.— Ag., A". 

PHENYL-OSOTRI/KOLE CARBOXYLIC 
AIDEHYDE n>NP1i.‘ [70°]. Formed 

by boiling its oxirn with dilate H.SO4 JPcchmann, . 
A. 262, 294). Insol. cold water. 

Oxim C.JIPhN3.CII:NOU. [115°]. A pro- 
duct of the actibn of alkalis on the compound! 
CntNOH).C(N.,Hrh).CII(NOAc). 

Phenyl-hydrc zide C. JIPhN3.CH;N.JaPb.. 
[118°-140°J. Plates, v. sol. alcohol. 

PHENYL-OSOTRIAZYL ALCOHOL 
CH3(0 H).Q— [67°j, Formed, together 

with the carboxylic acid, by warming the alde- 
hyde with cone. NaOHAq (Pechmann, A. 262, 
296). Prisms, v. e. sol. alcohol, si. sol. cold Aq. 
PHENYL-OSOTRIAZYL-AMINE CoH,„N* i.e. 

^233° at 100 mm.). 

Formed from C.3HPhN3.CS.NH3 by treatment in 
alcoholic solution with Zn and IICl (Pechmann, 
A. 262, 300).— B'HCl.^ [229^1. Tables. — 
^’a^aFtClj. Prisms. — Di-thio-oarbamate. 
[123°]. Tables. 

PHENYL-OXALACETIC ilHER G^M,,OA.e. 
COjEt.OO.CHPh.COjEt. Formed by the action 
of Na on a mixture of oxalic ethej and phenyl- 
acetic ether (Wislicenus, £. 20, 691 ; A. 2^ 339). 
Oil, decomposed by diitillation, v. sol. alkalis, 
FeClg colours its alcoholic solution ted. Boiling 
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dilute HoSO. gives COa and phenyl-pjruvio 
acid [i55<>], 

Phenyl-hy dr azide 

CO.,Et.C(N\.HPlj).CHPh.CO.Et. [70^]. Needles 
(from dilute alcohol), v. sol. ether. 

Ethyl ether of scmi-niirile 
CN.CHPh.CO.COoEt. [IdO^]. Formed from 
phenylacctonitrilo, oxalic ether, and Na or 
NaOEt (Erlemneyer, jun., B. 22, 1483). Plates. 
FeClj colours its alcoholic solution green. 
PHENYL-OXAMIC ACID r. Ox.u.ic acii?. 
PHENYL.OXAlfIDE v. Ox ALIC ACII>. • 

PHENYL-OXAMIDE CAABOXYLIC ACID v. 
Oxalic acid. 

PHENYL-OXANTHRANOL CJI^O, U. 
C.H,<co [208°]. Formeil by | 
oxidatiorfof phenyl-nnthranoi with KXrp, and* 
HOAc (Eaofer, A. 202, 58). Colourless tables, 
iiisol. water, sol. alcohol. Cone. H.SO,‘ forms a | 
purple solution, lledifted by zinc-dust and j 
HOAo to phenyl-anthranol. Bcii/.eno and i 


PH£NYL.0XY>AC£TAHIDIN£ v. Manubit 

AUIDINB. 

PHENYl-OXY-ACETIC ACID v, Mani^lio 

ACID. 

DI.PH£NYL.OXY-iNG£LlC ACID v. Bi. 

/t//<7rO-C01iNICDLARIO ACID. 

PHENYL jo-OXY-BENZYL KETONE 

I C,.ll,.CO.CH,.C«H,OH. [129°J. Formed from 
i cil Bz.C^H^NII. by tho diazo- reaction (Ney, B, 
21, 2119). White spangles (from water). 

derivative. [87'^j, Plates. 
Isomeridt v. BiJNZoiN. 
PHENYL-OXY-BENZYL.UREA C„HhN.O, 
i.c.^l:21C.,n,(OH).CII,.NH.CO.NHPh. Formed by 
wyming45oIli(01I).Cil,,NlI.^ with phenyl ^yanata 
and benzene. Needles, slJl. alcohol and ether. 
Methyl ik'rivative 

fl:2JC..II,iOMe).ClI..lfH.CO.NIIPh. [115^]. 
Formed from C,U,(OMe).ClFNH, find phenyl 
cvaimto (Ooldschmidt a. Ernst, B. 23, 2713). 

raENYLiOXY-BROMO-PROPIONIC ACIDv. 

JiuOMO-OXY-lUlHNYL-riU)l>lO>jIO ACID. 


II. so, forn^crystalline C^dl.A). PHENYL OXYBUXYL KETONE 0„H,,0j i.e. 

Acetyl derivative CJl, MO,. [!%"]. | CJI,.CO.CIL.CIL.ClL.Clf.,OIJ. [41°]. Formed 

Mcfcrence.—hi-cuLOiio- and Oxy-piu.nyl- ; by hoiiing tho auhydrido of its carboxylic acid 
OXANTIIIUNOL. wil* wator (I’erkin, jmi., C. J. 51, 733 ; 57, 310). 

FHENYL-OXAZOLE CAI.NO ix. Iridescent idates, v. sol. alcohol. If left to stand 


[0°]. (221°). Formed by heat- 
ing bromo-acclophcnono with formamido at 110° 
(Lowy, 20, 2578; lilumleiii, B. 17, 25'^');.— 
B'llCl. [80i.-Byi,FtClu2aii: yellow needles. 

Di-phenyl-oxazole [103 ’j. 

(339®). Formed by heating «-bromo-aceto- 
phenono with benzamide at 145° (B. ; L.). 
Plates (from alcoliol). -B'lICl. Needles. 

Phenyl-iso-cxazole 

Formfd from tlie oxim of benz^^yl -acetic alde- 
hyde and AcCl (Claiserfa. Stock, B. 24, 134). 

P.HENYL-OXAZOLB DIHYDRIDE G,(I,NO 

i.c. {“ld°). T/'ormed by wann- 

ing broniS-ctliyl-benzamide with alkalis (Oabricl 
a. llcymann, B. 23, 2495). Liquid, smelling like 
pheuyl-thiazole dihydride. Miscible with alco- 
hol and ether, si. sol. water. MBrAq forms bromo- 
cthyl - benzamido and CH.,(OBz).Cli.>ilI,.— 
B'-^H^PtCl,.— B'..H.,Cr.O;.~B'C*JI,N,0,. '[177°]. 

DI-PHENYL OXIDE C,,H,oO i.c.Pb .0. Mol. 
w. 170. [28°]. (253°), 1*15075 at *25°. 

Fommtion. — 1. By distilling cupric benzoate 
(List a. Limpricht, A. 90, 190).— 2. By wanning 
diazobeuzeno sulphate or chloride with phenol 
(Hofmeistcr, B. 3, 747 ; A. 159, 201 ; Hirsch, B. 
23, 3709).— 3. By heating phenol with ZnCF at 
350°, the yield being 0 p.c. (Merz a. Weith, B. 
14, 187),— 4. By heating phenol with A’CIj (M. 
a. W.).— 5. Together with diplienylcno ketone 
oxide and a body molting at 111°, by distilling 
sodium salicylate with phenyl phosphate (R. 
Richter, J. j^r. [2j 28, 273). 

Preparc0ion . — By distilling Al(0rh)3 (Glad- 
stone a. Tribe, C. J. 41, 6). • 

Properties. Prisms (from cold alcohol), 
smelling like geraniums, almost insol. water and 
KOHAq. Cone. H^SO, forms 0(G,H, .80,11)^ 
which for*8 Na^"«aq, BoA", and Ag,A". 

f?c/er«nce«.— D i-amido-, Di-bbomo-/ and Dx- 
wrr&o- and Dx-oxt- DiAdbntii oxidb. 


over IL.SO, it is eonvcrtccl into the anlwdrido. 

Oxivi C.H,,C(NOI1).0,II,01J. [57*^ Minute 
plates, b 1. sol.Jigroin. 

Anhydride C„lI,,,Ot.c.CIl,<;^[J 

.(250° at 720 mm.). Formed by heating its carb- 
o.xylic acid at 200° (Perkin, B. 10, 1792; 19, 
2559 ; G. /. 51,730). Oil. Converted by IIBrAij 
into phenyl bromo-butyl k(!tonc. 

PHENYL OXY-BUTYL KETONE CARB- 
OXYLIC ACID. ^ Anhydride C„H,,0, i.e, 

ClI. Bcnzoyl-telramcthyl- 

ene carboxylic, acid. Phenyl dehydrohexone 
carf^).cylic acid. [144°]. Fonned by sapouitica- 
tion of its ether, which is made by the action of 
triinetliyleno bromide on sodinm benzoyl-acetic 
ether (Perkin, jun., G.J. 51, 720 ; D. 19, 2557). 
Monoclinic crystals, a:6:c 2-038:l:3-398 ; 
)3 --71-41'. V. Bol. alcohol and ether. Converted 
by cone. IIBrAij in tlio cold into C Jls.CO.CJIJlr. 
— Ca.V'. — rb.\"; white pp.—AgA' : white pp. 

Ethyl ether KtA'. [00°]. Monoclinio 
prisms ; a:b;c = 1*002:1; *591 ; & - 08° 31'. 

/i<’/C/Y;7lCC.— NiTJlO-rUKNVL OXY-BUTYli KET0N8 
ANIIYDJIIDK CAUnOXYLIC ACID. 

PHENYL - OXY - BDTYRIC ACID t;. Oxy- 

rUENYL-UUTYniC ACID. 

PHENYL 0XY.»|7.CUMYL KETONE 

CJI,.CO.C,HMe,OH. [187°]. Formed by the 
action of nitrous acid on plienyl araido-iff-ouinyl 
; ketone (Frohlich, B. 17, 1800). Plates, v. sol. 

I alcohol, sol. alkalis. 

1 PHENYL OXYETHYL SDIPHONE 
' CftIIi.S02.C.^H40H. Formed by heating glycollo 
chlorhydrin w'ith Bodiura-benzone sulphinate 
' and a little water at 120° (Otto, Apr. [2] 30, 186). 

1 Prepared by boiUngC,H, (8020,14,), with KOHAq. 

I Liquid, b1. sol. water, miscible with alcohol and 
I ctlier. Reactions. — 1. Cone. H^SO^ forms 
C„H5.S02.02H4.0.S03H, which yields SjjBaA'jaq, 
crystallising from water in needles.— 2. Sodium- 
amalgam reduces it to alcohol and Ph.SOjH or 
PhSH.-3. PCI, forms PhSO,.Cj,H,Cl, orysUllip. 
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ing from benzene In six-sided tablets [56®].— 
4 . 1’Cl, forms the sparingly soluble anhydride 
(P^.S6,.0,H,)u0 [70®].-5. Aqueous NH3atl20® 
forms (Ph.SOo.C - - 6. Chrontie acid 

oxidises it to Ph.S 0 .^.C]J,„C 02 H 

Acetyl derivative C,on,..SO|. Oil. 
Benzoyl derivative Ph.S0>.0.,H^.0Bz 
[125°]. 

PHENYL OXY - METHYL KETONE v, 

Bknzoyl-cauiiinol. 

PHENYL . OXY - NAPHTHYL KE^ONE. 

Ethyl derivativeC^JUOKt).(X).C,ll,. [75 ’]. 
Formed from C,„H,.okt, JJzCl, and AlCl, (Gat- 
termann, B. 23, 120'.)). Needles, 

Pl^enyl-di-oxy-naphtbyl ketone ^ ^ 

O.H..CO.OJl 3 <^<°*[j;^‘J; [19^1°]. Formed bj 

boiling (aVlicnzoyl-naphftioqiiinonc with SnCl^* 
and alcohX)! (Kegel, A. 247, 183). White phitng. 
Acetyl derivative. [155°]. Platcjs. 
Isomeride v. Dr-oxv rirnNYa^xAPirriiAL-KK- 

TONK. 9 

PHENYL-OXYPHENYLBIAZYL-HYDRAZ . 

INE ^^^'^^C.NII.NHPh. [181°]. Formed 

by heating di-phenyl-carbazidc with COf»l... at 
100° (Freund a. Kuli, B. 23, 2831). White 
crystals, insnl. hon/.enn. Oxidised by FcClj to 
0.,N,Phf)...N:NPh [200- i. 

PHENYL - OXY - PHENYL fHIOBIAZYL - 

HYDRAZINE Jf^'^^J^^C.NII.NllPh. [121°]. 

Formed by the notion of COGl. on di-pheny],- 
thiocurbazidfi, the rosnlling C/N.d’h.SO.NiNPli 
[140°] being reduced by alcoholic ammonium 
sulphide (Freund a. Knh, B. 23,2827). Needles. 

DI-PHENYL-DIOXYPHENYLENE DI- 
KETONE V. Dioxypuknylknk mi'Iiknvi. i»i- 

KliTONK. 

PHENYL-OXY-PIVALIC ACID v. /j-oxy- 

PHKNYL-VALmilC ACID. 

‘ PHENYL-OXY-PROPIONIC ACID v. ^Oxy- 

PHENYL-rUOPIONIC ACID. 

DI-PHENYL OXYPROPYLENE DISUL- 

PHONE Cn(OH)(Cn,.SO,..OJl.),. Formed by 
oxidation of the product of the action of NaSl’h 
on dichlorhydrin (Otto a. llossing, B. 23, 75.8). 
Oil, V. sol. alcohol. 

Benzoyf 'derivative. [150°]. Needles. 
DI-PHENYL OXY-PROPYL SULPHONE. 
Anhydride (CJI,.SO,.CR,.CH,.ClI,,),0. [85°]. 
Formed by heating di-phenyl trimothylcne di- 
sulphono with alcoholic potash at 120° (Otto, B. 
24, 1833). Hexagonal tables, insol. water. 

PHENYL OXYTOLYL KETONE. Methyl 
derivative* C,iIJr,.CO.C,,Il 3 We.OMo. [80°]. 
Formed from C,iH,Me(01In), BzCl, and AlClj 
(Koenigs a. Carl, B. 24, 3897). Crystals. 

PHENYL-OXY-VALERIC ACID v. Oxy- 

PnKNYL-VALERIC ACID. 

Di-phenyl- oxy-valerio acid v. Tetrahydro' 
CoilNIOULAlUO ACID. 

PHENYL-PABABAMte ACID v. Paracamio 
ACID. , 

PHENYL-PARACONIC ACID v. Anhydride 
of OXY-BENZYL-SUCCINIO ACID and Niruo-PHENYL- 
PABACONIO ACID. 

DI-PHENYL-PENTADECYL TRICYANIDE 

' 0,N^h.,(CHj),iCH,. [64°]. (328° at 13 ram,). 

Formed by heating benzonitrile with palmityl 
ehloride and AlCl, from 40° to 100° (Krafft ^ 


Hansen, B. 22, 809). Globular groups of 
needles (from isobutyl alcohol), v. sol. ether. 

PHENYL PENTADECYL KETONE 
0„H5.C0.C,.,H„. [69°]. (251° at 16 mm.). 

Formed from palmityl chloride, benzene, and 
AlCl, (KraITt, B. 19, #982 ; 21, 2260). Plates 
(from alcohol), sol. ether. Yields benzoio and 
pentadecoio acids on oxidation. 

72<j/erence.— OxY-PHENYL penhadectl ketone, 

PHENYL-PENTANE v. Amyl-benzene. 

PHENYL-PENTANE DICARBOXYLIC ACID 
CajI.C,H,.CEt,.CO,H. [lfs°j. Formed by the 
action of KOHAq^ipon its anhydride 

[53°], which is got by the ac- 
tion of alcoholic potash and EtI on di-oxy- 
ethyl-isoquinoline (Fulvcnnaclier, Ti. 20, 2494). 
Crystalline. Ag,A" ; yellow fiowdor. 

Plienyl-pentane tricarboxylic qfiher 
CHEt(CO,Ei.).C(GII,l*h)(CO,Et).,. (336° cor.). 
S.G. 1-0899. Mi> • F IHi;? at 20°. Formed 
from sodium biitauo tricarboxylic ether and 
benzyl chloride (BiscbolT a. Mintz,*!!. 23, 654). 
Yields, on saponification, two bonzyl-ethyl-suo- 
cinic acids [157-5 ’] and [i23'5°]. • 

Phenyl-pentane tricarboxylic acid 
CMe..(CO..Mj.C(CH.rh)(GO,lI)„. [178°]. Ethyl 
ether eI,A"'. (337° cor.). S.G. 1-0950. 

1*4831 at 20°. Formed in like manner 
from isobutanc tricarboxylic other (B. a. M.). 
Yields, on saponitication, the acid and also 
beiizyl-di-metbyl-succinic acid fl55°]. 

Phenyl-pentane tri-carboxylic acid 
OlIMo(GOJI).CH2-C(OH,Vh)(CO,n),,. [130°], 

One of the acids got by saponifying tin' product 
of the action of benzyl chloride on sodium iso- 
butane tricarboxylic ether (BiscbolT, B. 23, 
1917). Plates (from water). 

Di-phenyl-pentane tetra-carboxylic ether 
CH,(C(CO,Et)^.CII,Ph),. ( 0 . 2'i0° at 20 mrn.). 
Formed [rom disodium 'propane, tetra-carboxylio 
ether and benzyl chloride (Drossel, A. 256, 191). 
Thick oil. « < 

PHENYL-PENTENOIC ^CID 0,.H,.,Oo i.c. 
C,ilI^.C, H,i.CO H. Hydrocinnamhiylacrylic 
acid. [31°]. Formed by reduction of phenyl- 
pentinoic acid by sodium-amalgam (Bacyor a. 
Jackson, B. 13, i2'2). Plates. Yiehls di-oxy- 
phcqyl-valoric acid on oxidation by alkaline 
KMnO^ (Fittig a. Mayer, A. 268,51). 

Dihromide. [109'^^]. Prisms. 

PHENYL-PENTINOIC ACID i.c. 

C„U...CIJ:CH.Cn:CH.GO,n. Styryl-acrylic acid. 
[166°]. Formed from cinnamic aldehyde, Ac.J), 
and NaOAc (Perkin, C. J. 31, 403; Fittig, A. 
268, 50). Prisms (from water). On oxidation 
by alkaline KMnO, it yields bctizoic aldehyde 
and racemic and oxalic acids (Doebner, B. 23, 
2374).-SrA'.. 2aq. -Ag,A". 

Chloride C,,H„OCl. [25°]. 

Amide. [186°]. Tables (from alcohol). 

Di-phenyl-pentinoic acid c 
C,iH,CH:CII.CH;CPh.CN. [119°]. Formed from 
cinnamic aldehyde, phenyl-aceto»'.itrile, and 
N.i01it (Freund a. Immerwahr, B, 23, 2356). 
Needles, v. sol. alcohol and ether. 

Hc/c?(’ncc.— Nnno- and OxY-rnENYii pen- 

TINOIC ACID. 

PHENYL-PHENTRIAZINE. D^hydride, 
C.H. <n^^ Pi.- 028'’!, Formed bj attaina 
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KaKO, to a solution of o-amido-benzjl-phenyl- 
hydrazine or o-amido-benzyl-anilino in HGlAq 
at 0^ (Busch, B. 25, 448). Plates, v. sol. al- 
'».ohol. Salts.--I3'HCl.~B'jH.,rtCl,. [130*^].— 
B'0,HjN,0,. [lir'i. Orange-red needles. 
PHENYL-PHENTEIJZOLE 0„H„N, 

CgH^<^^]|>NPh. [109°]. Occurs as a by- 

pisoduct in the liianiifiiicture of ainido-azo-benz- 
ene (Gattennann, B. 21, 1033). Formed by the 
action of phcnyl-hydra/ine on bromo-di-nifro- 
benzene, the rosnltinif nitro-plienyl phentri:i;n#!o 
T1;4:.5 ]CbII;,{NOj):N.,P1i being #;duced to amido 
phenyl-phentriazole [ISd'^'j and Nll,^ then oliim- 
nated (Kehrmann a. Messingcr, B. 25, 890). 

Isomeride N. PhcntjUphcnyU 

e}ie.-a.?i)nklt. [00°]. Formed^ from o-amido- 
diphciiylamiiM and nitrous iieid (ISchtiplT, Ji. 2.3, 
1813). Needles, sol. alcohol. 

PHENYL.PHEN-(/3).NAPHTHACRIDINE 

Coll Jig. [198° uncor.]. Formed by 

heating*, niixturo of phenyl-(i3) naphthylamiiie 
and l^enzoic acid with P.O, or (Claus 

a. Iliehter, B. 17, 1595). Sublinu'.s in while 
ncedle.s. — IVJI .PlCl.j : glilte.iing yellow needK s. 

DI-PHENYL PHENYL-ACETYLENE DI- 
KETONE V. Dj;in*imo-.\c]:roi'iiKN’ONE-r.i:.s/iri, vol. 
i. p. 37. 

Di-phenyl-diphenylacetylciie diketone v. 
OxYLEl'IDRN, vol. iii. p. 137. 

PHENYL-PHENYL-AMIDO ACETIC ACID 
CJl,Ph.Ni.l.Cll;,.COJl. Forjiu'd from /)-amido- 
dipncnyl and chloro- acetic acid (Zimniermann, 
B. 13, *i9<i(i). 1‘latGS (fiom hot water). — FtA'. 
['95°J. N('edle.s (from dilute alcoliol). 

PHENYL PHENYL-AMIDO-ETHYL KE. 


the corresponding ketone with sodium. am algam 
(Adam, A. Ch. [6] 16, 2C0; c/. Weiler, B. 7. 
1189). Plates. • 

PHENYL . DI - PHENYL . CARBINYLAMINE 
C.H,.CgH 4 .CHPh.NH... ^77°]. Got by lediicing 
the oxim OgUj.CgEl,.C(NOH).OglI, by sodium 
j amalgam (Koller, M, 12, 598). Needles (from 
i ether), insol. wnter. Cone. II, SO, forms a di'ep- 
j violet colour, becoming claret-red on warming. 
; - r>'110Ac.[l(»l'-'j. ^Vhite needles (from water).— 
i irilCl. 1252 ). White needlc.s. - IVHNO,. 

; [21l ].-B',lh^tClg<la(i. [191°]. Yellow needles. 

Pheuyl-iriphenylcarbinyl-amine 
i NHPh.CPh,. [14(i°]. Formed froni aniline and 
I ('Ph r.r (F.lis, JL 17, 703 ; ^lernili.in a. Silbev- 
j PhdiT, B. 17, 749). Ih'xagnnal prisms; v. sol. 
j CS.. Yielils a •iiitrosamino jc. I5()'| and a 
i fetra sulphenic aci.l C,,U,,(S(),11).J which 
i yiehl.s eaHily solnblt! Ihi-./V'* ami Cii .A*'. 

I ‘ PHENYL TRI-PHENYL-CARBINYL KE 
TONE V. (8) n^.zriNA(di.iN. 

• DI-PHENYL- DIPHENYLENE-DI. UREA. 
NIIPh.CO.NIl.a,.n,.C..II,.Nll.CX).NlIPh. jahovf 
300']. (’oiicciitrio needle.s (from aniline). 
Formed •i)y a»lding phenyl cyanate (2 mols.) to 
i an < (hcreal solution of hejjzidino (Kiihn, B. 18, 

: 1I7S). 

PHENYL PHENYL-ENNYL KETONE 

1 CJI,.CO.(:iirii.CJl„. 101°). (350°-355°). 

i T'ornied from d«‘()xyhenzoin (il. Bischorf, B, 22, 

! 318). Yiehls an oxirn [101°] crystallising in 
long nee.iib':;. 

! • PHENYLPHENYL . ETHYL ALCOHOL 

i fl:.3]C..HJ’h.Cll.Mc.()lI. [89 'J. Formed by re- 
' ducing 0,.liJ'h.C().Cll;, with Boclium -amalgam 
(.\<lam, A, Ch, [9] 15, 257). Crystalline masH. 
Cannot be distille«l. 


TONEC„H,.CO.CIi,NllPh. [38 ]. Formed fr-rn 
CgHyC(JlC..tI Jlr nfui aniline (PanifuJ a. Stdiiuidi, 

B. 19, 2899). Yellow cryMal.s. 

AcPtyl rferf ),w/ f ii)c.*[l0.'5'‘l. Needles. 
PHENYL PHENYL-AMYL ^lETONE 

C, JI.„Oi.c. CJl,.CO,CHP)).ClI4’r. 178°]. (330° 
cor.). Foiflied from pbenvl benzyl ketone, 
NaOEt, and isohulyl bromide (V. Meyer a. 
Gelkers, B. 21, 1295). Needles. Yields an oxim 
[118°] crystallising in prisins. # 

PHENYL-PHENYL-BENZAMIDINE , 

C|,,lI,,Nj i.c. CPh<^^^^(.\lI.iPh. [198 ]. Formed 

from CJI,Pli(NO.,).NIir5z, tin, and HOAe (Iliib- 
ner, J.209, 347). Plates (from alcohol).-- Ji'ift'l. 
— BCHI’tClg. — : nia'dh s. si. .sol. wah r. 

PHENYL-PHENYL BENZYL KETONE 
C,„II,gO Le. CgII,Ph.CO.Cn,Ph. [150° !. (above 
390°). Formed •from diphenyl, phenyl-jicetic 
thloride* and AlCl, (Piipckc, I3.‘21, 1339). Platt s 
(from alcohol). Converted by NaOEt and C.SCl., 
into CgH£h.CO.CPh:CS [above 320°). 

PHEinrL PHENYL-BUTYL KETONE 
CgHg.CO.CUPhllr. [33°]. (330°). Formed from 
sodium deoxybenzoin and n-propyl bromide 
(Bischoff, B. ^2, 346). Thread-like needles 
(from alcoliol). Yields an oxim [100°]. • 

Phenyl phenyl^obutyl ketone 
CgHj.CO.CHPhPr. [48°]. (325°). Yields an 

oxim [70°] and a phenyl .hydrazide [72°]. 

DI-PHElQrL.DI.?HENYI.-CARBINOL 
JCgHgHb),CH.OH. [161°]. S. (alcohol) 1-25 ;• 
(edur) ^ ; (ligroln) *6 at45°. Got by reducing ] 


DI PHENYL DIPHENYLETHYLENE DI- 

KETONE CJIPhliz.CilPliBz. Bulesyl. Hydro- 
iuyfci'iuhn. 1255°]. Formed as described in 
v<*l. iii, p. 139. Needles (from benzene), insol 
ah;ohol. On boiling for two hours with alcoliol 
it changes to an istuneride [201' ], sol. alcohol 
(Fchrlin, B. 22, 55.3). 

Isomeride. (101 ]. I.snhidenyl. Accompanies 
hidcf;yl when prepared from deoxybenzoin, 

I NaOJ’.t, and I, or from n/flHl{rPh,^NaOEt, and 
! deoxyhf.tizoTn (Knovcna.;;fl, /i. 21 , J 3.59). Prisma 
(from alcolutl). Keacis with hydroxylamine 
lormin - C.gM,A’,0, [II0M20''|. Cone. JLSO^ 
forni.s with luilesyl and i.sohidc.syl a green 
solution, turning brown. Nll^ forms tolra- 
plunvl-pvrrolo. 

PHENYL PHENYL-ETHYL KETONE 
C,H,.CO.CIlMe.C,,H,. [53^. (318° cor.). 

Fmmel from CJij.CO.tMINa.CJl., and Mel 
: (V. Mryor .a. Oelkers, B. 21, 1297). Needles 
i (from alcohol). Forms an oxim [120-']. 

! Phenyl phenyl-ethyl ketone 
I CJ4,.(:f).ClL.CH.,.CJI,. [73°J. (above 360°). 

Formed by reducing phenyl styryl ketone with 
zinc-dust and llGAc (Schneidewind, B. 21, 
132.5). Plates (from alcohol). Yidds an oxim 
' [87 "j. Isoaniyl nitrite and NaOEt form 
C, JI„NO, [126°]. 

Phenyl diphenyl-ethyl ketone 
! C„Hi.CO.CHPh.CH,Ph. [120°]. Formed from 
I phenyl benzyl ketone, NaOEt, and benzyl 
chloride (V. Meyer a. Oelkers, B. 21, 1300)« 
Needles (from alcohol). Yields an oxim [20B°J. ' 
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PHENYL PHENYL-ETHYL KETONE 
CAMBOXTLIC ACID C,nyCO.CHPb.CH,.CO,H. 
§152°] (J. a. M.) ; [161°] (M. a. 0.). Formed by 
oxidising dehydro-acetone-benzil with CrOj and 
HOAo (Japp a. Miller^ B. 18, 184). Neodlos.— 
BaA'2 2aq.— AgA'. 

Ethyl ether EtA'. Formed from 

Ph.CO.CfINaPh and ClCH,.CO«Et (V. Meyer a. 
Oelkers, B. 21, 1305). When heated it yields 

an anhydride 0<^cPh-C^ whemce am- 
monia forma [*80°]. Phenyl- 

hydrazine acting on desylacetic acid forms 
[110°] |nd (C,Ji„N,0)2i[243°].^ The 

former, NHPh.N<^Qp^’^^^ ?^may be reduced 

by Na ohd isoamyl alcoliol to 

[207°]. Aniline converts the aq^d into 

”^‘'<cph cphlcrh-cph^^^''* 

300®. . 

Phenyl phenyl-ethyl ketone carl^oxylio 
acid. Methyl ether 

Can5.f30.0H(C0.,Me).CIl,Pli. (c. 253° at 50 

mm.). Formed from methyl ben/.oyl-acctale, 
NaOEt, and benzyl cliloride (Perkin a. Caiman, 
C, J, 40, 155). 

Phenyl di-phenyl-cthyl-ketone carboxylic 
acid C,.,H,h 03 i.e. C,IIj.CO.CU,.CPh„.CQ,.II. 
[183°]. Formed by heating the lactono of oxy- 
tri-phenyl-crotonic acid with alcoholic potash 
(Japp a. Kiingomann, C. /. 57, 081). Plates. 
Reduced by boiling HIAq to tri-phenyl butyro- 
laotono. Phenyl-hydrazine in alcoholic solution 
yields C.^gHj^NyO, which is reduced by Na and 
isoamyl alcohol to oxy-tri-phcnyl-pyriolo di- 
hydrido C.^^HigNO.— NH,,A'.— AgA'. On heating 
with alcohol and hydroxylamine hydrochloride 
it forms O.^^Hj-NO,, [152°] and C,.,H„NO [143°]. 

Methylamide Gjall.^jNC^. [156°]. Formed 
from tri-phenyl-crotolactone and methylamine. 
Ethylamide. [130°]. Needles. 

Phenyl tri-phenyl-ethyl ketone carboxylic 
acid. Medhylamide 

CgH 5 .CO.CHPh.CPli.,.CONIIMe. [200°]. Formed 
by heating the lactone of oxy-tclra-phcnyl-cro- 
tonicacid with alcoholic NH.^Mc at 100° to 200° 
(Klingemann a. Laycock, B. 24, 514). Plates, 
si, sol. alcohol. Yields, on distillation, 

iNMe<^CO .CPh., -J' 

PHENYL PHENYL-HEPTYL KETONE 
CeHg.CO.CHPh.C„H, 3 . [69°]. (345°). Needles 
or plates (from alcohol). Yields an oxim [89°] 
(Bischoff, B. 22, 347). 

PHENYL-DI-PHENYL-HYDRAZINE 
NHPh.NHCgHjPh. [127°]. Formed by reducing 
OgHj.N 2 .CBH 4 Ph Avith ammonium sulphide 
(Looher, B, 21, 911). Needles or plates (from 
dilute alcohol). Yields a di-acetyl derivative 
[203°]. 

PHENYL-BI-FHENYL KETONE v. PhenyIi- 
benzophenomb. 

FHENYL-PHENYL HEKCAFTAN CijH.gS 
ie. CgH 4 Ph,SH. [111°J. Formed by educing 
CgH^Ph.SOjCl with tin and HCl (Gabriel a. 

‘ I)eat8oh,H.13,386).— Pb(S.C^ 4 Ph),. Reddish- 


brown pp.— CjjHgSMe. [108°]. Needles (Ober 
mayor, B. 20^ 2927). 

DL PHENYL-Dl-FHENYL-METHANE 

(CgH 4 Ph) 2 CH 3 . [161°]. (360°). Formed from 
diphenyl, methylal, HOAc, and HjSO^ (Weilor, 

B. 7, 1188). Fornifed also from diphenyl, 
CEL^Clj, and AlClj-, the yield being bad (Adam, 
A. Ch. [6] 15, 254). 

DI - PHENYL DI - PHENYL - METHYLENE 
DISULPHIDE CPh 2 (Srh) 2 . [139°]. Formed by 
prfissing dry IICl into a hot mixture of benzo- 
phenone, phtnyl morcaj^an, and ZnClj (Bau- 
mann, B. 18, 88i). Prisms (from ether). 

PHENYL -PHENYL DI - PHENYL - ETHYL 
KETONE CgH^Pli.CO.CIIPh.CHPh. [158°]. 
Formed from CgH,l'h.CO.CHJ°h, NaOEt, and 
benzyl chloride (Piipcke, B. 2i, 1339). Needles 
(from alcohol)^ Yields an oxim [175°]. 

PHENYL PHENYL - PROPINYL KETONE 
CARfiOXYLIC ACIDCPh:C.CHBz.C02n. [135°]. 
(c. 275° at 40 inm.)e Formed from di-btmzoyl- 
propionic ether and alcoholic potash (Kai)f a. 
Paal, B. 21, 1188). Yellow needles or plates, 
insol. water, riicnyl -hydrazine forms €..,jIL,,N^O 
[100°]. Boiling with alcohol and IlClAq forms 
di-phcnyl-furfurane carboxylic acid [217 ']. Al- 
coholic Nil, yields di-phciiyl-pyiTole carboxylic 
ether. — KA'2aq: yellow needles (from alcohol). 
PHENYL a - PHENYL - PROPYL KETONE 

C, ,H,.CO.CJIEtPh. [68 ']. (324° cor.). Formed 
from phenyl benzyl ketone, NaOEt, and EtI 
(V. Moyer a. Oelkers, B. 21, 1299). Needles. 
Yields an oxim [130°]. 

Phenyl phenyl-propyl ketone 
C„II,.CO.CH,.CllPh.ClIa or C„II,.CO.CMc,Pb 
[70°j. (340°-315° i.V.). Formed by heating 
acetoplienonc with III and P at 140° (Graehc,i>*. 
7, 1025). Plates (from alcohol), v. e. sol. ether. 

PHENYL DI- PHENYL. PROPYL THIO- 
UREA NEJ>h.CS.NILCH,.CHPh.Cfl,,Wi. [129°]. 
Formed from di-phcnyl-propyl-amino and phenyl 
thiocarbimide (Frciniid a. Remse, B. 23, 2862). 

PHENYL JPHENYL - PYilAZYL KETONE 
OJI.,PhN 3 .CO.C,H,. [123°J. Formed by heating 
liiieiiyl-pyrazolo with BzCl at 245°^Balbiano, G. 
19, 139). Needles (from dilute alcohol). Yields 
an oxim [1.54°] and a phenyl-hydrazide [140°]. 
DI-PHENYL-DI-PHENYL sulphide 

ic. (C„H,Ph) 3 S. [172°]. Formed by 
distilling Pb(B.OgIT,Ph )3 (Oabriol a. Dcutsch, B. 
13, 386). Plates, sol. alcohol and ether. 

Di-phenyl di-phenyl disulphide (CgHiPh) ^^. 
[150°]. Formed by atmospheric oxidation of 
CgH^Ph.Sn (G. a. D.). Needles, sol. alcohol 
and CS„. 

PHENYL-PHENYL sulrhocyanide 

CgH.Ph.SCN. [81°J. Formed from Pb(SC,H,Ph), 
and ICy (Gabriel a. Doutsch, B. 13, 389). White 
crystals. 

DI PHENYL-DI-PHENYL sulphone 
(C,H,P h).,S02. [216°]. MqAe by oxidising 

(C,H 4 Ph),S with KMnO, (Gabnel a. Deutsch, B. 
13, 387). Plates, si. sol. ether. , 

•PHENYL - PHENYL - SULPHONO . BENZAM. 
IDINE PhC(NPhH):NS 03 PJ. [139^. Formed 
by the action of aniline on the imido-chlorida 
oUained from the anUide of benzene sulphonio 
acid by the action of PClg (Wallaok a. Gossmann, 
A. 214, 214). Narirow plates (from alcohol). 
Appears not to oombdne with HCl. On dry dia- 
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tilUtion it gives di-phenyiaisiine, benzonitrile, 
80.,, and phenyl sulphides. 

PHBNYL.PHENYL-THIOCABBIMIDE 
C,H4Ph.N:CS. [68®]. Formed by distilling 
(0,H,Ph.NH),CS witla (Zimmcrmann, 2?. 
13, 1964). Needles. 

PHENYL PHENYL-THIO-GIYCOLLIC ACID 

C«H,Ph.S.CIL.CO.,H. [170®]. Formed from 
chloro-acctio acid and CrtU^Ph.SNa (Gabriel a. 
Deutsch, B. 13, 389). Colourless crystn^, si. 
sol. water. • ... 

Phenyl-phenyl-di-thio-c^-glycollic acid 
' C,oHJS.CII,.C0 ,H)2. [252“]. Formed from 

C,.£,S.,Pb and C1CH...C0 .H. Crystals. 

DI-PHENYL-DI-PHENYL-THIO-UREA 
CS(NH.G^H4ph)o [228®]. Formed from p-amido- 
dipnenyl and C'Sj (Zimmcrmann, B. 13, 1063)# 
Plates. - * 

PHENtL PHENYL DI-TOLYL-CARBINYL 
KETONE V. PllKNYL-TOLYL-PINACOnrS'. 

PHENYL - PHENYL -p - TO LYL - C ARBIN YL- 
UREA NHPh.CO.Nn.CHPh.C„II,Me. [206 ].• 
Formed from C.lI.lMe.CHPh.NH,. and phenyl 
cyanate (Goldsclimidt a. StOkf^r, B. 21, 2802). 

• PHENYL PHEN YL-DI-XYLYL-CARBINYL 
KETONE V. PllKNYL-XYIA'L-l’INACOLIN. 

PHENYL PHOSPHATES. 

Mono - phenyl di • hydrogen phosphate 
CgHj0.P0(01l).M Plicvyl-jjhosphoric acid. [98®j. 
A product of the action of 1\0., on phenol (Ib'm- 
bold, Z. 1800, 652; Jacol).sen, B. 8, 1.5J0; Rapp, 
A. 224, 157). Deli(iu( seent needles. Partially 
decomposed by boiling water into phenol and* 
phosphoric acid. Yields phenol and on | 

distillation. -CaA'h—PaA" : prisms. 

Chloride C,II,O.POCl,. (212®). A pro- j 
duct of the action of POCla on phenol. Forim d j 
also from C„tf;iO.PCl, and (Anschiit/. a. 
Frngfy, il. 25.% ilO). 1 

Di-phenyl hydrog^ phosphite 
(C«n,0),F0.01I. [50g (K.). a product of the I 
action of F.p. on phenol, l^ormcd also by boil- i 
ing (PhO)3pO (Imol.) with aqueous KOII (liuol.) ! 
(Glut/., 113, 193), and by decomposing tlic ! 
chloride with water.- BaA'„. — AgA'. — Nll^PhA'. 
[0. 160°] (Wallacb, B. 8, 12.35). 

Chloride (C,ll,0),POCJ. (315° at 272mm.). 
Formed from phenol and POCIa. Oil, slowly de- 
composed by water. * 

Anilide (C„H,0).,PO.NIIPli. [129'j. Six- 
sided tables, V. si. sol. water (W.). ! 

Tri-phenyl phosphate (CJIiOjjPO. [4.5°j(J.). | 
(245° at 13 mm.) (.\. a. E.) ForinofI, together with j 
ehloro-benzene, by the action of PCI., on phenol ; 
(Williamson a. Scrugham, C. J. 7,240). Formed 
also from phenol and POCI3 (Jacobsen), or PCI;;, ; 
(Glutz), followed by w'ater. It is also a product j 
of the action of water on CJl-O.PCl, (Auschiitz I 
a. Emery, A. 253, 110). | 

Preparation.— k mixture of plicnol (280 pts.) 
and phosplnjfus oxychloride (150 pts.) is heated 
to boiling with an inverted condenser for 16 
hours, the^excess of phenol is removed by dis- 
tillation or by shaking with dilute NaOH ; the 
yield is 90 p.o. of the theoretical (Hein?, B. 16, 
1763). • 

Properftej.—Needles, insol. .water, si. sol. alco- 
hol, V. soL ether. 

^eacwms. — By distillation with sodium 
acetate or benzoate gives phenylacetate or 
twnzoat^ Heated with potassium sulphide it 


yields tri-phenyl-thio-phosphate PS(OC„Hj,)„ 
together with phenol and some diphenyl and 
di-phenyl oxide. On distilling with MgO, f>bO, 
ZnO.orCaO the chief product is phenyl, together 
with some diphenyleifo-oxido (Kreysler, B. 18, 
1716). Chlorine passed into its cold ethereal 
solution forms (C6H40),PCl.j (A. a. E.). 

Bcfercfue. — NiTiio-pnF.NYL-i'nosvnATES. 

PHENYL-PHOSPHINE C,H,PH,. Mol. w. 
110.. (161®). S.G. i'i l-OOl. A product of the 
actio# of alcohol on CidlsPl J1 and on C^jHjPClj 
(Micliaelis,*. 7, 6; 10. 807; 12, 338; il. 181, 
303). Pungent li<iuid. ^ 

Itcactions. - 1. Ab.sorbs oxygen, forming 
(^HjPJId.OII [7()®J.--2. ipulidiur at 101° forms 
liquid C,H,PILS and solid (CJ1,P),S [138°].~3. 
CS., at 150® fft ins 0|#II, .PmS^. 

‘l8alt3.-CJI,PII.I. “ Needles. -^'.,lLPtCl„. 

Phenyl-di-chloro-phosphine C„H.,PCJjj. 

Phmphoiiflxhloridc. Mol. w. 179. (225° cor.). 
S.G. 1*3121 (Thorpe, C. J. 37, 347). Formed 
by passing bonzeno and PCI., tliroiigli a rod-hot 
tube. Formed also by healing llgPlij with PClj 
at 180®, and by tlio action of AIOI3 on a mixturo 
of *e/Tzeno and PCl^ (Michaelis, B. 12, 1009 ; .4. 
181,280). Pungent fuming liquid, decomposed 
by water into IICI and C„H;,PIIO.OU [70®], 
Chlorine forms C, 411^01, |73°J, which*s split up 
at 180° into C, ,11^01 and PCI.,, and is convortod 
by water into 0„ll5P()(()ll);i. SbCl.^ forms 
C„H,.PCl4SbCli, an unstable yellow crystalline 
powder. Br yields CJIjPCI..nr^ [208^] and 
CJI^PClBr,. ill forms C., II. PI 11,. IPS yields 
oily (C,H.,PS).. and crystalline C..,JI..„N..,S, [193°]. 
H forms liquid C«U»PyCl., (270®) (Ke uler, B. 13, 
461). 

Phenyl-di-bromo-phosphine OJIjPBr.,,. [257°]. 
Got from ngPIi.^and PI3r., (Michaelis, B, 9.519). 
Liquid. Br yields (3,11, PBr* [207°] and 
C.H.PBr,. 

Di-phenyl-phosphino (C„IIj).^PII. (c. 280°). 
S.(J. 12 l-()7. Formed, together with the acid 
(CJI.,).TH).OH by the action of dilute NaOlIAq 
on (CJTJ.RCl (Michaelis a. Gleichmann, B. 16, 
801 ; Ddrkcn, B. 21, 1508). Oil, v. sol. alcohol. 
Weak base. Yields (C,.H,).^PO.OII on oxidation. 
CS.. forms (C.,1I ),1%H.,C8., [157°]. B'HCl. 
Crystalline. B'.,H,PtCl«.— B'lII.J 

Di-phenyl-chloro-phosphlne (C„H^).^PC1. 
(329°). S.G. 1- 1*229. Formed from HgPh.^ 
and OJIjPCl, at 225° (Michaelis, B. 10, 627 ; 18, 
2109 ; ^t. 207, 208). Formed also by heating 
C..II,PC1., in a sealed tube for 120 hours at 300° 
(Dorken, B. 21, 1.505). Thick liquid, decom- 
posed by water or NajpCO^Aq into (CaHJ;,PH and 
(C„HJjjFO.OH. Absorbs oxygon from the air 
forming (CaHJ-^POCl. 

Tri-phenyl-phosphine P(C6 Hj),. [79°J. 

(above 360°) (Micbuelis, B. 15, 802, 1610 ; A, 
229, 297). Formed from C,H„PClj{, bromo- 
benzene and Na. Prepared by adding sodium to 
a mixturo of P'^jI, (1 mol.) and C^H^Br (3 mols.) 
diluted with 4 volumes of dry ether and kept 
j cool. The reaction is completed by boiling for 
12 hours, and the ether is filtered oR and 
evaporated to crystallisation. 

Properties . — Largo prisms or tables, sol. 
alcohol, ether, and benzene, Insol. water. Very 
weak base. Does not combine with CS,. 

Salts.— B'Hl. [216°]. Prisms, sol. aloQbol, 
dnsol. water.— B',H^tCli.—B'HgCl^ 
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Alkyio>halides,-^'Uel. [183°].- 
B'MeOlaq. [218°]. Crystals, v. e. sol. water 
and*alcoliol, insol. ether.— B'aMeaPtOlg. [238°]. 
B'Etl. [lG5°].-B'PrI. [201-5°].-B'PrI2aq. 
ri91°].~B'OHoPrL [177°5.-B'C,H„I. [174°].— 
B'CH..PhCl aq: [288°].-B'CHoPhl3r. [275°].— 
B'CH.;PhI. [253°]. — B'^CH.,!*. [231°]. - 
B'sC^H^Brj. [above 300°]. 

Bemylo-nitrate B'CyH.NOj. [203°]. S. 
•838 at 16°. Needles (from water). « 

Benzylo-picrate B'C,H,0„I030,. [<*48°]. 
Benzylo -bichromate (B* C jH7)3Cr..O 
Benzylo-sulphocyanide B'C^lX^CN. 
[189°]. Prisms, v. sol. alcohol, si. sol. water. 

Tri-^henyl-phosphjne oxide (V^jy^PO, 
[153‘5°]. (c. 300°). Formed by oxidising tri* 
phenyl-phosphine with Br^and NdOHAq or with 
cone. HCIA^ and KClOj. Pri.sms (containing aq), 
el. sol, water, v. e. sol. alcohol. Yields two tri- 
nitro- compounds [08°j and [242°]. the latter of 
whichyields a tri-amido- compound (*258°], whence 
bromine water forms <)P(CyH.Jir.(NH3))., [200°]. 

- -B'HNO,. [75°]. Yellow needles, decomposed 
by water. 

Tri-phenyl-phosphine sulphide (C,jl‘iJ,PS. 
[167*6°].' Formed from Ph.,P and S in CSj. 
Colourless needles, v. sol. alcohol, insol. water. 

Tri-pteayl-phosphine selonide (C,,Tl,,).,I’.So. 
[184°]. Formed from Ph.,P and So. Needles. 

Tetra-phenyl-diphosphine P„(C„U,),. [07 1 . 
(400°). Formed from (0,I1,)„PC1 and 
(Dorkon, B, 21, 1509). WUh CS, at l.is*^ it 
forms Pli.3p.CS.SPH.,Ph., [157°], insol. ether. 
PHENYL-PHOSPHINIC ACID v. Piiknyl- 

rUOSPIIITES. 

Di-phenyl-phosphinic acid (C„H,).,PO.OH. 
[190°] (Michaelis, B. 8, 922; 11, 885;' 15, 802; 
18, 2113). Formed by oxidation of (C.,H,)._,PC1 or 
of di-phonyl-phosphine. Needles, si. sol. cold 
alcohol.— CaA'.j3aq.-- Ag.V: bulky pp. 

Ethyl ether EtA'. [165°]. Needles. 
Phenyl ether (C„H,) .Pd.OC,H , [180°]. 

Formed by oxidising (0,U,);POC„n. (265°-270°), 
which is got by warming (C,jlI J. PCI with phenol. 
Small needles, sol. hot alcohol, insol. water, 
PHENYL PHOSPHITES. 

Mono-phenyl dihydrogen phosphite 
0„HjO.P(OH).^>i- Formed by u<lding water to 
CbIIjO.PCIj (216°) which is got by the action of 
PCI., on phenol (Noack, A, 218, 90 ; Anschiitz, 
A. 239, 310). Uncrystallisabio syimp, decom- 
posed by addition of more water into i>heiiol 
and H3PO3. 

Isomeride C,H;,PO(OII)3. Phenyl phajdiinic 
add. Phospheiiyiic acid. _ Benzene phospJumic 
acid. [168°]. S. 23*5 at i6°. Formed by tho 
action of water on C^HjPCl, (Michaelis, A. 181, 
321). Plates, sol. alcohol and ether. Yields, on 
nitration, C«n4(N03)PO(On)... [132°], which may 
bo reduced to crystalline CuH4(NIL).rO(OH)jj.— 
NaHA"araq. — Na..tA" — CaHaA^jj. — 

CaA" 2aq.— SrHjjA"aa(|. — CuA". — Fe2A"5 24aq. 
Ethers. -Me-A". (247°).— Et^A". (2'67°). 

- EtHA".— EtAgA".-PhHA". [57°]. Formed 
from C^HjPOCl.^ by successive treatment with 
phenol and boiling water. Needles, si. sol. 
water.— Ph. A". [63’5°]. Formed from phenol 
and CgH4POl4. 

Chloride C^iHsPOCl,. (258°). Formed from 
C4H3PCI4 and water, and also from C^H^PCl^ and 
0. Thick liquid. • 


Dl-phenyl hydrogen phosphite (CefljO)2pOrt, 
Formed by adding a little water to the compound 
fC4H40)jP01 (295° at 731 mm.) which is got 
from phenol and PCI3 (N.). Uncrystallisable. 
Decomposed by more \<iter into H3PO, and 
phenol. 

Tri-phenyl phosphite (CbUjO)^?. (220° at 
11 mm.). S.G. 1 184. Formed by heating 
phenol (3 mols.) with PCij (1 raol.J at 230° in a 
current of dry COj (Noack, A. 218, 91 ; Anschiitz 
a. Emory, A. 239, 311). Ne^Ural liquid, v. sol. 
alcohol. Decomposed by water into phenol and 
ILjPO;,. Dry bromine forms (C,;HjO)3PBrj, which 
is cotivertod by water into (CuH^O)3PO. 

PHENYL-PHTHALIDE v. Anhydride of Oxi- 

DENZYL-BENZOIC ACID. 

' Di-phenyl-phtl^alide t.e. CaH4<^^^''^0. 

' Phthalophenone. Tri-phenijl-carhinoi carboxylic 
anhydride. ' [115°]. Formed by the action of 
AICI3 on a mixture 0^ benzene and phtbalyl 
chloride (Friedol a. Crafts, A. Ch. [6] 1, 523 , 
Baeyer., B. 12, 612; ^.202, 50) or ©f benzene 
with [l:2]C«ir,l>z.CO.OAc (Von Peebmann, B. 
1 1, 1866). (lotulso by heating pbt])alyl chloride 
with UglMi.^ (Noelting, B. 17, 387). Plates (from 
alcohol). Insol. KOlIAci, sol. boiling alcoholio 
potash, but reppd. by acids. 

B(3/?rcWC»3.— Dl-AMIDO-DI^rUENTL-PHTUALIDE. 

DI-PHENYL-PHTHALIDE CARBOXYLIC 
ACID V. Anhydride of Tiir-ntjJNYL'CAuniNOL di- 
CABnoXYLIC ACIJ). 

PHENYL-PHTHALIMIDE v. Phenyl-iinide 
of Phtiialio acid. 

PHENYL.PHTHALIMIDINE i.e. 

CJI,<[^^Q*^NPh. [160°]. Got by boating 

pbthalide witli aniline at 210° (ITcssert, B. 10, 
1150; 'll, 239; llaciiie, A. 239,^88). Foniujd 
also by reducRig the pbcnyliniido of phuialio 
acid with tin and lIClAcj (Oraobe, A. 217, 305), 
Plates (from alcohol), v. 81. sol. hot water. 

PHENYL.PIPFRAZINE v. PirfiNYL-rYiuziNn: 
UEXAlIVnUIDE. < ^ 

PHENYL-PIPERIDINE V. PuENYL-PYRIDINJf 

nEXAiiYimiriE, 

PHENYL- PROPANE v. Cumene. 
Di-phenyl-proprfne ClL(GH2Pli)2. Di-benzyl- 
mdh^ne. (290°-300°). I’ormcd by heating di- 
benzyl ketone with IlTAq and P at 180° (Graebo 
B, 7, 1623). Got also from CUXl.CHCi.CH.Cl, 
benzene, and AIOI3 (Claus, B. 18*, 2935). Liquid. 

Di-phenyl-propane CH3Ph.CriPh.CH3. (291°- 
295°). S.G. *996. Formed from benzene, 
AICI3, and propylene chloride or allyl chloride 
(Silva, G. B. 89, 606). Formed also by adding 
ILSO, to a cooled mixture of toluene and sty. 
rene (Kraemer, Spilker, a. Ebcnhardt, B. 23, 
3274). Oil, sol. alcohol and ether. 

Di-phenyl-propane CMo.Fhj. (282°). 

Formed by the action of benzene and AlCl, on 
CCLMe.4 or CH./.CCl.cn3 (Silva, B^ [2] 34, 674 ; 
85, *289). 

Tri-phenyl-propane CsHj(CaH3, (340°). 
FormeR by the action of AlCl, upon a mixture 
of benzene and glyceryl tri-Womide or tri- 
chloride (Claus a. Mercklin, B. 18, 2935). Oil. 

PHENYL - PROPANE TRICARBOXYLIC 
ACID CHarh.C(C03H),.CH^CO.;H. • [168'6°]. 
Formed from benzyl-maloriic ether, NafTEt, 
and ohloro-acetio ether ^(Fittig, 4. ^6, 92^ 



PHENYL-PROPIONIC ACID. 


77 


Small prisms, m. sol. wann water. Yields 
benzyl-succinio acid [16l°] when boiled with 
water. — C.jaq.— Ba^A^ *2.Uui. — Ag^A'". 

Ethyl ether EtjA'". (330° cor.). S.G. 
V 1-1079. iUo = l‘4*^l at 20°. Formed from 
sodium ethane tricarboxylic ether and benzyl 
chloride (BischolT a. Mintz, B. 23, 053). 

Di-phenyl-propane tetra-carboxylic acid. 
Di-nitrile of the di-ethtjl ether 
(CO,Et),C(Cn,.C,H,.CN),. [80°J. Formed from 
sodium malonic ether and [1 :2]C,lldOM ).(?!! Ol 
(Uuusmann, B. 22,f019). rrisms. • 

Tri-phenyl-propaue dftarboxylio acid. 

Imide [171°]. l-'oniic.l 

CH Cl) 

from benzyl chloride, and 

NaOEt (Pulvermachor, B. 2^ 210 *). Yellow 
plates (fronx alcohol). 

BemyJ-imide C 3 jI.,-,NO.. [100°].* 
PHENYL' PROPARGtfL OXIDE C..ir,0 i.e. 
C«H,.O.CgH,. (210 ). 8.G. 1-210. l-miucd 

by the actiqn of alcoholic potash on the luomo- 
allyl derivative of phenol (Henry, (L li. 90, 
123i)). Liquid. 

PHENYL-PROPARGYL-UREA C,.,H,,K .0 iy, 
CII:C.CH,.NH.CO.NHrh. [133'^]. Formed from 
propargylainine oxalate, plumyl cyauate, and 
K.CO.,A(( (Paal a. liompcl, 73. 21, 3012). NcedU s. 

' PHENYL-PROPENYI AMIDINE X.,. 

[o8°J. Formed from propionitrile, llcl, and 
aniline (Michael a. Wing,.!//?. 7, 72). Hexa- 
gonal plate.s, sol. alcohol and ''Iher.— B'.TI.PlFl,,. 

PHENYL PROPEfJYL METHYL KEIONE 
CARBOXYLIC ACID C, i.e- 
ClL.CO.C(Cn.,.CO.,ll):CHPh. 1125°). S. 3 at 
lOO-’; -5 at ^5^ Formed by boiling benzoin 
aldehyde with acetyl-propioriic acid and NaO.Vc 
(Erdmann, d..25i, 187).— BaA'.^.'')aq.- Od.Vrlhi j. 
— MgAf2-~'Ca.\'.?3.jaq : group.s of peedb s. 

Methyl ether Me.V. (c. 2l.5°at oSmrn.). 
PHENYL PROPEN'^ SULPHIDE 
CgHj,.S.CMe:CH.. (2()8 '). F^iinied by heating 
phenyl-sulphydro-crotoni(f acid (Autfmrieth, .1. 
254, 232).^ Y .llowTsh oil, volatile with steam. 

TRI-PHENYL PROPEN YL TRISULPHONE 
C.H,(SO*Ph) 3 . [223°]. Got from Cnih(GH.,Bi)., 
and sodium benzene sulphinate (HtuiTcr, B. 23, 
1413). Needles, m. sol. liot alcohol. • 
DI-PHENYL-PROPENYL-DI-UREA 

°®‘<ra;co;NHP^ 

propionamidine and phenyl cyanate (Pinnm-, 77. 
23, 202-1). Needles, m. sol. ai<-.oliol. Viold.s di- 
phenyl-urea [234°] when boiled for a long time 
with alcohol. Boiling dilute HOAo forms 
NHPh.CO.NH.CO.aH, [137°]. 

PHENYL-PROPiOiilC ACID CJI^O.^ i.e. 
CgHvCtC.CO.H. Mol. w. 140. [137°]. 

Formution.—l. By the action of Na and C<).^ 
on «-bromo-styrene (Glaser, Z. [2] 4, .328 ; A. 15 ij 
lf0).-2. Bygboiling o^-di-bromo-phenyl-pio- 
pionic acid or its ether with alcoholic potash 
(G. ; Perkin,^'un., C. J. 4.5, 173 ; Weger, A. 221, 
70; Roser,.4. 247, 138). — 3. By boiling a-bijpmo- 
cinnamic acid with alcoholic potash (G. ; 
Bairisch, J. pr. 20, 181). 

Properties.--TTimeinQ twin crystals. Bc- 
dneed by |po and HO Ac to cinnamic acid 
(Aroiistein a. Hollemarm, B. 22, 1181) and by 
•odiom-amAlgam to phsuyLpropionic acid. Dry 


; HCl passed through its solution in IIOAo forms 
I two chloro-cinuamio acids [112°] and [132° j 
I (Michael, [2] 40, 03). • 

I Salts.— KA'.—BaA'jaq : square tables.— 

! BaA'j 2aq : needles. - 43nAb .3aq. - CuA', 4aq. — 
AgA' ; sparingly soluble I’p. 

; Ethyl ether Etk\ (200°-270°). 

! licferenccs. — Amido- and Nituo* phenyl- 

i PIIOPIOLIC .\C11>. 

I a-^ENYL-PROPIONIC ACID C,H,„0, i.e, 
I CHs.(yiPh.CO,H. UijdratropiG acid. (208°). 
' Forjne.d by roducing ntropic acid (15 g.) with 
' (5 p.c.) BodiuiiMimalKam (90 g.) (Trinius, A, 
227, 202; cf. Kraut, A. 148, 244; Fittig, A, 
j 19^, 105)ja Got also from ^metophenone by treat- 
I incut with liCy, the resulting GHa.('Ph(OIl).CN 
^ being saponiliid nnd^lio oxy-phenyl-propionio 
: acid reduced by 111 and P (Janssen, 250, 135). 
: Oil, with characteristic odour. Yields atrolactic 
I ii.cidQIIj.CPh/()il).C()l[ onoxidation by alkaline 
KMnO*. — Bax'./Jaq.— <JaA\. 3aq. — CaA'.^ 2aq. — 
iiAgA': plates (from hot wa^er). 

I Methyl ether MeA'. (221°), 

Ethyl ether EtA'. (230°). S.G. ‘f 
1-01 47-* Uy.. rrs:{-3(]}riilil). 

;iwif/cOHMePh.CONlIj. [92°]. Plates. 
Nitrile VimcVh.Gi^. (232°). Formed by 
llie action of PCljOn the amide, and from sodium 
plicnyhacetonitrilo and Mel (Olivori, G. 18,572). 

i8-Pbcnyl.propiouio acid CJIi^Ji.CHj.CO It. 
llydrodnuainic acid. MoJ. w. 160. [48*7 i. 
(280° i.Y.). Jl.C.v, 1,081,000. } I, C.p. 1,085,500. 
41. F. 105,500 (Slohmann, J. pr. [2] 40, 135). S. 
•(> at 20 '. A product of the putrefaction of albu- 
men, 20 g. being got from .0 kilo.s oi ox-brain 
(Slocldy, J. pr. [2] 24, 17). 

Eoniiaiton.— l. P.y red mO ion of cinnamic 
acid by soilium-amalgam ur 111 (Ihlcnmoyer, A. 
121, 375; 137, .327; Popoll, BL [2] 4, 875; 
i Giacosa, If. 8, 108).— 2. By reducing afi-dU 
bromo-phenyhpropionio acid (Schmitt, A. 127, 
319).«— 3. From ethyl-hen/.cne vid Cll,.Ph.CIl„ci 
ajid CH,Ph.ClI,.GN (Fittig, Z. 1809,* 100; 'A. 
^ 1.50, 249).- 4. By oxidising phenyl-propyl alco- 
! liol (W. von Miller, B. 9, 274).— 5. By heating 
benzyl-malonic acid (Conrad, A. 204, 176). 

I 7'ropcrf/5<x. — Needles (from water), sol. alco- 
I hoi and ether ; volatile with sl^arn. When 
; t.iken intei ruilly it is Bccrcted as hippuric acid 
i (E. a. H. Salkowski, B. 12, 053). 

Salts. - Nn,A'. Plates, v. e. sol. water.— 
, Ca.\'., l.laq. — CaA'./2aq. — IJaAV^Jiq- — PhA'.^aq. 

! /iiA'j AgA'. Phenyl-hydrazine salt; 

! [57°] ; silky needles (In'L'bermann, B. 24, 1107). 

. Methyl ether Mv.M. (239° cor.). S.G. « 
1-045.5. S.V. 190-0. Liquid, with peculiar odour. 

Ethyl ether EtA'. (248' cor.). S.G. ® 
1-0313. S.V. 221-5 (Lessen, A. 254, 63). 
i n Propyl ether ErA'. (202° oor.). S.G. 
: 2 1-0152 (Weger, A. 221, 79). S.V. 246. 

Isoamyl ether aH.iA'. (202°). S.G. « 
•981 ; i*' -952 (E.p 

Benzyl ether C,H,A'. (o. 300°). SG, 
1-074. Formed by warming benzyl acetate 
with sodium (Conrad a. Hodgkinson, B. 10,254; 
A. 193. 300). 

ilTHidc CjH,,NO. [106°]. Formed by heat- 
ing the ammonium salt at 230° (Hofmann, B, 
18, 2740). Small needles. 

Nitrile C,H,N. (201° cor.). S.G. H 10014. 
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Ooenrs in the oil of Nasturtium officinale (Hof* 
mann, 3. 7, 520). 

Ol-a-phenyl.propionio acid CHs.GPh2.CO3H. 
[178®]. (above 800®). Made by oxidation of the ! 
(/3)-pinacolin of acetophenone CPhoMe.CO.CHa 
[41®] with chromic acid mixture (Thomer a. 
Zincke, 3. 11, 1993). Formed also by dissolving 
pyruvic acid and benzene in H^SO^ at 0® (Bot- 
tinger, 3. 14, 1595). White leaflets, sol. ether, 
alcohol, and hot water.— KA'—CaA'a IJ^q.— 
BaA' 2aq.— AgA' : white pp. ^ 

ajS-Bi-phenyl-propionio acid ^ 
CH.^h.CHPh.C02H. [84°J. Formed by the 
action of sodium-amalgam on a mixture of 
benzyl«chloride and glCOgEt (Wurtz^. Ti, 70, 
860). Got also by reducing phenyl-cinnamic 
acid (Oglialoro, J. 1878, 821). Ntedlcs, si. sol. , 
boiling water.— CaAV~PnA'o. [146®].— AgA'. 

CH,Ph.GHPh.CN. [68®]. (c. 835®) 
(Janssen, A. 250, 133). ^ 

Di.j8.phenyl-propionio acid ^ 
CHPh2.CH2.CO2H. [d45°]. Formed from allo-c 
cinnamic acid, benzene, and H^SO^ (Liobermann j 
a. Hartmann, 3. 25, 900). Needles.— Ca A'.. 

aa/S-Tri-phenyl-propionic acid • * 
CH2Ph.CPh2.COaH. [162®]. Formed by saponi- 
fying the nitrile with HOAc and fuming HClAq 
at 220® ^eure, A. 250, 147). White needles, v. 
b 1. sol. water.— AgA' : white insoluble powder. 

J^iiriieCH.Ph.CPh,..CN. [126®]. Formed 
from CHPh2.CN, benzyl chloride, and NaOEt. 

Tri.j8-phenyl propionic acid Ph3C.CH..C02lI. 
[177®]. Formed from Ph20.CH(C02Et)2 by 
boiling with alcoholic potash (Henderson, C. J. 
61, 226 ; 3. 20, 1014). Prisms (from alcohol), 
V. si. sol, water.— ICA'aq.~NaA'a(i.—13aA'2aq. 
—AgA', Minute needles. 

JE thy I ether Etk\ [81®]. 

Bcferences. — Amido-, Aiuido-bulpiio-, Bromo-, 
Bromo-sulpuo-, Bromo-amido-, Buomo-nuto-, 
Chloro-, Iodo-, lono-oxY-, Nitro-auido-, Nixno- 
OXY-, Nitro-, OxY-AMn>o- and Oxy- puknyl- 

PROPIONIO ACID. 

PHENYL-PBOPIONIC ALDEHYDE 

C,H5.CH2.0H2.CH0. [208®]. Forraod from 

n-oumene by ^successive treatment with C1O2CI2 
and water (Etard, A. Ch. [5] 22, 254). Oil. 
Forms a crystalline compound with NaHSOj. 

Oxim. Oil. Yields a solid hydrochloride. 
AO2O rapidly forms phenyl-propionitrilo ; hence 
it is a syn- oxim (Dollfus, B. 25, 1918). 

PHENYL-PROPYL ALCOHOL C.,H,20 i.e. 
CHPhEt.OH. Mol. w. 136. (216®).' S.G. » 
1’016. Formed by reducing phenyl ethyl ketone 
with sodium-amalgam (Errera, G. 16, 322 ; cf. 
Barry, 3. 6, 1007. Got also from benzoio alde- 
hyde by successive treatment with ZnEt2 and 
water (Wagner, Bl, [2] 42, 380). Yields 

CHPhEt.OAc (228® i.V.) and oily CHPhEtCl. 

Phenyl-propyl alcohol CH2Ph.CH2.CH20H. 
(285® uncor.) (218® at 360 ram,). S.G. 1*0079. 

1*5478. B30 «68*79*(Briihl, A. 200, 191). 
Occurs in storax as phenyl-propyl cinnamate 
(Miller, A. Ifc8, 202). Prepared by reducing 
cinnamyl alcohol with sodium-amalgam (Biig- 
heimer, 3. 6, 214; A. 172, 123; Hatton a. 
Hodgkinson, G. J. 89, 819 ; Errera, 0. 16, 310). 
Viscid oil. Heating with oono. HClAq yields 
CH,Ph.CH,.CH,Cl (219®), whence NaOEt forms 
CHaPh.OHyCH^OEt (220®). 

Acetyl derivative CiHgPh.OAo. (245®). 


Phenyl-isopropyl aleohor 

CH3ph.OH(OH) .CHg. Methyl-bemyl-earhmoU 
(216°). Got by reducing benzyl methyl ketone 
(E.). Liquid, with pleasant odour. 

Di-phenyl-propyl alcohol 
CH^Ph.CHPh.CILOH. 1301®). Formed by 
warming di-phenyl-propylamine nitrite (Freund 
a. llemse, 3. 23, 2863). Oil, sol. alcohol. 

PHENYL-PROPYL-AMINE C«Hi,N i.e. 
CH3li)i.CH,.Cn,NH,. (222° i.V.). Formed by 
reducing the phenyl-hydra|ide (20 g.) of cin- 
nanJio aldehyde di^olved in alcohol (300 g.) by 
(2.} p.c.) sodium-amalgam (700 g.) and HOAo 
(70 g.) at about 30®, the yield being 30 p.c. of 
the theoretical (Tafel, 3. 19. 1930 ; 22, 1857). 
Liquid, ni. sol. water, miscible with alcohol and 
, ether. Absorbs CO^ from air, forming g. crystal- 
line mass. The ^.queous solution is strongly 
alkaline,-B'HCI. [218®]. Plates.-* B'H, SO,. - 
B'.,H3C20,. [156®]. Needles. — B'lIAO*.— 

B'.JI^PtClfl. Plate.s, so!, hot water. 

Phenyl-isopropyl-amine CHjPh.CHMe.NU,. 
(203°). Formed by the action of Br and KOHAq 
on the amide of phcnyl-isobutyric acid (Eclelcano, 
3. 20, 618). Liquid.— B'.,H,PtCl«. Needlctf. 
Isomeride v. CnMiiUMK. 

Di-phenyl -propyl-amine 

I CHPh.ClIPli.Cfl,NH.,. (316®). Formed by re- 
ducing the nitrile (30 g.) of phenyl -cinnamic 
acid dissolved in nlcoliol by treatment with Na 
(75 g.) (Fr(?und a. Itemse, B. 23, 2860). Liquid, 
sol. alcohol. Forms with HgCU a crystalline 
compound [107®].— B'llCl. [190®]. Needles.— 
Aurochlorido [145®]. 

Di-acetyl derivative. [85®]. Needles. 
PHENYL - n - PROPYL ■ TRIAZOLE CARB- 
OXYLIC ACID ^p™'^C.COjH. [101®]. 

Formed by sa| onifying the nitrile which it made 
from phenyl-hydrazine* dicyanide and butyric 
anhydride (Bladin, 3. *25, 179). Cubes (from 
alcohol) or prisin9'(from bonzene). -CuA'.^ liiq. — 
AgA'. Bulky white pp. , 

Amide C,N,PhPr.CO.NH,. [12‘i^5®]. The 
thio-araide C.^NjPhPr.CS.NH,, [130*5®] is got 
by the action of alcoholic ammonium sulphide 
on the nitrile. * 

Phonyl-isopropyl-triazole carboxylic acid 
[135°]. Formed in like 

manner (B.). Prisms. — HA'HCl. Needles. — 
CuA'2 2’aq.— AgA : minute tables. 

Methyl ether MeA'. [76®]. 

Amide. [123°]. Needles. The thio- amide 
C,N3PhPr.CS.NHj [148®], formed by the action 
of alcoholic NH, and n.,S on the crude nitrile, 

I crystallises in yellow needles. 

I DI - PHENYL - DI-ISOPROPYL-TETRAZONE 
NPhPr.N;N.NPhPr. [79®]. Formed by oxi* 
dising phenyl-isopropyl-hydrazme with HgO 
(Michaelis a. Philips, A, 252, 28l). Octahedra. 

DI-PHENYL-PROPYL TRICY4NrDE 
CPh^^:^p^^N. [78*6®]. (239° at 16 mm.). 

Formed from benzonitrile, butyryl chloride, and 
AICl, at 76® (Krafft a. Von Hansen, 3. 22, 807). 
Decomposed by dilute H,SO, into NH„ butyrio 
I acid, and HOBz.— B',H,PtCl«. Ne^es. • 
PHENYL-PROPYLENE v, AutYh-ummiM* 
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PHEHTL FROPTUn ■ <l> ■ TRIO ■ UREA 

U g™?'S>C.NHPh. [U7»i. 

jWomied from the isomeric phenyl -allyl-thio-urea 

8 15^^] and HClAq at 100^ (Prater, B. 2‘.\ 2im2). 
xidised by potassium clflorate and ilClAq to 

[192^].- B',H,PtCl,.— 

B'C^-HaNjO,. [154'^]. Yellow needles. 

D1 - PHENYL . ISOPROPYL . GLYOXALINE 

tETRA . HYDRIDE <»iP<xPhCil‘’* 
formed from di-pbcMiyl-othylAc-diamlne and 
isobutyric aldehyde (Moos, J.l 20, 734). Crys- 
talline groups (from alcohol), si. sol. water. 

PHENYL-PROPYL-HYDRAZINE C,1 1, ,N, 7.r'. 
CyUjNH.NHPr. [loS'^J. Formed by Inaiing 
propionamido with j)honyMiydr 4 zine (Freund, 
Ji. 21, 2401). •Plates (from chloroform). 

Phenyl-isopropyl-hydrazine 0^11 ,Nrr.*N’II,;. 
(233^). Formed fmm i-.iuliifn phenyl-liydra/ine 
and isopropvl bromide (Mic)iaclis a. P}jilii).s, B. 
20, 2485; /. 252, 278). IFHCl. [135'M. Crystal- 
line. Yieldfi a tetrazone f8;7"]. Plienyl thio- 
carbiinide forms Nrhrr.Nll.C.S.NIll'li. ; t lO j. 
Accti/l di'.rivativc. ri()2'’j. Needhs. 
DI-PHENYL-PROPYLIDENE DISULPHIDE 


I PHENYL METHYLENE PROPYL Dl- 
i KETONE r. Butyryl-acetophknonk. 

PHENYL-PROPYL METHYL KETONE • 

CH.,.CO.CHMe.CH.,Ph. (239°). Formed by 
distilling calcium acetate -A'ith calcium phenyl- 
; isobutyrate (Von Miller, 7>. 23, 1884). Oil. 

PHENYL - PROPYL METHYL KETONE 
; CARBOXYLIC ACID v. BKNZYL-.MnTiiYL-AC'ETO- 

; ACETIC ACID. vdl. 1. p. 25. 

Di-pkenyl-isopropyl methyl ketone trioarb- 
oxylic acid, Fjhyl ether of the dinitrile 
; (M\.F.(.C(C11,.CJ(,.(;K),.C().CH.,. [120 ). Formed 
; fn)m sodium aeetoneelic ether and tho nitrilo 
i |1;2,C11X1.C,;1{,.CN (CJahriol a. Ilaiismann, li. 

I 22, 2(il8). l4isms (from alcfjjol). * 

Hexa-phenyMsopropyl methyl ketone carb- 
; oaylic acidC 4 4I,,,U,7.«'. ((il'h,) ,C(Ctt .H).CO.CHj,. 

I [100^1. Formed from sodium acetoacetic ether 
i and BrCrh^ (Allen a. Kolliker, A. 227, 111). 
Crvstali^(fr()m e^ier). 

I ,PHENYL-PROPYL.PYRAZOLE C,,1I.,N, f.c, 

i (•[{■ ( 280 ’’). H.a. >= l outs. 

i Funned fi^nn hiityryl-acetic aldehyde and |>hcnyl- 
Ijydrazfne (Clai.-eu a. Stylos, Ji. 21, 1148). 

I Liquid. 


MoX(SF1>) m [50 ']. Formed from phenyl-mer- 
captan and acetone (F. Baumann, Ji. 19, 2801). 
Crvstal.s, insol. water, v. sol. aleoliol. 

DI-PHENYL-PROPYLIDENE DISULPHONE 
Me,C(SO,l‘h),,. [97-j(B.); [1 h 2^J (F.). Forme.l 

by oxidising \kvC(Srii) . (Buninann, /i. 19, 2S10|, 
and also by treating Cli,j(SJMi)_. with NaOJI ami 
Mel (Fromm, A. 253, 102). Crystals, ahno.st 
insol. cold water. 

PHENYL- PROPYL KETONE Le. 

rh.CO.Br. Mol. w. 148. (221“). S.G. 992. 

Formatkm, — !. By distilling calcium butyrate 
with calftum heii'/oata* (Schmidt a. ilMelK-rg, 1 1. 
0,498). — 2. By the action if AlCl., on a mixture 
uf benzene and butyryl chliiride (Burcker, HI. :2j 
37, 1).— 3. By boiling henzoyl-.atetio acid witli 
dilute alt -tholio pota^i (lineyer a. I’crkin, Ji. 10, 
2131; 

J^roj'crtics. — Oil. Does not unite with 
NallSOj. Oxidised by (’rO., and H.SO, to 
benzoic and propionic acids (I’epoU, Ji. 0, 50iq. 
CrO^Cl. forms C,^,^^, 4l2CrOA.tl„ a brown powal^r. 

Phenyl isopropyl ketone Vh.CO l’r. (209 - 
217‘^). Formed by distilling calcium isobutymte 
with calcium benzoate (l’oj>otT, Ji. 0, 1255). 
Jjitjuid. Yields benzoic acid, CO., and IKiAe on 
oxidation. I 

Oxrw. -Ph,C(NOIl)}’r. [58^J. Plates (from! 
ligroin) (Battner, li. 20, 500). j 

PHENYL PROPYL KETONE CARBOXYLIC , 
ACID V. Elhijl-bcmoijl-acctic acid, vol. i. j). 482. | 

Phenyl isopropyl ketone o-carboxylic acid i 
C„H,.A i-e. Pr.CO.C,H,.CO,,n. [121°]. Formed ' 
by boiling isopropylidene-phthalide with alcohol 
and KOHAq (Bofer, B. 17, 2777). Crystals. 

PHENYL - PROPYL METHYL KETONE 
CARBOXYLIC •.ACID CH2Ph.CHAc.CH.,.C02H. 
[99°]. (235° at 40 mm.). Formed by reducing 
benzylidene-/3-acetyl-propionio acid with sodium- 
amalgam in presence of H 2 SO« (Erdmann, A. 
264, 203). Needles. It yields on oxidation 

CHMe<;^^(^°»)>CH, [86°].-CaA',3aq.- 

AgA'. •» 


PHENYL PROPYL SULPHONE Ph.tSO,.Pr. 
[1 1'J. Formed by Die action of KOHAq nf i00° 
on Ph.SO.„CllKt.CO.di[J21''J,whieh ismadofrom 
a-hromo-hutyric acid and sodium benzene sulpli- 
inate (Michael a. Palmer, Am, 7, 07; c/. Otto, 
V/.Jil, 9tl8). Pearly jdaht.s, v. sol. alcohol. 

TRI - PHENYL - DI - PROPYL - DI - THIO . 
BIURET C,S,Njl9i,Pr.,. [154°]. Formed ly tho 
action of aniline (Irnol.) on NPliPr.CSCl (2mol8.) 
{Pillcter a. Stroll 1, H. 21, 109). Yellow needles, 
PHENYL - PROPYL - THIO - CARBAMIC 
CHLORIDE NPhPr.CS.Cl. [H(V^]. Formed from 
])ropyl aniline and CSCl^, (Billele.r a. Strohl, li 
21, 102). Prisms (from ligroin). 

DI - PHENYL - ISOPROPYL - THIO - SEMI • 
CARBAZIDE NllPh.CS.NIl.NPhPr. [11G°]. 
I'oruied from }dicjiyMhiocarbimide and phoiiyh 
i-i'‘l*roj)yl-hydrazine (Michaelis a. Philips, A. 
252, 2H0). Crystalline. 

PHENYL-PROPYL-THIO-UREA CjoH^WaS 
i.e. NHlOi.CS.N 110,11,. [03°J. FofSned from 

aniline and pr-.pyl-thio-carbimide and also from 
propyl-amine and phenyl thiocarbirnide (U. 
liccht, Ji. 23, 286). Pearly jilutes (from dilute 
alcohol). 

Di-phenyl-propyl-thio-urea CSN.JIPh.^Pr. 
[104°]. Formed by heating propyl-aniline 
with phenyl thio-carhiniido on the w'atcr-bath 
(Bilh ler a. Strohl, B. 21, 109). Noedles. 

Di-phenyldi-propyl-thio-urea CS(NPhPr)j. 
[103°]. Formed from propyl-aniline and CSClj 
(B. a. S.). Large plates. 

DI-PHENYL-PROPYL-UREA Ci„H,,N.,0 i.e. 
; NI4C0.NH,CH,.CIIPh.0HjPh. [112°]. Formed 
from di-phenyl-propylamine hydrochloride and 
; potassium cyanate solution (Freu»d a. Reinse, 
li. 23, 2861). Needles, sol. alcohol and ether. 
PHENYL-FTRAZINE. Hexahydride 

NPhC^^^^NH. Formed by heating 

bromo-benzene (8 pts.) with pyrazine hexa- 
hydride (8 pts.) at 270° (Schmidt a. Wichinana, 
B. 24, 8239). T)iick liquid, v. sol. water. 
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PIlENYL-PYRAaS^m, 


Bi-phenyl-pyrailne C,«H,,^Na, t.e. 

V.D. 7*95 (Treadwell a. Meyer, Ji. 10, 342). 
Formed by the action of cold alcoholic NH;, on 
w-bromo-acetophenoneor on aiuido-ucetophenone 
(Staedel a. Kleinschmidt, />. 11, 1744; 13, 
837; MOhlau, B. 18, 1G3; Woll! a. Udders, B. 

20, 432 ; Gocdcckeineycr, B. 21, 2087). llroad 

yellow needles (from alcohol). ~ JJ',,H._.PtCl«. 
Bronzed plates (from HCJAq) quickly* ‘decom- 
posed by water. • 

Hea:ali7/dyuieO,ftH,„Njj. [109°] and [12.3^^]. 
Formed by reducing di-pbenyl-pyrazino with Na 
and isoamyl alcohol. Occurs in twc^onns. The 
(o)- variety [123°] Crystallises from ligrofh in 
white nectllcs, and yields Bi<211Cl [c. 310°J, 
B"H._jPtCl„ .Uq, and a Ciitrosamine C,„H„.N„(J, 
[143°]. The (jB). variety [109°] crystal li.se.s from 
alcohol in white needles and yields B" 2HC1 
[c. 29G°] and 2aq. • ^ 

Di-phenyl-pyratine >N. [119*]. 

(c. 340°). Formed by distilling the dihydrido 
(M.). Needles (from ligroVn), ppd, by adding 
water to its solution in IJCJAq.— ii'.,II.PtA,j. 

Formed by boiling benzil with ethylene-diamine 
and alcohol (Mason, B. 20, 208; 0. J. r»5, 97). 
Prisma (from alcohol), inaol. water. Split up by 
HClAq into the parent 8ubstance.s. 

Di - phenyl - pyrazine. Ilexahijdride ,v. 
DMm&NYL-m-KTHYLENK-niAMrNK. 

Towa - phenyl - pyraeine 

Di - tolane • azotidc. [241”) (P.) ; [247°] (G.). 
Formed by heating benzoin with ammonium 
acetate (vol. i. p. 477). Formed also by reduciiig 
the di-oxim of di-phcnyl-glyoxal in alcoholic 
solution by sodiuni-anuilgam (Polonowska, Ji. 

21, 489), and by healing benzoic aldehyde with 
CPhH(NH,).CPhH(NHJ (Grossmann, B. 22, 
2302). White needles (from flOAc), v. si. sol. 
alcohol. Cone. H.,SO, gives a blood-red colour. 

PHENYL-PYRAZOLE C„U«N, i.c. 

[ir], (217° cor.). S.O. 

1*113. Formed by boiling cpichlorhydrin with 
phenyl-hydrazine and benzene (l.Uilhiano, 0. 17, 
176; 18, 864). Got also by distilling its tri- 
carboxylic acid (Kriorr a. Lauhinarm. B.‘2'2, 180). 
Oil, sol. alcohol and ether. — BUI JHC1..2aq: 
needles, decomposing at 176°. 

Ethylo-iodide B'Ktl, [117°]. Prisms. 

Dihydride [62°]. (274° 

at 754 mm.). Formed from phenyl-hydrazine 
(120 g.) dissolved in etlier (000 g.) by addition of 
arcolein (50 g.) in ether (100 g.) (Fischer a. 
Knoevenagel, A..239, 19G). SI. sol. hot water, 
V. sol. alcohol, ether, and benzene. SI. sol. 
dilute acids, sol. cone. HCJ. May be distilled 
with steam: K.^Cr.G, colours its solution in 
dilute reddish-violet, or, in very dilute 

solutions, blue. Gives no indole derivative when 
fused with ZnCl^ 

Reference* — Di-bbomo-phexyl-pibazolb dx- 

BIDBIDE. 

. ntra-hydriii (210“«t 


165 mm.). Formeu irom irx-metnyiene bromide, 
sodium phenyl-hydrazine, and benzene (Mi* 
chaelis a. Lampe, B. 24, 3738). Liquid.— 

I B'CyllaNjO,. Short yellow needles. 

I Di-phenyl-pyrazole C,sHjjN.^ i.e, 

i ‘*>KPh.[56»].(3S6'>). 

I Formed by distilling its carboxylic acids (Beyer 
, a. Claisen, B. 20, 2187 ; Knorr a. Lauhnman, B. 

I 21 , 1212 ; 22, 176). White cry.stals. 

( *Dihydride C,,r,H,^N.^. [136°]. Formed by 
j reducing the base. Small ficedlcs. An isomeric 
' or identical boJ^ [138°], got by distilling th^ 
. phenyl -hydrazide of cinnamic ahlehyde ; dillera 
hy fluorescing slightly in alcoholic solution, 
j Tri-phenyl-pyrazole C 2 ,H,„N._,. [206°]. A 

product of the action of phenyl-hj’^drazine on 
: anliydro - ;ioolqj)hciiono-bciizil (Japf> a. Klingc- 
maiin, C. J. 57, 709). Stollato groqps of needles, 

: ■ Tri-phenyl-pyraz^le [1.38°]. 

Got by warming CIT Bz. with phenyl-hydrazino 
(Knorr a. Ijaubmanu, B. 21, 1206). Plates (from 
! ctlicr). Weak base. 

Methylo-iodide B'McI. [176°]. 

DihijdrUe L135“]. Got 

by reduction or by warming bonzylidcne-aceto- 
phene with phenyl - liydiazinc aiid alcohol. 

, Yields C,,H,.Br,N.[179°i. 

PKENYL-PYRAZOLE CARBOXYLIC ACID 
I CioH^N.p^. [220°]. Formed by distilling the 
[ tricarboxylic acid (Knorr a. Laubnuinn, B, 22, 

• ISO). Necdle.s (from Aq), v. sol. alcohol, si. sol, 
ether. May be sublimed. AgA': ajnorphous pp. 
Phenyl-pyrazole dicarboxylic acid 

(B-): lawvT (c. a 

K.). l^rmed by oxidising phenyl-di-methyb 
pyrazolo oi; phenyl-Juetliyl-jArazole cirboxylic 
acid with alkaline KMiaO, (Balbiano, //. 23, 1449 ; 
Claisen a. Boo.sen, Ji 24, 1892). Small white 
plates in sph^irioal groups ^ft'oni alcohol). - 
(NH.) A". [212°J.-PhA'\-^AgA". 

; W‘‘A . [128°f 

1 Amide C,N,HPh(CO.NIIJ. [i90°]. 

I Phenyl-pyrazole tri-carbdxylic acid 

CQ.ii.6:C(G0,i?)^^^"^'' 

oxidising phenyl-metliyl-pyrazole dicarboxylic 
acid witli alkaline KMnO^ (K. a. L.). Wliitc 
needles (containing aq) (from ether), sol. water 
and alcohol. — BuHA'"4i''q • plates. 

I Di-phenyl-pyrazole carboxylic acid 

I C,6H,.N,Oa i.e. ciI:C(CO,ri;^^'^'^ 

; Got by saponific.'ilion of 

: its ether, which is obtained by boiling benzoyl- 
' pyruvic ether CII^Bz.CO.CO.Et (20 pis.) with 
; IlOAc (100 pts.) and phenyl-hydrazino (10 pts.) 

: (Beyer a. Claisen, B. 20, 2185)* Crystals (con- 
taining EtOH), which melt at 185°, v. sol. acetone. 
Ethyl ether EtA'. [90°]« (c. 400°). 
.J}i-phenyl-pyrazole dicarboxylic acid 

i^ CO,H.C.C0CO^)^^^^* 

Got by oxidation of di-phenyl-methyl-pyrazol« 
carboxylic acid (Knorr a. Laubmaj^n, B. 22, 175). 
Satiny needles (containing 4 aq) (from H9Ao).— 
NH*HA". [c. 270°J.-^BaA"aq.-CaA" 2aq. 
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I R^/tfrefMM.—OxT. and Oxy-amido- puenyi.. 

^fTRAZOllJI CARBOXYLIC ACII). 

; DI-PHENYL-PYKAZOLONE v. Oxy-di- 

;; J*aERYL*pYBAZOLK. 

PHENYE.PYBA2YL ^ METHYL KETONE 

> CjNjHPh.CO.CHa. [122® cor.], l-’ormed by 
heating i^-phenyl-pyrazolo with AcCi at 150^ 
(Balbiano, (t. 11), 136). Small notnlk'S. Yiobis 
an oxini [131°] and a phcnyl-hvdmzido [114° I. 

TETRA- PHENYL -PYRIDAZINE 

DBIDEC„H^N,i.e.gf,;;™;-|,,^ ? [14^ 

formed from de.syl-acolopheaon«*.ph(!nyl-hydray.- 
ino, and HOAc (Smith, C. J. 57, Yollow 

noedlf's (from alcohol), v. sol. hot JIO.\c. Ac- 
cording to Klingcmann (-1. 261), 10(i), this body 
is probably phony l-aniido-tii-phcnyl-pyrroh*, 
since on boiling witli llOAc ft yields tetra- 
phenyl-pyrrolft 

(a)-PHENYL.PYRIDINE >C1 1. 

(270"). A product ot the dislillation of i(.s di- 
carboxylic acid with linio (Skraiip a. Cobon/.l,df. 
4, 472). Heavy oil. Yields picolinic acid on 
oxidation.— li\Hd’tCl^ 2aq. - Pi crate fe. 170®]. 

(fl). Phenyl-pyridine 

(270°). Formed by distilling its carboxylic 
acid with lime (Skraup a. CoImuizI, M. 4, 4.5:j). 
Got also by heating pyrrole with bon/.ylidene 
chloride and NaOHt (Ciainician a. Silber, />. 20, 
191). Heavy oil. Yi«.'lds nicotinic acid on 
oxidation. — B'df d'tCl, Jhiq. — 

[163'-J. Groups of yellow needles, 


(y)-Phenyl-pyridin6 


N< 


.rdi.cii. 


[78°]. (275' uncor,). Formed by dislilling its 
tctra-carboxylic acid with lime (Hant/sch, li. 



727 mm.), (lot by ralucing the base. (Bally, JJ. 
20, 2590). Strong base, almost insol. water. — 
B'HCl. Needles.- B'jjHaPtCl,. [204®.207 ]. 

K-Phenyl- pyridine hexahydrido 

Phenyl-2yipcridijM. 
(249°). Formed by heating ])iperidine with iodo- 
benzene or bromo-bcnzene at 200° (Lclltimnn, 
B. 20, CSO; 21, 2279. Alkaline oil, v. sol, 
alcohol and ether.— B'jjHFtCh ‘2aq ; ncedhs or 
plates.— : platen. 

/ic/crcncc5. — Amido- and Nirno- iuiknyl- 

I'lPEIUlJlNE. 

Di- (a) -phenyl-pyridine C,jlIpN i.e. 

(P. a. H.) ; [73“J (0.). 

Formed by distilling its carboxylic acid.s with 
soda-lime (Paal a. Strasscr, “B. 20, 2764; 
Doebner, A. 249, 121). Yellow needles, v. sol. 
alcohol. Yields an oily hexahydrido. — 

[f05°]. - B'HAuCl,. [202°]. - 
B\H^Cr,0„. Orange-red needles. • 

Methylo-iodide B'Mel. [203°]. 
Tri.phenyl.pyridiae CaH^.N. [135°]. Formed 
by passing NH, through acetophenone, and 
adding (Hhgler, B. 6, 630 ; 19, 40 ; A. 238, 
27).— B jH^tCl,. 

Re/drence.— OxT.PKK«ii-PYBiDn«. 

VoL. IV. • 


PHENYL^PYRIBINE o-CARBOXYLIC ACID 

c..n.NO, M. [les^j. 

^ P'ormed by heating the dicarboxylio acid at 185° 

! (Ski-aup a. CobenzI, Jlf. 4, *450). Needles, si. sol. 

] cold water. Yields nicotinic acid on oxidation,— 
i CaA',,, 2aq : long needles, v. sol. cold water. 
(a)-Phcnyl-pyridine dicarboxylic acid 
CiJI.Ntf. i.e. 

23.5’’]. Formed by oxidation of (a).naphtho- 
qninoline (Skraup a. CobenzI, M. 4, 463). 

; Minuto crystals, gives olT indigo-blno vapours 
; when hente<^ Wlien distilled with (kiO itymlds 
; (al-pkenyl-pyridiiio and the dompouml 0,.il^N() 

: [140 ’-142 ] (31.^'°), which cryKiallisea from 
.‘li'ohol in yellow plate# and yields B'.dl.dHCl^ 
i Yields a di-bromo- derivutivo |205°|. *• 

I Salts. — OaA" 2aq- - CuA" 4aq : violet 
I crvst.allftio pp. « Ag.A" Muq. — H^A"HC1. — 
(li,A").JLPtCI.,:{a(i. 

(i8)-Phenyl-pyridino dicarboxylic acid 

! ■ •• 1307 ]. Formed 

: li.v oxilfiillori of («)-n!ipIitlK»|uin(>lino (SlirauiJ a. 
i CobenzI, M. 4, 442). Pri.sm.s (containing aq), 

: si. sol. cold water. Salts. — HA'HCl. — 

(H A').,H .Pt01„ 2,'.nq. — K.,A" 3at]. — K I lA"2iiq.— 
Cu.A"3aq. BaA"4[aq.- CiiA’ 4aq. • Cu.JLA'' 
-Agl I ,A'\,. 

S ti Iphcniic acid C,.,H.,NSO, i.e. 
>j,^C((’G.H);C.Cjr,(S0aH)((:0,ll)[l;2:6] 
^^>t:n.CIl;Cll 

I’onned, as well as C,.,II,,[SO,H)NO aq, by '-xidn- 
tion of (/5)-na])btlio-quijioliiio Bulpliouio acid 
I with alkaline KMnO^ (ImmerhoiHer, B. 22, 405). 

I (by-^lals (from water). - K.A'", BasH^A"',.-- 

• PbjA"';(OH).^.- Ag.,A'" (dried at 100 ). 

Tho by-j»roduet 0,.^lL(SO3H)NO aq yields 
KA'nq, BaAV2aq, PbA',3uq, AgA' aq, an oxim 
[290 J and a phony l-hydrazide [c, 295°]. 
Phenyl-pyridino dicarboxylic acid 

(anhydrou.s). Formed by heating tlm tetra- 
carb.jxylic acid at 170° (Weber, A. 241, H)). 
Greenish-yellow plates (conlainijnf aq> — 
CuA" 2aq ; blue pp. 

(7)-Phenyl.pyridine tetra-carboxylic acid 
N<cjco:H);S[}>CI’‘‘- tiiOToj. Formod 
by oxidation of tho phony] -di-methyl-pyridino 
dicarboxylic acid, which is got from acotoacetic 
ether, Nil,, and benzoic aldehyde (Hanlzsch, B. 
17, 1515). Crystals (containing 3aq), v. sol. water. 
KH,A'''aq: small prisms or pyramids, si. sol. 
cold water.— Ba,(NUJj{A'’'aCaq ; minute tables. 
—CuA” 7aq. 

Di-phenyl-pyridiue (7) -carboxylic acid 

[276«]. Formed by 

heating (CH2Bz)X(C02H)p with alcpholio NH, 
at 120° (Paal a. Strasscr, /}. 20, 2761). Needles 
(from alcohol).— AgA': pp., si. sol. hot water. 
Bihydride C,jjH,jN02 

NH<°^{[;®g>CH.C0,H. Crystalline flakes— 

NH,A'. [270'‘]. Formed from (OH..Bz),CH.CO,H 
and alcoholic in the cold. Needles, v. sol. . 
water/ 
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PHENYI^PYRIDINE CARBOXYLIC ACID. 


Hexahydride 

"®<CHPh;CHp>CH.CO^ rSSO”]. Formed, 
in small quantity, when di-benzoyl-di-methyl- 
malonio add is heatdd with alcoholic NH, at 
120® (P. a. S.). Crystals, v. si. sol. water. 
Yields a nitrosamine [169°J. 

Di-phenyl-pyridine tricarboxylic acid 

n/n TT -rr 


oxidising phenyl-naphthoquinqline (^irboxylic 
acid with alkaline KMnO, below 50® (Doebner. A. 
249, 120). Needles (from dilute alcohol).— 
Ag^ ; white flocculent pp. 

At 100° the chie4 product is phen^lene pkenyl- 
ketone carboxylic acid C,JI,,NO. 
[226 ], which on distillation wifh soda-lime yields 

^^^Cj,H.]phN which forms an oxim [84°] 
and B'jCrba. 

jRc/crcwcc.— Oxy-phenyl-pyIRdinkoarboxylic 
acid. • ^ 

OTONE C,,H,.NO i.e. 
O^Hj.CO.CjjHjN. (307^). Formed by heating 
i^fca carboxylic acid (Benithsen a. MetAgang. }i. i 

[14S-n-B^H'"pWl 

„ W-PraiDTL KETONE CAKB- 

OXTIIO ACID O.H,.CO.O.H,N.CO,H. [U7"]. 
JJomed from quinolinic anhydride, benzene 
and AlCl, (Bernthaen a. Mettegang, B. 20, 1209)! 
Prisms, V. e. sol. hot water. 

bi-phenyl-pybone 

Formed by heating its carboxylic acid 
(Feist, B. 23, 8734), Got also by heating de- 
hydro-bonzoyl-acetic acid with HGlAq at 245° 
Needles resembling asbestos (from benzene)! 
Its solution in cono. H,SO, exhibits violet 
fluorescence. Alcoholic NH, converts it, on 
heating, into oxy-di-phenyl-pyridine. 

DI-PHENYL-PYBONE cabboxylic acid 

CO<gg^{:j;>0. [20n. Formed b, 

wanning chloro-dehydro-benzoyl-acetio acid 
” pts.) at 140° (Feist, B. 23, 

’ 1 (from benzene), v. sol. 

A Ar* [IS^'^J.-BaA'.Gaq.- 

^aA*AgNO, : curdy pp. 

Di-phenyl.pyrone dicarboxylio ether 

®^^C(C0!^t|:CPh^®* C140°]. Formed by 

allowing a mixture of cupric bcnzoyl-acetic 
ether (24 g.), COCl, (10 g.), and toluene (40 g.) to 
stand for six weeks (F.). Got also from acetone 
dicarboxylio ether, Et,0. Na, andBzCl (Diinsch- 
mann a. Peohmann, A, 201, 189). Plates, v. 
sol. most solvents. 

PHENYL.PYfi0TABTABIC ACID 
CaH4.0H.^CH(CO,H).CH..CO._jH. Bcnzyl-succinic . 

T heating phenyl-propane 

tnoarhoxylio acid and by reducing phenyl-ita- 

To« a.Ko«ders, 

A. 2o6, 87v c/. Baeyer a. Perkin, B. 17, 449). 
White plates, si. sol. cold water. Yields an an- 
hydride [102°J.-BaA ' iaq.— CaA".-Ag,A" 
Phenyl.pyrotartario acid 
OOjH.CHPh.CHMe.CO^H. Two varieties [171°] 
and [198°] are formed by saponifying the pro- 
duct of the reaction of NaOEt on a mixture of 
a-oyano-propionio aoid and a-bromo-phenyl- 


a. Buchstab, B. 24, 1877). 
At 320 it forms an anhydride which on treatment 
wth water yields a mixture of the two isomeric 
phenyl-methyl-succinic acids. 

OXY-A|UDO-PHENYL.pYBOTARTARIO 

PHENYL-PYBOXIMIDINE DIHYDBIDE 

N^CPh. Formed from y-bromo- 

pippyl-benzamide by shaking with hot water 
(Gabriel, B. 24, 3214).^ Liquid, si. sol. cold 
^ater.-B',H,Pt jl,. [ISS^.-B'C^H^NjO,. [151°]. 

DI-PHENYL-PYBBOLE 

[143°]^, Formed by the action of alcoholic 
potash on its carboxylic ether (Paal, B. 21, 
30(»1). Got also by heating the dicarboxylio acid 
C,Nll3(C„H,,C^jH)^, with lime (Baumann, B. 20, 
1490]. Plates (from HO Ac or dilute alcohol), 
horms a red solution in H.SO,. Colours pine- 
wood, moistened wi8i HClAq, red. 

Txi.phenyl.pyrrole [229°]. 

Formed by heating its carboxylic 'acid or its di- 
carboxylic acid C,NHJ>h(C„II,CO.Jl), with lime 
(P. ; B.). Needles, si. sol. ether and alcohol. 
Tri-phenyl-pyrrole [141°]. 

Formed by lieating desyl-acotophonone with 
alcoholic NH, at 150° (Smith, C, J. 57, 645). 
blender needles with violet fluorescence. 
Tetra-phenyl-pyrrole i.e, 

^^^^CPhrCPh* Formed from both 

bidesyls by heating with alcoholic NH, at 150° 
(Garrett, B. 21, 8107; Fehrlin, B. 22, 553* 
Magnanini a. Angeli, B. 22, 855). Got also by 
distilling its plienyl-y-amido- derivative (Klinge- 
mann, A. 209, 122). Needles or plates. 

Acetyh derivative. [226°]. NRodles. 

Tetra-phenyl-pyrjole 

t)y boiling (fesyl-aeetophenone 
With aniline and HOAc (gmitli, C. J. 57, 646) 
White silky needles, v. si. sol. cold jlcohol. 

DI-PHENYL-PYBBOLE CABBOXYLIC ACID 

^^'CcPhicil t261°]. Formed by saponi- 
f.Hng the ether, which is got by the action of 
alcoholic NH, or of boiling NH,OAo and HOAc 
on di-^-benzoyl-propionic ether (Kapf a. Paal, B. 

21, 1491, 3061). Orange needles, si. sol. alcohol! 
JLthyl ether¥Ak\ [169°]. Needles. 

Amide C„H,,N.,0. [217°]. 

Di^henyl.pyrrole di-o-oarboxylio acid 

^®^C(c“H!!c0^jicH* Formed by 

^^?H^(CO-CaH,.CO,H), with alcoholic 
Nil (Gabriel, B. 19, 840). Slender needles. 
Yields a mtrosamine 0„H,,N,0, [o. 210°] crys- 
tallismg from HOAc. ^ 

Tri-phenyl-pyrrolo carboxylic aoid 

^^^"sCPh-CH^^* C273°]. F/jrmed by sapo- 
nifying the ether, which is got by boiling di. 
benzoyl-propionic ether with aniline and HOAo 
(Pa^, B. 21,3061). Needles (from HOAo). 

AyZ e/Aer EtA'. [170°J. Needles. 
Tri-phenyl-pyrrole di-oarbox3^ie aoid 
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nunmng C^H^(CO.OgH«.COjH), with aniline 
Baumann, B. 1487). Crystals, insol. water. 
Eg^": bulky pp. 

^Eihyl ether Et^". [122^], Needles. 

DI . a • PHENTL. $ .PTEBOTL . PROPIONIC 
^CID C*H,N.CO.CH,.CPh,.COJI. [216®]. 
|9ormed by saponilication of di-phonyl-pyrryl- 

Wtolactono [ 18 *°] « 

got by warming (o)-pyrryl methyl ketone witji 
benzil and oouc. ROHgq (Aiigeli, II 23, 1350). 
Colourless crystals, almost insol.^water.— KA'.— * 
J%A': light-yellow pp. 

PHENYL PYERYL KETONE C„n«NO i.e. 
NC,H,.CO.C,H,. [78°]. Formed by heating 
pyrrole with NaODz and Bz.O (Cianiician a. 
Dennstedt, D. 17, 2955). Yields C„II,AgNO. 
PHENYL-PJEUVIC ACID v.* Puenyi, uly- 

CIDIO ACII). 

PHENYL-aUINAZOLINN 

[101°]. Got by distilling o-aniido-benzyl-benz- 
amide (Gabriel a. Jansen, B. 23, 2810). Yellow 
needles. Weak base. 

Fhenyl-qainazoline. Dihydride, 

0.,H,A [9r.<’]. Formed 

by reducing [l:2]CJl,(NO^).ClL^.NPh.CnO with 
zinc and HClAq (Paal a. llusoh, J3. 22, 208(5 ; 
Donuer, Bh, [3] 20, 43). Six-sided tallies (from 
ethor-ligroin), almost insol. water ami alkalis. 
Split up into aniline and benzonitrilc by heating 
with zinc-dust,— B'HCl 2aq. [80°J when hydra- 
ted; [221°] when anhydrous. Concentrio 
rmcdles, sol. water.— B'llSnCl,. [130°-134°]. 
Wliite crystals.— B'jH.iMCly. [208°]. Yellow 
crystals.-B',^,SO,2aq. [79°]. Melts at 140°- 
143° when anhydrous. 


(B. 4)-Plienyl -quinolina .’qpjj ‘c.N^ CH* 

o Phmyl-quinoUfte. (273° at 80 mm.). Got in* 
like manner, using o-amido-diphenyl (C.). Oil, 
with vellowisli -green fluorescence. —B^^II^PtCla. 
— B JPCrA- [126®]. Orange plates. 

Melhylo-iodide B'Mel. [163°]. Crystals, 
▼. sol. water. - B',Me,PtCl. [193°]. 

{By. 1) - Phenyl - quinoline 

I [62'°]. *Qot by heating its carboxylic acid 
►j (Kimigs a. Nef,*7(. 19, 2130). Needles (from 
I otlier or ligroin). Solutions of its sulpbato and 
hydrochloride fluoresce blue. B'H.jCrO^ : 
needle^, — B'.^14jPlCl,j : yellow (pur-aided tabloa. 

I 2). Phenyl^ quinoline 

! Formed by adding a little ^’aOli to a solution of 
I o-aniiilo- benzoic aldehyde ami phenyl -acetic 
I aldehyde^ in dilute alcohol (Friedliindor a. 

(ioliring, B. 16, fHiKJ). Oil, sparingly volatile 
I wilM steam. - B'llCl. [93°].— B ..llJ‘tClg. 

{Py. 3). Phenyl. quinoline CJ , 
[86°]. (^liave 360°). 

Formation.- 1. By heating cinnamic alde- 
hyde (30 pts.) with aniline (20 pts.) and oonc. 
liclAq (20 pla.) for two hours at 210° (Griin 4 |.ux, 
C.B. 96,584; Doebner a. Miller, B. 16, 1065; 
19, 1194). -2. By warming o - amido - benzoic 

aldehyde with acetoplienone, dilute alcohol, and 
a little NaOH (Fricdlundor a. Gohring, B. 16, 
j ls.3r>).-~3. By distilling ta-oxy-phenyl-quinolino 
or di-oxy-phenyl-quinoline with zinc-dust (Miller 
a. Kiukolin, B. 18, 1908; Weidcl, M. 9, 151/.- 
4. By distilling its carboxylic acid with soda-lime 
(Oi'cbner, B. 20,280; A. 242, 294; Plitzinger, 

J. i>r. [2j 38, .58.3). 

I Bropertics. - Silky needles (from dilute al- 


Melhflo-iodide B'Mel. [¥70°] and cohol), sol. ether, si. sol. water. Yields 
[180°].-B'MeI,. [157°]. Golden plates. ! NHBaC..H,.CO.^ [1:2] [182°] on oxidation by 


Tetrahydrid^ j 

Got by reduction. Nyedles. Yields a crystal- 
line acetyl d^rivati.e and a brick-red nitros- 
amino. 

Di-phenyl-qainazoline. Dihydride. 

D,,H,.N,i.e. [ll5»J. Formed 

by reduction of the benzoyl derivative of o-nilro- 
benzyl-aniline in HOAcwith tin and HCl (Lell- 
mann a. Stickel, B. 18, 1(508). Small needles, 
r. sol. alcohol.— B'HCl : silky needles. 

-OxY-i'HENYL-QUiNAzoi.iNie. 

(B. 2).PHENYL.QTJIN0LINE 

5H^CH.aS-CH• P-P'^onvUiuMine. [111°]. 
[260° at 77 mm.). S.G. ^ M945. Prepared by i 
beating j)-araido-diphenyl with glycerin, nitro- ' 
benzene, and H.^SO^ (La Coste, B. 15, 562 ; A. > 
230, 8). Triraetric plates (from ether). — 
B'jHjPtCl^ OraUge crystalline powder. — 
B',H,CrA- [136°]. — Tartrate B'C.ILO, 3a<i. 
153°]. Needle* 

MethylO‘iodide B'Mel2&q. [194°]. • 

Ethylo-iodide B'£tl2aq. [169°]. 
Tetrahydride CgH,^hN« Got by reduc- 
^on. Unstable pp. Yields a nitrosamine 
3,fU»h(NO)N ttl2°3, an acetyl derivative [100°], 
md a Itenzoyl derivative [187°].-~B'HC1 llaa* 
:204°3.-B^OJB[,N,0,. 

• 


KMnO, in acid solution. 

Salt3.-B'..II,PtCl„ 2aq.-B'HAuClq. [160°]. 
-(B IK)l).AuCi.,. [204"]. Needles.— B'U..Cr,0, : 
stable gulden plates. -B'C,H.,N./),. [188°1. 

AlkyloAodides B'Mel. [197°].- ll'KlI. 
[195 >]. - B'.j:t.,PtCl,..-B'KlCI 2aq.-B'.KU°tCL^ 
Tetrahydride. CiJl^N. (342°)» Ool^fy 
reducing the base with tin and HClAq (Doebner, 
Z)M9,119n). Oil, yielding an oily nitrosamine. -- 
B'ilCl. Needles (from alcohol), v. si. sol. water. 
(By. l,3)'Di-pheuyl-qainQline 

. [112°]. Formed by heating 

the anilide of CH^Bzj with H^SO, (Beyer, B. 20, 
1772). Mass of white crystals. -B',JIjPtCl, 2aq. 
- B'HBO,. Needles, v. si. sol. dilute ll^SO*. 
(By. 2,3)-Di.phenyl.qttinoline 

^oxiiuA by 

rwluoing [1:2] 0.n,{NO,).CH,CHPh.CO.C„H, 
with iron and HOAc ^Buddeberg, B, 23, 2075). 
Large crystals, sol. alcohol.— BMijIHCL. 

(By. 2)-PHENyi-I80aDINdLIN» 

C,.H.,N ij,. [10S»]. Obtoinna 

by reduction of the (By. 4)-ohloro- derivative by 
heating it with HI and P at 170° for three hours ; 
also by distilling phthalimide with zinc-dust 
(Gabriel, B. 18, W77). Bhombio plates. Slightly 
volatile with steam.— B'jH,Cy^Cl, ; needles. 
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PHENYWSOQUINOLINE. 


Tetrahydride [46"- 

•48®]. Formed by reduction of an alcoholic 
solution of the (P^.)<mono- or di- chloro-deriva- 
lives by boiling with (ii p.c.) sodium-amalgam 
(Gabriel, J5. 18, 3479). Crystals, v. sol. alcohol. 

Eeferences. — Amido-, Chloro-, Chloko- 
N1TRO-, Nitro-, Oxy-amido-, and Oxy- pkknyl- 

QUINOLINE. 

{Py. 1) - PHENYL - QUINOLINE JPy. 3)- 
CAEBOXYLIC ACID 0,jH„NO^ i.£. . 

^•H^<Cn^CCO.H* Glot by oxidation 

of phenyl • methyl - quinoline - phthalone with 
chfomic acid mixture (Kctnigs t. Nef, 19, 
2428). Yellow needles (from dilute alcoh^), sol. 
acids and alkalis. ^ • % 

(Pj^. 3) -Phenyl-quinoline {Py. l)-carboxylic 

»oid . [207"J. loomed by 

wanning pyruvic acid with flcnzoic aldehvdc, 
aniline, and alcohol (Doebner, B. 20, 280; A. 142, 
291). Formed also by heating isatin with 
acetophenone and alcoholic i)Otash (Pfitzinger, 
J.^r. [2] 83, 538). Needles, in. sol. cdld^alcohol. 
Yields phenyl-quinoline [84°] on distillation 
with soda-lime. - {HA'),II,,rtCl„. — PbA>q.— 
OuAlaaq.- ZnA'.^aq.- AgA' : white pp? 

Phenyl - quinoline - o - di - carboxylic acid 

C.H.(C.H.)N(CO,H), i.c. 

Formed by oxidation of phenyl-acridine with 
KMnO,. 

Salts.— BaA"4aq : glistening needles (Claus 
a. Nicolaysen, B. 18, 2700). 

{Py. 2,3) - Di - phenyl - quinoline carboxylic 

acid Fotra^'lby 

the action of isatin and alcoholic potash on 
deoxybenzo'in (IMitzingor, J. jrr. [2] 38, 583). 
Needles, insol. water, v. sol. hot alooliol. • 

{Py. 3)-PHENYL-QUIN0LINE {B. 2)-SUL- 

PHONIC ACID BOJI.CiCH.C.CILCH ... 
PHONIC ACID HG:OH.C.N=cCrh* 

together with the more soluble {B. 3)-sulphonic 
acid, by heating {Py. 3)-phenyl-quinoline with 
• SOjat 100° (Murmann, M. 13, CO).— 

I%te8, sk'sol. water, almost iiisol. alcohol. Gives 
oxy-phonyl -quinoline [238°J ivhon fused with 
potash at 250°.— BaA'j : plates. --^NII^A': plates. 
—AgA'; granules. 

{Py. 8) - Phenyl • quinoline (B. 3) • lulphonio 
acid. Formed as above (M.). Granules. Yields 
oxy - phenyl - quinoline [156°] on fusion Avith 
potash. — KA'aq. — BaA'jUaq: needles. — 
AgA' l|aq ; needles. 

( B. 2) • Phenyl • quinoline p • snlphonio acid 
0,jH„NSO, t.c. [l:4]SO,H.C„H,.G:CH.g.CH:CH 
HC:CH.C.N=CH’ 
Formed, together with the following more soluble 
isomeride, by sulphonation of p-phenyl-quinoline 
(La Ooste a. Sorger, A. 230, 30). Needles (con- 
taining 2aq). Turns brown, without fusion, at 
300°. Alkaline KMn 04 quinolinic aoid and 
»-8ulpl o-benzoio acid.— NH^A'. [above 310°]. — 
NaA'aq.— HgA'j ; white pp. 

(B. 2) - Phenyl - qniuoline (8) • snlphonio acid. 
Formed as above. Plates (containing aq), not 
melted at 800°. — NH^A' : small scales. 

PHENYL-DIQUINOLYL-METHANE. Oefo- 
hydftdc0HPh(0,Hj,N)y [153°]. Formedfrom 


quinoline tetrahydride, benzoic aldehyde, and 
ZnClj in alcohol (Einhorn, J5. 19, 1248). Its 
solution in HGIAq is coloured green by FeCl,. 

( Di-phenyl-(B. l)-quinolyl-m 0 thane 

[ion 

Skraup’s method from amido-tri-phenyl-metbane 
(Fischer a. Frankel, B. 19, 749; A. 241, 304). 
Prisms, v. sol. alcohol. Yields a nitro- derivative 
[^13°].-B',H,PtGl, (dried at 100°). 

DI-PHENYL.(P7/. 3)«QUIN0LYL.UBEA 
•G„H„N.NPh.GCyJHPh. [150°]. Formed by 
heating carbostyril with phenyl isocyanate add 
benzene at 220° (Goldschmidt a. Meissler, B. 
28, 270). Needles (from benzene), sol. HGIAq 
and re-ppd. by NH,. 

DI-PHENYL-QUINONE i 

CPh<^^Jj^*^^GPh. [214°]. Fotmed by heating 

phenyl methyl dik^onowith NaOHAq and a little 
K.,FoCy„ at 100° (Miillcr a. Pechmaim, B. 22, 
2130). Orange-yellow plates, m. sol. benzene. 
Zinc-dust and HOAo reduce it to di-plienyl- 
hydroquiiione [219°]. 

DI-PHENYL-ftUINOXALINE 


[120°]. Formed by heating benzoin with o- 
phenylone-dianiinc in the air at 105° (Fischer, 
li. 24, 720). Needles. 

Dihydride [149°]. 

Formed by heating benzoin with o-phonyleno- 
diamino at 105° with exclusion of air. Prisms. 
Its solutions in ether and benzene fluoresce 
yellowish-green. 

Pheniflo-kydroxide 

[136°]. 


Formed f,*’om benzil and o phenylei4e-phenyl. 
diamine (Kchrmano a. Messinger, B. 24, 1239). 
— G^IIjyN.^ClFeGla. r Golden prisms, m. sol. cold 
water, iiisol„ ether. — (C 53 HiBN.^Cl) 5 ,PtCl 4 . — 
C*ilI,nN.iHgGl.,. Yellow scales. 

Tri-pheny i-quinoxaline. Dilty dr ide 

[117°]. Got by heating 


benzoin with .'•-phenylene-phenyl-diaminc in a 
Realed tube at 175° (Kehrmann a. Messinger, B. 
24, 1875). Crystalline, v. sol. ether. Its solu- 
tions fluoresce bluish-green. 

Tetra-phenyLdiquinozaline, so-called. 
gPh:N.C.CH:C.N:CPh roftooi 
CPh:N.C.CII:C.N;CPh* 

tetra-aniido-benzone and benzil (Nietzki a. 
Miillcr, B. 22, 440). V. sol. hot HOAc. Forms 
a blue solution in cone. H^SO^. 


DI-PHENYL-QUINOXALINE CABBOXYLIC 
ACID 0.^,H,,N202, i.e. 


[288°]. Formed by mixing benzil and di-amido ■ 
benzoic acid, both dissolved iA’hot HOAo (Zebra, 
B. 23, 8627). Yellow plates or needles.— 
BaA '2 3aq : needles, si. sol. hot ‘.rater. 
a Ethyl ether Ptik'. [151°]. Needles. 
TETBA-PHENYL-DIQUINOXALYL 

***• CPh:N^^*®*‘^*^^N:OPh* C*^v®270°J. 
Formed by mixing aoeiio acid sohtions of benzil 
and tetra-amido-diphenyl {0,H,(NH2]f2t^:S:4]|, 
(Brunner a. Witt, W. 20, 1026). Crystals (from 
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^jkhenol'HOAo). Forms a bright-red solution in 
:tono. HjSO^. 

PHENYL SEIENIOE v. Organic comipounds 
of Seleniuu. 

TETEA- PHENYL. 81UCAKE o. Organic 
cmnpounds of Silicon. 

PHENYL SILICATE Si(OPh),. f48°J. (420°). 
Prepared by lieating phenol with SiCl^; the yield 
being 78 p.c. of the theoretical amount (Hert- 
korn, B, 18, 1679). Long colourless prisms, v. 
sol. alcohol. Decomposed hy hot water into^ 
phenol and silicic acid. £oiii%:!; alcohol forms 
dlhyl silicates and phenol. 

TBI-PHENYL-STIBINE v. vol. i. p. 294. 

PHENYL-STYRYL HYDHAZINEC,jH„N .i.c. 
CHPh;CH.CIL.NPh.NII,. [ol^]. Formed from 
styryl bromide and sodium phenyl-hydrazido 
(Michaclia a. Claessen, B. *22, 22!l9). Crystals, 
Y. sol. alcohol Slid ether. 

PHENYL-STYRYL KETq^E V. Benzyltdf.nk- 
ACETOPHENoNK. Its CiM'boxylic ctlicr is descrilM’d 
as Bntsi/lidcnc-hemoyl-acctic etJur, vol. i. p. 4H1. 

PHENYL -SUCCINIC ACID C,„II,oO^, le. 
co,H.ciiPh.cn,.co,ji. [urj. 

‘Formation, — 1. By aaponilicnlioii of the 
nitrile which is got from w-chloro-styrcnc and 
KCy (Kiiglu'imer, B. 14, 428). 2. By siiponiiica- 
tion of the product of tlio action of a-bromo- 
phcnyl-acetic ether on Bodiiim acfloacetic ether 
(K.).-3. At 191° from (XUI.CIll’li.OIl(CO,H),, 
got from a-chloro-phenyl-aeetic ether and sodium 
malonio ether (Sjiiegel,/!. 14,873, 1693; A. 219, 
32; Al(‘.\ander, A. 2.58, 74).— 4. From liydro- 
coruicularic acid by potash-fusion (S,). 

Prc)j)C/7/cs. - Needles, sol. liot water and al- 
cohol, si. sol. cliloroform. Br ami PBr^ yield a 
bromo- derivative [119 '] converted by hot water 
into phenyl-maleic ueid. 

Salt^-CaA".-Ag,A". 

Anhydride -[c- 6F’]. * 

(a)-Di-pheiiyl-8uccinic Jacid C.,llnO< i.e. 
C0,H.0HPh.CHPh,(‘0,H. f222°J (when dry) ; 
[183°j (when hvtiratcd). ILC. LS 18,300 (Ussi- 
poff, C. R. 1U9, 223). *8. (alcohol) 44 at 21°. 

Formation —1. By heating a bromo-phcnyl- 
acctic acid with KCy (Franchiinont, B. 6, 1018). 
2. Together with the isomeric j/3)-acid, hy re- 
duction of di-phcnyl-nialeic anhydride with 
Bodiuin-amalgam or Zn and HCI, Separatdfl 
through the sparing solubility of the Ba salt 
(Keimer, B. 14, 1802 ; Anschiitz, A, 259, 67). — 
8. By heating the (0)-isomerido with baryta- 
water at 200° (R.). 

Properties. -- Pri.sms (containing a(i) or needles 
(from dilute llOAe). Yields di-phenyl -ethane 
and di-phenyl-ethylcne when distilled with bun-. 
HCIAqat 200° converts it into the (^1) acid. 

Salts.-BaA" 2aq. S. 32 at 18°.-BaA" 4aq. 
— Ag.A"; white pp. 

Uono-cthyl ether HElA". [140' J. 

Di-ethyl etlyirYAiA". [84°]. Needles. 

Anhydride [110°]. (240° at 

11 mra.). Fori||cd when either of the two s-di- 
phenyl-suecinic acids is heated. Got also by 
heating tho (a)- acid with AcCl at 120° (Tfll. 
manns, A, 258, 87). Trimetric crystals ; a:h:c 
= *608:1: '546. V. sol. chloroform. Yields the 
(a)- acid on boiling with water, and a mixture 
of (a)- ^id (8^ p.c.) and ($)• acid (14 p.c.) when 
treated with HOHAq. ^ 

NiiriU ^ ON.CHPh.CHPh.ON. [160°]. 


I Formed, together with the fO)- isomeride by 
heating phenyl-acetonitrile with mandelio nitrile 
and alcoholic KCy at 56° (Chalanay a. Knoevena-* 
gel, B. 26, 289). V. e. sol. alcohol. Converted 
into the (jS)- isomeride by Hoiling with HOAo. 
PhenylirnideCM^.m,, [231°]. Got by 
j lieating either the (a)- or the (j8)- anhydride with 
aniline. 

Phenyl - aviic acid Cjf,H, 9 NO, i.e. 

I CO,li.CHPh.CHPh.CO.NHPli. [220°]. Got by 
I boiling life plirgylimide with baryta (Anschuta 
I a. Bondix, A. 259, 92). 
j {/3) -Di-phenyl succinic acid 
CO.li.CIlPh.ClfPh.CO.H. [230°]. H.C. 1,822,900. 

' a. (al^^hol) 1%24 at2r\ . • 

Format ion. By heating its nitrile with 
lltlAq at 200\ - */. By riiluclion of di-phenyl- 
! maleic anhydride. 3. By heating the a-isomor- 
j ide with IICAq at 200°. 

j Projmiies. Reedies, sol. alcohol, si. sol. 

bei^.ene, insol. water. On distillalitin in vacuo 
I at 250° it yields a mixture of ffie (o)- anhydride 
! (89 ]».c.) and the {$)- anhydride (11 p.c.). 

Rea (titans.- 1. Yields s-di-phoiiyl-ethane and 
di-pheiif- 1-ethyleno on distillation with lime 
(Beimcr, B. 14, 1802).- 2. Baryta-water at 200° 
converts it into the (a)- isomeride. 

Sa 1 ts.-^-BuA" 7a(j. H. 21 at c. 18°.— AgijA". 
Ethyl ether Kt.A". [111°]. Needles. 

Anhydride (j{}p{j;co>0. [o. 107°]. 

Formed hy lieating the {$)• acid with AcCl at 
100°, and iibso by llie action of AcCl on its salts. 
When boiled with water it yields the (a)- acid (75 
ji.e.) and some {/8)- atdd (25 p.c.). Cold KOilAq 
forms only the j^)- acid. On heating with aniline 
it gives the phenyliinidc [231°]. 

7 ) i i>h e ns uec i n don e 

[2020] 

j Formed hy heating tho acid (5 g.) with cone. 

' H..^O, (8g.) until dissolved, and then pouring 
into water (Uoser, A. 247, 353). White crystals, 
insol. water, .sol. alcohol. Yields a dioxim 
C,,.ll,o(N011).. [254°] and a plienyl -hydrazido 
C„lI„(N..HPh).. (c. 265°]. Reduced by HI and 
rto C„U,,[100°I. , — 

Nitrile CN.CllPli.CIlPh.CN. [210°]. 

I companies tho («)- isomeride [v. supra). Colour- 
; less necdlcH, sol. hot alcohol. 

I Tetra-phenyl-succinic acid 
; CO.,H.CPh.,.CPh,.CO,U. [262°]. Formed by 
; heating a-chloro-di-phonyl -acetic ether with 
I linely-divided silver at 125° (Bickel.B. 22, 1638). 
i Insol. water, v. sol. alcohol and ether. 

; Fthyl ether Et,.A". [89'^]. 

Nitrile CN.CPh.^.CPh,.CN. [o. 230°]. 
i Formed by the action of NaOEt and I on di- 
j phenyl-acutonitrile (Auwers a. V. Meyer, B. 22, 

I 1227 ; cf. Anschutz a. Romig, A. 238, 849). 
Formed also by the action of nitrous acid on di- 
phenyl-acetonitrile (Neure, A. 260, 148). Flat 
needles (from HOAc), v. si. sol. Imt alcohol. 
LiqueOed by heating for a long time at 180°. 
Phenyl-iioiaooinio acid v . Benzyl-malomio 

ACID. 

References. — Nitbo* and Oxi- phenyl* 

SUCCINIC ACIDS. 

DI-PHENYL.8UCaNIlin)IHE U. 

0,H4<^^^^j^NPh. Formed from ethyleps * 
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cyanide and aniline hydrochloride at 154^ 
JBloohmann, JB. 20, 1856). Groyish-yellow 
crystals, insol. water. Yields the phenylimide 
of Buccinio acid when boiled with HClAq. — 
B'HCl.-B'^2PtCl«.-B'H,S04.-B'HBr.-B'HL 

PHEITYL-StrLPHAMIC ACID C«H;NSOa La. 
0,H^NH.SO,H. Formed as a salt from ClSOjH 
(1 mol), aniline (3 mols.) and chloroform in the 
cold. Got also by the action of solid fuming 
sulphuric acid on aniline in CHOI, at adow tem- 
perature (Wagner, B. 19, 1157 j Traube, B. 23, 
1665; 24, 360).-NaA'.-KA' : leaflets, sol. hot 
alcohol— BaA'j 2aq : leaflets or needles, sol liot 
water. Decomposed by acids into aniline and 
H2’SO..-NH.,PhHA'. (192°]. Pflites. ^ 

PHENYL SULPHATE. 

Hydrogen phenyh snlphAte CJIiO.SO„.(^II. 
Plimiji-sulphuric acid. Occurs in urine of 
horses, men, and dogs (Baumann, B. 9, 56 ; 11, 
1907 ; H. 2, 336), the quantity being gleatly in- 
creased by administration of phenol. The K 
salt is formed by adding K^S.^0^ (125 pts.) Vo a 
solution of phenol (100 pts.) and KOH (60 pts.) 
in water (90 pts.) at 65°. The free acid quickly 
splits up, in aqic.ms or alcoholic sofutrjii, into 
phenol and IIBO,.— KA'. S. 14 at 15°. Plates 
(from alcohol). Not attacked by potash. The 
dry •salt changes at 1,50°- 160° into phenol p- 
sulphonic ncid.— BaA'.,3a(i : needles. 

DI.PHENYL SULPHAZIDE v. Plumijl- 
hydraside of Benzenk suLPjmNic acid. 

DI-PHENYL SULPHIDE C,.,n,„S i.e, Ph.S. 
Mol w. 186. (293°). S.G. 1-119. 

Formation.-~\. By the dry distillation of 
sodium benzene sulphonato (Stenliouse, Pr. 14, 
851; A. 140, 28M), - 2. From S(C.II,.NH,)., by 
elimination of NiJ^ by the diazo- reaction (Kratit, 

B. 7, 384, 1104). - 3. By distilling Pb(SPh)j 
(Kekul6 a. Szuch, C. P. 64, 752).-4. By the 
action of Naon SO(C.,Hj.,) , (Colby a.McLoughlin, 
Am. 9, 67).— 5. By the action of NaSPli on 

C, iHyN.,Cl in molecular proportions (Ziegler, B. 
23, 247*1).— 6. By heating benzene with Sand 
AlGlj at 80° (Friedel a. Crafts, A, Ch. [6] 14, 
438). 

Preparation.— Ammonmm sulphide is slowly 
..♦O^cd to an acid solution of diazobenzene, 
c^ed wMi icc, the oil which separates is co- 
hobnted for 2 or 3 hours to decompose tlic di- 
sulphide, and finally distilled; the yield is good 
(Gracbe a. Mann, B. 15, 168.3). 

Proper tie.s.—Oi], with slightly alliaceous 
odour, V. sol hot alcohol, mi.scible with ether. 
Its alcoholic solution is not ppd. by AgNO, or 
HgCl.^. Yields di-plienyl-sulplione on oxidation. 

Di-phenyl disulphide Ph.,8.^. Mol w. 218. 
[61°]. (310). 

Formation. — 1. By oxidising phenyl mer- 
laptan with dilute HNOj (Vogt, A. 119,142; 
Otto, A. 143, 213), with chromic acid mixture 
(Kekul6, Z. 1867, 194), and by exposure of its 
ammiiivacal solution to air. — 2. From NaSPh 
and CvCl (plemm, J. pr. [2] 1, 147). 3. Together 
with mercury by distilling Hg(SPh).i (Dreher a. 
Otto, A. 154, 178).— 4. From NaSPh and I 
(Hiibner a. Alshorg, A. 156, 330),— 6. In small 
quantity by adding zinc-dust to a mixture of 
S^Cl.^ and benzene (Schmidt, D. 11, 1173).— 6. 
By reducing 0*Hj.S0*01 with HI (Cleve, B. 21, 
ilOO).— 7. By heating O^HiSO^ with HSPh 
(OttOi B, 9t 1589).— 8. By passing SO, into a 


solution of phenyl-hydrazine in benzene, and 
heating to boiling (Michaelis a. Buhl, B. 23, 
476). 

Properties. — Needles, with faint odour, insoL 
water, v. sol alcohol tand ether. 

Reactions.— \. Reduced by zinc and dilute 
H^SO, to CaHjSH.— 2. Oxidised by nitric acid to 
benzene sulphonio acid.— 3. Split up by long 
boiling into Ph.^S andS (Graebe, A. 174, 189).— 
4r Alcoholic potash forms KSPh and CBn^SO-^K. 
6. Alcoholic K^S forms KSPh.— 6. Bromine 
‘forms erystalliqc PliBBr.^. 

Di-phenyl tetra-sulphide (C^HJ.^S^. S.flf. 

1*297. Formed by the action of H.^S on a 
cone, alcoholic solution of benzene sulphinio 
acid (Otto, J. pr. [2] 37, 208). Formed also by 
the action of S.^Clj on phenyl mercaptan. Thick 
yellow oil, m. i>ol. alcohol, v. sol ether. 

Di-phenyl hexasulphide An 

amorphous solid fpriiied by heating benzene 
(20 g.) with S.CL (10 g.) and iodine (1 g.) for 
100 iiours at 120° (Onufrovitch, B. 23, 3308). 

/fc/emw-vs.-- A mido-, Amido-imido-, Bromo-, 
Chloro-, Ciiloro-nitiu)-, Iodo-, Nitro-, and 
OxY-Pi-riiENYL scLrniDES. V . also Di-puenyl- 

DI-1>HKNYI. SULPHIDE. 

DI- PHENYL SULPHIDE o-CABBOXYLIC 
ACID C«H4.S.Cgn,.CO,^H. Formed by the action 
of alkalis on the pro<luctof the action of NaSPh 
on diazotised o-ami do-benzoic acid (Ziegler, B. 
23, 2471). Plates (from benzene), insol. water. 

PHENYL SULPHINIO ACID is Benzene 

8DLPUINIC ACID. 

Diphenyl sulphinio acid CuHjPh.SO.^. Got 
by reducing C,.^Il„.SO.,Cl in ether with sodium- 
amalgam (Gabriel a. Deutsch, B. 13, 388). Crys 
tallino powder, decomposing at about 70°. 

PHENYL SULPHITE (Schall, B. 25, 1490, 
1875). The salt NaSO.j.OPh is formed from 
NaOPh atfd SO.,, and exhibits the following re- 
actions : — 1. AlJajl tjididc.s convert it into phenyl 
ethers of the sulphonio acids Il.SO.j,.OH.-' 
2. Benzyl cthhr forms phenyf benzyl oxide, SO.^, 
and NaCl at 180° (yield lG«p.c.).— 3, COCln forms 
CO(OPh).^, SO,, and NaCl at 180°.— 4. Iodoform 
(1 mol) heated with NaSO .OPh (3 mols.) at 
180° forms Mel, CH.,.SO.,.OPh, and * rubbadin.’ 

Eubbadin 0441130840,,, mol w. 830 (by llaoult’s 
liiethod, calc. 806). Rub. crystallises from dilute 
alcolnd in minute brownish-rod plates, S. (alco- 
hol) 43 at 20°, and forms a claret coloured 
solution in alkalis. Its solution in NHjAq dyes 
silk and wool pale-claret colour, and cotton 
yellowish-violet. 

Reactiom.— l. Reduced by zinc-dust and 
NaOlJAq to 044Ha4S30,..— 2. Cone. HNO,, free 
from nitrous fumes, at 0° forms C,4H,9(NO.j„SjO„ 
a red crystalline powder, m. sol. hot alcohol, 
which may be reduced toC,4H,4(NO.,),(NH,),^S,0,, 
a glittering black crystalline powder (from ether- 
phenol) which yields a black crystalline di-acetyl 
derivative. — 3. HClAq at 2U0° forms phenol 
(2 mots.), H.,S (2 mols.), and C,^,oS,0„ a 
reddi.sli-brown crystalline powdfer which yields 
the derivatives G,.4H„Ac.,S,{0„ C,.,H,gMe.,S,0„ 
and C.,.Jl,4Br,Ac.,8_,0,.— 4. Fusion with NaOH 
forms 80(C„H4.0H).., [96°] and salicylic acid. 

Di-acetyl derivative G4,H,0Ac,S4O^ 
Dark brown powder, decomposed!^ by heat with- 
out previous fusion. Split by hmg boil- 
ing with alcohol into alcohol 



PHENYL43ULPHONO-ACETIC AVID, 


and OmH 23 SxO«, insol. alcohol. Br in chloro- 
form converts the di-aoetyl derivative into 
C„H,4Br.Ac,8*Og. 

Di-metliyl-mbbadin jSot 

from mbbadin, KOHAq, and Mel. Dark reddish- 
brown powder. • 

PHENYL 8ULPH0CYANIDE C,H,.SCN. 
(231°cor.). S.G.Ui 1*155. Formed from Pb(SPh),^ 
and CyCl. Prepared by adding cuprous sulpho^ 


Liquid. Yields phenyl merotptan when heated 
with alcoholic potash. 

Polymeride (l’h.SCy)j,. [97^^]. Got from 
PhSNa and cyanuric chloride (Klason, J. j>r. [2] 
33, 120). Prisms (from llOAc). 

Referoice. --Nituo-phenyl auLPiiocvANiru?. 

PHENYL STJLPHOCYANO-ETHYL KETONE 
C,«n,NS() i.e. C«H,.CO.C.lI,.SCy. Got from 
C.H 4 .CO.C.;H 4 Br and KSOi’ in alcohol (Paini.el a. 
Schmidt, B. 19, 2807). Liquid. 

DI-PHENYL 8ULPH0NE (CJI J.SO,. 
Sulphohcmide. Mol. w. 218. [128-’], (370°) at 
722 mm. 

Forviation. — 1. From benzene and SO, 
(Mitscherlieh, P. 31, 028; Freund, 120,70; 
Otto, A. 130, 100), fuming H.SO, (IJerthelot, 13. 
9, 349), or IlSO,Cl (Knapp, [2j 5, 41). 2. Py 
oxidation of PhjS (Steuhouse, A. 140, 290; Ke- 
kule a. Szuch, 131. [2] 8, 204).— 3. By distilling 
benzono sulphonic acid (F.). -4. From btmzene, 
CJIjSO^Cl, and AlCl, ; the yield being 80 p.e. of 
the theoretical amount (Ik'ckurts a. Otto, li. 11, 
2000).— 6. By healing benzene (200 c.c.) with 
cone. IIjSO^ (300 c.c.), the yield being 0 i).c. of 
the benzene employed (Istrati,Pf. f3J 1, 49*2), — 
0. By heating C„IJ,‘SO.,Cl with IlgPh, (Otto. B. \ 
18, 248),— 7. By oxidation of di-phenyl sulph- 
oxiJe%ith KMnO^and HOAc (Coll^ a. Mcl.ough. 
lin, Am. 9, 07). I 

Proper/ie.?. —Monocjnic prisnis (fromknz- 
ene) or plates ^from alcohol), aol. ether. PClj 
at ICO’ forms CJl;,SO.^Cl and chloro benzene. 
ConveitcA by potash-fusion intuphenol, diphenyl, 
Ph,S. PhSII, and otlier bouies (Otto, B. 19, 
2425). Hot fuming H^SO^ forms benzene siil- 
phonic acid. • 

References. — Amido-, Bi;omo-, Ciij^>uo-, 
Nituo-, O-xy-amido-, and Oxv- ni-iniKNYo sol- 

PHONES. 

PHENYL 8ULPH0NE ACETIC ACID v. 

PhENYL-SULPUON'O-ACKTIC ACID. 

DI-PHENYL SULPHONE n-CARBOXYLIC 
ACID 0„H„SO, i.e. C«H,SO,.C,II,.CO.,IJ, [1521. 
Formed by oxidising PhS.CJlj.COJI with UNO, 
(Graebe a. Schultesa, A. 203, 7). Needles (con- 
taining aq). Melts at 99° when hydrated. 

Di-pbenyl sulphone ^’-carboxylic acid, [above 
300®]. Got by oxidation of phenyl tolyl sulphone 
with KMnO, (Michael a. Adair, B. 11, 119). 
Prisma (frommlcohol), si. sol. hot water. — Ag A'. 

Di-phenyl sulphone di-earboxylio acid 
SOj(C.H,.C^.,H) 2 . [above 800®]. Got by oxi- 
dising di-jp-tolyl sulphone (M. a. A.). Small 
prisms, sol. nitrobenzene. * 

DI-PHENYL 8DLPH0NE m-8nLPH0NI0 
ACID OfH,.SOrC«H 4 .SO,H. Got by heating di- 
phenyl so^hone (1 mol.) with HO. SO., Cl (1 mol.) 
at A50® (Otto, B, 11. 2075 ; 19, 2417). Fibrous 
crystalline macs, y.^sol. water. — KA'aq.— 


NaA’ 8aq.-C8A',7»q.-B»A',4iaq, - PbA',3 J»(|. 
~CuA'.>7^aq. 

Chloride. [99®]. White needles. 

Amide Ph.SO,.aH,.SO.,NH.,. [164®]. 
Atiilide. [131®]. Hard nodules. 

Ether s.-Etk'. [89®].-PhA'. [106®]. 
Di-phenyl sulphone di-snlphonio acid 
SO., (C,H, .80,11),. Formed from di-phenyl 
sulphone (1 mol.) and HO.SO.jCl (2 mols.) at 
155^ (Otto, B. 19, 3124). Deliquescent mass.— 
K^A" rtq. Na A"3aq. - CaA" Oiaq. — BaA" 6aq. 
— PhA*3aq. iCiiA" a.^tup 

Chloride C,,lI,s;iLCl.i- fl76”]- 
Amide. [212®]. Nearly insol. ether. 
Anilide. ^212°]. Lustrous plates. 
^thcr% EtA". [82®]..-Ph.,A". [lOfT]. 
DIPHENYL SULPHONIC ACID 0„H,„SO, 
OJl,l’h.SO,ft. Formed, together with the di- 
sulphonic acid, by heating diphenyl with H SO, 
(Engtdluirdt a. Latsehinotf, JJ. 4, 501 ; 0, 193). 
— Ky\*aq. (’^vstals (from 40 p.c. alcohol). — 


I’LVH 

BaA'...— CuA'.Tmui. 

Fthyl ether V,lh.\ [T4®]. Needles. 
Chloride C,.Jf„.SO,Cl. [115®]. 
yl»ydcC,,H,.SO,NH.,. [227®-230®]. Slender 
neethes (Gabriel a. Deutsch, B. 13, HSO). 

I Diphenyl di-o-sulphonio acid C|,li,„S.;0, i.e. 

! SO;,H.CJ1^.C„H4.SOsU. Formed by eliminatior 
‘ of Nli.^ from benzidine diHulphonio aciil (Liin- 
; pricht, i4. 201, 327). Viscid mass. Yields di* 
i oxy-diphenyl [99®j by potash-fusion. BaA"l>Jaq. 
— BbA" Oaq ; needles, v. e. sol. water. 

Chloride C,.H,(SO,Cl).^. [138®]. Brisms. 
vimu/c C,.,H.*(SO,NII.,),2aq. Brisms. 
Anilide C,.,HH(«G,NllBh),. [157®]. 
Diphenyl di-fj-salphonio acid C,.JIh(SO,H)i. 
[7*2*5®]. Formed by sulphonating diphenyl 

(Fittig, 132,209; Engehardt, Z. 1871, 200). 

l.)r li«HU;scerii prisma. — K,A" 2.[aq. • CaA". — 
BaA". 

Chloride. [203®] (G. a. D.). Brisms. 
Amide, [above 300°]. Noodles, 
li/j/crcncc-s. - Nituo-, Oxy-amii>o-, and Oxi- 

DIPIIKNYI. SOLPHONIO ACID. 

PHENYL-SULPHONO-ACETIC ACID 

C,ll,SO, i.e. CJl,.SO,.ClL.COJl. [112®]. 

Formation. ~i. From sodium benzene sul- 
ydiinato and chloro-acetic acid fGahrioL^l i , 
834).— 2. By saponifying its ethc#T whiffils got 
j by boiling sodium bonzene sulphinate with 
chloro-aceto-acctic ether (Otto a. UOssing, B. 23, 
755).— 3. By oxidising ])henyl-thio-glycoliic acid 
(Claesson ; Blomstrand, B. 4, 712; 8, 120; 
Otto, B. 19, 3138).— 4. By warming phenyl oxy- 
cthyl sulphone (1 vol.) with H.^SO^ (1 vol.), 
diluted with water (2 vols.), and extracting with 
ether (Otto, J. pr, [2] 30, 340). 

Properties, — Morioclinio crystals, m. sol. 
water, but separated by addition of NaCl. Sol. 
alcohol and ether. 

Reactions.— 1. Reduced by sodium amalgam 
to benzene sulphinic and acetic acids.— 2. Gives 
off COj above 100% forming phenyl methyl sul- 
phone. — 3. CWorine, passed into its warm aque- 
ous solution, forms CHC4.Su,.0,H, [69®]. ~ 
4. PCI, gives the chloride [68®J, and at 110® 
forms 0 ,.H 5 .SO.^.CC 1 jj.COCI, which on treatment 
with water gives CaH,.SO.^CnCl, (Otto, J. pr. 
[2] 40, 640). 

Salts.— BaA^, 2aq.-CuA', 2aq.-CaA', 2}aq. 
— PbA', 2aq.— AgA'. Sparingly soluble needles. 



^ PHENYL^tJLPtiONO-AOEilO ACID. 


Methyl ether Uek'. Oil (Otto, J. pr. [2] 
80, 436). 

« Ethyl ether EtA'. [42°] (0.). Readily 
saponified by NaOHAq, wliile KOHAq gives 
phenyl methyl sulphono. Bromine at 90'’, fol- 
lowed by NaOHAq, forms Callj.SOjj.CHBr.^ [76®]. 
Alcoholio potash forms Ph.SO2.Me (Miobael a. 
Milner, Am. 7, (15). NaOEt forms the compound 
Cfln,,.S02.CHNa.C0.,Et, which yields Ph^S.^, Ph.2S, 
PhSEt, and Ph.SO’.Me on distillation (Otto a. 
Bossing, B. 22, 1453 : 23, ir347). 

Chloride Ph.SO.^.CH.^.COCl.^ [58®]. 

Amide Ph.S02.CH2.C0NIf... [153®]. Needles 
(from water). Yields Hg(CJi;NS03)2 [215®] on 
boiling with IlgO. « 

PHENYL-SULPHONO-ACETONE v. PuHnyl 

METHYLENE METHYL SULPilONK-L'KTONB. ^ 

Dl-phenyl-di-sulphofto-acetone v. I)i-pnENYL 

DI-METnWiENB DISOIiPHONE-KETONE. 

PHENYL-SBIPHONO-ANGELIC ETHER 
0„H,«S04t.c. C„H,.S02.CH(C,H,)a02Et. [64*5®]. 
Got from PhS02.C/lNa.C02Et and allyl iodid) 
(Michael, Am. 7, 07). Prisms (from alcohol). 

PHENYL-SULPHONO n-BUTYRIC ACID 
0A-S02.CHEt.C0.,H. [124°]. Porm^d from 

benzene siilphinic acid, a-bromo-butyric*'acid, 
and Na-^CO^Aq (Otto, B. 21, 90G). Needles, m. 
sol. water. Yields phenyl propyl sulphone on 
heating. 

Di-phenyl-di-sulphono-butyric ether 
(0«H3.S02)20Mo.CH,..CO..Kt. [1)7®]. Got by oxi- 
dation of (PhS),,CMe.ClL.CO..Et (Antenrieth, A. 
269, 307). Small crystals, insol. water. Con- 
verted by KOHAq into benzene sulphinic acid 
and /3-phenyl-isucrotonic acid. 

PHENYL-SDLPHONO-CROTONIC ACID 
C«H5.S02.CMc:CH.C02ll. [158®]. S. -38; 

25. Formed by heating the Na salt of 
/3-chloro-crotonic acid [94’5®] with sodium l)en/,- 
ene sulphinato in aqueous solution at 170° 
(Autenrieth, A. 259, 343). Plates (from water), 
m. sol. ether. At 210® it slowly cliangos to the j 
following isomerido[l 27°]. -K A' l.Viq.-- BaA'.^aq. 
— MgA'.2 7aq. — Zn A',,, Oaq. — Cu A'.,, aq, — AgA'. 
[200®]. Malted needles (from water). 

Phenyl-sulpbono-isoorotonic acid 
O,j^SO2.0Mo:Cn.CO..H. [127®]. S. -20 at 15®; 

5 aT^O®. vt'ormed by boating jS-chlorodsocro- 
tonio acid w'ith sodium benzene stdphinato in 
aqueous solution ut 145®. Got also by saponify- 
ing di-phcnyl-di-sulpliono-isobutyno ether (Au- 
tenrieth, A. 259, 335). Feathery needles. Yields 
benzene sulphinic acid [Hi®] on boiling with 
potash. — KA' 3aq. -BaA'., 2’aq.— MgA'., 6aq. — 
ZtiA', Gaq. [120°] (hvdratedll-AgA'. [c. 243®]. 
Ethyl ether EtA'. Oil. 

DI - PHENYL - DI - SDLPHONO - DI - ETHYL 
OXIDE C„H„S.203 i.e. 0{CJl4.SO.,Ph).,. [70®]. 
Formed from 08H.vS02.C,.H4Cl and dry Ag..O 
(Otto, J. pr. [2] 80, 202). Needles, sol. benzene. 
A polymeride [88°] is got by heating the com- 
pound (0 ,Hs.S 02)2C..H4 with KOHAq. 

DI . PHENYL . DI - SULPHONO - DI-ETHYL 
SULPHIDE H(C2H4.S0.2Ph)2. [124®]. Got from 
0eH4.S02.02H4Cl and alcoholio KSH (Otto, J. pr. 
[2] 80, 848). Needles (from dilute alcohol). 

DI - PHENYL - DI - SULPHONO - HEXOIC 
ETHER (OA‘SOJ2CMe.CHEt.COjEt. [111®]. 
Got by oxidising {PhS)2CMe.CHEt.C02Et (Au- 
ienrieih, A. 269, 872) Crystals, t. sol alcohol 


DI.PHENYL.DI.BULPHOlTd.Al.Pl^NTL 
OXIDE (C,H,.S02.C«H4)20. [70®]. (above 200®). 
Got by heating CBH^ISOjPh)^ with alcoholio 
potash at 165® (Otto a. Bossing, B. 20, 187). 
Needles, v. e. sol. alcoljpl, insol. water. 

PHENYL-o- 8ULPH!)N0.PR0PI0NIC ACID 
C«H,.SO.,.CHMo.CO.,H. [116®]. Formed by 
heating a-bromo-propionic ether with sodium 
benzene sulphinate and ether. Minute needles. 
— NaA'.— BaA'2 2aq.~EtA'. [c. 17®]. 

' Pl^enyl/S-sulphono-propionic acid 
CkH,.SO,.CH,.CH...CO,H. * [124®]. Got from 
^-bromo-propioni^ acid, benzene sulphinic acid,# 
and Na^CO^Aq (Otto, B. 21, 89). Plates, si. sol. 
cold water. 

DI-PHENYL 8ULPH0XIDE (0«H,),SO. 
[71°J. Formed by the action of SO^ or SOCl^ 
on benzene inc, presence of AICI3 (Colby a. 
McLoughlin, Am. 9, 67 ; B. 20, 19»). Triclinio 
crystals, v. sol. alcohol. Oxidised by KMn04 to 
Ph.,SO... Reduced b;f sodium to Ph.,S. NaNO., 
ami IT.,S04 give BO(C,ll4.NO..)2 [116®] and 
1 B0,,(C,.U4.N0,,),, [163®]. 

Di-phenyl-di-sulphoxide v. Phenyl ether of 
Benzene TniosuLrimNic acid. 

PHENYL-SULPHURIC ACID v. Phenyl 
SULPHATE and Phenol, Reaction 19. 

PHENYL SULPHUROUS ACID v. Benzene 

SULPUONIC ACID. 

PHENYL SUIPHYDRATE v. Phenyl mer- 

C.\l*TAN. 

PHENYL-SULPHYDRO-ACETIC ACID r. 

Phenil-thioolycollic acid. 

PHENYL - SULPHYDRO - ACETOPHENONE 
C^H.^.CO.CIR.SPh. [53®]. Formed from w-bromo- 
acetophenone and NaSPh (Del isle, B. 22, 306). 
Crystals, v. sol. ether and acetone. 

DI - PHENYL - DI - SULPHYDRO - BUTYRIC 
' ETHER 0,«il,oS,,0, i.e. (PliS),,CMe.CHjCO,Et. 
[5B®j. Got by passiiii HCl into a mixture of 
acetoacctic ether and puenyl mercaptan (Escales 
a. Baumann, B. i9, 1790). Pealdy plates (from 
alcohol), v. sol. ether. , 

PHENYL-SULPHYDRO-CROTONlC ACID 
ClI,.CH:C(SPh).CO,H. [86®]. Formed by the 
[ jiction of Na and phenyl mercaptan on the Na 
I salt of a-chloro-ciotonic acid [97®] (Antenrieth, 
A. ;]54, 246). Needles or plates. Its K salt is 
hygroscopic, S. (alcohol) 20-8. 

Isomeride CHMe:C(SPli).CO,H. [80®]. Got 
in like manner from the stereo-isomeric liquid 
chloro-crotonic acid. White plates. Its E salt 
is hygroscopic, S. (alcohol) 10'4. 

Phonyl-B-sulphydro-crotonic acid 
CIl,.C(SPh):GH.CO,II or Cn,:C(SPh).CH3.CO,H. 

I [177°]. S. (alcohol*) 2 in the cold. Formed, to- 
gether with small quantities of an isomeride 
[145°], by warming di-phonyl-di-sulphydro- 
butyrio ether with aloobolic soda (Escales a. 
Baumann, B. 19, 1791). Plates (from alcohol), 
insol. water. — BaA'..2aq. — AgA' ^'amorphous pp. 

Isomeride CH;.C(BPh):CH.C03H. [158®]. 
Formed from phenyl mercaptan arM the Na salt 
of cliioro-crotouic acid [95°] (Autenrieth, A. 254, 
230). Both acids form a ohorry-red solution in 
H..SO4. 

■ DI-PHENYL SULPHYDRO-ETHYLIDENE 
DISULPHONE. Phenyl derivative 
0,Hj.SOJ,CMe.SPh. [194®]. Got by hating 
O4Ht.SOJ2CH.SPii wiVh alcoholio ^da and 



PHENyL-THlO-ALLOPlIANIO ACID. 


m 


Mel at lOO^* (Laves, B, 23, 1416). Crystals (from 
chloroform). 

DI . PHENYL . DI . 8ULFHTDRO • HEXOIC 
ETHEE CH,.C(Srh) 5 .CHEt.CO,Et. [71®]. Got 
from ethyl-acetoacetic etjer, phenyl mercaptan, 
and HCl (Autenrieth, A. 2.59, 371). Shining 
crystals, v. sol. ether and alcohol. 

DI-PHENYL SULPHYDRO-METHENYL DI* 
8ULPHONE. Phenyl derivative 
(CgHySOJjCH.SPh. [175°]. Got hy the actjpn 
of KMnO\ and dilute^IJ.^SO, on CHfSPli), dis- 
solved in benzene (Laves, Ti. ^3, 1114). Sill^ j 
needles, m. sol. chloroform, nearly insol. water 
and alcohol, sol. alcoholic iShiOlI. May be oxi- 
dised to CH(.S().Ph), [215°]. 

DI- PHENYL - DI - SULPHYDRO- PHENYL. 
ACETIC ACID C..H,.C(SPh),.COdL [14.3°]. 
Formed from phenyl-i'lyoxylic^ acid, phenyl- 
mercaptan, af!d llCl (Es(?ales a. Ihiumann, B. 
19, 1789). Insol. water, v. sol. ether. Grvstal- 
lises from benzene with ’.cTHu* Haq. 

PHENYL - SULPHYDRO - PHENYt-THIO- 


with ethylene bromide (Gabriel a. Ueymann, B. 
23, 158 ; 24, 784). Formed also by the action 
of PClj on S.,(C,H,.NHBz), (Gabriel a. Coblentf, 
B. 24, 1124). Oil. Yields a crystalline di- 
bromide. — B',3HC1. - I3'C,HsN,0,. [172®]. 

Yellow necdles.--ByLrtCl„. 

K-Phenyl-thia*ole. Tetra-hydride 

. Got by reducing ethylene 

phenvl-iii-thio-carbamato [128°] with tin and 
liCI (l u^eter, 21, 1871). Oil.- B'.,H,PtCl«. 

Di-phenyl-thiazole [03®]. 

(above 360°). Got from thiobenzamide and 
broi^-acctoflhenone in alcohol (HubacheP, A. 

. 259,237). Plute.<, v. sol. alcohol and ether. 

I * Tri-phonyl.thiazolo * (87"]. 

; Got fri)m Ihioben/.iimidu and bromo-deoxy- 
I brnzon^(Hiilmeher, A. 2,59, 245). Prisms (from 
i ether), in. .sol. alftoliol, nearly insol. lJUIAq. 

' * 7iV/V‘/v’acc.— OxY-ruicNyii- Mii vzoLK. 


BIAZYL.HYDKAZINE j5i‘’‘'-^'>C.NlI.NUl’h. 

[142°]. Got by reducing the corresponding azo- 
compound with alcoholic aminoniimi sulphido 
(Freund a. Kuh, B. 23, 2830). Plates, si. sol. 
alcohol. 

DI-PHENYL - DI - SULPHYDRO -PROPIONIC 
ACID CH,.C(SPh),.COdI. [117°]. Got from 
pyruvic acid, phenol mercaptan, and IlGl 
(Kscalcs a. Baumann, B. 19, 1787). Needles 
(from ligroin).— Na.\'. BaAVJaq ; v..sol. hot.\<], 
Aviidv. [93°j. Noedios (from alcohol). 
DI-PHENYL SULPHYDRO-PROPYLENE 
DISULPHONE. Phenol I der ivative 
C,.H,.SO,.ClIo.CMe(SPh).SO,.C,.II,. fll9']. 
I'ormed by oxidising CJI,.SO..(j!I .C.Me(SlMi)^ 
with K^iOi in the cold (Otto a. Bossing, B. 21*, 
234). Crvstalline granules, si. sol. (tild alci.hol. 

DI - PHENYL - DI - SU|PHYDR0 - VALERIC 
ACID CII,.C(SPhV,.CH,.Cfl,.CO,H. [G9°J. Got 
from phenyl mercaptan, /3 acetyf-propionic acid 
and HCl (^scalc-s sm Bamnaim, D. 19, 179-5). 
Prisms (from chloroform-cther\ — BaA',.. 

PHENYL-TETRIC ACID' C„lf,uO, i.e. 
CHjPh.CH.CO ,, ,, , , 

CO CH hy licating broino- 

benzylacotoacetic ether (Moselielcs, 7?. 2l,26i)?»). 
Not affected by IlClAq at 170°. Yields a ben- 
zoyl derivative CjjII.jBzOa [110°] crystallising in 
needles. 

PHENYL-THI AZOLE C,,IPNS i.c. 
^'■^CPh:CH- 

diazo- reaction from the amido-idienyl thiazole 
that is produced by the action of thio-urea on 
bromo-acetophenono (Popp, A. 250, 279; cf. 
Arapides, A. 249, 25). »S1. sol, cold water. — 
,cB HCl. [80°]. NeedIns.--B'.JI,PtCl,2aq. [190®]. 
— “B'HHgClg. ri5.3°].- Pic rate. [165 ].— 
“B'HAuCl^. [iTo®]. Needles (from alcohol). 

M-Phenyl.tl|ia*ol 0 (269°). 

Formed by heating thio-benzaraide with •di- 
chloro-di-ethyl oxide at 100®. Oil.— B'HCl 2aq, 
[62®],— B',H2ptCl,2aq, [175®] (when anhydrous). 
— Piorate. [125®]. Yellow needles. 

Dihydrtde PhenyUthiazol^ 

(276).^ Got by hAting thio-bensamide 


I PHENYL-DITHIENYL C.H.S.C.H^PhS. 

[209 J. A i)r()dnct of the action of S on toluene 
at a rngl heat (Ivenard, C. 7i. Ill, 48). Plates, v. 
b 1. sol. alcoliol and ether. Gives a blue colour 
with isatin and HBO^, and a green colour with 
jihenanthr.’Hiuinone and li.SO,. Gives i4se to 
: C„lI,Br,S. [.320 j and C,,H„'(N(),)..S, [273°]. 

PHENYL THIENYL KETONE 'r. Tuibnyii* 

rilKNYL KKTONK. 

(a)-PHENYL.()8).THI0-ALL0PHANIC ACID 

Ethtfl ether. i.c. 

NJJ..CS.NPh.CO..Kt. '[127’!. Founed from 
NlI.Vc.CS.NllPh and Cl(X),Kt (Seidel, J. yr. [2] 
32. 275). Monoclinic tablets, converted hy alco- 
holic Nllj at 100 ’ into phenyl-tliio-uroa. 

(/l)-Phenyl-thio-ar.ophanic acid. Ethyl 
c^/rcr NiJPh.CS.NH.COEt. Got from phonyl- 
i thio urea and ClCOJ^t (Seidel, J. pr. [2] 32, 
270). Oil. AcCI at *60° forma NHAo.CS.NHPh 
; [170°]. 

Pheayl di-thio-allophanic acid. Isoamyl 
ether NIlPh.CS.NH.CO.SC,!!,,. [102°]. 
Formed from pheiiyl-thio-urca and Ol.CO.SCftH,, 
(Schone, J. yr. [2] 32, 256). Needles. VjgJK 
unstable. Forms an acetyl dcrivatiw [24(7^]7 
Di-phenyl-thio-allophanic acid. Ethyl 
ether NllPlnCS.NPh.CO.Et. [95°J. Formed 
from di-plienyl thio-urea and ClCO.Et (Seidel, 
J. pr. [2] .32, 202). Prisms (from alcohol). 
Alcoholic AgNO., ppts. C,„H„.N,^SO.AgNO,. 

Heactions. — 1. Camtic potash regenerates 
CS(NHPh),.— 2. Aqueous ammonia at 100® 
forms NHPh.CS.NJI., and NHPh.CO.^Et. — 3. 
Alcoholic aniline at iOO® forms CS(NllPh).. and 
NHPh.CO^Et. -- 4. IlgO in pre.s(;nco of alcoholio 
ammonia forms (NHPh.CO.NPh.COEt) 2 HgO 
[129°], a crystallino body that is reconverted by 
H^S into di-phenyl-tliio-allophanio etber. — 5. 
By heating in a cu .cat of HCl it is converted 
into CS(NHPh) 2 , aniline, and phenyl-thiocarb- 
imide. • 

Di-phenyl-di-tbio-allopbanio acid. Iso- 
amyl ether NPhH.CS.NPh.CO.SO,H„. [87®]. 
Got from di-phenyl-thiurea and Cl.CO.SC.H,, 
(Schone, [2] 32, 268). Needles (from alco- 
hol). It is insoluble in cold water, but decom- 
posed by hot water. Its alcoholio solution is 
ppd. by AgNO,, HgCl, or PtOl,. HgO and NH,’ 
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convert it (in alcoholic solution) into di-phenyl- 
guanidine, [147^. 

* TBI.PHEinrL.TH 10 .AMM£LlNS 

C„H, ASU C(SH)<^p^ Jj>NH. [2380]. 

Formed from phenyl-cyanamide and phenyl- 
thiocarbimido, and got also by heating tri-phenyl- 
biguanide with CS, at lOO'’, and by heating di- 
phenyl-guanidine with phenyl-thiocarbiniide, 
alcohol, and mercury sulphocyanide (Hathke, B. 
20, 1065 ; 26, 1673). Plates (from cnloroforral. 
Converted by alcoholic potash 'into trl-phenyl- 
amraeline. Alcohol and EtBr at 100° form 
CjiHi^EtNjSHBr, crystallising from alcohol in 
plates. -B'HCl.-AgC,HPh,N,S: ) allow pp. 

DI-PHENYL-TklO.BENZAMIDE 
Ph.CS.NPh.^. Forme^ by Ifjating di-phcn/1- 
benzamidine with H^S or GS.j at 130*" (Bernthsen, 
A. 192, 88 ). Yellow triclinic crystals (from 
benzene) ; a.bic - ‘927:1: *706, o = 93° ^-29', 0 ^ 
100° 65', 7 « 84° 14'. Insol. c5ld water, si. sol. 
cold alcohol. 

PHENYL-DI-THIO-BIUBET C«11„N,S, ix. 
NHPh.CS.NH.CS.NH.,. [174°]. Formed by 
heating aniline with perthiocyanic aeid^ (Olutz, 

A. 164, 44). Got also by boiling carbimido- 
phonyl-thio-urea with ammonium sulphide ■ 
(Wunderlich, B. 19, 462). Prepared by adding ; 
phenyl-thiocarbiraidc (3G g.) to an alcoholic solu- 
tion of cyanamide (11 g.) and Na ( 6 g.), and de- 
composing the pp. by dissolving in a solution of 
NH 4 CI (14-6 g.) containing NPI^Aq (50 c.c.), 
passing in H^S, and heating to boiling (Hccht, 
I). 25, 766). Pearly plates, si. sol. hot water. — 
B'lICl.-B'HNO,. 

Ethyl derivative C^HgEtNjS.,. [109^]. 
Got by adding alcohol, NH.,Aq, and Etl to the 
base (Tursini, B. 17, 684). Trimetric tables. 

PKEKYL.THI0.CABBAM1C ACID 
NHPh.CO.SH. Methyl ether NEPh.CO.SMe. 
[84°]. Formed by heating di-phenyl-methyl-<|'- 
thio-urea NHPh.C(NPh).SMo with dilute H,SO, 
(Will, B, 16, 339). Plates, sol. alcohol, ether, 
and benzene. Decomposed by KOH into aniline, i 
MeSH, and COj. Boiling alcoholic NH, forms 
MeSH and phenyl-urea. Aniline gives methyl 
mercaptan and CO(NHPh).,. 

'^'iHthyd ether NHPh.CO.SEt. [73°]. 
Needles. Got by heating NliPh.C(Nrh).SEt 
with dilute IL 8 O 4 and by the action of aniline on 
Cl.CO.SEt (Will). 

laoamyl ether NHPh.CO.SC.H,,. [67°]. 
Got from aniline and Cl.CO.SCjH,, (Schone, 
J, pr. [2] 32, 249). Needles (from ether). 

Ethylene ether [79°J. 

Got by heating di-phenyl-ethylene-^'-thio-urca 
with dilute HClAq at 200° (W.). Formed also 
by the action of chloro-acetic acid on the ethyl- 
ene ether of phenyl-di-thio-carbamic acid (Evers, 

B. 21, 976). Needles, sol. alcohol and ether, 
insol. acids and alkalis. 

JPhenyl ether NllPh.CO.SPh. [125°]. 
Formed by heating phenyl mercaptan with 
phenyl oyanate (Snape, 0. J. 47, 778 ; B, 18, 
2432). Needles, v. sol. alcohol and ether. 

Phenyl-t/'-thio-oarbamio acid NHPh.CS.OH. 

Ethyl ether 0^„NS0 t.«. NHPh.CS.OEt 
or NPh;C(SH).OEt, [72°]. Formed by beating 
phenyl-thiocarbimide with alcohol (Hofmann, 

‘ D, 2, 120; 8 . 772; Bamberger, B. 16, 2164). 


Formed also by the action of alcoholio potasli 
on phenyl-thiocarbimide (B. Schiff, B. 9, 1316). 
Triclinio prisms, sol. alkalis and reppd. by COy 
Besolved by distillation into alcohol and phenyl- 
thiocarbimide. Oxidised by alkaline E,FeCy, to 
C.^oNAS? or S,(C(NPh).OEt), [102°], which 
is also got oy the action of I on C,H]oNOSAg 
(Liebermann a. Natanson, B. 13, 1675 ; Jacob- 
sen, B. 19, 1076).-(C,H,„NO.S)jPb2aq: small 
needles. - 0,H,„N0SAg. - CpH,,NOSHgClHCl : 
needles.— (C,H,„NOS)..Hfr [78°] (Stephanovitch, 

B. 7, 692).-{C,H,oN6S)..HgAgNOa. Needles.- 

C, H.oNOSMo. (‘260°-266°). Oil.-C,H,„NOSEt. 
[30°]. (275°). Prisms; decomposed by dilute 
H-BO, at 200° into aniline and CO(OEt)(SEt) 
(Liebermann, B. 13, 682; A. 207, 148).— 
CAioNOSC.H,. [75°] (Mylius, B. 5, 977). 

Phenyl ether NHPh.CS.OPh. Got by 
heating phenyl-thiocarbimide wth phenol at 
145° (Dixon, G. J. 57, 268). Sulphur-yellow 
octahedra ; decompbsed by heat. 

Phenyl di-thio-carbamic acid NHPh.CS.SH. 
Splits up into CS^ and aniline when set free 
from its salts. 

Salts.-— The salt NIIPh.CS.SK is formed by 
boiling potassium xanthate EtO.CS.SK (1 mol.) 
with an alcoholic solution of aniline (1 mol.) 
(Uathke, B. 11, 958). Prepared from CS^, aniline, 
other, and alcoholic potash (Losanitsch, B. 21, 
3024). Yellow raonoclinic needles, v. c. sol. 
water and alcohol, insol. ether. Yields CS(NnPh )2 
when heated. Boiling water forms phenyl-thio- 
carbimi<le and CS(NHPii),.-NHrh.CS.SNH,. 
Yellow prisms. Converted by I into (NlIPh.CS),,S 
[138°]. BaA', : yellowish plates.— NiA'^. 

Methyl ether NHPh.CS.SMe. [9.3‘6°]. 
Formed from the NU, salt and Mel (L.) and also 
by healing NnPh.C(NPh).SMe with CS.. at 160° 
(Will, B. 15, 342). Decomposed by alkalis into 
MeSH andt aniline. ^ 

Ethyl ether NF Ph.CS.SEt. [60°]. Formed 
from phenyl-thiocarOimido and mercaptan at 
1.50^ (Hofmann, B. 2, 120; Will, B. 15, 1305), 
and also by the action of J'ltl on the ammonium 
suit (L.). Tables, v. sol. alcohol, sol. alkalis. 

Isoamyl ether [171°]. 

Ethylene^, derivative CS<g^-^g-‘. 
P34°J. Formed, together with phcnyl-tbiooarb- 
imide, by heating C(NPh)<^g^'^^j* with CSaat 

200 ° (W.). Needles. Converted by Mel into 
C,HhNS,McI [149°]. 

References.— Buo^o-, CiiLono-, and Nitro- 

rnENYL-THIO-CARBAMIC ACID. 

FHENYI-THIOCABBAMINE-CYAHIDE v, 
Gvebimido-phbnyl-tuio-urea. 

PHENYL . THIOCARBAHINE . ETHYL - 
CYAMIDE V. ETHYL-CARBIMIDO-PU£NXL-TniO- 
17R£i. 

PHENYL-THIO-CABBAZIC ACID 
NHPh.NH.CO.SH. The phdhyl hydrazine salt 
NHPh.NH.CO.SNAsFh [84°] is formed from 
phenyl-hydrazine and COS (Helier, A. 263, 269). 

« Phenyl di-thio-carbasio acid 
NHPh.NH.CS.SH. Formed, as phenyl-hydrazine 
BaltNHPh.NH.CS.SNA.Ph [97°] by adding CS, 
to an ethereal solution of phenyl-hydrazine 
(Fischer, A. 190, 114). Plates, »v. sol. alcohol 
and ether. Bea^y decomposed by Beat into 
OS(N,HAh)» OS,. ^ and NH,. 
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fEB]m..THI0.8S]a0ABBAZXDS 

U NHs.OS.NH.NHPh. [201®] (F,; P.); [190®] 
(S. a. K.). 

Formatum.—!. By wanning di-phenyl-thio- 
earbazide with alcohflio or aqueous alkalis 
[Fischer, A. 212, 324).— 2. By heating phenyl- 
hydrazine sulphocyanide.— 3. By heating phenyl- 
hydrazine with thio-urea or with phenyl-thio- 
urea (Pellizzari, 0. 16, 203 ; Skinner a. Buho- ; 
mann, C. J. 53, 550 ; B. 20, 3373). • I 

Properties.— Neeiles, insol, ether, si. sol. hot ! 
water, v. sol. hot alcohol. C§nc, IIClAq at I’iO® 
forms phenyl-thiocarbizine C,H,,NaS. COCl.^ 


mann, B. 2,453 ; Budneff, J.B. 10, 184).— 4. By 
heating phenyl oyanate or phenyl-oarbamio ether 
with at 160® (Michael a. Palmer, Amf^ 
258).— 6. Formed, together with o- or p- tolyl- 
thiocarbimide, by heating phenyl-o- or p- tolyl- 
cyanamide (C,H,N:C;NC,H,) with CS^ at 180®- 
200® (Huhn, B. 19, 2409). 

Properties, — Pungent oil, volatile with 
steam. 

Reactions. — 1 . Alcohol at 100® forms 
NHPhfCS.O]^, while mercaptan gives rise to 
NHPh.CS.Sl^t. — 2. Alcoholic potash forms 
.... . , CS(NIirh).^ and CO(NIIPh)j. — 3. Ammonia 

forms CO:N,Ph.CS.NH., [c. 270^j crystallising : forms CS(NIlPh) (NIL), nni/iMe gives CS(NHPh)j, 
from HOAc (Freund, A. 21, 2465). j a^ other^mines act in like manner.— 4f PEt, 

Acetyl derivative NIIPh.NH.CS.NIIAc. j acts violently, and forms CjjH^NPS, while 
[179®]. Formed by mixing solutions of acetyl- I^PMoj forms oilj C,oHnNPS, which yields erys- 
thiocarbimide and phenyl-li^'drazine in dry j talline B'HCl.— 5. CAlormc passed into its solu- 
benzeno (Dixon, C, J, 55, 303). Small prisms. [ tion in chloroform forms (PhNCS)^!, [150®- 
Bemoyl derivatiyi CjJIuNaSO. Silky : l()0®]e and PliNCCl.^ (212®). The chloride 
needles. Does not melt at 220®. iPhNCS),Cl 2 is converted by n.,S intoCS(NHPh)^ 

Di-phenyl-thiocarbazide CS(NH.NHPh)^ j nnd by warm spirit into (PliNCS)j,0, crystallising 
[c. 150®]. Formed by heating the compound of i in yellow needles [118°] (Helmers, B. 20, 786). 
phenyl-hydrazine and CS.^ at 110°-140° (Fischer). 6. Bromine in chloroform or HOAc forms red 
Formed also from phenyl-hydrazine and CSCl. ' crystal?? of (PhNCSBr.).,, decomposed at 100® 
(Heller, A. 263, 278). Triangular prisms (from' ' into pale-yellow plates* (PhNCSDr),. [190®] (Hel- 
alcohol). Dissolves in hot aniline, forming a ; rners ; cf. Proskauer a. Sell, B. 9, 1262).— 7. SO, 
solution which is green in tliin layers, but red : forms C,IIjNS.Pj [180°- 183°], crystallising from 
in thick layers. Hot alcoholic potash also forms ■ beri" **' ^ ® ^ 

4V..‘r. j; -. 1 . i 1 1 • i. I 


this dichroic substance, di-phenyl -thio oar b- 
azone C,,H„N,S or CS(N,Ph)NH.NHPh, which 
yields (C|,H,,jN 4 S).,ZnO, and may be reduced by 
zinc-dust and NaOHAq to phenyl-thio-scmicarb- 
azido and aniline, Di-phenyl-thio-carhazone 
may bo oxidised by ppd. ^^nO. in presence of 
alcoholic potash to rod needles of di-phenyl- 
thiocarbodiazone CS(N.PIj),.. 

Di-phenyl-thio-semicarbazide 
NIIPlvNH.CS.NIIPh. [177°]. Formed from 
phenyl-hydrazine and phonyl-thftcarbimido in 
alcoholic solution (Fi8cl|cr, A. 190, 122). Prisms 
(from alcohol), si. sol. ether. 0001^ forms 
CO:N,Ph.CS.NHPh [188°], •crystallising in 
needles (Freund, B. 21, 2406). 

Butyryl derivative 

C,H,O.NPh.NH.CS.NHPh. [166°]. Formed 
from sodium phenyl-hydrazine, phenyl tliio- 
carbimidc, and n-butyryl cliloride (.Micbaclis a. 
Schmidt, A. 252, 309). V. sol. hot alcohol.* 

Benzoyl derivative 

NPhBz.NH.CS.NHPh. [310°]. Obtained from 
NPhBz.NH, and phenyl-thiocarbimido [M. a. S.). 

Beference. — NiTiio-ni-ruENYL-Tmo-BKMicAKB- 
iZIOE. 

BI - FHENTL - THIO - SEMICABSAZIDE 
CARBOXYLIC ACID C„H„N,0,S i.e. 
NHPh.CS.NH.NHC,H,.CO,,H. [204°]. Formed 
by warming w-hydrazido-benzoic acid with 
phenyl thiocarbimide and HOAc (Roder, A. 236, 
173). Colourless needles. 

PHENYL-IHIOCARBIMIDE C,H,NS i.e. 


CJdjN.es. AIol. w. 135. 
(^hifP, B. ^9, 668). S. 


*?• 1 


220°) at 750 mm. 
1*059 (Nasini a. 


S.V. 143*4 (Schiff; Losaen. 


J. B. 19, 

Scala, O. \1, 66 ). 

A. 254, 73). 

Formatvon,--!. By distilling phenyl-thio- 
urea with P 3 O, (Hofmann, Pr, 9, 274, 487 ; C. J, 
18, 309; B. 15, 980).— 2, By heating di-pbenyl- 
ihio^ea 4Kth oonc. HClAq at 166® (Merz a. 
Weitn, Z. 1860, 689}.— 3. By the action of I on 
a benam^wlation of tn-phenyl-gnanidloa (Hof- 


nzene, and converted by waU'r at 100® into 
ainido-benzcne p sulphonio acid, CO;,, and H.^S 
(Magatti, B. 11, 2207).-8. PClj at 100® forms 

CJljNCCI., and CJI,<^^CC1 (248°) (Hofmann, 

B. 12. 1126). -^9. ClSOJl forms C„H„N,S, 
[151°], insol. water, and SOJI.CJIj.NOS aq, sol. 
water (Pawlewski, B. 22, 2200). -10. lieduced 
copper at 200° forms benzonitrile.— 11, H,S 
forms phenyl-thio-urca. — 12. Boiling water 
forms CS(NHPh).,, CO., and H.^S (Bamberger, B, 
14, 2642). — 13. HOAc forms, on heating, 
CO(NHPh)^, AcjO, ILS, and CO;,; the di-phenyl- 
urea being further split up into aniline and CO„ 
with formation of kc.p (Cain a. Cohen, C. J, 
59, 327; cf. Gumpert, J. w. [2] 32, 294).— 

14. Chloro-acetic acid and mcohol at 170® form 

PhN:C<^Q^jJ- [148°], which yields aniline, COj, 

and thioglycollic acid on boilintf'wiffi water 
(Licbormaun a. Vocltzkoff, B. 13, 276). — 

15. Sodium malonic ether in presence of alco- 
hol forms C, JI„;S.N(LNa, whence acids liberate 

C, ,H„SNO„ or (CO,Et).,CH.CS.NHPh [60®] 
(Michael, J.pr. [2J 35, 451).— 16. Sodium cyan- 
amide and alkyl iodides form oyano-phonyl- 
alkyl-thio-urcas (Heuht, B. 23, 1664). In this 
way tho following compounds may be prepared ; 
NHPh.CS.NMeCy [18C°], NHPh.CS.NEtCy 
[144°], NHPli.CS.NCyCJIj [100®], crystallising 
in needles, NHPh.CS.NCyC,H, [108®],crysUUis. 
ingin needles, and NIlPh.CS.NCy.CHjPh [182®]. 
17. Aldehyde-ammonia forms CaHjiNjSaO, [148°], 
crystallising fr.jm alcohol in silvery needles (R. 
Schilf, B. 9, 567 ; G, 6, 244). — Benzamidlne 
hydrochloride and dilute NaOHAq form 
CPh(NH).NH.CS.NHPh [126®] (Pinner, B, 22, 
1609). Prisms. 

i?e/erencss.-— Bbomo-, Ghlotio-, Iodo-, Niteo-, 
and OxT- PHEsmi-THioGAnnimns. 

FHERYL-THIOCABBIZIBE tA 

CS<^^. [129°]. Formed by healing pheajL 
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Ihio-Mmloarbazidfl (10 g.) with dilute (20 p.o.) 
HClAq (80 C.C.) for 12 hours at 130° (E. Fischer, 
4.^212, 826). Plates (from water), v. e. sol. 
alcohol. May be distilled. Mel forms OjHjMeNjS 
[123°]. Does not reduce Fehling’s solution. 
HIAqat 200° forms aniline, H.S, CO^, and NH,. 
Aqueous NaOCl forms a violet pp. which dis- 
solves in 11, SO* witli deep-red colour. Br in 
chloroform gives 0,H,BrN,S [210°] crystallising 
in needles. • 

Salts. - B'lICl. [240°]. ^Needies. — 
B'.^HjjPtCla. Yellow prisms.— CjH^iSAg : floc- 
culent pp. got by adding aminoniacal AgNO,. 

Acetyl derivative C,H^AcNoS. [187°]. 
Got hj heating phenyl-thiocarbizine%ith A^O 
(F.). An i 8 0 m e r id e [74°] got by heating 

acetyl-phenyl-hydrazine laitli CStllj and benzene^ 
(Freund, B. 21, 2408), is converted by boiling 
with alcohol and HgO into acetyl-phcnyl-carb- 
izine. _ • 

Benzoyl derivative C,H 5 l*N.^S. [180°J| 
Got from the base ami BzCl (Fischer). An i s o- 
merido [110°] is got by heating NHBz.NPhH 
with COCh in benzene at 100° (F.). I 

PHENYL THIOCARBONATE Cb*(Qini),. j 
[97°]. Formed from NaOPh and CSCL (Ber- 
green, B. 21, 346). White crystals, sol. alcohol, 
PHENYL-TRI-THIO-ORTHOFORMATE 
CH(SPh) 3 . [40°]. Got by boiling aqueous 
NaSPh with chloroform (Gabriel, B. 10, 185). 
Thick prisms, sol. ctlier. Split up by fuming ; 
HGlAq at 100° into formic acid and PhSlI. 

PHENYL-THIOGLYCOLLIC ACID OJI,SO,, 1 
i.e. CH,(Srh).CO,H. [02°]. Formed by sapo- I 
nifying its etlicr, which is got by adding CICO.Et | 
to a solution of NaSPh in absolute alcohol j 
(Claesson, Bl, [2] 23, 441 ; Gabriel, B. 12, 1639). | 
Thin tables, si. sol. cold water. O.Kidised by j 
KMnO* to phenyl methyl sulphono (Otto, B. 19, 1 
3138). Salts.-KA'.—NaA'.—BaAV—CaA'.,.— 
MgA'nSaq.— CdA'.,aq.— ZnA'./2aq.~PbA'... [60°]. 
— Mn*A'., 6aq.— CuA'j.— AgA' a(i : crystalline pp. 

Ethyl ether EtX’. (277°). S.G.ilT36; 
M 1-127. 

Amide. [104°]. Tables (from alcohol). 
References. — Amiuo- and Buomo- Puenyl- 

TF’BfiTiYCOIJjIC ACIDS. 

(S^HEKYL-THIOHYDANTOlC ACID 

C„H,oN„SO,,t.c. NII,.C(NPh).S.CH,.COJ[l. [148°- 
162°]. Got by heating aniline with ammonium 
fulphocyanide, chloro acetic acid, and alcohol 
(Claesson, B. 14, 732). Needles (from HOAc) ; 
m. sol. hot water and ether. Cold NaOHAq con- 
verts it into C.^H^NaSA [112°-115°J (Licber- 
niann, A. 207, 129). 

(/3)-Phenyl.thio-hydaiito'ic acid 
NHPh.C(NH).S.CH.„CO.A* Got by evaporating 
an alcoholic solution of ammonium chloro- 
aoetate and plienyl-thio-uroa at 100° (Meyer, B. 
14, 1659). Decomposes on heating without 
melting. Insol. water, alcohol, and ether. Boiling 

dUate HOI lorms C0<gl^^^ [148“]. 

Iiomeride i). Phenyl-thio-hydantoin, 
Di-phenyl-hydaxitoiLO acid 
NHPh, 0 (NPh).S.CH. 3 .C 03 H' Gotfrom potassium 
ohloro-acetate and di-phenyl-thio-urea (Lange, 
B. 12, 697). Yellow octahedra. 

PHEHyL.THIO.il..HYDANTOl[N C,ANjOS, 

U tl78»]. GoUtomohloto- 


acetic anilide and thio-area, and obtained also by 
boiling (B)-phenyl-hydantolio acid with HOAc or 
cone. NHsAq (Meyer, B. 14, 1661), and by the 
action of phenyl-cyanamide on thioglycollic acid 
(Andreasch, B. 16, 324). • Needles, sol. NaOHAq. 

Phenyl-thlo-hydantoin Got 

by melting glycocoll with phcnyl-tbiocarbimide 
(Aschan, B. 17, 424). Monoclinio plates, de- 
composing near 200°. Boiling alcoholic potash 
converts it into a salt of an oilp phenyl-thio-hydan- 
toic acid NHPh.CI.NH.CH 2 .CO 2 H which, when 
set free, rapidly changes again to phenyl-thio- * 
hydantoin. 

Di-phenyl-thio-hydantoin C, 4 Hi 2 N 2 SO, i.e. 
^^"CnPIi CH ’ Got from chloro acetic 

acid and di-phen^-tbio-urea (Lange, 2J. 12, 595). 
Iridcscunt plates, insol. water, v. sol .mot alcohol. 
Boiling dilute HClAu forms the compound 
C,JI,NSO..[148°J.-B'..H..PtCl,. Yellow needles. 

* ’ * * NPh GO 

Di-phenyl-thio-hydantoin CHPh’ 

[233°]. Formed by tho action of alkalis on 
NIIPh.CS.NH.CHPh.CO,,Et (Kossel, B. 24, 4152). 

OXY-DI-PUENYD-TUIOHYDANToiN. 

PHENYL-DI-THIO - DI-METHYL-KETDRET 

phcnyl-di-thio-biuret and acetone (b'romm, B. 
25, 1278). Sol. alkalis. Convertea by benzyl 

chloride into [128»] 

which is insol. alkalis. 

DI-PHENYL-THIO-OXAMIDE C,S2(NnPb),. 
[133°]. Formed from di-phenyhoxamido by 
successive treatment with PCI., and H^S (Wal- 
laeh, B. 13, 527). Golden plates. 

(a)-PHENYL-THIOPHENE 0,uH,S 
C.SIIaPh. [41°]. Formed by heating either 
CJI.3 z.CH(C 0..H)2 or /( benzoyl-propionic acid 
with P.A (Kues a. Paal, B. 19^3141). Small 
tables, insol. wat^r, v. e. sol. ether, v. sol. alco- 
hol. Volatile with steam. With isali.n and cold 
H-BO* it gives a splendid bluish-violet colour, 
changing to dark blue. Bromine gives rise to 
[56°] and C.SBr^.CgH^Br [1:4] [146°]. 
(i8)-^henyl-thi(Jphene CJl^rhS. [170°]. 
(33(?'). A product of the passage of the vapours 
of toluene and sulphur through a red-hot tubo 
(licnard, C. R. 109, 6!)9). White spangles, m. 
sol. cold alcohol. Gives a blue colour with isatin 
and ILSO*, and a green colour with phenanthra- 
qui none and H,.SO,. Yields OABrS.Cgn^Br [1:4] 
[195°], C,H.4N02)S.CJI*.N0.,[1:4] [178°], a di- 
Bulphooic acid, and a tctrasulphonio acid. 

Di-(a)-ph6iiyl-thiophexi6 ^^CPh'CH* 

Formed by heating OJl^Bzo with P^Sj at 180° 
(Paal, B. 21, 3058). White plates (from alcohol). 

Tri-phenyl-thiophene C^PhjH^. [127°]. Got 
by heating desyl-acetophcnone with PjS, at 150° 
(A. Smith, C. J. 67,647). Plates, v. sol. benzene. 
Gives a greenish-yellow colour witif H^SO* and 
isatui*or phenanthraquinone. 
Tetra-phenyLthiophene OjsHjoS 

®<S.-CW U82»]. 

Farmatum.—!. By the dry di^Uatiy of 
thiobenzoio aldehyde (i^urent, A. 52, 864n— 2. 
By benayl allphide or bjNiixyi di> 
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wIpbWe (MSrcker, A* 186, 94).~8. By distilling 
benzylidene sulphide (Fleisoner, A. 140, 239 ; 
144, 194).~4. By distilling barium phenyl -acetate 
with S (Forst, A. 178, 376).-5. By heating 
phenyl-acetic acid with S for 6 hours at 200*^ 
(Ziegler, B. 23, 2473).*-C. By heating phenyl 
benzyl ketone with S. — 7. By heating s-di- 
phenyl-ethylcne with S at 250° (Ihiumann a. 
Klett, B. 24, 3311). Minute needles, si. sol. 
alcohol, V. sol. benzene and CS,. Yields a 
sulphonic acid, and also the following dorivat^es : 
C^HjgCljS [219°] (OAn, A. 153, 350), C,JI,,Br,S 
, [2G5°-270°], C.^H,«(NO,),S [altovo 250°]. ' 

'.-M-TH' 


DI- PHENYL. 


- THIO- DI-PHENYL -KE- 


tolyl-carbamic ather (SchiiT, B. 23, 1818). 
Prisms (from alcohol), v. si. sol. alcohol. 

DI - PHENYL - DI . n . THIOUBAMIDO . lU . 
TOLYL-o-SULPHIDE C^H^N.S, i.e. 
S(O.H»Me.NH.CS.NHC,H,).^ Thio-p^tohjT-di- 
phcnyUtluouTca. [134°]. Formed by the action of 
phenyl-thiocarbimide upon di-p-amido-di-tolyl- 
sulphido (Truhlar, B, 20, 670). White prismatic 
needles. V. sol. alcohol, ether, and benzene. 

PHENYL-THIO-UBEA C.U^N.S i.c. 
NHPfl.CS.NH.. Mol. w. 152! [154°]. S. *20 at 
18° ; Iroa at ♦00 \ S. (alcohol) 5-69 at 10° ; 08 
at 78°. 

Format ion. —1. By Ijoating phenyl sulpho- 


TATE CPh.(SPh)2. Phcnyl-mercaptol of bcu:o- j cyanide wkh alcoholic Nil, (Hofmann, 9, 
pliamm. [139°]. Formed by passing HCl gas | 279). — 2. By huiling aniline with ammonium 


into a hot mixture of benzophenone, phenyl 
mercaptan, and ZnCB (Baumjinn, B. 18, 888). 
Short prism^j, si. sol. alcoliol and ether. 

PHENYL THIOPHOSPHATE PST(OPh),. 


^ulphocyanide (i^chilT, yl. 118, 338; llathke, B. 
*8, 3104). — 3. By Iftating aniline aulpho- 
cyanide at lOO' (Salkowski, B. 21, 2728; cf. De 
(Vermont,, C. 11. 82, 512). — 4. By passing H,,S 


[49°]. (above 360°). Golsby boiling PSCl, with i into a*solutioi»of phenyl-cyanamido in benzene 
phenol (Schwarze, J. pr. [2] 10, 222) and by 1 |Weith, B. 9, 810). 

heating phenyl phosphate witli K.S (Kreysler,B. I Properties. -Needles, soT. alkalis and reppd. 
18, 1718), or with S at 190° (Anschutz, A. 253, { by acids. Tastes bitter. 

118). Needles (from alcohol), turning red in air j Beaslious.—l. Heated in a sealed tube at 
and light. Not decomposed by water. i 180°*it yields CS(NllPh);j, ammonium sulpho- 

Phenyl tri-thiophosphate PO(HPh)j. [72°J. cyanide, NH3, 11^8, and aniline.— 2. Ammonia 
lot by boiling PhSH with POClj. Pri,sms(from at 140° forms aniline and aininonium sulpho- 

cyanidc.— 3. Boiling rtm7iacfonnsCS(Nlfl*h),. — 
4. llClAq at 120° forms aniline, NH,, and 
[8G°]. Got from PhSlI and PSClj. Silky white CO.^. — .5. By boiling with alkaline lead acetate 

solution it gives phenyl cyanarnido NiO.NHCjUj, 
which polymerises on heating to tri-phenyl-iao- 


alcohol). Decomposed by w’arrn water. 

Phenyl tetr^-thio-phosphate PS(SPh),. 

~ _ s 

needles, not affected by boiling water. 

PHENYL THIOSULPHURIC ACID 


CJIyS.SOj.OH. Phenyl hydrogen thiosulphate. '■ melamine (J0iN:C);,(NU),.~6r Whe^* boiled for 
Got by dissolving Ph.^S in H.SO^ (Stenhousc, Pr. I several hours with freshly-pn.-eij^itatod HgO 
17, 62 ; il. 149, 254). — BaA'2 2aq : crystalline, jit yitdds asymmetrical tri -phenyl-melamine 
PHENYL-THIO-UBAMIDO-ACETIC ORTH- m/C(NH).NPIw ^ /rr / n 10 

ALDEHYDE. Di-ethyl derivative ' >C.NUPl! (Ilofnmnn, B. 18, 

NHPh.es. NH.CH2.CH(OEt).2. [96°]. Got by .‘»220). - 7. Cl.CO.CO.^Et forms oxalyl-di-phcnyl- 
mixingsphenyl-thiocarbimidc with*amido-aceta.l . T,,,j^CS.NPh\^ .. . ,, 

NH2.Cil2.CH(OEt).2 (Wo|l a. Marckwald, B. 22, i ^KcS.NPii>^^^^ 

569). Needles (from dilmo alcohol), insol. water ; ox\lic etheh).— 8. ClCO.Et forms phenyl-thio- 
and ligroin, v# sol. ctlier. Cold cone. II., SO^ ' allophanic ether. — 9. Silicon tetrahromide gives 
forms NHPh.CS.^II.CIl2.CH(OH)(OEt) [94°J j solid SiBr^(C,II„N,2S)4, sol. hot benzene, but do- 
which yields, by loss of H^O, tlie salts j composed by boifing alcohol (Iteynolds, C. J. 
(C,,H,,N.3SO)jH.2ptClj and CiJluN.^SOGJIaNjO, i .53, 856).— 10. An alcoholic solution of allyl 


[190°]. 

PHENYL-THIO-UBAMIDfVBENZOIC ACID 

V, W-AmIDO-HENZOIC acid. 41 

o-PHENYL - THIO - URAMIDO - CINNAMIC 


bromide forms a base CiJIi.N^S (Werner, G. J. 67, 
302). — 11. Benzyl chlorido in al^hok-^ iisitlh 
G.S(Nyr,Ph)CJI4;i [112°] (W.).-I2. Ethylene 
bromide forms C,uH,„N.^S [139°], which gives the 


ACID NHPh.CS.NH.C,H,.CH:CH.C02H. |237 ']. I salts B"2IlBr [214°], B"21IC1 [218°j, B "HyTCl^, 
Formed by heating o-amido-cinnamic acid with ' and B"2C,iIl2(NO.J,OH [190°] (Bertram, B. 25, 


phenyl-thiocarbimide on the water-bath (Both- 
Bchild, B. 23, 3343). 

DI -PHENYL - DI . THIOURAMIDO - TETR A- 
OXY-DI-PHENYL. Tetra-methyl deriva- 


'9).— 13. 11,62 oxidises it, in alcoholic solution, 
to di-pheiiyl-di-amido oiazthiole (Hector, B, 22, 
1176). 

Saits.- -B'all ,riCl„.~B'„Cn.,Cla Caq. [146°] 


live C,jH4(OMe)4(NII.CS.NIlPh).. [181]. • (Bathke, L'. 17, 305). Triinetric crystals (from 
FormedfromC4H2(OMe)2(Nn2).CJl2(OMe)2(Nll,) ' alcohol). 

and phenyl thiocarbimide (Baessler, P. 17,2128]. I Acetyl derivative NIIPh.CS.NHAo. 
White flakes, sol. hot alcohol and benzene. I [173°]. Formed from acetyl sulphocyanide and 
PHENYL-THIOUEAMIDO-PHENYL-ACETIC ! aniline (Miguel, A. Ch. [5] 11, 318), and by the 
ETHER NHPli.CS.NH.CHPh.COy^t. [162 ']. action of AcjO on the product of the action of 
Formed from phenyl-amido-acctic ether arul phenyl Ihiocarbimide on aldehyde-ammonia 
phenyl-thiocarbimide (Kossol, B, 24, 4151). i (Schiff, B.9,’570), Tables (from diJute alcohol). 

Whit.A nrYTof aIci er,} i rQ7f|01 » a .r,! 


White crystals, sol. hot alcohol. . 

PHENYL-THIO - URAMIDO -THIO - FORMIC 
ACID V, Ph«ntl-di-thio-allophanio acid. 

PHENYL . THIOUBAMIDO - TOLYL - GARB • 
AKIC ETmptNHPh.C8.NH.C,HjMe.NH.COyit. 


BTlBr. [270°]. Prisma, v. e. sol. water. 
Benzoyl derivative NHPh.CS.NHBz. 
[149°]. S. (alcohol) 4 at 78°. Needles, insol. 
water (Miguel). 

o-Oay-beneoyl derivative 


[166o§t ^ Formed, together witi CS(NHPh),rby NHPh.CS'.NH.CO^^JH^OH. [193°]. Formed 
the aqtion of phenyl-thiocarbimide on amido* from salicyl- ihiocarbimide and aniline (M.). 



M 


raKNYL-THiaUREA. 


““‘-.r- “|- [161°] (Lellnuinn. 

21; LosanitBch, B. 19, 1821). 

••.j boiling aniline with CS- 

ind alcohol (Hofmann, A. 57, 266; 70, 144)! 
ay heating aniline with potassium sulpho- 
(Laurent a. Gerhardt, A:Ch. 
From aniline and 
phenyl-thiocarbimjde.-4. From di-phenyl-cyan- 
amide and (Worth. B.7. U0S).-5. By boil- 
(Ho^ann, 

crystals (from alco- 

etber^ Sol. allcalls and reppd. by aci^s Has a 
very bitter taste. ^ , 

accoiuposcd on die J 
into tn.pbenjT.gnanidine. CS„ and^ 

anmi.Anj®t:wSkv?'.“.9‘ «P'‘‘ ‘1 nP into 


Tri-phenyl-thio-nraa NHPb C 8 NPh flM^L 

Foraed by heating phenyl-thiocarbimide with 

1530). Formed also from NHPli, and CSCL 

itoTr- ^ i ^“"8 anl- ho‘ 

alcohol, msol alkalis. Yields diphenylamine on 
heifeng with diluted (70 p.c.) RBO . 

THif "• Il‘ *'nasvL-m rnsMTu. 

Bnouo-, CinsiBo-, lono-, 

Pnnnvn-THIO-DBEA. 

Ppina.THIO-TOEA CAEBOXYLIC ACID 

V. j^Amido-benzoto acid, Uc action 7 

DI.PHEHYt.mEHYl.AMlDirE C„H N 

• fj H UTo n/WDkX XTTTril. ry 


W'Si'.irgo*,' !“:4T?S{ ¥ii«S 


I u T j wiiun me aicolio ic so ul 

^trZ -6. A cold solution of 

?i .‘^’®°bol forms tri-phenyl -guan- 
idine, phenyl thiocarbimide. and S (ClaL,%. 4. 

, '*. Loifiwe, added to its boiling alcoiiolic 
thWrV ‘ J'Pbenyl-guanidine and phenyl I 

tH ideating, 

tn-phenyl-guanidine and '' '* ^ ' 


— ^vus^^vn., 2656). Plates Ifrom 
benzene), V. sol. alcohol. ^ 

PHENYL-TOLUEHE v. Methyl-diphenyt 
DI-PHENYL-TOLUIC ALDEHYDE C H 0 

tf CPliJi.G,H..CHO. [-16°]. (190^-1950 at 
hv^“\vith^?"'‘'’^ terephthalic aide- 


hUnniT decomposes it on 

ueaimg, forming aniline, COS, and SO JFleisohnr I « H-t^ic'JiNaaso 

B. 9, J93).—ll, COOlj forms C,^H,„N,SO r87®l* PHENYT^^TAT TTTtltS^*^’^^’ alcohol. 

crystallising in prism? and split up'by heat into I *•*• 

COS and di.phenyl.oyanamide fWill ft u I ' «II«5Ie.NHPh. [41®]. (806® i.V.) at 728 
1486).-12. cici, /n beCim forrc' .’rifk.S ’ ' S toglS 

cystaUismg in yellow needles [150®], si sol’ idino with ditolylamine by heatiiigo-tohi- 
alcohol In presence of ether CSci/torms : fwinm BT'^ro?*'''®^ 
NPh:O^Nl>hs,(,a I ^M] S--. 248). Coloured violWt.blue 


NPh:0<^^g**^CS [79°] (Freund a. Wolf, B. 25, 
et 170® forma aniline and CS. 
^ivativA ^ ‘<xiides form alkyl 

decomposed 

by ndlt. in^MebH and C(NPh)„ and by alco- 
holio potash into MeSH and CO(NHPh) In 
like manner EU forme C..H,.N,S [79^ (o Di 

rimNTL.aTByL.*.in.o.ui.a*y,ande%^^^^^ 

ll® ?»“, Si*®-'?'® «• Id, 1490).- 

lb. Allyl bromide in alcohol yields C,aH,,N SBr 

C^j'67“soq)“ (Werner, 

S*rmB p chloride in alcohol 

fW? prisms [163°] 

inl‘^aT Vftnf # P^-osence of benz- 

ene at 180 forms di-phenyl-urea and phenyl 
Bulphocyanide (Goldschmidt a. Meissler,^!?. 23, 
acetanilide and some 
?ik (Werner, C. J. 59, 398).- 

1 J. Chloro-glyoxylic ether forms di-phenyl-di- 
ttuo-paratemo acid O..H,,N SA. [216«] and 

hnl an!l A MA ^ olco- 

hol AgNO, 18 converted into di-phenyl- 

H,S. while by boU- 
C Vn *® converted into 

o!!h‘ N 0*rlSw’ '"is®®® timing HNO, forms 
PitHijN^Oj [236°]. The compound 0.„H. N a_0 
(b converted by fuming HNO, into C 
[286°] (Stojentin, /. pr [2] 32, 8^ ^ 


Phenyl-m-toluidinel (300°-305°). Got bv 
hoa mg [1:3:5] C.H,Me(NHPh).OH 'with atom 

dust (/ega a. Buoh, J. pr. ,[2] 33, 642). Oil 
Coloured green by H,SO, containing HNO.. 
rUenyl-p-toluadine aH,.NHPh rftvoi 

rlfrmpd h A. 238, 363).’ 

Formed by distillmg tri-tolyl-rosaniline acetate 

(H^iaann. .4 132, 291). Obtained also, together 
with diphenylamme and ditolylamino by heating 
^toluidine (1 mol.) wit.i aniline (1 mol.) and HCl 
a mol.) at 230° (De Laire, Girard, a. Chaooteant 
Bl. iw, I. 8G0 ; A. 140, 347). Prepared by heat- 
ing phenol withyi-toluidine and ZnCI,, or Vere- 
sol with aniline and ZnCL at 200° or with^hri 

Iv H^io^- clTrtd wu'e* 

benzoic acid and ZnCL at 260° 

!}^2W P.^®"y*-”®‘¥-“"6ineO„H,.N (Bonna. 
A. £69, 60). Bromine vapour forms a tAtr« 
bromide [135°], a hopta-bromo- derivative fl85°] 
and a compound NC„H,.,Br, or N0„H,Br; 
[261°], Excess of Br at 310° fdlhns NC H 

EilinTr' “ HOAo added ^aU 

ajeohoho solution forms a tetra-bromo-doriratiT. 

Salt. — B^Cl ; plates. 

Acetyl derivative 0,3,JloN. r61°l 
Yielda C,.H,.BrAcN [72®], onrstldh'Jtogia pW 
Bttntoyl dtrivativi 0-H„NO. Onitala 
Yiel^ ciystaUino 0,H.(NOJ.SBa.C.H.N* 
JY»<fosom»»eC,HiNPh.NO. [82°], Allmr 



PHENYL.T0LYLENE-GUANID1NE. 


needles (from ligroln). Br forms CjaHiiBrN^O 
[16$°] (Bonns, A. 239, 66). 

PHENYL-TOLYI-ACKTAMIDINE 

M. CH,.C(NC,H,).NHPh. [76°]. Formed from 
acetyl p-toluidine by su(^e8sive treatment with 
PClj and aniline (Wallach a. Fasabender, A. 214, 
206).--BMl,PtCl,. 

PHENYL-p-TOLYL-ACETIC ACID 
C,H,.CHPh.CO,H. [116°]. Formed from a- 
bromo-phenyl-acetic acid, toluene, and zi^c- 
dust (Zincke, B. 10, 4ilUfi; Neure, A. 250, 149j. 
Plates (from water), v. sol. alc^ol.— KA'4aq.-- 
NaA'Caq.— CaA'j2aq : needles (from dilute al- 
cohol). 

Ethyl ether Eik\ [34°]. Plates. 
i4midcC,Ji„NO. [151°J. 

Nitrile C,H,CHPh.CN, [C0°]. 
Pbenyl-di-tolyl-acetio acid [79°- 

83°]. Got b? oxidising (C,H,),CPh.CQ.CJTj 
(Th6mer, A. 189, 123). ^niorphous powder, 
insol. water, v. sol. alcohol.* 

PHENYL-TOLYL-AMINE ». Phenyl told - 

IDINF,. 

PHENYL-p-TOLYL-BENZYLBIURET 

NHPh.CO.N(GH,Ph).CO.N[IC,H,Mo. [c. 100°]. 
Formed from p-tolyl-benzyl-urea and phenyl 
cyanate (KUhn a. Hensohel, B. 21, 505). Needles 
(from dilute alcohol). 

PHENYL.;)-TOLYL-BENZYL-UREA 

[113^]. Got from p-tolyl-ben/.yl- 
carbarnio chloride and aniline (Ilamincrich, B. 
25, 1823). Dimorphous: prisms or plates, sol. 
ether and alcohol. 

PHENYL-DI^.TOLYL.BIDRET C^JL,N30., 
Le. NHPh.CO.N(C,H.Me).CO.NHO,H,Mc. [140°]. 
Formed by heating di-p tolyl-urea with phenyl 
cyanate at 170° (Kiihri a. Ilenscliel, B. 21, 605). 
Crystals (from alcohol). 

Di-]Aenyl*tolyl-biaret • 

NHPh.CO.NPh.CO.NlIC.H.Me. [216°]. Got by 
heating di-phcnyl-urea vnth p-tolyl cyanate at 
170° (K. a. H.). • • 

PHENYL-p-TOLYL-CARBINOL C„H„0 i.e. 
C,H,Me.OPhH.On. [53°J. Got by reducing 
phenyl tolyl ketone in alcoholic solution by 
sodium-amalgam (E. a. 0. Fischer, A. 194, 265). 
Stellate groups of needles (frorfl ligroin). 

Di-phenyl-tolyl-carbinol C,„H,„0 i.e. • 
Cj,H,Me.CPh.„OH, [150°]. Formed by oxidising 
di-phenyl-tolyl-mothane with CrOj, and HOAc 
(F.). Crystals (from ligroin). May be distilled. 

PHENYL-p-TOLYL-CARBINOL o-CARB- 
OXYLIC ACID. Lactone v. ToLYL-ruTHALioE. 
Di-phenyl-tolyl-carbinol carboxylic acid. 

lactone [sj] [147“]. 

(above 360°). Formed by oxidising di-phenyl- 
m-xjlyl-methane with chromic acid mixture 
(HemUian, B, 16, 2361 ; 19, 3063). Pri.snis. 

The iaemftio [^4®J C.H.Me<pQ‘'»>0, 

[179°], (abova 360°), is got by oxidation of di- 
phenyl-p-xylyl-methane, and is accompanied by 
(l:2:6]CPh.,(0H).0,H,Me,C0^, which yfelds 
BaA's <tnd CaA\ and does not form a lactone. 

PHS]rYlK>.TOLTL.CARBINTLA]aK£ 
[I:2]0;aeMed3HPh.NH^ (299°) at 721 mm. 
Formed by i^uoing the oxim of phenyl o-tolyl j 
ketone disgolved in alooliol by adding sodium- ' 


amalgam and HOAo (Goldschmidt a. 8t5cker, 

B. 24, 2800). Yields an acetyl derivative [124°J. 
— B'HCl. [249°]. Needles, m. sol. water. # 

>n-Isomeri,de. (299°) at 724 mm. Yields 
B'HCl [243°] and an acetyl derivative [97°]. 

p-Isomeride. (296°) at 723 mm. Yields an 
acetyl derivative [131°] and the salts B'HCl 
[252°], B'.,II,PtCl, 2aq [119°], B'C,H„0, [167°], 
B',C,1I„0„ [73°J. 'Die hydrochloride is con- 
verted by potassium sulphocyanide into the com- 
pound •y.H^Me.CHPJi.NH.CS.Nllj [101°] and 
by potassium #>anato into the urea derivative 
CJl,Me.CHPh.NH.CO.NH.. [158°]. 

PHENYL TOLYL - CARBINYL KETONE 
CARBOXYLIC ACID C,«H„0, Le. m 

C, lJfMo.CH,.CO.C.H,.CO.,H. [ 112°]. Formed 

hf heating with 

KOHAq at 100“ (Heilniann, B. 23, 3100). 
Vitreoiqj prisms. —Ag.\'. Converted by heating 
with an alcohcfic solution of hydroxylamine 

h>*lrochloride into 
[134°]. 

PHENYL-o-TOLYL-CYANAMIDE 

N Ph:C:NC„H,Mo. Carboplwnyltolyllmule. 

(320°-325° uncor.). Formed by adding HgO to 
a boiling soiiition of phcnyl-o-tolyl-thiousea in 
dry benzene, the yield being 65 p.o. of the 
theoretical. Oil. On keeping, it polymerises to 
a brittle glassy solid [68°-71°J. V. sol. benzene, 
si. sol. ether. By boiling with dilute alcohol it 
is converted into plicnyl-o-tolyl-urea. H.^S 
passed into its boiling solution in dry toluene 
converts it into phonyl-o-tolyl- thiourea. Heated 
with CS^ at 18()°-200° it yields a mixture of 
phenyl- and o-tolyl-thiocarbimidcs. It oom- 
hincs with o-toluidine, forming u-phenyl-di-o- 
tolyl-guanidino (Huhn, B. 19, 2410). 

Phenyl-p-tolyl-cyanamide NPh:0:NO,H,. 
(H25°-330° uncor.). Uesembles the preceding 
isomeride in mode of preparation and properties. 

DI - PHENYL - TOLYLENE - TETRA- AMIDO- 
METHANE Le. 

C,H,<^[{>C(NHPh).,(?). [161“]. Formed by 

heating C(NPh).^ with tolylene-o-diarnine ^ 
(Dahm a. Gasiorowski, B. 19, 3057JI? wfedles 
(from benzene). -BV4HC1. [174°].— B'H,SO,. 

DI-PHENYL-m-TOLYLENE DIAMINE 
C,„H„N, Le. [l:3;5]C„H,Me(NPhH).,. [106°]. 

Formed by heating orcin (1 pt.) with aniline 
(4 pts.) and a mixture of ZnCls and CaCl, at 
220° (Zega a. Buch, J. pr. [2] 33, 542). White 
needles (from glacial HOAc). 

Di-acetyl derivative [160°]. 

Di-bemoy I derivative [190°]. 
Dinitrosamine C„H,jN,0.^ [170°]. 
Reference. — Di-nitko-phenyl-tolvlkne-dx- 

AMINE. 

FHENYL-o-TOLYLENE-ODANIDINE 
C,H,<^^>C:NPh. [167“]. Mo^w. 229 (do. 

223). Formed from o-tolylene- diamine and di- 
phenyl-cyanamide (Keller, B. 24, 2614). Needles 
(from warm alcohol). Di-p-tolyl-cyanamide 

form, CA^>CjNPh^NHC^,), [19S“], 

while phenyl i^anide gives the compound 
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0,H,^>0;NPh ^NPh [234®].-B‘H01.— 

B'jiHjPtClj.— : white needles. 

Mono-acetyl derivative. [147'’]. 

Di-benzoyl derivative. [222®]. Prisms. 

Nitr os amine [125®]. 

DI- PHENYL -m- TOLYLENE-DI-METHYL- 
DI-AMINECjiH ...N.t.c. C,H3Mc(NPljMe),. [124®]. 
Formed from C,H,(NHPh) 2 , NaOH, and Mel 
(Zega a. Buch, J, pr. [2] 33, 546). Whitelarainio 
(from HOAc). • * 

DI - PHENYL^-TOLYLENE - DI - THIO - DI- 
UREA fl:3:4]CaH,Me(NH.CS.NHPh).. [c. 150®]. 
Forced from tolylene-o-diamino nid phcnyl- 
thiocarbimide in alcohol (Lellmann, A.221,f^y). 
Thin plates (from dilute alcol^l), v. sol. war^^n 
NaOllAq, si. sol! water.* 

Di-phenyl'm-tolylene-di-thio-di-urea 
[l:2;4]0,H2Me(NH.CS.NIIPh)2 [168®]. Formed 
from tolylenc-w-diamino ari^ pher^l-thlo- 
oarbimide (Lussy, B. 8, 670 ; Gcbhardt, B. XI, 
8046; Billeter a. Steiner, B. 18, 3203 ; 20. 228). 

Di-phenyl-y}-tolyldne-di-thio-di-urea 
[l:2:6]C«H,Me(NH.OS.NHPh),. [181®].^ Formed 
from tolylonc-jo-dlamino and phcnyl-lhfocarh- 
iniido in alcohol (Lellmann a. Wiirthner, J.228, 
206). Plates, nearly in sol. alcohol. 

br-PHENYL-TOLYLENE-DI UREA 
0,Ha(NH.CO.NHPh)2. [above 300®]. Formed 
by adding phenyl oyanate to an ethereal solution 
of tolylene-diamino [00®] (Kuhn, B. 18, 1477). 
White pp.' Insol. water, alcohol, etluir, and 
benzene, v. el. sol. acetic acid. By boiling with 
aniline it yields s-di-phenyl-uroa. 

PHENYL-p-TOLYl-ETHANE i.e. 

CH 2 Ph.CHj.OaH, Me. [27®]. (286® uncor.). 

Formed by reduction of tolyl benzyl ketone by 
HI and P (Mann, B. 14, 1646). White plates. 

Phenyl-p-tolyl-ethane CH,.ClIPh.C,H,Me. 
(279®). Formed from C^HvCoH^Bv, toluene, and 
zinc-dust (Bandrowski, B. 7, 1016). Oil. Yields 
p-boDzoyl-benzoic acid on oxidation. 

PHENYL-p-TOLYL-ETHYLENE C.^H,,, i.e. 
OnPh:CH.C,H,Me. Methyl - stilbcnc. ^ [120®]. 1 
Formed by boiling p-tolyl-bcnzyl-carbinol witli 
dilute ILSO, (Mann, B. 14, 1616), and also by 
ffirtill^g p-tolyl cinnamato (Anschiitz, C. J. 47, 
898 ; B. 18, 1945), Pearly plates with blue Unor- 
esoence, v. si. sol. alcohol, v. e. sol. ether. Yields 
C,jHyBr,[187®]. 

DI . PHENYL . DI -p . TOLYL - ETHYLENE 
OXIDE? CjgHj.O. Phenyl tolyl {a)-pinacolin. 
[216^]. Fonned by the action of zinc and HGlAq 
on phenyl p-tolyl ketone in alcohol, and got also 
by heating a mixture of the ketone with phenyl- 
tolyl-carbinol, alcohol, and ZnClj (Thorner a. 
Zincke, B, 11,71 ; A. 189, 104). Minute needles, 
m. sol. hot alcohol. Cone. HOlAq at 1,50° 
changes it into the isomeric (i3)-pinacolin 
C,H,.CO.CPh(C,H,Me)j [137®]. 

PHENYL p-TOLYL ETHYLENE DISUL- 
PHONEC«Hj.SO.CJI,.SOj.C;n,. [162®]. Got by 
boiling C,jHj.yOj.CjH,Cl with an alcoholic solu- 
tion of sodium toluene p-sulphinate (Otto, J.pr, 
[2] 80, 199). 

PHENYL . TOLYL • ETHYLENE . 4/ - THIO- 
TTEKANPh:0<;^(°^®')>CH,. [128=]. Fonned 
by boiling the methylo-iodide of the ethylene 
imvativa <4 tolyl-^-thio-oarbamio acid with 


aniline (Will a. Bidschowski, B. 15, 1316). Silky 
plates. 

PHENYL .p . TOLYL - ETHYL - THIO-UBEA 

0.«H,8NjS,i.e.NPhEt.CS.NHCjH.. [90®]. Formed 
from p-tolyl-thiocarbimide and ethyl-aniline 
(Gebliardt, B. 17, 2091^. Colourless crystals. 

s-PHENYL-DI,^-TOLYL-GUANIDINE 
CJI,N:C(NHC,H,).j. [102®]. Formed by the 
action of an alcoholic solution of aniline upon 
di-o*tolyl-thiourea in presence of PbO. Got also 
by* the combination of p„Hj.N:C:N.C^Hj with 
aniline (Hulin, B. 19, 2412). Felted needles. 
V. sol. warm aAjohol, ether, and benzene. — 
B'HCl. — B'jHjClPtCl^ : orange-yellow tables. 

M-Pheny 1-^-0- to 1 yl -guanidine 
C,H;N;C(NIIC,H,)(XJIC,H,). [112®]. Formed 
from o-toluidine and CJI,N:C:NCaH 5 (Huhn). 
Long needles, v, sol. alcohol. Salts. — B'HCl.— 
B'.jll.PtCl« : orange-yellow tables.* 

s-Di-phenyl-ptolyl-guanidine 
C,H,N:C:(NIlCJI,)j. ■ [121®]. Formed by the 
action of an alcoholic solution of p-toluidine 
upon di-phcnyl-thiourea in presence of PbO 
(IJofmann, B. 2, 4.59; Huhn, B. 19, 2412). 
Felted needles. V. sol. alcohol and other,— 
B'HCl.-B'.,Il,Cl.,PtCl,: reddisli-yellow pp. 

'/^-Di-phenyl-p-tolyl-guanidine C..„H,gNj, i.e. 
C,;H,N:C(NHCJI,)(NHC,H,). [127®]. 

Formalio7i.—} . By heating phenyl-p-lolyl- 
thiourea with an alcoholic solution of aniline in 
presence of PbO.— 2. By the combination of 
CJ{,N:C:NC,II, with aniline (Huhn, B. 19, 2109). 
— B'HCl.- -B'jHjCl..PtCl,: sparingly soluble pp. 

PHENYL TOLYL-IMIDO-BENZYL KETONE 
CyII.,.CO.C{NC 7 H,).CJl 5 . Formed by heating 
o-toiuidino with benzil at 100® (Bandrowski, M. 
9, 689). Yellow plates (from alcohol). 

PHENYL o-TOLYL KETONE 0„H,,.0 i.e- 
C„Hj.CO.CJI,Mo [1:2]. (314®) at 7.85 mm- 

(Smith, B. 24, 4046) ; (295°) at 722 min. (0. a- 
S.). Formed by the i ^tion of AlCl,, on a mix- 
ture of o-toluic chloride and benzene (Ador a. 
Billiot, B. 12, 2:?01 ; Goldschmiilt a. Stocker, B. 
24, 2805). Formed also, together with a much 
larger quantity of the p- isoraeride, from BzCi, 
toluene, and AlCl., (Fibs, J. pr. [2] 35, 460). 
Oil. Yields anthracene on long boiling or on 
heating with zinc-dust. 

'■synVxim C,H,.C.C,Hj. [69®J. 

HO.N 

anti-Oxim [105®] (S.). 

N.OH 

Phenyl-w-tolyl ketone C„H,.CO.CaH,Me [1:3]' 
(315® i.V.) at 745 mm. S.G. 1-088. Formed 
by the action of AlCl, on a mixture of m-toluio 
chloride, benzene, and AlCl, (A. a. R. ; G. a. S.f. 
Got also by cautious oxidation of phenyl-w-tolyl- 
methane (Senff, A. 220, 252). Oil, miscible with 
alcohol. Reduced by HIAq at 200® to Cj^H,* 
(269® at 725 ram.). 

Oxim. [101®]. Reduced by sodium-amal- 
gam in presence of HOAc towi-toluio anilide and 
0,H,Me.CPhH.NH,. 

^honyl-p-tolyl ketone C,Hj.CO.C«H,Me [1:4]. 
[60®]. (827® i.V.). 

Formation.— 1. Together with the o-isomerido 
by heating benzoic acid with toluene and PjO, at 
200° (Koliarita a. Merz, B. 6, 446;.Th6rner, A. 
189, 83). — 2. By oxidising 0,H,Me.ePhH, 
(Zinoke a. Plascuda, Bf7, 982).— 8. By distilling 
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a mixtare of calcium p-toluate aod benzoate 
(Uadziszewski, B, 6, 810).— 4. By heating BzCl 
with toluene and zinc at 100^ (Grucarevic a. 
Merz, B. 6, 1243). — 5. By the action of AlCl, 
on a mixture of jp-toluic^hloride and benzene 
(A. a. K.). — 6. From BzCl, toluene, and Aid,. 

Prqperftes.--Prisn>s, m. 8ol. alcohol, v. sol. 
ether. Dimorphous. Yields jp-benzoyl-benzoio 
acid on oxidation. Reduced to C,iH,Me.CH2ph 
by distillation over zinc-dust. Sodium-anialgapi 
forms phenyl-tolyI-cAr||inol. Zinc and llClAq 
acting on the alcoholic solution form two pina* 
colins CjJIjjO. The (a)-piuacolTn [216"^] may bo 
converted into the (/3)-isomerido [137^^^ by heat- 
ing with ilOAc. 

aiiti-Oxim C«H,.C.CJI,Me. [151°J 
IIO.N 

(Ilantzsch, B.23, 232.0, 2770 ; 24/iR8 ; cf. Weger- 
hoff, A. 2.02, Converted by HOAc and.HCl 
into p-toluic anilide. Yields an acetyl deriva- 
tive[124°J and a benzpyl derifbtivo (Auwers, 

B. 23, 399). 

syiuOxim C.B^.C.G^n^Me. [116^], Oon- 
N.OII 

verted by^ HOAo and HCl into benzoyl-toluidine 
and sometoluic anilide. Yields an acetyl deriva- 
tive [118®-122°] and a benzyl derivative (.01°J. 

Phenyl «-tolyl diketone C^HyCO.COCjII,. 
Formed by heating di-bromo-deo.\ybcnzoin with 
water at 183° (Bucher, B. 22, 2819). Yellow oil, 
solidiHed by cold, 

iic/ercnccs.— Dr- AMIDO-, Nitro-, Oxy-amido-, 
and OxY- phenyl TOLYn-KKToNi-:. 

PHENYL TOLYL KETONE CARBOXYLIC 
ACID V . Tolcyl-hknzoic acid. 

Phenyl p-tolyl ketone dicarboxylic acid 
* C„H,,0, i.c. C,Hi.CO.G,.H,Me(CO,H), [1:4:2:(>J. 
Bemoyl-uvitic acid [24.')°]. Formed by oxidising 
phenyl mesityl ketone with dilute UNO, (Elbs, 
J,pr. [2J^5, 489). Needles.— Ag.^A''.* 

An isomeric acid, got bv oxidation of phenyl 
i//-cuniyl ketone CJIj.CO.C^HjMe, [5:i;2:4], yields 
Ag,A^ 

PHENYL-oJOLYI»METHANE i.c. 

C, Hj.CH.^.C«H<Me [1:2]. o-B&nz\f tolueae. Mol. 
w. 182. (284°). Formed, together with the p- 
isoraoride, by heating benzyl chloride with 
toluene and zinc-dust (Zincke, B? 6, 906 ; SonfT, 

A. 220, 249). Got also from C«H,Me.CH,CJ* 
benzene, and zinc-dust (Barbier, B. 7, 1544). 
Yields anthracene when’ passed through a red- 
hot tube. 

Phenyl-w-tolyl-methane 
C,H,.CH,.C,H,Me [1:3]. (275° i.V.). S.G. ” ® 
*997. Got by reducing the ketone with HI and 
P (Ador a. Rilliet, B, 12, 2300). Prepared by 
heating w-chloro-m-xylene (1 pt.) with benzene 
(7 pts.) and AlCl, (Senff, A. 220, 230 ; cf. Bur- 
bier, C. ll. 79, 6G0). Oil, sol. alcohol and ether. 
Gives a di-nitro- derivative [141°J. 

Phenyl.p.tolyl.«Dethane 

C,H,.CH,.C,H,M0 [1:4J. (280° i.V.). Formed, 

with the 0- isoin|ride, by heating benzyl chloride, 
with toluene and zinc-dust (Zincke, B. 7, 116^; 
A. 161, 93). Formed also by the action of zinc- 
dust on benzyl chloride (Frost, Bl. [2] 46, 248), 
and by heating phenyl p-tolyl ketone with amrno- 
;iium sulphide and S at 320° (Willgerodt, B, 20, 
2470). Qil. Yields y>-benzoyl-betizoio acid on 
oxidation. Does not form anthracene when 

VoL. IV. ^ ^ 


passed through a red-ho^ tube. Yields a disul- 
phonic acid [38°], which gives Kj,A" S^aq,^ 
BiiA" 8Aaq, and CuA" 41aq. 

PhenyMi-tolyl -methane CHPh(0,H.),. [66° j. 
Got by heating (0,H,),CPh.CO.C,H, with soda- 
lime at 300° (Tliornor a. Zincke, B. 11, 70). 

Di . phenyl - o-tolyl • methane i.e. 

(CJl,),CII.C,H,Me. [69-5°]. (^64°). Formed 

from loucaniline by diazotising and boiling with 
alcohol ^Fischer, .4. 194, 282 ; Kosonstiehl a. . 
Gerber, Am Ch. [6J 2, 342). Spherical groups of 
prisms (from A^OJI), v. sol. ether. Oxidised 
hv CrO, and HOAo to (C,H,),C(OfI).0,H,Mh 
[150']. 

Ih-pheny]a»n-tolyl-methane. [62°]. (ablhro 
360^ Formed by distilling its carboxylic acid 
wiln baryta (Henfilian, Tj. 16, ♦2368). Long 
thin needles (from alcohol), v. sol. ether. The 
crystals omit light when powdered. Its dilute 
8olution%tluore8ce blue. 

Di-phenyl-p-tdlyl-methane. [71°]. (abovo 
36(4’). Formed by distilling, its o-carboxylic 
acid, and also by the action of PjO^ on a mix- 
ture of toluene and di-phenyl -carbinol or of 
benzene aftd phenyl-p-tolyl-carbinol (Herailian, 

B. 7, 1209; 19, 3060; Fischer, A. 194, 203). 
Needles or prisms, v. sol. hot alcohol. 

liefe.renct's,— Di-amido-, Ciilobo-, Ni’SPO-, 
NiTHO-AMIIU.)-, and OxY- PIIKNYL-TOLYL-METnANK. 

* PHENYL .p - TOLYL - METHANE -o- CARB- 
OXYLIC ACID 0«H,Me.CH,.C„H,.C(),H. [134°]. 
Formed by warming O^Il4Me.CO.(3ilI^.CO,.T^ 
witli NH.,.\q and zinc-dust (Gresly, A. 234,23(1). 
Needles (from alcohol), nearly insol. water. -- 
BaA'., : plates, v. sol. water. 

Phenyl-tolyl-methane dicarboxylic acid 
CO,n.O„H,.GH(C,H,).CO,H. [154°]. (above 
30() ’). Got by .saponifying the nitrile, which is 
prepared by treating an alcohol io solution of 
(lN.O„H,.Cllj.CN witn benzyl chloride and KOII 
(Eichclbanm, B. 21, 2679). Prisms, sol. alcohol. 
Ajuidc, [224°]. Small plates. 

Imide [17C»]. 

(above .‘lOO®). Got by heating the amide with 
eonc. HCIAq. Needles, v, sol. alcohol. 

Nitrile. [110°]. (above 300°). Plates. 
Di-phenvl-p-tolyl -methane carbox'^lio «wci(l 
0,H,Me.CIlPh.C,H,.CO.,H. [155°]. Formed by 
warming 77 tolyl-phthalido with benzene and 
AlCl, (Gresly, A. 234, 242). Needles (from 
alcohol).— BaAVilaq : si. sol. water. 

Di-phenyl-p-Wyl-methane carboxylic acid 
CnPh2.CJEMe.CO,H[4:2:l]. [217°]. Formed 
from di-phenyl-p-tolyl-carbinol carboxylic acid, 
NaOHAq, and zinc-dust (Hemilian, B. 10,2363). 
‘Transparent ta^s, v. sol. alcohol.— Ba^'a 4aq. 

— AgA'- minute needles, insol. water. 

Di-phenyl-p-tolyl-metbane carboxylic acid 
CIlPh,.G„H.Me.GO,H; 4:1:2]. [203°]. Formed 

from di-pbenyl-methyl-phthalide, NaOHAq, and' 
zinc-dust (Hemilian, B. 19, 3064). Needles or 
tables, sol* hot alcohol.— BaA', 3aq.—AgA'. 

PHENYL-p-TOLYL DI-METHYMNE DI- 
SULPHONE KETONE G„H„SA 

C, H».SO,.CH,.CO.Ca,.SO,.G..H,Me. [112°]. 
Formed from GH2Br.C6.CH.^.H02.CrtH4Me by 
treatment with G^HjSOjNaandobtamfd also from 

, C,H3,S0,.CHj.G0.GHpir and G,H,Me.80,Na 
I (Otto, J. vr. [2] 36, 427). Plates, m. sol. alco- 
hol, V. sol, CHCl,. 


H 



(San- Formed by 

heating its carboxylic acid {199°]^ederer a. 
Faal, B, 18, 2696). Plates, v. e. sol^cohol. 

Phenyl-p-tolyl-methyl-pyrrole. [91*^. 
(above 360'*). Got by heating its carboxylic acid 
[227®]. Tables (from ligroin). 

PHENYL . 0 - TOLYL - METHYL - PYEEOLE 

CABBOXTUO ACID C.H.MeN<°«'JH 

[199°]. Got by saponifying iU ether, which is 
formed ^ by boiling acetophenone-aoetoacetio 
ether witn o-toluidine and HOAo (L'ederer a. 
Pf.al, B, 18, 2696). Small prisms (from alcohol). 

jp-Isomeride. [227®]. Made in like. oner 
from p-toluidme. Plates, v.'sol. alcohol. 'I* 

Ethyl eUier EtA\ [115°]. Crystals. 

PHENYL - 0 . TOLYL - METHYL- THIO-ITEEA 
C,*H„N,S i.e. NMePh.CS.NHC,H,. [ 121 ®]. 
Formed from methyl-aniline and o-tolyl-thio- 
carbimide*(Gebhiirdt, B. 17, 2091, 3035). Ph»les. 

Phenyl^-tolyl-methyl-thio-urea. [124°]. 
Formed in like manner from p-tolyl-thiocarb- 
imide (O.). Small trimetric tables. • By distil- 
lation with steam it is resolved into tNe parent 
substances, which slowly recombine in the dis- 
tillate. 

5*HENYL-T0LYL-NAPHTHYL.GI7ANIDINE 
0„H„N, i.e. CN,n,l>h(C,H,).C,oH,. [below^i 
60®]. Formed by boiling an alcoholic solution 
of pher»l-tolyl-thio-urea and naphthylaraine 
with PbcT (Ticmann, B. 3, 6 ). Brittle resin, 
forming a crystalline hydrochloride. 

PHENYL-DI-TOLYL-PHOSPHINE 
(CgH,Me)jPC^Hj. [67®J. Formed from j)-brorao- 
toluene (2 mols.), C^HjPClj (1 mol.), and Na 
(Bdrken, B. 21, 1612). Crystals, v. sol. ether. 

DLphenyl-tolyl-phosphine ' C,H,MeP(C,Hj)y 
[ 68 °]. Formed from (CgHJjPCl, 2 )-bromo- 
toluene, and sodium (DOrken, B. 21, 1511). 
Small prisms. Yields ^C,Hj)jPO(C«H,Me) 
[180°] ond (C«H,),PS(C,H,Me) [139°]. 

PHENYL.T0LYL-(a)-PINAC0LIN C„H„0 t?. 
Dx-pubntl-di-^-toltl-ethylknk oxidk. 

Phenyl-tolyl-(/9)-puiacolin 
0,H,.C0.0Ph(0,H,),,. [137°]. Formed by the 

Act^n of AcCl on phenyl tolyl'(a)-pinacolin or 
on phenyl 'tolyl'pinaoone (Zinokoa. ThOrner, B. 
10, 1477 ; 11, 65, 1396 ; A. 189, 110). Prepared 
by boiling phenyl j)<to]yl ketone with alcohol, 
BClAq, and zinc. Small dirnctrio tables, si. sol. 
cold alcohol. On heating with soda-lime at 300® 
it yields phenyl-di-tolyl-methane. 

PHENYL-TOLYL-PINACONE CjhH^O, t.e. 
C,H,^CPh(OH).CPh(OH).C,H,. [165°]. Formed 
by treating an alooholio solution of phenyl p-* 
tolyl ketone with aino'and Ml, SO, (Zincke a. 
ThOrner, B, 10, 1476). Minute needles (from 
aloohol|. Decomposed by fusion and by boiling 
alooholio potash into phenyl tolyl ketone and 
phenyl-tmyl-oarbinol. Converted into phenyl- 
tolyl-(i3)-pinaoolin by heating with dilute HgSO, 
at 160°, wi*h HOAc at 190®, with AcCl, or with 
HCIAq. Alcoholic HCl in the cold forms 
phenyl-tolyl-(a)-pinaoolin. 

PHENYL-TOLYL-PEOPAHB C„H,. i.i. 
CH,.OHPh.CH.,.0,H,Me. Theo- (817®), w- (312®), 
andjp* (803^ compouhds are formed by the action 
of cone. HtSO, on a mixture of styrene and o-, 
m-,;and yi-xylene respectively (Kraemer, Spilker, 


a. Ebanhardt, B. 23, 3271). They aro oQa, 
miscible with alcohol and ether. « 

phenyl-tolyl-peopionic acid 

CH;Ph.CH(0,H,Me).CO.^. o- [95-6®], w- [80*], 
jp- [105°]. ^ Forme^ from the corresponding 
nitriles, which are got from the tolyl-ooeto- 
nitriles by treatment with NaOEt and benzyl 
chloride (Papeke, B. 21, 1331). The o-nitrile is 
an oil (S40®-353®) ; the m-nitrile [53°] (350°- 
8J>0°), and the p-nitrilo [79°] are crystalline. 

Di-phenyl-p-tolyl-prqpibnio acid. NitriU 
<5H,,Ph.CPh(C,H,Me).C^' [121®]. Formed 
from phenyl -^toIyl-Bcetonitrile, NaOEt, and 
benzyl chloride (Neure, A. 250, 150). Needles, 

DI-PHENYL-TOLYL-PYEEOLE C„Hj.N i.e. 

The o- [II 5 ®] (above 300°) 

andp- [203°] u'ompounda are formed by distilling 
the corresponding carboxylic acids with lime 
(Baumann, B. 20, 1492 ; Paal a. Braikoflf, 22, 
3089). Both crysti.llise in white needles. 

DI-PHENYL-TOLYL-PYEROLE CAEBOXY- 

Lie ACID Theo- acid 

[227°] and its p- isomorido [20C°] are got by 
saponification of the ethers, which melt at 13.5® 
and 146° respectively, and are formed by boiling 
the corresponding toluidine with phenacyl- 
benzoyl-acetic ether CEjBz.CHBz.CO.,Et and 
HOAc (Paal a. Braikoff, B. 22, 3088). Both 
acids are crystalline and si. sol. ether. 

Bi-phenyl-p-lolyl-pyrrole dicarboxylic acid 

[263°]. Formed by 

heating C.,H,(CO,CgH,.CO.,n )3 with ;>-toluidine 
on a water-bath (Baumann, B. 20, 1489). 
Yellowish needles, v. sol. alcoliol and CS,. 

PHENYL p-TOLYL SULPHIDE Ph.S.Cjlf,. 
An oil got by the action of NaSPh on p-diazo- 
tofiicne chloride (Ziegler, B. 23, 2471): 

khenyl jp- tolyl disulphide Ph.Sj.C,!!,. 
Formed by adding ir to an ethereal solution of 
PhSH and Q.H,SH. Got o’so, together with 
Ph.^S., by heating toluene p-sulphinic acid with 
PhSH (Otto a. Bossing, B. 19, •3133). Thick 
oil, insol. water, scarcely volatile with steam. 

PHENYL p-TOLYL 8 ULPHONE C„H,jSO, 
».«. C,H 4 .SO,.C.H,Me. [125°]. S. (alcohol) 1-62 at- 
20°. Formed by the action of P.^Oj on a nyxture 
of toluene and benzene sulphonic acid, or of 
benzene and toluene p-sulphonic acid (Michael 
a. Adair, B. 11, 116). Formed also from benz- 
ene sulphonic chloride, toluene; and AlCI, 
(Bcokurts a. Otto, B. 1 1, 2068). Prisms or tablets. 

PHENTL-o- TOLYL-SEMl-THIOCAEBAZIDE 
C„H„N,S U. NHrh.CS.Nri.NH.CJl,Me. [146®]. 
Formed from phenyl-thiocarbiniido and o-tolyl« 
hydrazine (A. E. Dixon, C. J. 67, 260). Pearly 
prisms, v. si. sol. water, v. sol. hoValcohol. 

Isomeride CgH.MeNH.CS.NH.NUPh. [163®], 
Formed from o-tolyl-tbiocarbimide and phenyl 
hydrazine. Vitreous prisms^v. si. sol. water. 

PHENYL o-TOLYL-THIO-UEEA CuH„N^ 
».«.NHPh.CS.NHCgH*Me. [140^. Formed from 
o-tolyl-thiocarbimide and aniliife (Stoats, B. 13, 
1S7) and by passing H^S into a boiling^solution 
of phenyl-tolyl'Oyanamide NPh:C:NC,H, in dry 
benzene (Huhn, B. 19, 2411). Long needles, si. 
sol. water. Boiling HClAq (84 p.c.) splits it up^ 
into aniline, o-toluidine, pbenyl-thiocarbimide,* 
and o-tolyl-thiocarb^ide (Mainzer, B. i 6 , lil9)« 
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to its solution in boiling benzene, 
forms phenyl-tolyl-cyamiinide. 

Phenyl*^- tolyl -thio-nrea 
NHPh.CS.NHO*H,Me. [t37°] (S.) ; [141°] 
(F. a. W.^. Formed fromsp^tolyl-tniocarbimide 
and aniline (S.), and from phenyl-^*tolyl-cyan- 
amide and 11^8 (H.). Plates, si. sol. water. Split 
up by HGlAq in the same way as the o- isomeride 
(M.), and decomposed by HgO in like manner. 
COClj passed into its solution in toluene forms 

NPh:0<^(2^)>C0* [89°], crystallising iit 

white needles (Freund a. Wolf, % 25, UOO). 

Tetra>(tf-phenyl-di-o-tolyl-thio-area 
C,„n„N,S i.e. {CHPh,.0«H,.Nn),CS. [123°]. 

Formed from CHPh,.C.n,.NH, and CS, (Fischer 
a. Franckel, A. 241, 368). White needles, insol. 
cold alcohol. • 

i2e/emwes.*-NiT»o- and Oxy- Pdenyl-tolyl- 
rnio-uREA. 

PHENYL - p - TOLYL - irilo - FBEA-w-CAEB- 
OXYLiq ACID. Nitrile 
N*HPh.CS.NH.C,H 4 .CH,.CN. [141°]. Formed 
by warming phenyl -thiocarbiraide with ainido- 
phenyl-acetonitrile (Freund a. Immerwahr, B. 
23, 2856). With furfuraldohyde it forms 
NHPh.CS.NH.C,n,.CCy:CH.C,H,0 [160°] crys- 
tallising from alcohol. 

PHENYL-o-TOLYL-ITEEA X3,,H„N,0 i.e. 
NHPh.CO.NHC^jH^Me. [212°]. Formed by 
boiling NPh:C:NC^l, with dilute alcohol (Hulin, 

B. 19, 2410). Slender needles. 
Phenyl-m-tolyl-urea. [165°]. Formed from 

phenyl cyanate and m-toluidine in ether 
(Buchka a. Schachtebeck, D. 22, 810). Needles. 

Phenyl-p-tolyl-urea. [211°] (H.) ; [218°J 
‘(Freund a. Wolf, B. 25, 1407). Formed by 
boiling phenyl-p-tolyl-cyanamide with dilute 
alcohol (Huhn, B. 19, 2108). 

Phenj^-di-p-tolyl-urea [1.3r>°]. 

Fonqed from (C«H^Me)..KCOCl and aniline 
(nammericli, D. 25, 1821). Needles, sol. alcohol. 

Di-phenyl-p-totyl-urea NPh.^.CO.NliaiL. 
[130°]. Formed from ;^Phj.COCl and n-toluidin'o 
(Michler, B. 9, 713). Needles. 

iic/crcnces.— OXY-PlIKNYL-TOLYL-TinEA. 

(i3)-PHENYL-UMBELLIFER0NEC„H„O,f.e. 

[4]_O.H,(OH)<§P_^gH PropMci 

l^ythe action of R, SO, on a mixture of bcnzoyl- 
^etio ether and resorcin (Pechrnann a. Duis- 
herg, B, 16, 2126). Plates (from dilute alcohol). 
PHENYL . UEAMlDO . ACETO - NITEILE 

C, HyCH(CN).NH.CO.NH^ PJicnyl ■acetO' 

'Mtrile-urea. [178°] with decomposition. 
Formed by heating equimolecular quantities 
of benzaldehyde-cyanhydrin and urea at 100° 
g'lnner a. Lifschiitz, B, 20, 2355). Prisms. 

V. wl. alcohol, m. sol. hot Water. By boiling 
with dilute HCl it is converted into di oxy- 

phenyl-glyoiahne 

FHBim.trB&inso-BEirzoic acid voi. 


I M.*aol. hot alcohol* Bjr boiling with dilute 
HCl it is converted into di-oxy-styryl-glyoxalinsa 
^^^NH.CH.CH:CHPh ^ 

'^^\Nn.oo 

PHENYL . HEAMIDO - PHENYL . ACETIC 
ACID NHPh.CO.NH.CHPh.€OjH. [154°]. 
Formed by the action of potash on di-phenyl- 
thiohydantoin (Kossel, B. 24, 4163). Sol, water. 

Ethyl ether EtA', [166°]. Formed* from 
phenyl-amido-acotic ether and phenyl oyanate 
(K.). Crystalline powder, sol. hot alcohol. 

PHENYL-URAMIDO-PROPIONie ACID 
C,„H,.,N.,0, t.c. C,n,NH.CO.NH.Cl^.CH3.CO^. 
[172^^]. Formed by heating B-aniido-propionio 
acid^ith pHbnyl-urea at 140° (Hoogewerflf*a. 
van^orp, li, T. C. 9, 49). Tablets and needles, 
m.^fiol. cold alcohol. AcCl forms C,,H„N.,0, 
[234°] and C,„H„AcN,0 . [138°]. KOBr and HCl 
form C,JH,„Br,N,0, [202°] and C,.H,Br,N,0, 
[220^].-^A'.-CaAV^- AgA'. 

Ethyl ethe\ EtA'. [85°]. Needles. 
^l-PHENYL-UBAZINE <l.,H.,N.O. 




l.p.157. , 

PHEBTL- « . VBAXIDO - OBOTO-imBILB 
0,H,.OH:OttC(ON)H.NH.CO.NH,i>Aenrf-croA- 
^^^^-urea, [160° with decomposition]. Prepared 
'“®*'*i**g eqolviiflQt quantities of oinnamio- 
aldehyde-oyannydrin and urea to 96° for several 
Itours ; 4h6 yield is 40 p.o. of the cyanhydrin 
(Pinner a. Lifsohats, B, %), 2363). Needl^ 


[264°]. Formed by 
hcatingj)lfenyl semicarbazide at 160° (Pinner, 
B. 21, 2329) or phenyl-carbazic ether at 240° 
(Heller, A, 263, 282). White needles, v. sol. 
w’arm IIOAc. Yields the aoetyl derivalaves 
C„H„AoN,OJ 173°J. C„n,oAc,N,0, [163°] and 
' the ether C„lI,,EtN,0, [137°]. 

PHENYL-UE AZOLE v. Di-ozt-piibmyl-tiu- 

AZOLK. 0 

PHENYL-UE^ 0,n,N,0 t.c. NHPh.CO.NH^ 
.[147°]. Formation, — 1. By passing oyanio acid 
vapour into cooled aniline or from anilino sul- 
phate and potassium cyanate (Hofmann, A. 53, 
57 ; 57, 265 ; 70, 1.30 ; 7f 14 ; Woith, B. 9. 810). 

2. From aniline and moist cyanogen clilorido. — 

3. From phenyl cyanate andNHj.— 4.From mer- 
curic fulminate and aniline (Steiner, B. 8, 618). < 

5. From benzamidoxim, NaOH, and benzene 
sulphonio chloride (Pinnow, B. 24, 4171). 

Properties, — Monoclinic needles, v. sol. alco- 
hol and boiling water, sol. ether. Decomposed 
at 1.50° into s-di-phonyl-urea, CO„ and NH,. 

Reactions. — 1. Cone. KOHAq yields aniline, 
NH„ and CO^.- 2. Baryta-water phenyl- 
biguanidc (Eraich, M. 12, 16).— 8. Awiim at 
190° forms s-di-phenyl-urea.— 4. Fuming sul- 
phuric acid forms [1:4] C,H,(NHJ.SO,U and 
SO,H.C„H,.NH.CO^ (Hentschel, B. 18, 978). — 

6, ClCO.CO.^Et forms phenyl-’allophanio ether 
and phenyl-parabanio acid. 

Acetyl derivative NHPh.CO.NHAc, 
[183 ’]. Needles (McCrealh, B. 8, 1181 ; KUhn, 
B. 17, 2880 ; Pinnow, B. 24, 4171). 

■Propionyl derivative. [137°]. Prisms. 
Benzoyl 'derivative NHPli.CO.NHBz, 
.[199°]. Silky needles, v. sol. alcohol. 

s-Di-phenyl-urea C„n,,N,0, i.e. CO(NHPh)- 
il. W. 212. Carhanilidji. 


Mol. w. 212. Carbanilide. [235°]. (260°). 

Formation.—!. From aniline and. phenyl* 
oyanate (Hofmann, A. 57, 206; 74, 16).— 2. From 
aniline and COCl, (ilofmann, A. 70, #88 ; Hent- 
schel, J. pr. [2] 27, 499).— 8. By heating di- 
phenyl-thio-urea with alcdholio potash.— 4. By. 
distilling phenyl-urea (H. ; Pinnow, B. 24, 4172). 
5. By dry distillation of aniline oxalate (Hof- 
mann, Pr. 16, 335).— 6. By heating urea (1 pt.) 
with aniline (3 pts.) at 160° (Baeyer, A. lSl, 251) 
or phenyl-urea (1 mol.) with aniline (1 mol.) at 
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186® (Weith, B. 9, 821).-7. Together with 
^enzamide, and benzanilide, by heating di* 
Donzoyl-urea with aniline at 180® (Hollcman, 
R. T. C. 10, 72).— -8. By the action of an ethereal 
solution of ClCOjCCljOn aniline (HentschehJ.pr. 
[2] 86, 310).— 9. From NHPh.CO.^Et and aniline 
at 160° or NaOPh at 220°.— 10. From CO(OPh), 
and aniline at 150° 180° (Eckonroth, D, 18, 516). 

■ 11. From C(OEt )4 and aniline at 280° (Bender, 
71. 18, 699).— 12. By heating carbamic ether 
with aniline (3 mols.) at 180°-]|^5° (Smolka, M. 
11, 200).— 13. From tenzamidine hydrochloride, 
jjlienyl cyanate, and NaOHAq (Pinner, B. 22, 
1607). 

^Properties . — Prisms (from alcohol), v. ^ sol. 
water, v. sol. alcohol and ether. May bo disnUed. 

Reactions. — 1. Cone.* Il.St), forms CO^Aid 
CaH^(NHj)SOiH.— 2. Alcoholic Nil^ forma urea 
and aniline (Claus, B. 9, 698).— 3, PCI, forms 
phenyl pyanato (Weith, B. 9, 810). QlCOXCla 
also forms phenyl cyanate on heating.- 4. P.,Oj 
forms phenyl cyanate and aniline.— 5. ftry 
NaOEt at 220° "forms aniline and tri-phenyl- 
guanidine. — 6. ClCO.CO.^Et forms di phenyl- 
parabanio acid. * ^ 

Acetyl dcrtoafiDc NRPh.NPhAc. [115°]. 
Laminne (from water) (McCreath, B. 8, 1181). 

i^-Di-phenyl-urea NPh.^.C().NIl 2 . [189°]. 

Formed from NPh-^.COCl [85 '] and alcoholic NH, 
at 100° (Michler, B. 8, 1665; 9, 396, 715). 
Noodles. Gives a blue colour with II^SO,. Split 
up by distillation into cyanic acid and diphenyl- 
amine. 

Tri-phenyl-urea NPh,.CO.NlIPh. [186°]. 
Formed by heating a solution of NPh.^.COCl, 
dissolved in chloroform, with aniline at 180° 
(Michler, B. 9, 896, 716). White needles, lie- 
solved by heat into diphcnylaniino and phenyl 
cyanate. 

» Tetra-phenyl-nrea CO(NPh,^) 2 . [188°]. 

Formed by heating NPhj.COCl with NPh^U and 
zinc dust (Michler, B. 12, 1166). Got also from 
diphenyl amine and COCl, (Girard a. Willm, Bl. 
[2] 25, 248). llesolved by IIClAq at 250° into 
diphenylamine and CO^ 

References. — Awino-, Bbomo-, Cnnoao-, 
Chlobo-nitbo-, Nitro- ami Oxy- riiESYL-niiKA. 

«CIJFafYL-UEEA m - CARBOXYLIC ACID 
NHPh.CO.NH.C„H,.CO,H. [270°]. Formed by 
heating m-nmido - benzoic acid with phenyl 
cyanate at 100° (Kiihn, B. 17, 2882). Prisms, sol. 
alcohol, si. Bol.^eflier. 

Di-phenyl-urea di-7n-carboxylic acid * 
CO(C«II,.NII.C(),H)j.. 

Formation.— ‘\. By heating m-uramido-benz- 
oio acid (Griess, Z. 1868, 660 ; B. 9, 796).— 2. By 
heating a mixture of m-uramido-bcnzoic acid 
with m-amido-benzoic acid at 175° (Traube, B. 
15, 2122).— 8. From m-amido-benzoic acid and, 
OOClj (Sarauw, B. 15, 44). — 4. By boiling 
CS(C«H,.NH.C0.;F1), with HgO and KOllAq 
(Griess, A. 172, 169).— 5. By heating urea with 
wt-amido-benzoic acid at 130° (T.). 

IVqpcKicj.— Minute nei^les, almost insol. 
water, alcohol, and ether. * 

. Sal t8.-BaA" 8aq.-PbA".— Ag^A". 

Ethyl ether [102°]. Needles. 

Amide CO(C,H,.NH.CO.NH,),. Got by heat- 
Ing urea with m-amido-benzamide at 140° (Schifif, 
A. 2.32, 140). White powder, insol. water, de- 
composing above 270°. 


Di-p1ie&yl-arealli<^-oarboxylic acid. Formed 
whon urea is heated with p-amido-benzoic aci^ 
(Griess, J.pr. [2] 6, 370). Small needles. —BaA". 

TETBA . PHENYL - UVINONE 
Formed in small quantity in the preparation of 
di-piienyl-furfurane by heating di-phenyl-fur- 
furane dicarboxylio acid (Perkin a. Schlosscr, 
C. J. 67, 956). Thin yellow needles, not melting 
at 280°. IL^SO, forms a dark -green solution with 
b»ick-red fluorescence. 

DI-PHENYL-VALERIlMIDINE CpH^N^, i.e. 
C,H..C(NPh).NyPh. [111°]. Formed by heating 
isovaleric acid with aniline and PCl^, at 150° 
(Hofmann, J. 1865, 416). Crystalline, nearly 
insol. water. 

iS-PHENYI n-VALERIC ACID 

CHPhP^.COyH. [52°]. Formed by heating its 
nitrile with FKlAq at 185° (Ilossolyrno, B. 22, 
128.5J. Needles. a 

Wifrife ClIPliPr.CN. (261°). Formed from 
phcnyl-acetonitrile,*lPrI, and NaOH. Oil. 

i9 - Phenyl - i<to - valeric acid OiiH^O^ i.e. 
CH,Ph.CHEt.CO,H. (272°). Formed by reduc- 
lion of phenyl-angelic acid with sodium-amalgam 
(Bacyer a. .Jackson, B. 13, 118). Formed also by 
heating benzyi-cthyl-acetoacetic ether with cone. 
KOIlAq (Anschiitz, ^4. 261, 806). Oil.— AgA'. 

G hlor id e {c. HT^ at2imm.). Oil. 
Amide G„H,„NO. [89°]. Monoolinio 
crystals; rt;6:c = *817:l:l*lB9; B«70°28'. 
T'-Phenyl-valeric acid 

Cll,Ph.CIIMe.CH,.CO,n. (17G-.5° at 15 mm.), 
(tot by potash-fusion from ‘ diethyl carbo- 
bonzoiiic ’ acid, which is a product of the action 
of alcoliolic potash on deoxyberizoin (Anschiitz, 
A. 261, 302). Oil, yielding benzoic acid on 
oxidation. 

Ethyl ether (146° at 15 mm,). 

‘ Chloride C„H„OCl. (181° at 11 mm.). 
Anilide C,jH,,,NO. [102°]. JTrimetric 
pcedles; a:6:c = '685-1: -608. 

5- Phenyl-valeric ^cid 

Cn.,Ph.CH,.CH,.CH, .00,11. [■59°]. Formed by 
reducing (]IlPh:CH.CH,.^H,.CO,FI (Baeyor a. 
Jackson, B. 18, 122). Leaflets, si. sol. water. 

Benzyl ether. (380°-340°). S.G. 
1-027. Got by heating benzyl butyrate with Nfl 
at 130° (Conrrd a. Ilodgkinson, A. 193, 3JL8). 
Jiiquid. 

Isomeride v. Benzyl-isorutyric acid. 
iteferevee. — A.mdo-, Dr-anoMo-, Di-bromo- 
AMIDO-, Nri’Ro- and Oxy- phenyl-valeric acids. 
PHENYL-VINYL- V. Si'YRYL-. 

DI- PHENYL- VINYL-DIAMINE t.e. 

NIIPh.CH.;.CH:NPh. [105°]. Formed by heating 
CIl.,C!.CB[:NPh with aniline (Berlinerblau, M. 
8, 187). Sol. alcohol and ether. 

PHENYL VINYL KETONE CARBOXYLIC 
ACID V . Bknzoyl-acrylio acid. 

DI-PHENYL-VINYL NITRITE C, .Hj.NO., i.e. 
CPh.,:CH.NO,. [87°J. Formed Jby^adually add ing 
HNO,(l pt.) to a hot solution of di-phenyl-ethane 
(1 pt.) in HOAc (10 pts.) (Anschiitz a. Roraig, A. 
233,327). Needles, v. sol. aloofiol and ethei^. 

^ TEI . PHENYL VINYL TRI8ULPH0NE 
C.H,.SO,.CH,.CII(SOAHJr [86°]. Formed by 
oxidising the product of the action of NaSPh on 
CHOI., .CH,, Cl (Otto, B. 24, 1885). Crystalline. 
PHENYL-XYLENE v . Dx-uethyl-£iphbmiz 

^d Bfi£NYL>TOLYL-]^TllANa. 



101 

oiCARB 
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PHENTL-XYLIDIKK OuH,,N U. 
C,H,M3,.NHPh. [62®]. (173®atl5mm.). Formed 
by boating xylidine with aniline hydrochloride 
(Girard a. Vogt, Bl. [2] 18, 07). Sol. alcohol. 

PHENYL-o-XYLYL-C^BINOL C„H,«0 i.e, 
an 5 .CH(OII).C,H, Me., [1:3:4]? [68°]. (330® i.V.) 
at 744 mm. V.I). i07‘7 (for 100). Formed from 
the ketone, KOH, and zinc-dust (Elba, J,pr. [2] 
35, 460). White radiating needles (from alcohol). 
Somewhat decomposed by distillation. , 

Fhenyl-m-zylyl-cacbinol 
C«Hi.CII(OH).C,H,Me., [1:2:4] ? [67®]. (331° i.V.t 
at 744 mm. V.D. i02-7 (for lOtIJ. Formed from 
tlie corresponding ketone by reduction (Elba, 
/. pr. [2] 35, 472), 

Ph eny I .^-xy lyl-carbinol 
C,H,.CH(OH).C«H 3 Mc,, [1:2:6]. [88°]. Formed 
from the ketone, KOH, and zinc-dust (Elba). 
I’risms (from fdcohol); v. si. sol. water, m. sol. 
llOAc, V. 0. sol. alcohol and ether. 

PHENYL -j}-XYLYL-p - ®YMYL-METHANE 
[2:.5:1] Me, CJI;,.ClIPh.O„HaMePr [1:2:5]. Formed 
from phcnyl-p-cymyl-carbinnl,|j-xylene, and P.,Oj 
(Elba, [2] 35, 4'J8). Oil. 

DI » PHENYL . 0 - XYLYLENE . DIAMINE 


C,H,(CII,.NriPh).,. [172°]. Formed 
by boiling di-«-bromo-o-,xylcne with an alcoholic 
solution of aniline (Lesser, B. 17, 1825). Small 
plates (from alcohol). 

PHENYL o-XYLYL KETONE C,JI„0 ix. 
C,H,.CO.CJI,Me.,[ 1:3:1]? [4S'^J. (3li)° i.Y.) at 
711 mm. V.D. 102-2 (for 105). Forjjied from 
IS/.Cl, o-xylene, and AlCl., ; the yield is 80 p.o. 
(Elbs, J. pr. [2] 35, 407). Groups of snowy 
needles (from alcohol). Insol. water, si. sol. 
cold HOAc, V. sol. alcohol. 

Phenyl nt-xylyl ketone C,iri.,.CO.C,,H,Mo 2 
[1:2:4]. (321° i.V.) at 744 mm. V.D. 102-3 (for 
10.">). Froni ?n-xylene, IlzCl, and AlCl, (Sollscher, 
H.15,10TO; Elbs, /.pr.[2J 35, 400). Oil. Pjvrtly 
converted by long boiling Gnto {JJ. 2)-methyl- 
arithraquinone. In presence of a little of the 
corresponding phenyl - xylyl • cafbinol, {B, 2)- 
methyl-anthracene is lormcd. 

anti-Oxim . [126°]. Con- 

Terted by PCI, into C,H..CO.NHPh (Smith, B. 
24, 4018). Yields an acetyl dAivative [91°], 
crystallising in flat prisms. • 

S 2 /rt.Oa;tr/t [152°]. Formed, 


ns well as the preceding body, by the action of 
an alcoholic solution of hydroxylamine on the 
ketone. PCI, at - 20° forms C„H,.CO.NHG,ll,. 
Yields an acetyl derivative [103°]. 

Phenyl -jp. xylyl ketone C,H,.CO.C,II,Me- 
[1:2:6], [36°]. (317° i.V.) at 714 mm. V.D. ; 
106-2 (for 105). From p-xylone, A1C1„ and B/.Cl 1 
(Elbs, B. 17,2847; J.pr. [2] 35, 472) ; the yield j 
is 65 p.o. Transparent prisms (from alcohol), j 
in^ol. water, m. sol. HOAc, v. e. sol. ether and al- I 
cohol. Very slightly volatile with steam. Yields I 
methyl-anthracene when boiled for a long time. ! 

Iteactwn . — If BL^SO^ has no action in the * 
cold, buf on warming HOBz is split off.^ 
2. H,S,0, forms a disulphonio acid 
C„H^e8.CO.C,H,(SO,H)j, whose salt BaA"2aq 
i.'i V. e. sol. water. -3. HNO, (S.G. Vt5) at 180° 
forms benzophenone dicarboxvlif Acid 
C.H*.CO.fl.H,(CO^), [1:2:6]. 


PHEHYI-n-XTLYl..XST0NX 
OXYLIC ACID 

[4:3:1] C,H,Me,.CO.C.H*.C 03 H [2:1], Xylene-^ 
phtJuxloylicacid, [162°]. Formed by Uio action 
of AICl, on a mixture*bf phthalio anhydride and 
o-xylene (F. Meyer, B. 16, 636). Minute prisms 
(containing aq). Yields benzoio and (4,3,1) -di< 
methyl -ben zoic acids when fused with potash. 

Phenyl-m-xylyl-ketone o-carboxylic acid 
[4:2:t] C.H 3 Mo,.CO.C,H,.CO.,H. Foriiiod in liko 
manner 'from m-xylene (M.). Needlos, sL sol. 
water, sot alcollbl. 

Phenyl-p-xylyl-ketona o-earboxylie acid 
[5:2:1] CJI,Me.,.CO.CJI,.CO.,n [1:2]. Formed in 
like manner ^rom p-xylene. Amorphous solid, 
ins^wator, sol. alcohol and benzene. 

||rhenyl-m-xylyl -ketone (a) -carboxylic acid 
C„H,.CO.C,U,Me.,.CO,H [4:5:3:1J. [160°]. 

Formed, together with the following isomoride, 
by oxidising benzoyl mesitylene with chromio 
acid miAure (Lc#i8e, Bl. [2] 44, 418 ; A. Ch. 
[6]^), 218). Needles, v. sol. other, insol. cold 
water. - BaA'.^ 2jiq. - MgA'.^ Oaq?— AgA' : needles. 

Phenyl-nr-xylyl-kotone (3)-carboxylie acid 
C,H,.CO.C.IEMe,.CO,H [2:5:3:!]. [185°]. Formed 
as abo^^. The Mg salt is more soluble than 
that of the isomeric acid. Efllorescont needles, 
V. si. sol. hot water. Converted by P^O, into 
di-mothyl-antlnuquinone [168°].— AgA'; needles. 

Phenyl-xylyl-kotone dicarboxylio acid 
C.H^.CO.C„HMcjlCO.^H)j. Bcmoyl-cumidicacid, 
[85°J. Formed oy oxidation of phenyl duryl 
ketone (F. Meyer a. Ador, J. 1879, 562). Melts 
at 85°, becomes solid, and melts again at 173°. 
— BaA'.,2.',aq ; long silky needles. 

PHEN'YL - DI - p . XYLYL - METHANE 
C„H,.CH(CJI,Mo,), [1:2:5],. [93°]. (above 360°). 
Fiom plienyl p-xylyl oarbinol and p- xylene 
(Elbs, J.pr. [2) 35, 476). Or from di»p-xylyl 
carbinol, benzene, and P.^,. Prisms (from 
ligru'in). Its solutions show blue fluorescence. 

Di-phcnyl-o-xylyl-methane i.c. 

(CJI,)Cll.C,H,Me,[l:3:4]. [68-5°]. (above 360°). 
Formed from di-phenyl-carbiuol, o-xyleno, and 
P,0, (ilemilian, B. 19, 3070). Needles, v. sol. 
alcohol and ether. 

Bi-phenyl-?n-xylyl-methane 
0«IIj.CH,.C,U3Me,[l:2;4J. [61-5°]. (ab ove 360 °). 
Formed by boiling di-phenyl-carbiufnwith 
w-xylene and P,Oj (licmilian, B. 19, 3061). 
Prisms, v. sol. alcolml and ether. Oxidised by 
chromic acid mixture to raothyl-di-phenyl- 
phthalide and di-pheuyl-phthalide oarboxylio 
acid. 

Di-phenyl-p-xylyl-methane. [92°]. (above 
360°). Formed by digesting di-phcnyl-carbinol 
withp-xylene and P..Oj (HemiJian, B. 16, 2360; 
l^L [2] 34, 326; I^triell, Bl' [2] 41, 316). 
Monoclinio crystals, v. sol. alcohol and ether. 
Oxidised by chromic acid mixture to di-phenyl* 
methyl-phthaluie [179°], di-phonyl-tolyl-carb- 
inol w-carboxylic acid [c. 253°] and di-phonyl* 
phthalide carboxylic a'.id [215°]. 

jTfc/ercncc.— NiTuo-w-AJiino-pnE»Y]^Di-xvLYai- 

METHANB. 

FHENYL-LI-XYLYL-METHANE o<CARB. 
OXYLIC ACID [4:2:1] C,H,Me,.CH,.C.H*.COJ4. 
[168°]. Formed by 'reducing phenyl-m-xylyl- 
ketone carboxylic acid with zinc-dust andNH,Aq 
(Gresly, A. 234, 237). Small needles (from 
alcohol).— BaA'jAq: plates (from dilute alcohol). 



•pHENYL-XtttWflNAOOLIN. 


* JJ«arTL.i).XYLTL.(i8).PlJrACOlIirO«>H»0 
(;i.CJEI,.C(C.H,M«*),.CO.O,H.. [146«J. Formed 
«by the action ot zinc and HClAq on phenyl 
p-xylyl ketone (Elba, J.fr, [2j 36, 477). Clumps 
of prisms (from ligroin), nff sol. alcohol and ether. 
Soda-lime at 320° splits it up into benzoic 
acid and phenyl-di-xylyl-methane. 

PHEXYL-XYLYL.PEOPANE 0„Hj, t.c. 
0,Hj.CHMe.0H,.0,H3Me2. (324°). Formed from 
^-cumene, styrene, and cone. H3SO4 (Kraemer, 
Spilker a. Ebenhardt, A. 23, 3273). * 

PHEiryi-XYIYX-PEOPIOXIC ACID 
0,H3Me3.C^b.CHj.C0jH. Formed from cin- 
namic acid, m-xylene, and HaS04 (Liebermann 
a.*Hartmann, B. 26, 959). Amo|^houfl, v. sol. 
warm benzene. When allocinnaraic acid i^^sed 
it is accompanied by another.acid [220°]. \ 

DI - PHENYL - XYLYL - PYKEOLE CAEB- 

OXYUC lOID [2540], 

Formed by saponifying its o^y ether,<\vhich is 
got from phenaoyl-benzoyl-acotio' ether And 
(4,2,l)-?»-xylidin8 (Paal a. iJraikoff, B. 22, 3090). 
Small needles, m. sol. hot alcohol and benzene. 

PHEHYL-XYLYL 8ULPH0NE C, JI^SO,, U. 
0uH..S0a.04HjMea. [80°]. Formed fronWbenzene 
■ulphonic chloride, m-xylene, and AlGl, (Beckurts 
«. Otto, B. 11, 2069). Yellowish needles. 

PHENYL m-XYLYL-UEEA C„H,4N,0 i.e, 
C,H8NH.CO.NHPh. [131°]. Formed by mixing 
m-zylidine with phenyl oyanate (Briimme, B, 
21, 2703 ). Wh ite matted needles, sol. alcohol. 

PHElTYTHEONIC ACID 4;. PnENYL-METHYn- 

rUBFTJBANX DIOABBOXYLia AOID. 

PHILLYEIN 0,,H„0„ l^aq, [160°]. S. *08 
at 9° ; S. (alcohol) 2-6 at 9°. A glucoside in the 
bark of Phillyrea latifolia (Bcrtagnini, A.92,109; 
118, 124). Crystalline, insol. ether. Split up by 
dilute acids into glucose and crystalline philly- 
genin v. sol. ether.. A glucoside 

([184°] ; S. -05 in the cold, 12-6 at 100°) 
in 01m fragrana is perhaps identical with phil- 
lyrin. It is split up by acids into glucose and 
OwH„0, [70°] (Eykman, U. T. 0. 6, 127). 

PHLEIN C„H„03,. [216°]. S.G. 1-^. S. 
S'26 at 10°. [a]o >■ — 48*6. Occurs in the bulbs 
of oat’s-tail grass {Phleum pratense) and in the 
roots of Baldigera arundinacea (Ekstrand a. 
Jo%lIl^n, B. 20, 3310 ; 21, 697). Carbohydrate 
resembling starch, but not coloured blue by 
iodine. Induces AgNO„ but not Fehling’s solu- 
tion. n 

PHLOBAPHprE C„H^O„. Named from 
0\oi6s, bark, and pa<p^, colour. Occurs in oak 
bark, and formed by boiling quercitannio aoid 
with dilute aoids (Hofstetter, A. 61, 63 ; Gra- 
bowski, A. 146, 8 ; Oser, J. 1876, 903 ; Bottinger, 
A. 202, 270 ; 240, 338). Reddish-brown powder, 
insol. water, ether, and cold alcohol. Alkalis 
form a reddish-brown solution, which absorbs 
oxygen from the air. Turned block by FeCl,. 
Potash-fusion yields protocatechuic aoid (Procter, 
C. J. 36, 979). Yields OjjH.yAOjO,,, 0„H,,Bz,0,„ 
and GinHjQKgOi;, which is insol. alcohol, v. 
sol. watei^ Bromine yields C!,sH,^r„0„ and 
CaHjoBr^O,,, which forms 0,gH„Br,Ao,0„. A 
si^stanoe 0 mH 4 q 02 s resembling phlobaphene 
occurs in hops (Etti, A. 180, 223 ; B. P. /. 226, 
864). 

PHL0O18I10 THSOEY v.Oo]iBU8TiON,yol.u« 

pp. 241-2. 


PHLOEAHIKE 0^,NO„ 

0,H,(OH)4gJfy. Atmdo-resordn^ Formed by 
passing NH, over phloroglncin (Hlasiwetz a. 
Pfaundler, A. 119, 202). Thin plates (from 
water), si. sol. cold water, v. sol. alcohol, insol. 
ether. Turns browi#in air. Decomposed by 
alkalis. Its solutions are not coloured by Fed,. 
-B'HCl- B'jHjSO, 2aq : long yellowish needles. 

PHLOEEiN G,gH„NO,. Formed by passing 
nitrous acid gas into an ethereal solution of 
phloroglucin (4 g.) containing HNO, (4 0.0. of 
J3.G. 1-25) (Benedikt, Bt 7, 445 ; A. 178, 93). 
Lustrous dark-green powder, insol. water, v. sol. 
alcohol and ether, forming a dark-brown solution. 
Alkalis form a purple solution. Yields phloro- 
glucin when fused with potash. Zinc and dilute 
H.^S04 form a colourless body, re-oxidised to 
phlorein by tM. 

PHIOEETiG ACID v. p-OxT-a-PHEKYL-PBO- 
pioNJO ACID. It yields a crystu'iline dl-bromo- 
derivative (Hlasiwetz, A. 102, 145). 

PHLOEETIN c 75H,404. [255°]. Formed by 
boiling phlorizin or glyoyphyllin with dilute acids 
(Stas, A. 30, 200 ; G. Roser, A. 74, 178 ; Hlasi- 
wetz, A. 96, 118; Schii!, A. 166, 2; 172, 367; 
229, 874 ; Rennie, C. J. 49, 860). Small laminte, 
with sweet taste, v. si. sol. hot water and ether, 
▼. e. sol. alcohol. Inactive to light. Bromine 
forms [2()5°-210°] (Schmidt a. Hesse, 

A, 119, 103). Alkaline solutions absorb oxygen 
and turn orange in air ; boiling cone. KOHAq 
splits it up into phloretic acid and phloroglucin. 
Aniline at 170° forms C„H,„N04, a scarlet powder, 
AcCl gives amorphous O^Hi.^AojOs aq. 

Salts.— C, jH„(NH 4)30 j T amorphous. Gives 
off NH, in air.— CjoHigPbjOio 5aq. -C„H„AgO, ; 
unstable pp. 

PHLORIZIN G„H,40 ,o 2aq. Named from 
<f>Koi6s, bark, and ^/Co, root. [109°] (when anhy- 
drous). S.G. 1-43. S.'lin thecold. Mo- -49 
at 15°. Odours in the root-bark of the apple, pear, 
plum, and cherry tr^*e, from which it may be ex- 
tracted by dilute alcoliol (Stas a. DaKoninok, A. 
15,75; 30, 193; A. C/i. [2]°09, 367; Mulder, 
Bev. Scient. 3, 60 ; Roser; A, 74, 178 ; Streoker, 
A. 74, 184 ; Bonnie, C. 51, 635). Silky needles 
with slightly bitter taste, al. sol. cold water, v. e. 

I sol. hot water and alcohol, insol. ether. Melts 
I at 109°, beconJes solid, and melts again at 171°. 
'‘Lasvogyrate. Decomposed by dilute acids into 
glucose and phloretin. Gives pps. with baryta 
and MeOH, with lime-water, and with lead sub- 
acetate. Air and ammonia form reddish-brown 
amorphous phlorizem CjiH^NjO, Gives a violet 
colour on boiling with ZnS04 and KNO, (Nickel, 
Fr. 28, 248). FeCl, gives a brownish-red colour. 
Aniline at 180° forms CgaH^NjO,, a yellow 
powder, yielding a mono- and a tri- acetyl deri- 
vative. 

Acetyl derivatives C,|H.4,AoO,o2aq : 
needles (from water). — CjiHjiACgOi,. — 
0,|H„Ao,0,o aq : amorphous solid. 

Tri-heneoyl derivative. Powder. 

. iBophlorizin 02,H240 ,o. [105°]. Occurs in the 
leaves of the apple-tree (Rochl^der, J?. [2] 4, 741). 
^ilvery needles. Its ammoniacal solution turns 
brown in air. Its solution is ppd. by lead sub- 
acetate. Dilute H^04 splits it up into glucose 
and isophibretin 0,^3, 4O,, which is v. sol. ether, 
and yields phloroglucin when heated with sooot 
KOHAq. 
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mOSOBBOmHKO^r^. nn*].Riim«d 
by lh« aotion ol excess ol bromine on a Texy 
dilute aqneouB solution of phlorogluoin (Benedikt, 

A. 189, 166 ; 0. /. 34, 499). Dimetrie prisms ; 
a:6» 1:1*2. Insol. water. Not attacked by potash 
or HNO,. Warm alcohol decomposes it, forming 
penta-bromo-acetone [76®]. NH,Aq farms CBr,H 
andC4Br<H4Nj,crystaUi8ing from water in colour- 
less laminae [124®]. 

PHLOEOGLUCIN C.H,0, i.e. C,H#)TI)a 
[1:3:6]. Mol.w.l26. [219®](Baeyer,B. 19. 2186). 
HJ*. 153,348 (Stohmaan, J. pr. [2] 33, 471). 

Formition.^1. By boiling pbloretin with 
cone. KOHAq (Hlasiwetz, A. 9G, 118).-2. By 
potash-fusion from quercetin, maclurin, cateohin, 
Bcoparin, garnliogo, dragon’s blood, limettin.and 
bergaptene (Hlasiwetz, A, 112, 96; 119, 199 ; 
127, 357; 134, IIB, 283; 138, 190 ; Zwcnger.A. 
123, 164; Gautier, Bl. [2] 33, Tildon a. 
Beck, C. J. 67* 323; Pomoranz, M. 12, 387).-- 
3. By fusing resorcin witl^ a large excess of 
NaOH, the yield being 65 p.o. (Barth a. Schroder, 

B. 12, 603).r-4. By soda-fusion from phenol, 
benzene, trisulphonic acid, orcin, and naringemn 
(Barth a. Schredor, {}, 12, 422; M. 3, (519; 
Will, B. 20, 297).— 5. By fusing its trioarboxyho 
ether with potash (Baoyor, B. 19, 3468),— 6. By 
fusing i-di-bromo-phenol with potash (Bl^u, M. 
7,632). 

Breparation.^By soda-fusion from resorcin 
(Tiemann a. Will, B. 14, 954; 18, 1323). 

Trimotric crystals (containing 
2aq); a:6:c - •825:1:3-417, Melts at 200®. 209® 
when slowly heated. V. sol. water, alcohol, and 
ether; si. sol. NaClAq. Tastes sweeter than 
sugar. May be sublimed. Its solution is ppd. by 
lead subacetate. FeClj gives a bluish-violet 
* colour. Iteduces Fchling’s solution and am- 
moniacal AgNO,. Its alkalfne solution absorbs 
oxygen and turns brown in air. Colours acidified 
pine-woo® red. An alcoholic solutifn gives a 
red colour with HClAq and vanillin (Lindt, Fr. 

' 2(5, 260), oil of cloves, or oil of pimento (Ihl, 
Ohem, Zeil. 13, 264). • 

Reactiom.^l. BropUne forms crystalline tri- 
brorao-phlorogluoin and finally phlorobromin. 
2. ChlorUie passed into its aqueous solution 
forms tri -ohloro -phlorogluoin GgCls(OH)3 3aq 
[136®], which soon decomposes into tetra-chloro- 
acetone hydrate, and di - chloro - acetic acii 
(Webster, C. J. 47, 423 ; Zincke a. Kegel, B. 22, 
1476). Chlorine passed into its solution in 
no Ac forms CHCl,.CO.CHCl,4aq [49®]. Chlorine 
passed into a cooled solution of dry phloroglucin 

in chloroform forms COc^^j^'^^^CCl, [48®], 
(269®), decomposed by water into COj, di-ohloro- 
acetio acid, and C0(CH04)j.-3. Dilute HNO, 
forra*J nitro-phlorogluoin, — 4. Ammonia produces 
phloramine.— 6. Nitrous acid in its ethereal solu- 
tion forms phlorem. In acetic acid solution it 
gives tri-nitroso-pbloroglucin (vol. iii. p. 619).— 
6. Aqueous HI at*140® forms nearly tasteless 
scales of phlorogluoideO„H,«0,2aq,Bl. sol. warm 
water. Phloro^oide is alsp got by heating 
phlorogluoin .alone or with POOl,.— 7. Heated 
with salicylio acid it forms two compounds of the 

form Q;H.<^O.H(OH)<go>0,H„ one of 
these (described by Kostatieoki and Nessler) 
wliich vii|ld8 an acetyl derivative OJH,0*(OAo) 


[213®]; the other laomeride [826®] crystalB^ 
from HOAo in green-yellow tables.— 8. With 
ow amulo - benlotc aldehyde and NaOHAq it» 
forma red C.^NO^ possibly di-oxy-acridme 

0,H.(0H),<^g>0.^„ which fotmji 

and C„H,Bz,NO, (Eliasberg a. FriedlSnder, B. 
25, 17W).— 9. Phenyl cyanaU unites, forming 
0,H,(O.CO.NHPh)„ a yellowish powder [123®] 

(Goldschmidt a. Mci8sler,B.23, 269).— lO.Bensene 

stihhonk chloride added to the slightly alkaline 
solution forms g^,H,(0.80,C,H,), [117®] (Ocorge- 
I sen, B. 24, 418).- 11. Aniline at 210® forms tn- 
1 plmnyl-tri-amido-benzene [193°] (Minunni, B, 
'21, 1984).— 12. Phloretic acid at 170® forjus 
I orfstallising from water in lamtnn 

I (H^iwetz, A. 119. 199). 

‘ Tri-ozim CgH„(NOH),. Formed from 

phloroglucinanda(iueouBhydroxylamine(Baeyer, 

B. 19, 159). Colourless crystals, v. al. sol. water 
and alocAol, sol. %lkalis and acids. Explodes at 

... 

Phenyl-hydrazine derivattves. The 
salt 0AO3N,ll;,Ph [78®-83°] is got from phloro- 
glucin (1 mol.) and phenyl-hydraeine 13 mols.) 
in alcoltolic solution (Baeyer a. Koohendftrfer, B. 
22, 2190). Nodules, sol. alcohol and ether. Cold 
NuOHAq sets free phenyl-hydrazine. In alco- 
holic solution it changes on keeping to ^ 
i*C,H,(OH)(N..H,Ph)i [144®], which orystallisoa 
from toluene in needles, and yields a penta- 
bonzoyl derivative [170®]. 

Tri-acetyl derivative 0„H,(OAc),. 
[106®]. Got by heating phlorogluoin with AcCl, 
Di-henzoyl derivatives Crtn,(OH)(OBz),. 
Two isomcrides [165®] and [191®-1»6®] are got 
from phloroglucin with BzCl. The compound 
[166®] is more sol. benzene than the other 
(Skraup, Jl'f. 10, 391, 722). 

Tri-benzoyl derivative 0,H,(OBz),. 
[174®]. Formed, together with 0„H,(OBz)j 
[190°], by warming phloroglucin with BzOl and 
NaOH (S.). Plates, sol. benzene. 

Tri-methyl ether C,H,(OMo),. [62®]. 

(256®). Formed by passing llCl into a solution 
of phloroglucin in MeOH, the resulting 
CJI,(OH)(OMo).^ being treated with Mel and 
KOH (Will, B. 21, 603). Crystals, inj^fl-Wttef 
and alkalis, v, sol. alcohol and ether, done. 
HNO, forms a blue solution. Bromine gives 
C,,Br,(OMo), [146®]. When phloroglucin is 
treated with KOH and Mel the products are 
C,H,Me,0, [184®], 0,H,Me40, [114°], and 

C,Me,0, [80°] (Margulies, M. 9, 1062 ; 10, 469). 
When tetra-methyl-phlorogluoin is heated in 
sealed tubes with HClAq it yields isopropyl 
ketone, isobutyrio acid, HOAo, and 00.. Hence 

it would appear to be 

(Spitzer, M. 11, 104, 287). Hexamethvl-phloro- 
glucin heated with hlAq at 200° produces iso- 
butyrio acid and C,H,.. and, on oxidation, yields 
di-isopropyl ketone. Hence it would appear to 

m.tthyl »lhtr [If]. 

Made by passing HCl into an alooholio solution 
of phlorogluoin or its carboxylic acid (Will a. 
Albrecht. D, 17, 2106). Loug white neodlss. 
May be distilled. 
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PHLOnWLTOINj 


Got 


Tri.tthyt tther 0,na(OEtj,. [43»]. 
bj heating the di-ethyl ether with £tl and aloo< 
jiolic potash (W. a. A.). * 

Penta-ethyl derivative v. voh ii. p. 605. 
Tri-phenyl ether OjH,(OPh)s? [176**]. 
A product of the action of Na on phenyl acetate 
(Hodgkinson, C. J. Proc. 2, 188). V. si. sol. Aq. 

Beferences.—'Tm-moMo-, Bbomo-dmodo-, 
TM-ciJiiOno-, Nitkoso-, and Nitro- phlorooldchi. 
PHIOBOGLUCIN CAEBOXYLIC ACID v. 

TRI-OXY-DJiNZOlO ACID., • 

PhlorogJncin tricarboxylic g,ether*0,5F,g0, 
U 0„(0n),(C0,Et)v [106°]. Formed from 

malonio ether and ZnEtj (Lang, B. 19, 2937). 
Pf^ared by dissolving Na (14*4 fr) in malonio 
etlfer (200 g.) at 100'* and heating the pr^nct 
for six hours at 145° (Baeyer, 7J. 18, ^7 ; 
Bally, B. 21, 1766). In this preparation an an- 
hydride C,(0H)^(C03Et),^<^^Q [170°] is also 

formed. Needles (from dilute alcohoi), insol. 
water. Does not react with nuroua acid gas. 

Beactions.—l.* Potash-fusion yields phlmro- 
gluoin. — 2. Bromine in CSj ppts. bromo-phloro- 
gluoin dioarb^xylio ether [128'*].— 3. Chlorine 
gives tri-chloro-acetamide.— 4. PJienyl fyannte 
and 0,H, at 200° form 0«(0.C0.NHrh),(C0.,Et), 
[196°] (Goldschmidt a. Meiaslor, B. 23, 270). 

Jdri-aoetyl derivative C„(0Ac),(C03Et),. 

• [76°]. Needles (from alcohol or ether). 

Oxim 0,H,(N01I)3(C03Et),. [171°]. 
PHLOEOGHTCIN-PHTHALEXn O^oHjA. 
Formed by heating phloroglucin with phthalio 
anhydride at 170° (Link, B. 13, 1652). Minute 
orange needles, si. sol. water. Its alkaline solu- 
tions are orange-red, without fluorescence. Zino- 
dust and NaOHAq reduce it to phloroglucin- 
phthalin an amorphous reddish-yellow 

mass. 

PHtOEOGLTJCIN SULFONIC ACID 
C„H3S0, i.e. CaEl2(OH)j,.SOHH. Formed by mix- 
ing phloroglucin with H.,S ,0, (Schiff, B, 6, 26 ; 
A. 178, 191). Yields a crystalline K salt. POCl, 
converts it into the anhydrides O^jIIioSjO,,, v. e. 
sol. water, and OijUgSjO,,, si. sol. water, and 

0j4H„S30,5. 

PHLOEOL v. o-Ethyl-pitrnol. 

ESf^EOKE V. Xyloquinonb. 
PHOBOKEC„H,,0 i.e. COCCHiCMe^),. Mol. 
W.188. [28°J. (197°) at 743 mm. S.G. Y *885. 

1*500 at 20° (Bruhl, A. 235, 15). E^, 
70'93 in a 14*6 p.c. benzene solution. Fonned, 
together with mesityl oxide, by leaving acetone 


Oxim 0,H„:N0H. [dS**]. (218°). Tablei, 
▼. sol. alcohol (Nagelh 16> ^06). 

Isophorone. The substance to which this 
name has been given is a mixture (Laycooki 
! A. 258, 230). 

Camphor-phorone ».c. 

CMe^ ^;CPr (K6niga a. Jlppens, 2?. 25, 

\co / 

26p).a (208°) (Kachler, A. 164, 79). Got by 
l^istilllng calcium camph orate (Laurent, A. Ch. 
raj 66, 329; Gerhardt 4 . Lids-Bndart, A. 72, 
^3) and by heating camphor (1 pt.) with H^SO^ 
(4 pts.) at 100° (Sohwanert, A. 123, 298). 
Colourless oil with aromatic odour. Inactive to 
light. PCI5 yields C,II„C1 (205°). Yields a- 
fhethyl-glutaric and acetic acids on oxidation. 
Na followed by Mel yields- C„H,5MeO (225°- 
230°). Na fo#fowod by AcCl yields C,„H.^,Ac03 
(230°-240°). Bromine in CS^ foJms C^H^BraO 
[62°]. 

PHOBONIC ACrb 0„H,A. [184°]. Formed 
by saponification of its nitrile, which is got by 
boiling the product of the action of gaseous IIOl 
on acetone with alcoholic potash (Pinner, B. 14, 
1071 ; 15, 686). Largo prisms (from dilute al- 
cohol), si. sol. water. — KIIA" 1 ].ftq : needles, v. sol. 
water.— CaA" 3aq : prisms. — Ag.,A" aq ; pp. 

• Ethyl Hher Et,A^ [125°]. 

Amide, [above 300°], Prisms. 

Anhydride 0,, 11,^04. [138°]. Got by 

heating the acid at 190°. 

JwteZe C„H„Os(NH). [205°]. Formed from 
the anhydride and alcoholic NH;,. 

Nitrile CuHi^N^O^. [above 320°]. 

PHOSENE V . Synanthrene. 

PHOSGENE GAS. Another name for COCl, ; 
9 . Cardon oxychloride, vol. i. p. 092. 

PHOSPHAM. (?)PNJJ. When dry NH, is 
passed into well-cooled PCI,, a solid colourless 
mass is obtained, said by H. Hose tfr contain 
PCI3 and NH, in the ratio PCl^iSNII, (P. 24, 
308; 28, 529). This substance is probably a 
mixture of various compounJs'l other substances 
are formed if the PCI, is ijot cooled. If PCI, is 
treated with NH, at the ordinary temperature, 
5Nn, are absorbed by PCI, (II. Bose, l.c.) ; from 
this product ether dissolves out NjPjCl,. (v. Ni- 
TBOOEN piiospimcnLORiDK, vol. iii. p. 670) ; if the 
product is lieated, HCl and NH^Cl are evolved, 
and a white, loose powder remains, to which 
Gerhardt (A. Ch. [3] 18, 188 ; 20, 225) gave the 
composition PN,H and the name phospham. 
Liebig a. Wdhler (A. 11, 139) obtained this 00m- 


in contact with quicklime (Fittig, A. 110, 32). ; pound by passing PCI, or PCI, over heated 
Formed also by the action of oono. HGlAq on | Nn4Cl, and washing and heating the product ; 
acetone (Baeyer, A. 140, 301), and by heating they supposed it to be PN,. The same substance 
nitroso-triaootonamine with potash (Heintz, A. j was obtained by Pauli {A. 101, 41) by heating 
187, 250). YelloAvish prisms. Yields acetone, ; an intimate mixture of PjS, and NH4OI, also by 
oxalic acid, and GO, on oxidation with KMn04 heating red P with S andNH4Cl, and by heating 
(Pinner, B. 16, 691). Slowly combines with I powdered Ca phosphide with S and NH4CI, and 
NaHSO„forming di-isobutyl ketone di-sulphonio washing the residue with an acid. Pauli's 
acid. Yields vl'-cumene on heating with PjO, I analyses showed less N thanMs required by the 
and mesityleuo on heating with cone. H,S04. formula PN,H. By treating PCI, with NH„ 
Yields mefltyl oxide on distilling with dilate washing for a long time withevater, digesting 
H,S04 (Claison, A. 180, 18). Bromine in CS^i w^h HClAq, then with KOHAq, washing with 
forxis CjHjiBr^O [88°]. Zinc and H BO4 reduce water and then with ether, Salzmann (5.7,494) 
it, in alcoholic solution, to deoxypliorone CihH^O ^ obtained a substance resembling phospham and 
[108°]. HI forms CeH„I,0 [13°] (Kasaneff, B. | approximately agreeing with the composition 
9, 485). Phorone does not react with benzole ' P3N,H4 ; Salzmann regarded this substance as 
•Idehyde (Claiseu, B. 14, 352). | probably a mixture of several verv similar enm. 
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poandi ot P« N, and H. Besson (C. R, 114, 
12G4) says that PGl^ absorbs 8HN„ and that on 
heating PN^H is formed. 

Phospham is a white, loose powder ; in- 
soluble in ordinary solvents ; melts and vaporises 
when heated in absence o#air ; oxidised by heat- 
ing in air ; yields IlPO, and HN^ when moistened 
with water and heated (derhardt, lx.) ; fused 
with EOH or BaO.^, forms Nil, and ortiio- 
phosphate, with incandescence. 

Phospham may be regarded as one of the 
nitriles of H,PO,: thift PO.OU.(ONH,),-4H,0 
PN.^H ; the other nitriles wouW be P(3 n, which 
is known {v. Pbosphobus oxynitride, p. 114) 
[P0(0H),0NH4 - 3H,0 - PON], and PN,n„which 
has not been isolated [PO(ONH,)., — 411,0 
«=PN,HJ. Mendclcjcff {13. 23, 3472 no'tf) 
thinks it likely that phospham ^ a polymerido 
of PNoH, inasmuch as it is analogous to N ,11 
{hiidrazoic axm, vol. iii. p. 659) and both P and P 
compounds show a greater readiness to polymerise 
than N and compounds of N. M. M. P. M. 

PHOSPHAMIC ACIDS AND ALLIED COM- 
POUNDS. Two amic acids may be derived theo- 
retically from PO(On),, viz. PONH,(OH), and 
PO(NH.J.pH; both aeids have been isolated. 
Tho compound PO(NH.),, is described as 
PnosruAMiDK, and PO.NH.NJI, as PiiosPUAMino- 
liiiDK {infra). Tho two thiopliospliamio acids, 
rS.NII,.(OII), and PS(NII,),011 are probably 
formed by tho action of Nil, ou PSCl, (y. Tnio- 
ruosnioRYL CHLOuiDK, Rvaniion 7, p. MH). The 
three amic ac^ls (or salts of tl.ese) deriva- 
ble from il,P..O, are JciiQwn : P..().,NlI,(Oli)„ 
P,0,(NIi,),(On),, and P.,0, (Nil, ),dll. By lieat-’ 
ing r,0,(NH.J,0H tho NH, salt of tho acid 
PyOa(OJJ)N is obtained. There are also several 
acids (or their salts) known, which may be derived 
from hypothetical 1\0;(011)„[21V),(0H)4-H ,0 
=^P^01<ill)J by replacing Oil by ^11, or NH. 
Imidopnosphorio acid, rO.NIl.OII, perhaps 
exists. 

PiTosPHAMio a«H)PO.NH_,(OH^.^. {AmidophoH- 
phoric acid.) Obtained by Stokes {Am. 15, 198 
[1893]) by suspending the lejid salt in a little 
ice-water, decomposing by excess of II.^S, aud 
filtering into alcohol. White microscopic cry.s- 
tals.; easily sol. water; does not give NH, with 
caustic alkalis; heated to 100° is slowly ciiang^l 
to an NH^ salt, perhaps NH,.PO, ; aqueous .solu- 
tion soon changes to NH,H.l’Oj. Acid and 
Mormal salts have been prepared. The lead salt 
is formed by adding lead acetate to a solution of 
PO.NH,.OH.OK, which salt is produced by a<Id- I 
ing alcoholic NH, to an alcoholic solution of 
PO.Cl(OPh)j, and saponifying the PO.NiI,(OPii),j ' 
thus formed by KOHAq. 

Phosphodiamic ACID PO.(NILj).,On. {Diamido- 
phoaphoric axid.) Stokes {B. 27, 605 [1894]) 
prepared this acid by saponifying the product of 
the action of NELAq on POCl2(OPh). The acid 
gives salts P0(N152)20M, and also salts of an 
acid P(NHJ,(On), {Abstract in C. J. 60 [111, 
1.S8‘[1894]). • 

Pyrophosphamio ICID P,0,(Niy(0H),. lyiis 
is said by Gladstone (0. J. 17, 229) to be the ! 
chief product of the action of NH, on PjO, ; | 
Schiff {A. 103, 168) formulated this product as | 
PO.NHjOH, imida-phosphoric acid ; Stokes {l.c.) j 
stfys thf product is a mixture. For details v..' 


a {Ui also C. /. 3, 135; 21 64) ; also Q. a. 
Holmes (O. /. 17. 225). 

PyropiiospiiOdiamio acid Pj,0,(NH.J,(0H)- 
(G., C,J. 19, 290; G. a. H., Lc.), Formed by 
action of water or alkalis on N,P,C1„ by treating 
I’OOl, with cone. NH^Aq, and in many other 
I ways. A white amorphous solid, easily soluble 
; in water and alcohol. Tlie acid is dibasic. Tho 
j salts are dillicult to obtain pure,, as they easily 
j change into pyropljo.sphamates ; salts of Ba, Ag, 

! and Zii«re described. 

I PyuoPiiosph(|triamio acid p 30 ,(Nn.i) 30 H 
j (G., G. J. 10, 1; 21, .04). Dry Nil, is passed 
i into POCl, until saturated, tho product is heated 
j to 220° and ^oilod for a short time with water, 

! the ^siduo is Washed with cold water, and ftien 
i w|(n a little dilute alcohol. A white, amorphous, 

; tasteless powder, nearly insoluble in water ; 
i slowly acted on by cold water, more quickly by hot 
j water, yielding P.X>,(NH.^).,(OH),Aq and NH,.\q.; * 
boiled w%h gives Il^PO* and NH,. Pyro- 

p}u)sphotriamates of NH,, Ba, Cd, Co, Cu, Cr, 
Fe, PI), Mg, Mn, Hg. Ni, Pt,»K, Ag, Tl, and Zu 
are described ; the acid is said to be tetrabasic. 

Pyropiiosphonitrilio acid P.^G,(0II)N. Tho 
NH, sJllt of this acid is said to bo formed by 
heating P.,0,(NH.J,OH, and the K salt by heat- 
ing P./),(NH.,),OK (G., C. /. 22, 19). 

TeTUAPIIOSPIIAMIO acids and AI.LIRD “COM- 
POUNDS. By tho reaction ot Nil, with POCl, 

; under dilTcreiit conditions, Gladstone (0. J. 21, 
201 ; 22, 15), obtained various compounds which 
I may be regarded as (1) tetraphosphodiamic acid 
I P,OXNH,),(OH)„ (2) P,0,(NH,),(0H), tetra- 
1 jdiosphotitramic acid, (3) ? te.truphosphv-imido- 
tetramide P^O,^NILi),NU (callcrl by G. tetra' 

: phosphopcntazotic acid), (4) ? tctraphospJuxli- 
imiilo-diamuU P^0,(NH,J2(NH)., (called by G. 

^ U-traphosphoUtrimic axid). Some of the above 
acids are regarded by Mente {A. 248, 232) as 
; [mido- acids. M. M. P. M, 

j FHOSFHAMIDES. I. Phosphohio tuiamidb 
; O.P(Nn.J, {Phosphoryl triaviide) [derived from 
i O.P(OH),^1I,PO,]. This compound is said by 
; SchilT {A. 101, 300) to bo obtained by passing NH, 
gas into POCl.,, and treating tho product witft 
, water. Itis described as a snow-white, amorphous 
solid ; heated out of air gives NH,and 
I with KOH give.s NH, and K phosphate ; scarcely 
; acted on by boiling water, KOHAq, or dilute acids ; 
soluble ill hot cone. H^SO, ; slowly attacked by 
boiling cone. HNO, or HClAq. Gladstone {0. J, 
22, 18) could not obtain this compound. 

II. Phosphorous diamide OH.P.fNH,), [de- 
rived frori^ OH.P(OH).,- H,PO,]. The white 
powder produced by passing NH, into P^O, in 
benzene or ether has probably tliis composition 
^Thorpe a. Tutton, O. J. 59, 1027). It dissolves 
in water with incandesconco ; HClAq reacts 
violently, forming ilon-inflamniable PH,, P, 
Nil, Cl, H,PO..,Aq, and H,PO,Aq. 

TinopirospHAMiDE is described under Tmo* 
pnospuoitYL cuLoniDE, Reactions, No. 7, p. 148. 

Mj»M. P. M. 

PHOSPHAMIDO-IMIDE PO*NH.NH, {Phos- 
phoryl imido amide. Formerly called Phos- 
pJiodiamide) (Gerhardt, A. Ch. [3j 18, 188 ; 
Schiff, A. 101, 300). Obtained by saturating 
PCI, with NH,, boiling the product with water 
as long as UCl pusses into solution, then boiling 
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with potash, then with HNO,Aq or 
washing, and diying over ^SO^. A white 

t owder, insoluble in alcohol, water, or turpentine; 

eated out of air gives NH, and PON ; heated 
in moist air gives NH, ahd HPO, ; fused with 
KOH gives K phosphate and NH,; slowly 
oxidised by fusion with KNO„ but resists action 
of most oxidisers. M. 31. P. M. 

PHOSPHATES. SalU of the phos2}1u>ric 
acids. Besides the salts directly derived from 
the three, phosphoric acids HPO„ H iPO,, and 
H,P,0, (v. Phospuorio acids, (,p. 124^, phos- 
phates exist which are probably derived from 
hypothetical di-, tri-, or meta- phosphoric acid 
nHPO, ; and a few salts have been isolated 
which are perhaps derived from the hypotheti- 
cal acids P,0,(0H), and P„0,„{0H),.,. ^ 

Oomposition.—Orthophosphatea are ae- 
rived from U,PO^; they may be divided into 
• classes according to the replacing powers of the 
. metals : (1) monovalent metals form AfH^PO,, 
MjHPO*, and MaPO, ; (2) divalent metals form 
MH,P,0„ MHPO,s and M.aP,0„ ; (3) trival^nt 
metals form MHaPaOn and M^PaO,; (4) totra- 
valent metals form MH-P.p, and Mal^O,.. 

Pyrophosphates are derived from l|,PaO,: 
(1) salts of monovalent metals M,H.aPaO, and 
M4P11O7 ; (2) salts of divalent metals MH.,PjO, 
aadc'Vl.,P,0„ &c. ‘ 

Meiaphosphates are derived from HPO,: 
(1) salts of monovalent metals MPO, ; (2) salts 
of divalent metals MPaO,, &o. Various modifi- 
cations of Na (and other) metaphosphates are 
hnowjn, all having the empirical formula MPO,, 
but differing both in physical and chemical pro- 
perties from one another; those salts were clas- 
sified by Fleitmann a. Hanneberg {A. 65,304 ; F., 
P. 78, 233, 338) as ; (1) dimetaphospJiates^ salts 
of HjfPjO, ; (2) trimetaphosphateSf salts of 
U,P,0, ; (8) tctranietapJmpJuites, salts of 
H,P,0„; and (4) hexametaphosphates, salts of 
HhP^O,,. Tammann {Z. P. G. 6, 122) has exa- 
mined the electrical conductivities, and the de- 
pressions of freezing-points, of aqueous solutions 
of several di-, tri-, and hoxa- metaphosphates ; 
he comes to the conclusion that Floitinaim’s 
Ametaphosphates should be represented in 
solution as M,(PO,), {i.e. as trimetaphosphates), 
and UMtetus tri- salts when in solution are really 
M,(POJ, {i.e. dimetaphosphates). Tammann’s 
results point to the existence in aqueous solu- 
tion of 8 isomeric hexametaphosphates which 
may be represented as (i.) M...Mi(P05,)a e.g. 
Na..Na,(POl,K3.Na,(PO,),; (ii.) M,.M..{P6 ,)..c.(/. 
Na;.Na,(PO,L Ag,.Na.,(PO,).v (iii.) M,,M{PO,), 
e.g. Na,.Na(P6,)„ (NH,),.Na(POH),. Jhere are 
also, according to Tammann, three different Na 
metaphosphates insoluble in water (u. also T., 
J.pr. [2J 45, 417). 

Tetra- and deka-phosphates. Salts of 
the compositions Na^^P^O,, and Na„P|gO„ are 
obtained by fusing together Na,P,0, and 
Na,(PO,)g ; these salts may be regarded as de- 
rived from the hypothetical condensed acids 
H^PgO,, («flH,P,0,-H.,0). and H„P..O„ 
(■5H4P,0.,-4H50), respectively. 

The composition of all the phosphates may 
be represented empirically by the expression 
»M0.mP,0,.a;H,0, where MO stands for a basic 
oxide. 

Occurrence. -^Phosphates of AI and Ca ocoor 


in large quantitio — .wm , i>uuapiiB¥os 

of Fe, Pb, Mg, NH4, Ae* are also widely dis- 
tributed minerals. Goprolites (the fossilised 
excrements of former land-animals), and guano 
(the excrement of certain birds) consist very 
largely of Ca phosphate. Phosphates occur in 
some kinds of coal, in the ashes of plants, ahd 
in the bones of animals. 

Formation.— Some of the orthophosphates 
are obtained by reacting on HjPO^Aq with me- 
taMio oxides or carbonates ; others are formed 
hv double decomposition '^rom the alkali phos- 
phates ; when a^netaphoaphate is fused with a 
metallic oxide or hydroxide a normal ortho- 
phosphate is generally formed. Many pyro- 
phosphates are obtained by double decomposi- 
tion from .NB4P.P,, which is formed by strongly 
heating Na-^HPO,; other pyrophosphates are 
found by neutralising H4PjO,Aq by basic oxides 
or hydroxides. MetaphcspJiates 'are generally 
formed by strongly heating orthophosphates 
RIH.^04 or MltllPO,, when M or It is a metal 
whose oxide is volatile ; many are produced by 
double decomposition from NaPO, ; some are 
formed by heating Cu,(PO,)4 with a metallic 
sulphide and filtering from CuS. 

The processes by which any one of the three 
classes of phosphates is formed from another 
is perhaps best understood by representing the 
phosphates thus : 

meta pyro ortho ' 

P,0,.M.,0 P,0,.2M.,0 P.A-3M.,0 

Metaphosphato becomes pyro- by gaining M^O, 
and becomes ortho- by gaining 2M.^O, and so 
on. Metaphosphate fused with metallic oxide, 
hydroxide, or carbonate yields pyrophosphate or 
orthophosphate, according to the qiiautitics used ; 
thus (1) 2NaPO, + Na,CO, =.Na4P.,0, + CO., ; 
(2) 2Nar0,-f-2Na,C0,-2Na,P04 + 2C0.,. The 
metaphosphato of a heavy metal yields an or- 
thophosph^vO and HjPO, by boiling wittt water ; 
thus 3AgP0,-t-3II,0 = Ag,P04-l-21I;,P04. The 
change from a pyro- to an ortho- phosphate ia 
often effected by boiling with' water, the pro- 
duct being an acid salt, *thus + ri.,0 

==2Na.,HP04; or the pyrophosphate is fused 
with hydroxide or carbonate, thus 

Ba, P.,0, BaO.,H., - ]}a,(P04)., + H,0. 

Acid orthophospiiatos with one atom of H yield 
pjwo-phosphates when strongly heated, e.g. 
2Na2Hr0, — H.,0 «= Na4P,0, ; and those with two 
atoms of H yield metaphosphates, e.g. 

NaTLP04-H,0 = NaP0;. . • 

Similarly a double orthophosphate of the fornf 
MjUPO, yields a pyrophosphate on heating 
if B forms a volatile oxide,* e.gr. 2Na,(Nll4)P04 
=» Na4P30, + H,0 -f" 2NHs. The removal of M.,0 
from a normal orthophosphate with formation 
of a metaphosphate is often effected by fusing 
with SiOg or B,0, or other anhydride which 
forms a salt with M-O, e.g. Na,P04-fSi0. 
= NaPO, + Na,SiO,. 

The metaphosphates formedtby the processes 
sketched above boloag to several series of 
salts all of which have the em[^ical formula 
nMFO,. According to Fleitmann a. Henneberg 
(^.'65, 804; F., P. 78, 233, 838), these salts 
belong to five series. 

Monometaphosphates MPO,, Not many of 
these have been qbtaiued with certainty; they 
are produced by heatmg alkaline oxides with 
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^tllv&Ieni qtiftiitltieB o( HyPOi to redness until 
the residue ceases to give an acid reaction (the 
temperature not being high enough to melt the 
mass), and crashing the residue with cold water; 
some of the salts— e.j/. NaPO, and KPOa— are 
formed by heating or MJIPjOj to red- 

ness {c.' 315°)» till the residue is almost wholly 
insoluble in cold water (Maddrell, C. S. Mem. 3, 
273). 

Dimetaphosphates MjP,0,. The salts of Cu, 
Zn, and Mn are prepared by heating oquivalelit 
quantities of MO an(f HjPO^ to redness. Thg 
Na and NH< salts are obtainedrt)y decomposing 
the Gu salt by Na.SAq or NH^ sulphide solu- 
tion, filtering, and ppg. by alcohol. Those salts 
yield others of the series by double decomposi- 
tion. The salts of this series are soluble in 
water and crjstallisable. Tamnmnn {Z. P. C. 6, 
122 ) thinks tijjBse salts are really trimetaphos- 
pliates (y. Properties aiid lieactions). • 

Trimetaphosphates M,I40g. The salts of 
this series are crystalline. The Na salt is pre- 
pared by slowly healing NaNIl^HPO, with fre- 
quent stirring, till the residue has a faintly acid 
reaction, treating with cold water, filtering, and 
allowing the filtrate to crystallise. The salt is 
also formed by heating NaNH4Hr04 till a glassy 
mass remains, and cooling very slowly. The 
other salts are obtained from the Na salt by 
double decomposition. Taminnnn {lx.) regards 
these salts as dimetaphosphates {v. Properties 
and Reactions). 

Tetrainetaphosphatcs M4p40,y PbO is 
beatfid with H^POi to redness, as in making the 
Gu, Zu, and Mn dimetaphosphates (v. supra ) ; 
the crystalline salt which is formed is insoluble 
in water, and much more easily decomposed by 
acids than the Pb salt got from Na^P.^Og. The 
Na salt is obtained by decomposing the Pb salt 
by NojBAq ; and other salts are obtained from 
the Pb Balt by double decompositifjfi. Salts of 
13 i and Cd are obtained similarly to the Pb salt. 
These phosphates are uncrystallisable. Tam- 
niann {J.pr. [2J*i5, 417) says that CuNa-^P^O,, 
is the only salt whicih certainly belongs to this 
scries. 

Hcxainetaphosphates MgPgOjg. NaNIl4TIP04 
is heated till a* glassy mass remains, which is 
cooled rapidly (Graham, T. 183b. 253). The Na 
salt yields others by double decompositioti. 
These salts are non-crystallisable, and dry to 
resinous-like masses. Tamniann’s experiments 
Ux.) seem to show that NaePgO,, is a mixture of 
several isomeric salts (v. p. 118). 

Tammann {l.c.) describes salts belonging to 
tlie series of penta-y oUto^y deka-y and tetralcaU 
deka- metaphosphates. 

Tetraphosphates MgP40„. A few of these 
saUs havs been prepared, e.g. Nagl^O,, by fusing 
2NaPO, -f Na4P,0„ and Ba,p40„ by fusing the 
Na salt with BaGl, (P^ a. H., A. 65, 304 ; Uels- 
mann, A. 118, 99). 

Dekaphaspiunes M„P,oO„*. The Na salt was 
obtained b^ fusing Na 4 P 20 , SNaPO, (P. a. H., 
l-c.) ; some otiier salts were obtained from the 
Na salt by double decomposition (U., lx.). 

Properties and Reactions,— Tho orthopnos- 
phatet MPyPOf dissolve in water, forming acid 
solutions ; the dimetallio salts M 2 HPO 4 dissolve 
in water when M is an alkali metal, the solutions 
are felbiy alk&line. Of tho normal ^ts M 


only those * 0 ! the alkali metals are soluble in 
water ; the solutions have an alkaline roootiun, 
and are decomposed very easily, eten by CO.^^ 
forming MjHP04Aq. Most of the heavy metals 
form only M^POg. Solutions of alkali ortho- 
phosphates give a yellow pp. (AgjPOg) with 
AgNOjAq, and a yellow pp. on warming with 
NH, moly6*date solution. The orthophosphates 
M,POg are not decomposed by heating strongly, 
unless they are salts of volatile bases ; M^POg 
give M.,1>.,0, and H,0, and -MUgPOg ^ve MPO, 
and H^O,*w}»en#8trongly heated. MgPOg, M* 
alkali or alkaline earth metal, are not changed 
by heating with charcoal, but M^HPOg and 
MH,P04 give M.PO, and P. When Mia a heavy 
me^, the smts M3PO4 generally give metatlio 
pl*^^)hides by heating with 0. Orthophosphates 
heated with K or Na yield alkali phosphide. 
Many insoluble orthophosphates are decomposed 
by fusion with alkali oarbouato, but those of the . 
alkalineBoarths |re only |)artially decomposed. • 
decomposes all orthophosphates. When 
tho salts MjPOg are heated with SO.^Aq under 
pressure, M.JIPOg or MH.4PO4 are formed (PitCor, 
Chem. Indust. 1878. 398 ; Gerland, J. pr, [2] 4, 
97). • 

Of tho pyropJiosphateSythenormo} alkali salts 
are solublo in water, with feebly alkaline re- 
actions ; the others are generally insolubl^ut 
dissolve in NagP^O^Aq, forming double salts (EL 
Hose, P. 76; 13; Schwarzenberg, A. 65, 183; 
Persoz, A. 65, 163). Solution of ppophos- 
phates give orthophosphates when boiled with 
tlio stronger acids, or heated with water to 280® 
(Ucynoso). MgP.40, are not changed by heat 
unless they are salts of bases decompoi:>ed by 
heat; give MPO, and 11,0 when 

strongly heated. All tho pyrophosphates are 
changed to orthophosphates by heating strongly 
with sullicient alkali or alkali carbonate. Pyro- 
phosphates of metals whoso oxides are not re- 
duced by H give orthophosphates and P.40g 
when heated in H ; those which contain metals 
whoso oxides are reduced by H, but.not by heat 
alone, give metallic phosphide when heated in . 
H ; and those containing metals the oxides of 
which are reduced by heat alone, yield metaf, 
H,0, H-jPO,, Ac., when heated in H (Struve, J. pr, ^ 
79, 345). Pyrophosphates in 8olutl»?j;^ve a 
white pp. with AgNOjAq ; they do not give an 
immediate pp. with warm Nllg mq)ybdato, and 
they do not coagulate albumen when acidified by 
acetic acid. 

Some vietaphosphates are soluble, others are 
insoluble, in water ; some are crystalline, others 
are amorphous (v. supra : Formation of different 
classes of metaphosphates). Solutions of these 
salts in water are changed to orthophosphates 
on long-continued boiling; they give a white pp. 
with AgNOjAq, no immediate pp. with NHg 
molybdate, and they coagulate albumen aftev 
acidification by acetic acid. 

Tammann {Z. P. C. 6, 123) has examined 
the electrical conductivities of solutions of 
Flcitmann’s di- and tri- metaphospbates of Na ; 
bis results indicate that the ions of the salts in 
solution are Na^ and (POg)^. He has also 
measured the depression produced in the freezing- 
point of water by dissolving these salts therein ; 
and, taking the results along with the electrical 
conductiviticsr ho concludes thatPleitmann'i dU 
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saltB are tri> salts, and F/s tri- salts are really 
di- salts. By the reaction of AgNOaAq on the 
iJauP,0,. of Graham and Fleitmann, Tammann 
obtained a crystalline salt ^g„PaO,g, and two 
salts Ag,NajPgO„ and AgjNaPgO,,, and from 
these he formed three Na salts which he 
formulates as NayPgO,g, Na^-Na-^.P^Oig, and 
Nat.Na.PgOjg. l^casurcments of the electrical 
conductivities of these salts confirm the above 
formulte, and they tend to show that the ions of 
the salts in solution are Na^ and Na.^PgO,K, and 
Nuj, and NaPgOig respectively. Aifuller Examina- 
tion of Graham’s salt led T. to conclude that it 
contains another isomeric hexametaphosphato 
Na^Na4.PaO,g. ^ 

Tor detection and estimation of phospha^s a 
manual of analysis must be consulted. \ 

ORTHOPHOSPHATES. Salts derived from 
HjPO^. (For thioxyortliophosiduites v. Piios- 
PIIOIUC BULPIIIDJS, p. 147.) 

Alttminiain orthophosphatei. Many<occurin 
miix^rals, e.g. angetite, fischcritc, ivaveUite, t^.r- 
qttois. The pps. obtained by adding NaJirO,A<j 
to .alum solutions vary in composition. They 
may be represented as 3*Al^O;„ t/PX).,, x being 
chiefly 1, 2, U, and y being 1 and 2 {Mum*oo, A. 
160, 038 ; Wittstcin, J. B. 27, 167 ; Fuchs, S. 
24, 121 ; Millot, C. li. «2, 80). 

normal salt, Air04.aTI,40, is obtained by 
gradually pouring neutral alum solution into 
excess of Na^HPO^Aq ; a white loose powder; 
soluble mineral acids, soluble organic acids, 
soluble NH4 citrate solution (Erlcnnieyer, B. 14, 
1800), soluble A1 salt solution (Fleischer, Fr. 6, 
28), soluble in potash; infusible at red heat, 
fused with Fe and SiO.4 gives Fe phosphide 
(Sohldsing, C. 2?. 67, 1247); partially decom- 
posed by fusing with KjjCOj, (Kammelsberg, P. 
64, 405; cf. Vauquelin, A. Ch. [2] 21, 138). 
When air-dried jc = 4 to S ; dried over H.^SO^, 
a «= 8 (Rammelsbcrg, Millot, Wittstcin). For 
other phosphates Of A1 v, llammelsborg 
Schweitzer (P. 3, 310; 6, 28), Ludwig {Ar. Bh. 
[2J 69, 19), Hautefculllo a. Margottot (C,lt, 106, 
136), Erlenmeyer {Z. 3, 672), 

Double salts with phosphates of Ca, Li, 
and Mg have been described (v. Gm.-K,, i. 2, 
670). 

Adnuaiam orthophosphates. The normal 
salt, Am,P04.8IIj0, crystallises in short pyra- 
mids, obtained by treating Am^HPO^ with cone. 
NHjAq (Berzelius, Qm.-K. i. 2, 627). Loses two- 
thirds NH3 by boiling water (Kraut, G, G. 1865. 
894). Sestini (P. 11, 1927) obtained a salt with 
5HjjO, The di-ammonium salt, ArajHPO,, is 
formed in monoclinio prisms by allowing Nil, or 
(NHJjCO, in H,P04Aq to evaporate; soluble 
four parts cold water, solution is alkaline ; on 
boiling NH, is evolved ; S.G. 1*62-1 -67 (llam- 
melsberg, B, 3, 278 ; Schiff, A. 112, 88 ; Buignot, 
JT. 1801. 16 ; Proust a. Brooke, Gm.-K. i. 2, 528). 
The mon-ammonium salt, Amll^04, crystallises 
in quadratic forms, isomorphous with KH.4PO4, 
by adding NH.Aq to H;,P04Aq till BaCljAq 
oeahes to gfve a pp. S.G. 1*768 (Sohiif, f.c. ; 
Mitsoherlich, P. 19, 385). 

Barium orthophosphates. The normal salt, 
Ba^PjO^is a heavy white solid, obtained by ppg. 
BaCl^q by NajI*04Aq (Graham; Kotondi, B. 
16, 1441). Two acid salts have been obtained ; 
•(1) BaUPO^, by boiling the normal salt with 


H,P04Aq, or by ppg. BaClAq by NaJlPO,Aq 
soluble in 10,000 to 20,000 parts water, easij] 
soluble if NH4 salts, BaCL^, or NaCl is present 
soluble inH3P04Aq or dilute HNOjAq (Berzelius 
Ludwig, Bose, Brett, Wittstein, Bischofi, Mala' 
guti, Om.-K. i. 2, 2’ft ; Skey, 0. N. 22,* 61 ; 
Erlenmeyer, J. 1857. 145 ; Sotsohenoff, G. G. 1875, 
97; Gerland, J. pr, [2] 4, 125); (2) BaH*^^, 
frona a solution of BaHP04 in IIsP04 ; while 
triclinio crystals ; decomposed by much water to 
H,T04Aq andBaHP04 (Berzelius). 

, Double salts.— {1) ^Ba.PA.BaCl, (Rose, 
P. 8, 211 ; Ludwig, Ar. Ph. [2j 66, 265 ; Beville 

а. Caron, A. Ch. [3] 67. 451) ; 

(2) 4BaHP04.BaCl2 (Erlenmeyer, J. 1857. 14.5) ; 

(3) BaNaPO4.10H.^O (Bose/ Guyton, Berzelius, 
Gm.-K. i. 2, 313 ; de Schulten, Bl. [2] 39, 500 ; 
Joly, G. B. 104. 1702) ; (4) BaKPO..101LO (de 
S../.C.). 

Beryllium orthophosphates. The normal 
salt, BOnPiOg, is a wVito pp., obtained by adding 
Na-^HPO^Aq to solution of a salt of Be. An 
acid salt is obtained by dissolving the normal 
salt in ll3p04Aq (Vauquelin, Qm.-K. i. 2, 269). 

Doihble salts. l}c,NH4 and Be.K phos- 
phates are known (Bossier, Fr. 1878. 148; 
Ouvrard, G. B. 110, 1333). 

Bismuth orthophosphate BiPO,. White 
powder, obtained by adding Bi.Pj.arH.p to 
H,PO,Aq; little known (Wenzel, Gm.-K. i. 2, 
832 ; Chancel, C. B. 50, 416). 

Cadmium orthophosphates. The normal 
salt, Odjl^O^, is obtained as an amorphous pp. 
by adding N;i3P04Aq to a Cd salt solution (de 
Schulten, Bl. [3J 1, 473). 

Acid salts (do S., l.c.) : (1) Cd,Jl,P404,. 411,0, 
by ppg. hot CdCl.^Aq by NaJlP04Aq. 

(2) CdH4p208.’2H,0, by dissolving the foregoing 
salt in cold dilute H,PO,Aq and allowing to 
evaporate at ordinary temperature. 

DoubU'salt 3Cd,P,0„.CdCl., (do S.,l.c.). 

Calcium orthophosphates. Ca phosphates 
are widely distributed minerals, 

Normal sal^ CaA’iOn. Obtriincd, as a white 
amorphous powder, by adilifig Nll.,Aq to solution 
of bone-ash in llClAq or HNOaAq; by adding 
Na,r04Aq, or a mixture of Na.,HrO,,Aq and 
NHjAq, to CaCLAq. For details of preparation 
from idiosphpritK or bonc-ash, Ac. v. Bictionauy 
of ArmiKi* Cjiismistky. The pp. from CaCl,Aq 
in presejice of Nil, contains 511,0 according to 
Wittstcin (/. 1866. 168; v. also Ludwig, Ar.Ph. 
[2] 69, 286). Slightly solublo in water; ono 
litre cold water dissolved 79 mgm. freshly ppd., 
and 31 mgm. strongly heated, Ca.,P,03 (Volcker, 
/.* 1862. 131). Decomposed slowly by boiling 
water into Can4P.,Og and 2Ca3p,OH.CaO.,IIj 
(Warington, C. J. [2J 11, 983). Solubility in 
water is increased by small quantitie»>of alkali 
salts (u. Wohler, P. 4, 166; Liebig, A. 61, 128; 
Lassaigno, J. 1847.341; Thomson, Ann. IVii/os. 
17, 12; Volcker, 1862. 131j Fresenius, Fr. 
10, 133; Hiincfeld, Delkeskampf, Morveau, 
Qm.-K. i. 2, 367 ; Terreil, Bl. [2] 35, 548 ; Erlen- 
meyer, B. 14, 1263). Presence Of starch and 
varjpus organic substances increases solubility in 
water (i>. Wohler, A. 98, 143 ; Hayes, N. Ed. P. J. 

б, 378). Soluble in CO.,Aq ; CaCOj and CaHPO, 
separate on standing (Liebig, A. 106, 196; 
Warington, C. J. [2] 4, 296 ; Dusart a. Pelouze^ 
a B. 66, 1327; von Georgievics, Tlf. 12:^66). 
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Partially decomposed by boiling with 
NaOHAq, or by fusing with Na^CO, (Wbhler, A. 
61, 437 ; Rose, P. 95, 437 ; Fresenius, Fr. 10, 
133). Easily changed to CaC^O^ by boiling 
with (NHJ-^CjOjAq (Fresenius, l.c.). 

Strongly heated witlrC and SiO,, gives Ca 
silicate, P, and CO ; heated in CO, all P is set 
free (Schlusing, C. R. 59, 3S4 ; Anderson, B. 5, 
1065). Heated with Na, K, or Mg, nietallio 
phosphide is formed (v. Chn.-K. i. 2, 300). 

Dissolved by SO^ ; on standing, Cani^4 
and CaSO, separate Gerland, G. N. 20, 205:^; 
Aldred, G. N. 42, 177 ; RotoKHi, ii. 16, 1441). 
Dilute Il^SO^Aq forms CallPO^, or Call^lVOt,, or 
CaSO^ and HjPO^, according to the quantities of 
Il.^yOj and CaaP-p^, the temperature, and the lime 
of action {v, Gm.-K. i. 2, 309 ; Kolb, G. R. 78, 
825 ; Joulie, C. R. 70, 1288 ; Cr||m, A. 03, 391). 
For the (siin^lar) reactions with HClAq and 
HNOaAq V. Crum, l.c. ; Piccard {J. 1880. 408) ; 
Dischof {S. 07, 39) ; Birnbawm.a. Packard {Z. [2J 
•7, 137) ; Tissier (C. R. 38, 192) ; \rarington (C. J. 

[2] 4, 302). 

Double salts. (1) CajP.,O^.Ca,SiOi (Carnot 
a. Richard, G. R. 07, 310). (2*) 3Ca.,rA.CaCl ,by 
fusing CajPjOn with NaCl, or heating to 250'^ 
with CaCl.Aq, or passing I'Cl^ vapour over glow- I 
ing lime (Forchliamrner, D. 91, 508; Dehray, 
li. Ch. [3] 01, 424 ; DauhrG.*, ^in. M. (4) 19, 
084; Deville a. Caron, A. Ch. [3j 07, 451). 

(3) 3CajP.^O^.CaF.j ; occurs native as apatite 

(with varying quantities of CaCL) ; obtained by I 
fusing Na.FlPO,, CaF.,, and CaClj (1). a. C., l.c.; i 
Rricgier, A. 97, 05)‘. (4) ‘Ca(.NlI,)PO,..rH,0 | 

(lJl'r/..^dd a. Fcuerlein, Fr. 1881. 191). ! 

(5) CaKPO, (Rose, P. 77, 291). (0) CaTdl^O^ ' 
(Rose, P. 77, 298). (7) CaNaPO^ (Ko.se, P. 77, 
291 ; Bunge, A. 172, 18). 

Acid salts. I. Dicalcium phosphate 
CaH.P.Dg. Obtained by adding Na^iPO^Ajp or 
NaNHjHPO^Aq, to excess of CaCl.^Aq ; pp. con- 
tains a little Ca^PjOH : also by the action of CO..A(| 
on CaCO,and (liH,),HPO,Aq (IJec-iuerel, C' Ji. 
34, 573) ; and by acting on powdered CaCO, with 
il^PO^Aq (Debray, A. [3j 01, 424] ; by passing 
CO.j into H.p, holding freshly ppd. CajlV>H in 
suspension (Percy, P. M. [3] 20, 194 ; Reicliardt, 
Ar. Ph. [,SJ 2, 236). Obtained in crystals by 
allowing solutions of (NHJ.^Il^^ and CaCI. to 
mix slowly through a porous cell (Vohl, A. *8^, 
111), or through a layer of water (Drevermann, 
A. 87, 120); also by allowing a solution of 
amorphous CallPO, in a weak acid to evaporate 
(Jtodeker, 4* 69, 200; Baer, P. 75, 152; Vor* 
bringor, Fr. 9, 457 ; v. also Causso, J. Ph. [6] 
21, 544). CaHPO^, ppd. at low temperatures 
and dried quickly at 100'^ contains 211,/), winch 
is lost by long drying at 100° in a stream of dry 
air. Forms Ca^^jO, when strongly heated ; de- 
composed to Ca,*PjO* and Cali by long boil- ' 
ing with water. For description of various 
hydrates xCaHPt^.yll.^O v. Vorbringer t^r. 9, 
457), Gerland {J. pr. [2] 4, 104), Millot {lU. [2J 
33, 194), Skey (C. N. 22, 61), Dusart a. Pelouze ; 
{0. R, 66, 1327f, Davies {C. N. 04, 287). Soluble 
in boiling NH^CLAq (Kraut, Ar. Ph. [2] ULl, ! 
102) ; soluble SOjAq (GeGand, J.pr. [2] 4, 123), ' 
m HClAq and HNO,Aq (Berzelius, Baer, Om.^K. ! 
i.2,372). Decomposed by boiling alkali cerrbonate 
solution (Malaguti, Qm.-K. i. 2,. 373). | 

II. monocalcium phos^j^hate CaH4p,0,.HjO. ; 


I This salt is the chief eonatitnent of artificial 
* superphosjihate of lime* prepared by treating 
: crushed bones, phosphorite ^ Ac., with H.BO^ (if 
, Dictionary of Appuki) Ciiemibtrv). Prei)ared 
by dissolving Ca.;H3PjO. in 81 p.o. HjP04Aq, 

! crystallising, washing with absolute alcohol, then 
i with ether, and drying (Stoklasa, Listy Chein.t 
13, 203, 240, 273 ; abstract in C. J, 58, 695). 
This salt is also formed by evaporating 
: Ca with llNO,Aq + H.,S04Aq. Also by 

I leaving ^ solution of the commercial honoy-liko 
I moiiocalcium phosphate in contact with CajPoOg 
I for some time, and evaporating the solution 
! formed at a gentle heat; the salt is thus ob- 
j tained in ciqjstals (Pointet, Bl. [3J 5, 254). ^ot 
i hy^’oscopic ; the hygroscopic nature of the pre- 
! pi-.ation made by Birnbaum and others is said by 
ytoklasa {Lc.) to be duo to traces of H^PO^. 
Thin rliombie plates (r.llan.sliofer,/?. K. 7,203); 

I S.G. 2 02 (Hijhroder, B. 11, 120). Doses 1L,0 at 
100°, ddfcomposo# at 200° to mixture of OaP.p, 
anii Ca.d^^O, (Birnbaum, B.Ji, 898). Decom- 
posed by 11.^0. Stoklasa (l.c.) represents the 
(lecomposing action of water as 
j(jair,i\o,.ir.o+ii,o 

(j*- 1 )Ciil r,l*.0,.H,0 + i^iiH 1 *0. + 2H,0 + U.PO. ; 
the greater the quantity of water the more salt 
is dissolved without decomposition ; with 200 
parts ILO to 1 part salt a clear solution is foi*ifJeil 
without any free H8r04 ; above this limit 
Call^PgO^ is re-formed from the products of its 
decomposition (for older observations v. Birn- 
baum, l.c.; Krlenmcycr, N. J. P. 7, 225; VVa- 
rington, Fr. 1880. 243). According to Reynoso 
{G. R. 34, 795), water at 280° decomposes tho 
salt, forming llaPG^ and crystalline Ca^PjO,,. 
Various salts produce CaJI.^P.^O„ from solutions 
oi OaIl4l\0„ (w. Debray, A. Ch. [3J 01, 424; 
Dusart a. Pelouze, C. R. 00, 1327 ; Vorbringer, 
FVVd, 457; Krlenmcycr, lc.; Birnbaum, l.c.). 

Cerium orthophusphate C0PO4. By fusing 
Ce.X\ with KPO,; also by digesting Co.^K3(PO,)3 
with KClAq. Monoclinic prisms; S.G. 3*8 
(Ouvrard, C. R. 107, 37). The double salt 
Ce Jv^PO is formed by fusing K^PO^ or 
with Ce.Da. 

Chromium orthophosphates. The nortnal 
chromic salt, CrjI^O^, is known in two forms, . 
green and violet. Violet form, 

( a violet cry.sf;illiMo pp. by adding Na-^HPO^Aq to 
: excess of Cr alum solution ; loses 7H.^O at 100°, 

: becoming green; ch.anged to green by cone. 

; HNOji^q, H,S04, or PCI, (Rammelsborg, P. 08. 
^83; Ktard, C. R. 84, 1091). Green form, 
CrjI°p„.0H.p, by adding excess of Na^HPO^Aq 
to Cr alum ; also by pi>g. a slightly acid solu- 
tion of a Cr salt by Ka.,llP04 and Na acetate 
(Rose, P. 77, 291, 298 ; Carnot, BL [2] 37, 482; 
Vauquelin, Gm.Jv. i. 2, 304). Soluble mineral 
acids, also KOIIAq {v. Dowling a. Plunkett, 
Chem. Gazette, 1858. 220; Kiimmerer, Fr. 12, 
375). Gives alkali chromates by fusion with 
alkali sulphates (Giandeau, G, R. 95, 921). 
Forms a double salt with Ca (Dingier, 

D. P. J. 212, 532 ; Plessy, Rdp. Chim. app. 1802. 
453; Kothc, D. P. J. 214, 69). The acid salt 
CrH^PjOB.HJljjO is probably formed by dissolving 
Cr/lj-xH-P in HsPO^Aq (Vauquelin, Gm.-K. i. 2, 
304; Ilaushofer, Z. K. 7, 263). 

Chromous orthophosphate Cr,P,0«.H„0, a 
blue pp. by adding Na^HP04Aq to CrCl^qj • 
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qnio1tl.y bocomes greon in air (Moissan, A» Ch, 
[5] 25, 401). 

^ Cobalt orthophospbatei. The nonml salt 
Co,P,0,.a:Ep is formed by heating CoHPO^.SHjO 
with water, or with Co(NOs)^q,to 250'’ in a sealed 
tube (Debray, A.Ch. [3] Cl, 438) ; also by treating 
Co(NH^)^0^.6HJO with boiling water (Chancel, 
Pricis d' analyse [Paris, 18G2J 1, 263). In this 
salt x a 2. A salt with a; « 8 Is said to be formed 
by ppg. CoII,PoO,AQ by alcohol (lleyno^^, C. H. 
34,795; Reitler,Fierte/;a7ir.P/uirwi.7,246). Two 
acid salts are known: (1) CteP04.3II{0, by 
boiling CoCO, with H,PO,Aq, or boiling solution 
of a Co salt with CaH,P,0« (Debray, J. Ph. [3] 
40» 121) ; a wait with 6H,0 was obtained by 
Budeker (A, 94, 357). (2) CoII^P.O*, by heating 
Co ^ophosphate with water to 280^ (Reynbso, 

0. ^34,795). Double saZfs : NH, salts v. 
Dirvell, C. B. 89, 903 ; Popp, Z. [2] 6, 305. For 
luteo- and roseo- oobaltamine phosj^hates v, 
Gibbs a. Genth, Am, S. [2] 21, <^86; 23, 234,319; 
Bruun, Gm.-K. i,3, 463 ; Porumbaru, G. B.*d3, 
842. For K and Na double salts v. Ouvrard, C.lt. 
106, 1729. 

Copper orthophosphates. Normal salt 
GUgPjOH.dH^O, obtained by adding E little 
Na^POjAq to excess of a Cu salt solution (Mit- 
sclmrlich, Qm.-K. i. 8, G14) ; also by heating 
CikJO, with HjJP04Aq to yO'’ (Debray, A. Oh. 
[3] 61, 437). A blue-green powder ; decomimsed 
by hot water under pressure (Debray ; v. also 
Iteynoso, C. B, 34, 1795; Jorgensen, Gm.:K, 

1. 3, 616). Basic salts and acid salts are 
known ; composition doubtful {v, Rammelsbcrg, 
P, 68, 383 ; Metzner, A, 149, 67). For double 
salts with NH4 V. Metzner, 2.c., and SchiH, A. 
123, 41; with Na, v. Weincck, A, 15G, 67; with 
K, also with Na, v, Ouvrard, G. B. Ill, 177. 
For an account of the salts produced by the 
reaction of NaJIPO^Aq with CuSO,Aq *and 
Cu(NO,).^q V. Stoinschneider, C. G. 1891, ii. 61 
(abstract in C. J. 60, 1423). 

Oidymiam orthophosphate DiPO^ : also 
double salts with alkali metals (Ouvrard, G. B. 
107, 87). 

Iron orthophosphates. Ferrous salts. 
The, normal salt F0yP^Og.8n.4O occurs native 
08 \ idi-»a nite ; it is obtained by ppg. FeSO^Aq 
with excess of NaJlPO^Aq, and digesting at 
(H)®-80° for eight days, hmall monoclinic crys- 
tals (Itahimolsberg, P, 64, 251, 405), nearly 
colourless but becoming blue in air (Debray, 
O. R. 69, 40). A salt with one H.G is obtained 
by heating FejfHL^aO„.4Iip with water at 250® 
(Debray, A. Ch. [3] 61, 437). Various acid shlt^ 
are obtained by dissolving Fe ip HgPO^Aq; if 
the materials are air-free, and evaporation is 
effected in CO,, the salt F0aH.^aO„.4HaO is 
formed (Erlonmeyer, Debray, Kammelsberg, l.c.). 

, For double salts with NH,, v. Otto, J.pr. 2, 
409 ; and Debray, C. B. 69, 40. 

Ferric salts. The normal salt FePO^is 
obtained by ppg. FeChAq by Na^BPO^Aq; dried 
At 60® cont'\in8 BH^O, at 100® contains 4H.p, 
dehydrated by heating strongly ; also formed by 
oxidation in air of Fej^PjO* (Debray, Baftimels- 
berg, Wittstein, Ic.). Whether the salt ppd. from 
FeCl,Aq in presenceof acetic acid is the normal 
or a basic salt is undecided {v, Winkler, J. 
prakt, Pltarm, B, 837 ; Heydenrich, C. N. 4, 
168; Struve, N. Peters. Acad. Bull. 1, 465; 


Wackenroder a. Ludwig, Ar. Ph. [2J 63, 1 ; Mobr 
Fr. 2, 62b). FePO,,«H,0 is sol. c. 1500 parti 
boiling water ; but is decomposed (Lachowicz, M 
13, 357). Acid salts are obtained by dissolving 
Fe^O, jjHjjO in HJ104Aq : Erlenmeyer gol 
FeH,P,0„by evaporating quickly (u. alsoWaino, 
C. N. 36, 132 ; Wagner, Ghem. Zeitung, 1881. 
247). Hautefeuillo a. Margottot (C. R. 106, 1357) 
obtained various ferric phosphates by dissolving 
in glacial phosphoric acid. 

Lanthanum orthoph..8phate LaPO,: also 
lioublo salts wi^ K and Na (v. Ouvrard G. R. 
107, 37). ^ 

Lead orthophosphates. The normal sa/f, 
Pb^PjOg, is ppd. as a white powder by adding 
NajHPO^Aq to Pb acetate solution (Berzelius ; 
Mitscherlich, Om. 3 ; v. also Heintz, P. 73, 119 ; 
Oerhardt, A. t h. [3] 22, 605 ; Haushofer, Z. K. 
7, 264). A double salt with PbCL^ is obtained 
by action of NOjHPO^Aqon PbClj (Debray, A.Ch. 
[3J 61, 419;.Manr08S, A, 82, 348; Deville a^ 
Caron, A. Ch. [3J 67, 451). By ppg. boiling 
Pb2NO,Aq by H^PO^Aq, Heintz (P. 73, 119) 
obtained the acid salt Ph^IL^jOg. 

Lithium orthophosphates. The normal 
salt, Liar04.H.,0(?2LigP04.n,p). By heating 
NagllPO^Aq with solution of a salt of Li 
(Mayer, A. 9^ 183 ; v. also Berzelius, P. 4, 
245 ; llanimelsberg, C. N. 38, 240, also B. 15, 
283 ; Frosenius, Fr. 1, 42 ; Kraut, A. 182, 165). 
Loses HjjO at 100®. Obtained in rhomboidal 
tables, S.G. 2-41 at 15®, by dissolving in fused 
LiCl (de Schulten, Bl. [3] 1, 479). Soluble in 
c. 2,540 parts water. Acid salts : LillgPO, and 
LiIl4P20g.H.j0, by dissolving normal salt in 
HjPO,Aq (llammelsberg, lx.). 

Magnesium orthophosphates. The nonml 
salt,. Mg,P.Pg.xItp, is obtained with 4H.,0 
by ppg. Mg salts by alkali phosphate and dry- 
ing at IOC® (Graham ; Rose, P. 76, C4 ; Gre- 
gory, A. 54, 98 ; Stein a. Tollens, A. 187, 79 ; 
Fresenius). Forms monoclinic crystals (Ilqus- 
hofor, Z. K. 6, 137). Very slightly soluble water 
(Volker, J. 1862. 131). For solubility in salt 
solutions V. Liebig (^4. lOC, 185), and in citric 
acid V. Erlenmeyer (B. 14, 1253). Soluble 
SOjjAq fGerland, J. yr. [2] 4, 126 ; Rotondi, B. 
15, 141). Crystals with 6H.p separate from 
^lgSO,Aq -t- Na^PO^Aq at 36® and upwards; 
and at lower temperatures a salt with.l4H.p is 
obtained (v. Percy, P.M. [3} 26, 194; Reischauer, 
AT. P. P.12,43; 14,57). 

Acid salts. 1. MgHPO,.®KLO (x =» 6,7 ,8,9) ; 
by dissolving magyiesia alba in HgPO^Aq (Berg- 
mann, Fourcroy, Gm.~K. i. 2, 446; Debray, 
J. pr. 97, 116; Haushofes, Z. K. 7, 257),— 

2. MgH,PgOg ; by boiling the foregoing acid salt 
with water (Schaffner; Rotondi, B. 15, 141). 

Double salts. MagmsiurnmmmoniwK 
orthophosphate MgNH*PO,.6H.p. By adding 
Na^PO,Aq to a Mg salt to which NH,ClAq and 
exccsvof NHgAq have been added; or by adding 
a mixture of HaPO^Aq and excess of NH,Aq to a 
Mg salt For experiments on different conditions 
of formation v. Graham (A. 29, 25) ; Riffault * 
(At Ch. [2] 19, 90) ; Mohr (Fr. 12, 36); Gibbs 
(C. N. 28, 61) ; Lesieur (C. B. 69, 191); Stein a. 
Tollens (Gm.-F. 1, 2, 476) ; Kubel (A. 8, 125) ; 
Kissel (Pr. 8, 164) ; Brunner (Fr. 11, SO) ; Ber- 
zelius (P. 4, 275) ; Heintz (Fr. 9, 16). (2ji)taine'l 
in lar^ erystals bv separating the reacting 



PHOSPHATES. Ill 


by « membrane f7ohl, A, 88, tl4 ; No- 
nier, C. R. 78, *800; Millot, Bl [3] IS, 20; Mil- 
lot a. Maquenno, Bl. [2] 23, 238). Loses Nil, 
*in air; strongly heated gives Mg,PjO,. For 
solubility* in varioys solutions v. Fresenius 
66, 109); Ebermayer (Jl^r. 60, 41); Liebig (^. 
106, 196)‘; Vdicker {J. 186*2. 131) ; Kissel {Fr. 
8, 173) ; Gerland {J. pr. [2] 4, 127) ; MiUoi (IH. 
[2] 18, 20) ; Ville (C. R. 75, 344). Another 
Mg-NHi phosphate is described by Oawalovski 
(C. C. 1886. 721). For other double salts : whh 
MgClj, V. Deville a. OIron (A. Ch. [3J 67, 450)^ 
with MgClj and MgFj, v. Biscl^f (D. P. J. 237, 
61, 136) ; with MgCl, and CaF,, v. D. a. C. {l.c.) ; 
with K, V. Hausliofer (^. K. 7, 257), Onvraid 
(C. R. 106, 1729) ; with Na, v. Rose, Berzelius, 
► &o. ((5m.-ir.i. 2, 476), Ouvrard {Z.C.). 

Manganese orthophosphates. Normal man- 
ganic orthophosphate^ MnPO^.rfp, a greenish 
grey pp. by adding cone. Mn(N 03 )aAq toUjPO^ 
and a little boiling water (Cj^ristensen, J. pr, [2] 
,28, 1). For properties of products of reaction of 
HjPO^ oa manganates and permanganates t>. 
Laspeyeres {J.pr. [2] 16,320); Hermann (P. 74, 
.303) ; Hose (P. 105, 289) ; Barreswill (C. R. 44, 
677) ; Hoppe-Seyler {J.pr. 90, 303). 

Normal inayiganons orthophospluite^ 
MnjP.Pg.iH.p. Obtained with 14 H 2 O by ppg. 
MnSO^Aq by Na.^PO,Aq ; loses 7 H 2 O over 
II..SO,, and one more H,0 at 100'^ (Erlcnmeyor, 
A. 190. 208). Salts with 9 to 11 H,0, 7H./), and 
HHjOare obtained by decomposing MnllPO,.rrIl,^0 
by water, and drying under dilTerent conditions 
(E., l.c.). The salt without 11.^0 is formed by 
strongly heating the hydrates, also by heating 
MnJ\6, in 11 (Struve, J. 1860. 7.3). A whiUs 
amorphous pp., soluble mineral acids and acetic 
* acid, and various salt solutions (v. Berzelius, 
Om. K. i. 2, 472; Il-dntz, P. 74, 449; Joulin, 
A. Ch. [4] 30, 272; Gerland, J. pr. [2] 4, 97; 
WittsteiiH Gm.-K. 2, 472; Braun, 7, 340; 
Evlenmeyer, B. 14, 1253). 

"Varioua acid salts have been described : — 

1. MnKPO,.3H,(?(B6dGkor, A. 69, 206 ; Heintz, 
P. 74, 449; Erlenigeycr, A. 190, 20H)i — 2. 
MnH,P^O^.‘2H./*) (Heintz, Erlenmeycr, Z.c.). — 
8. Mn,P;jO„.MnHl*0,.a’H!^0 (Erlenmeyer, l.c.; 
Haushofer, iiC. 7, 257). Dotible salt.n : with 
MnClj (Deville a. Caron, A. Cltt [3] 67, 459) ; 
with FeJP.^Og and MnCl.^, and with FejP.O., an* 
MnF, (D. a. 0., l.c .) ; with NH, (Otto, S. 66, 28S ; 
Heintz, Z.c.); with K and with Na (Ouvrurd, 
C. R. 106, 1729). 

Mercury orthophosphates. Nqi’mal mcr- 
curotLs' orthophosphate y Hg;,PO„ by ppg. excess 
of Na,HPOAq by HgNOjAq (Gerhardt, J. 1819. 
283). Brooks (P. 66, 63) describes a basic, suit. 
A double salt with HgNO, is described by 
Gerhrrdt (Z.c.; v. also Qm.-K. 3, 918). Normal 
mercuric orthopho^tphate, Hg,P.p„, is obtained 
by heating HgjPO^ to low redness, also by adding 
strongly acidi6ed Hg(NO.)..Aq to Na,HPO,Aq 
( 0 . Om.-K. 3, 754, fl8 ; also Uaack, C. G. 1890. 
[2] 736). For a rfottbZe salt Hg.NH,Hg,O.PO, 
V. Hirzel {Om.-g. 3, 820). 

Nickel orthophosphates. The normal salt 
Ni,P„0,.7H.^O is obtained as a green floooulefit 
PP- by adding Na,HPO|Aq to a Ni salt ; he^tted 
strongly loses 7H,0 (Bammelsberg, P. 68, 383 ; 
Struve, Gn%.-K. 8, 648). Double salts: with 
(D^ray, C. R. 69, 40); with Mg (Rose, 


Om,-K. 8, 6u 8) ; with Na and with K (Dcbray, 
Z.c.;Ouvrard,aP. 106, 1729). 

Potassium orthophosphates. Normal salf 
K,POf. A white solid, obtained by adding excess 
of K^GO, to H,PO,Aq, and evaporating ; slightly 
soluble cold water, more soluble hot water. 
Acid salts : 1. KHPO, (Graham, Fnnko, Om.-K. 

2, 80). 2. KHjPO, ; by dissolving K^CO, in so 
ranch H,PO,Aq that blue litmus paper is turned 
red butgoesbiue again on drying. Colourless tetra- 
gonal crystals; very soluble water; at red heat 
gives Kl^, ; SiJ. 2 29 to 2'4 (t>. Om.-K. 2, 80 ; 
also Senarmont, A. Ch. [3J 33, 391; Sohiff, A. 
112, 88; Buignet, J. 1861. Xb). 

Silver orthophosphates. Normal 
AgjPO,, a yellow solid, obtained by adding an 
allglfti pho.sphato to AgNOAq (Wetzlar, Qm.-K, 

3, 918 ; Skey, C. N. 22, 61 ; Lassaigno, it Ph. 
[3] 16, 289; Joly, C. li. 103, 1071). The acuZ 
salt Ag.JlPO, forms, in white hexagonal crystals, 
from a ibiution ^ the normal salt in H,POAq 
(Berzelius, P. 2, 163 ; Hurtzig a. Geuth(!r,i4.111, 
160; Schwarzeuberg, A. 65, T02; Joly, 0. R. 
103, 1071). . 

Sodium orthophosphates. The normal salt, 
NasP0^12II^O, is obtained by adding excess of 
NaOHAq to Na^lPO,Aq and evaporating. Six- 
sided pyramids; melt at 77°; S G. 1-618 (Schill, 
A. 112, 18) ; soluble in 2 pts. water at 16°; btJtU- 
tion absorbs COj from air, giving Na.^IlP 04 Aq. 
The anhydrous salt, Na,PO„ is obtained by 
heating the salt with 12H.^O. or by heating 
NasHPO^.PJHG with NaOH in equal molecular 
proportions (Graham, Mitschorlich, Qm.-K. 2, 
163). S.G. 2-511 at 12°, 2-536 at 17-5° (Clarke’s 
Table of Specific Gravities). For experiments 
on dilTusion of the diireront Na orthophosphates 
V. /au Bummclcn, B. 11, 1075 ; Hintoregger, B, 
11, 1619 ; Tobias, B. 15, 2452. 

Disodium hydrogen orthophosphate 
Na.JlPO,. 1211,0. {Ordinary sodium phosphate.) 
Occurs in urine of carnivorous auiraals. Pre- 
pared by adding a sliglit excess of Na,,CO, to 
H,PO,Aq, and crystallising. (For preparation 
from bone-ash <fec. v. Dioxio.naby 0 / Api'Lixo 
Chkmiktuy.) 

Colourless, rhombic, prisms; for measure- 
ments V. Senarmont, A. Ch. f3J 38, 391. S.G. 
1-52.35 at 16° {v. Gm.-K. 2, 165) ; melt^ 35° 
(Kopp, A^ 9 . 3 , 129 ; v. also Qm.-K. 2, 165) ; 
einore.sce8 in air, losing 6110. 

Solubility in water (Mulder, Om.-K. 2, 16.5). 

100 pts. water dissolve Na,HPO„ 


at 0° 

2-6 pts. 

at 55° 

87-7 

5 

2-8 

60 

91-6 

10 

3-9 

66 

93-8 

15 

6-8 

70 

95-0 

20 

9-3’ 

75 

95-8 

25 

15-4 

80 

96-6 

30 

24-1 

85 

97-2 

85 

39-3 

9P 

97-8 

40 

63-9 

95 

98 4 

45 

74-8 1 

j 99 

98 8 

50 

82*5 1 

1 100 

99*4 


Saturated Na.PPOAq boils at 105°, and freezes 
at —'46° (Itiidorff). S.G. of Na,HPO^Aq at 19* 
(Schiflf, .4.110, 70) ; 2 p.o. = 10083, 4 p.o. - 1*0160, 
6 P.O.-H1025, 8 p.o. » 1-0332, 10* p.o. 10418, 
12 p.c.- 1*0603 (p.o. of lia.,HPO,.12H,0). S.G. 
■oltttion saturated at 16° » 1*0469, at 16° =» 1*0511 
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(^fiGhoI ft. Krftft, Stolba, Om.-K. 2, 1C6). Loses 
12H.p in vacuo over HjS04, or by heating to 
^100*”" ; a salt with lTi.p crystalliscyB from 
Na.^P0^Aq at 351'’ (BlQcher, Mulder, Clark, 
Om.'K. 2, 166). For vapour-pressure of water- 
. gas when the salt is warmed v. Debray (C. R. 
66, 196), Ilorstraann (A. Snppl. 8, 125), 

Pfaundler (B. 4, 773). For change of volume on 
melting v. Wiedemann (IK 17, 561). 

Absorbs IICI, probably forming NaHjP04 and 
NaCl (Thomas, C. J. 33, 27). Na.4IPO,Aq 
■ absorbs CO.^, (Pagonstecher, J. J?^21, 124 ; Liebig, 
A. 64, 349; 79, 112; Heidenhain a. L. Moyer, 
A. Snppl. 2, 157; Marchand, J. pr. 37, .321). 
The solution decomposes Nll^CWltose, Om.-K. 

2. *166) ; boiled with S forms Na.,r04Aq with 

Na.S.PjAq and Na polysulphides (Filhol a.^len- 
dere^p, C. R. 94, 649 ; 95, 343 ; 96, 10.57). For 
remarks on character of reactions of Na JlPO;Aq 
with solutions of metallic salts v. Joly, C.R.. 
103, 1129. • 

Trisodium diphosphate Na^Il3P«0«.a‘II.p: by 
exactly neutralisifig IlJ’OjAq by NaOHAq, and 
evaporating in vacuo (Filhol a. Scjidcrcns, l.c.). 

Sodium dihydrogen phospJiate NalLPO^.H^O ; 
by adding HjPO^ to solution of till 

IhiCl^q is no longer ppd. (Mitsoherlich, Ber- 
zelius, Gm.*‘K. 2, 167). A salt with 4H,D was 
cbAained by Joly a. DuiTot {G. R. 102, 1391) by 
cooling a very cone, solution. 

Double salts. 1. Sodium ammonium 
hydrogen orthophosphate Na(NII,)nPO,.4H.D 
(Microcosmic salt). Occiws in guano. Obtained 
by dissolving 5 pts. NaJIPO^.PJiip and 2 pts. 
(NH,).4lIP04 in water, adding a little NHjAq, and 
allowing to crystallise in the cold (Berzelius). 
Tiurge, clear, nionoclinio crystals; S.O, 1-5.54 
(SchifT) ; very soluble water, solution loses NHj. 
The solid eilloresces in air, losing all Nil, and 
411.^0, and leaving NaHjPO, ; when strongly 
lieated leaves Na„(POa)„. For double salts 
formed by fusing with metallic oxides v. 
Wallroth, B. 16, 3059. — 2. NaKHP04.7rL0 
(Mitsoherlich, Liebig, SchifI, Gm.-K. 2, 167). - 

3. Na(NHJ,P04.4II,0 {v. Gm.-K. 2, 220). - 

4. Na,(NUJPO,.12H,0 (Ilcr/Jeld a. Feucrlein, 
Fr. 1881. 191). — 5. Na,K,H,(PO,), .2211.0, 
and Na.,(NHJ,H;(PO,),.3K,0 (Filhol a. Sen- 
dere»«w^’. R. 94, 649; 95, 343; 96, 1057).— 
6. 2Na,P04.NaF.,TH,0; a: -19 and 22 (Baum- 
garten, J. 1865. 219 ; Thorpe, C. /. [‘/1 10, 660). 

Strontium orthophosphates. Normal salt 
StaP-Pm is ppd. by adding Na^PO^Aq or 
NapPOjAq 4-NH,Aq to excess of JifClaAq ; also 
by adding cold arnmoniacal solution of 90 pts. 
Na,JIP04.12Hp to 100 pts. SrCL in Aq (Barthe, 
C. R. 114, 1207). By pouring SrCl^Aq into 
NaaPO^Aq ajt c. 10^ gelatinous SrjPPg is formed, 
but rapidly changes to crystalline SrNaPO^.OHP 
(Joly, C. R. 104, 1702.) -i4cid salt SrHPO^; by 
adding Na-HPO^Aq to SrCl.Aq (Skey, C. N. 22, 
61 ; Berzelius, Jlrott, Wittstein, Om.-K. 2, 324 ; 
Malaguti, A. Ch. [3] 51, '346; Barthe, l.c.). 
Barthe (l.c.) describes another acid sallf 
SrH4PaOH.9^£p. 

Double salts. 1. SSrjPp^.SrClj (Devillo 
ft. Caron, A. Ch. [3] 67, 452).-2. SrKPO^ (Rose, 
Weber, Om.-K. 2, 324).- 3. SrNaPO^.OHp (R. 
W., le . ; Joly, C. R. 104, 905, 1702). 

Thallium orthophoipbates. Normal thallous 
eaihophosphate TIJPO4; by adding HaPOtAq and 


NHaAq to TlNO,Aq, or mixing T4SO,Aq ftnil 
Na.,HPO,Aq with a little NH^Aq* (Crookes, C. N 
3. 193, 303; 7, 290; 8, 169; Lamy, Bf. [2] 4, 
193). While silky mass, or needles ; insoluble 
alcohol, easily soluble NH4 salts (Carstanjeri, 
J.prr. 102, 66, 129). ficid salts.—TlR^VO^ and 
TI..HPO,.a:Hp (Lamy, Z.c.) ; according to 
Rammelsberg (B. 15, 283) the second of these 
does not exist. Normal thallio orthophosphate 
T1P04.2H,0, by adding H3P04Aq to Tl(N03),Aq 
(Willm, Dl. [2] 2, 89; 6, 354; Strecker, J. pr. 
102, 65, 129). ^ 

Thorium orthophosphates. 'Various afowiZc 
salts oi Th and K, and Th and Na, are described 
by Troost and Ouvrard (C. R. 102, 1422 ; 105, 
30). 

Tin orthophosphates. The compositions 
of the staiuious salt, obtained by adding 
Na,HP04Aq SnClj in dilute acetic acid, 
and .the stannic salt, by digesting SnO.^ with 
H.,P04Aq,aro somewhat doubtful {v. Lenssen, A. 
114, 113; Reynosos J.pr. 54, 261; Reissig, il. 
9H, 339 ; Girard, C. R. 54, 468). Ouvrard (C. R. 
Ill, 177) describes various double Sn-K and 
Sn-Na phosphates. 

Titanium orthophosphates. Various double 
salts of Ti and K, and Ti and Na, sire described 
by Ouvrard (C. R. Ill, 177). 

Uranium orthophosphates. For double U-K 
and U-Na salts, v. Ouvrard (C. R. 110, 1333). 
Johnson {B. 22, 976) describes-a salt UOa.2PPi. 

Zinc orthophosphates. Normal salt 
Zu.,PpH-'^lIp ; by ppg. solution of a Zn salt by 
Na.^HP04Aq ; pp. is gelatinous, but becomes 
crystalline. Insoluble water, easily soluble 
in acids, NH.,Aq, and NH4 salts (y. Mitscher- 
lich, Gm.-K. 3, 10; Schindler, Mag. Phann. 
26, 62; Dcbray, Bl. \2] 2, 14; Heintz, A. 
143, 356; Graham, .4. 29, 2.3). The acid salt 
ZnH,P20N.2R,0 is obtained in large, triclinio 
crystals by dissolving ZnO in H3P04Aq (‘Demol, B. 
11, 1171). 

Double salts. 1. With NH4, v. Debray 
(C. R. 59, 40),1Jette [A. 15, 129), Ilointz (A. 143, 
156), Schweikort (A. 145, 57), Bother (A. 14.3, 
356).— 2. \Vith Na, v. Schctlor (A. US, 58), 
Ouvrard (C. B. 106, 1729). — 3. With K, v. 
Ouvrard (l.c.). 

Zirconium orthophosphates. For double 
'-alts with K and Na, v. Ouvrard, G. R. 102, 
1122; 105,30. 

PyUOPHOSPHATES. Salts derived from 
H4rjO.. (For Thiopyrophosphates v. Phosphouio 
suLPniDK, Reactiotis, No. 7, p. 147 ; and for 
Sclenopyrophosphatcs, v . Phosphoric selenide, 
p. 145.) 

Aluminium pyrophosphate A1,(P20,),. White 
amorphous pp.by adding AlCIjAq to Na4P20,Aq ; 
soluble NH,Aq, Na4P20.Aq, and mineral acids 
(Schwarzenberg, A. 65, 147; Rose, A. 76, 16; 
Wittstein, Repert. 63, 224). Forms q dduble 
salt with Na (Persoz, A. 65, 170 ; Pahl, Bl. [2] 
22 , 122 ). 

Ammonium pyrophosphates. Normal salt 
(NH,')4p.20, ; by adding excess- Nn^Aq to 
H.P^OjAq and recrystallising from alcohol. Solu- 
tion boiled gives the acid salt (NH4)jHjP.40, 
(Schwarzenberg, A. 65, 141). 

barium pyrophosphate BajPgOvJcHjO. White 
amorphous solid; by adding NajP-P-Aq to 
BaClAq, or H4P,0,Aq to BaOAq. Efc^ated in 
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iieani gtyen off PH,; givei orthophosphate by 
heating with altaH carbonates (Hesse, P. bO, 71; 
Schwarzenberg, U . ; Birnbaum, [2] 7, 13D ; 
Struve, J. pr. 70, 348 ; Rose, P. 76, 20). Forms 
a double salt with Na Hiaer, P. 75, 106). 

Bismuth pyrophosphale Bi4(P,0,), (Chancel, 
C.P. 60,410). 

Cadmium pyrophosphate CdP,0,.2HaO (at 
100^) (Schwarzenberg, A. 65, 153). 

Calcium pyrophosphates Normal salt 
Ca2P.^0,.4H,0, by addigg Na.PjO^Aq to CaCl Aq, 
or CaOAq to H,P.^O,Aq ; sol. in much Na,P„0-A(f 
Amori)hous, but crystalliaea fPom solution in 
acetic acid or SO,Aq (Schwarzenberg, A. 65, 
145; Rose, P. 70, 10, 20, 230).. For action of 
heat, V. Baer (P. 75, 155). Decomposed bv 
water at 280° to H.PO.Aq and Ca^P.p^ (Reynoso, 
G. R. 34, 795). Partially dcoonifmsed by boil- 
ing with NaOlJslq or fusing with alkali carbonate 
(Rose). The acid salt Call, P,0,. 211,0 is* said 
to bo obtained by deeoini)Os!fng tlie normal salt 
by a little II,G,0,Aq (Pahl, HI. [2] 22, 122). 
Von Knorre a. Oppelt (P. 21, 709) failed to ob- 
tain this Balt, but prepared tho salt 
20air,P.,0,.Ca,P,07.CH,0 by adding CaCl .Aq to 
Na,H,P.,0,Aq. - 1 . 

Double salt CaNa, P.,0. .411,0 (Baer, P. 75, ! 
159). - ... V 

Chromium pyrophosphate Cr,(P,.0;)^. A ! 
r(>(ldish green pp. by adding Na.l‘.,0,Aq to Cr ‘ 
alum solution; soluble NaJ\(),Aq, KOJlAq, j 
BOjfAq, and mineral acids (Sehwarzonberg, A. i 
05, 149). 

Cobalt pyrophosphates. Salts having the 
composition Co,P/),, and Co,P„Aii are sui.I to 
be formed by strongly heating luteo-coball. plio.i- , 
* phatc (Braun, Fr. 3, 108 ; Gin.-K. 3, 403). i 

Copper pyrophosphates. The normal salt 
Cu^P,Pj.2Il,0, by adding Na,P,p,A(i C-kcos;?) 
to Cu saltfcolutions and drying at 1U0°^ greenish- 
white amorphous pp., becoming cryst.illine by 
boiling in SO.Aq ; soluhlo NaA^jOjAq, iNlI,,Aq\ 
and miiieral acid^ (Schwarzenberg, A. 05, 150; 
Stromoyera. GJadstoge, 3, 015). Forms 

double salts with Nil,, K, and Na ( v. Schwarzen- 
berg, In.; Schiir, A. 123, 1 ; Pensoz, A. Cli. [3J 
20, 315 ; Fletimann a. Hmineberg, A. 05, 387). 

Iron pyrophosphates. Tho ferrous salt is 
obtained by ppg. FcSO,Aq by Na^P.p,Aq; com» 
position not decided (a. Schwarzenberg, A. 05, 
Struve, J. pr, 79, 348). Tho fn ric salt 
hedPjO^),. 911,^0 is a yellowish pp., formed by 
adding mmtral FcCl^Aq to Na,P.,0,A(i {:i<-idiHed 
hcoljAq givi-a VePO^ ; Schwarzenberg). Glad- 
stone (C. J. [2] 5, 435) obtained an allotropic 
r the •ordinary salt in dilute 

ll2oO^Aq. ^ 

Double ^salts, with Na (Gladstone, l.c.i 
Peraoz, A. Ch. [3) 20, 315 ; Fleitrnann a. IP •nno- ! 

m.’ ’ Iliecklier, N. J. P. 23, 1 ; Milck, 

J. 1805. 203). » » . 

Lead pyrophosphate Pb^P^O,. A white amor- 
phous powder : by ppg. Pb(NO,),,A<i by 
a^igUjAq. Ob4ained in colourles.s, transparent, 
Ernr? prisms by dissolving PbO in molten 
KPO, (Ouvrard, C, R. 110, 1333). Soluble ex- 
WM of Na^PjOjAq, insoluble acetic acid or . 
«U»Aq; decomposed by boiling water (Stromeyer, ’ 
121 ; Gerhardt, A. Ch, '' 
m * double tall with Na ; 

[Gerhardt, U . ; OuTiard, U4. | 
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I Lithium pyrophosphate i:ii^P.O,.2Tl,,0; by 
adding Na4P20,Aq to LiClAq, dissolving in 
acetic acid, and ppg. by alcohol (Rammelsbcrg,^ 
B, B. 1883. 18 ; IMerliug, J. 1879. 1043). A 
double salt, LiaNaRp,, is formed in prismatic 
crystals by di.ssolving Li.COj in molten NaPO, 
(Ouvrard, C. E. 110, 1333). 

Magnepium pyrophosphates. The iwrmal 
salt MgjP.aO,.3H.,0 is formed by adding 
MgSO.Aq to Na,P.,0,Aq (Rose, P. 70, 10, 20), or 
by dissoljjing MgO in Na^Hrl^O Aq and heating 
(Schwarzenberg^ Gm.-A’. 2,* 448). Pp. becomes 
crystalline by remaining under litpiid from 
which it has been pp.h (Popp, [2j 6, 305), 
also by boiliiil' with S()..,A.q (Schwiirzenberg, Im.). 
The salt is obluinetl, without II 0, by strongly 
liiMling MgNH^PO,. Loses 311 l) at 100° ; fused 
with soda or heated with cone. II..SO4 give.s 
Mg, PD, (Rose; Weber, 1\ 73, 137). Easily 
.soluble. U.G1 Aq and IINO,A(j ; p])(|, jncoinjiletely 
, by NM.,Xq (Kre.s^ius; Weber). An acid ,'inlt, 
comhiiieJ with is said to bo 
I formed by evaporating to drym ss with UNO,Aq 
(Luck, Fr. 13, 255; Campbell, 7*. il7. (4] ‘it, 

, •■^'^9).^ Forms a double salt with Na (Persoz, 
A. 05, i09; Bchwarzenberg, A. 05, 140; Beer, 

: P. 75, 108). 

j Manganese pyrophosphates. The tuir^al. 
j tnanganvus salt Mnil2(),.3il/) is a white 
amorphous powder; by ppg. a salt of Mu by 
j Na,P.D.Aq (Schwarzenberg, A, 05, 133). Soluble 
i Na.lVljAq (Pahl. PA.[2j 22, 122). Loses one 
: 11 X) at 120' (S., l.c.). The salt without la 
f(»rmed by strongly heating the liydratcd salt, 
or MiilIPO,.3ini, or MnNil4pO,.n,,0 (S., Lc.; 

I ITe.inlz, Ac., Gtn.-K, 2, 475) ; white powditr, S.G. 

: 3*5847 at 20° (Lewis, Aui. S. [3] 14, 281); 
heated to whiteness in H gives MiIj^P.^Oh; re- 
duced by charcoal to Mn phosiihide (Struve, J. 
1860. 78). The acid salt MnlIi\0,.4Jlp is 
said to be formed by action of oxalio acid on 
tlio normal salt (Paid, l,c.). Various double 
salts are described with K (Pahl, Lc,; Schjern- 
ing, J.jir.\2l 4b, bib) ; with Na (Paid, Rose; 
CJiristcnsen, J. pr. [2J 34, 41) ; with Na and 
NII4 f^- Gtto, J.jm. 2, 418). "iihoacid manganic 
salt MiillILOj is said to bn formed by heating 
MnPO, witli fl.PO.Aq to 170L 190° (Chri: Vason. 

J. pr. |2j 28, 1). 

Mercury pyrophosphates. The noruial met- 
^ curoussalt Hg,PjO;.U.X) isalicavy white powfler 
obtained by adding Na,P,0,Aq toHgNO^Aq (Hose, 
(Jm.-K. ‘6,7bi; Schwarzenberg, d. 05, 133). The 
j nnnmil vicrcnric salt, iJg.,P.XL, is obtained by 
adding Na,P,,().Aq to IlgtNOJ.Aq (S., l.c. : 
Royno.so, C. 7i'. 34, 795). 

I Nickel pyrophosphate Ni, P.,0,. «A green pp. 
j by adding Na,p20; Aq to NiSO^Aq; soluble exce.S8 
I Nu^P/l.Aq, NIljAq, and acids; obtairftd crystal- 
i tine by boiling with SO.Aq; decomposed by water 
I at 280°-300° (S., l.c. ; Reynoso, l.c.). 

Potassium pyrophcjphatea. 'Yiho iwrmal salt, 

K, P.,0-.xH./), is obtained by strongly heating 
K,IIPO,; also formed by reaction of TOOL with 
KOHAq (Glad.; lone, C. J, [2] 5, 435). Loses one 
H.,0 at 100°, and is dehydrated at 300°. Solu- 
lion in water does not change toK,IIP04 on boil- 
ing (Schwarzen*berg), nor on evaporation (Glad- 
stone), but phange ia effected by heating to 280° 
(Reynoso, C. R. 84, 795) ; boiUng with KOHAq 
produces the ortho* salt The acid salt, 
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is obtained by treating the normal with acetic j 
acid and alcohol, and evaporating over 
fBohwarzenberg, /i . 65, 137). Forms a double 
sail with 2K,(NI1,)HP,0,.H,0 (S., also 
with Cr,H,(P.A).(Schjerning, J.jjr. [2J 45, 615). 

Silver pyrophosphates. Normal salt, 
a white pp. from AgNO;<Aq and Na^Pp^Aq (Clark, 
Stromeyer, Gm.-K. 3, 911)). S.G. 5-306 at 7-5^ ; : 
soluble NlTjAq, reppd. by nNO;,Aq ; boiled witli 
Na^HPO^Aq gives AgiPO^* Heated with ILPOjAq 
at 180° gives. the acid salt Ag.H.^P.p^ (ITimzig a. 
Geuther, A. Ill, 160). " • j 

Sodium pyrophosphates. The 'normal salt, ■ 
NajPaO,, is formed by strongly heating NaJlPO^ ; • 
a ^ass-like solid, becoming opaque on cooling 
(Clark, N. Ed. P. J. 7, 298) ; gives Na.jPO, ami 
PHj when heated in H (Struve, J. pr. 79, 350) ; ; 
heated with NII^Cl gives NaCl, NaPO^, and PCI, ' 
(Kose). The hydrated salt, Na^P,O,.10IJ.,O, ! 
crystallises from Na,PoO,A(i (Clark, ; von j 
Blucher,P. 60, 542) in monooliiflc crystals (Ihiiii- j 
nieisberg; Haidingfjr, P. 16, 510; Handl, W.ApP. ■ 
32, 250; Schacchi, P. 109, 365; DulTot, C. Ji. 
102, 1327). Crystallises unchanged from Aq with 
NH, or NHjCl added. Solution boiled with 
acids gives Na;,PO^Aq. Poggialc {J. PA.* (3] 41, 
273) gives solubility; 100 parts water dissolve — 


• 

Nii.P,0, 


at 0° 

3-0 

5-41 

JO 

3 95 

6-81 

20 

6-23 

10-92 

30 

9-96 

18-11 

40 

13-5 

21-07 

60 

17 45 

83->5 

. 60 

21-83 

44 07 

70 

25-62 

52-11 

80 

30-0 1 

63-40 

90 

35-11 

77-47 

100 

40-26 

93-11 

The acid 

salt NaJl.jP.p, ; 

by heating 


Nall,PO, to 190°-2()1 ■ (Graham, Oni.-K. 2, 169]” 
or by addition of alcohol to fin acetic acid solu- 
tion of Na4Pp, (Schwar/.enberg, A. 65, 1.3'.)). 
Crystallises from aqueous solution with 6H.0 
(Bayer, J. pr. 106, 601 ; Uammelsberg, B. 16, 21 ; 
Dulfet, 0, li. 102, 1327). When strongly heated 
give^r/aJIjP^O,, (Flcitniaim a. Heuneberg, A. 
66, 328). 

Double 8alts.~l. Na,(NH,),P,0,.3-Pr,0, 
03 =-6 or 6 (Schwarzenberg, .4. 65, 1-10, 112; 
Eammelsbcrg). — 2. Na.K,,P.,0,.12H.,0, and 

Na,P.,0;.NaH,,P.0;.2n,0 (S.,Z.c'; B., Z.c'.). Wall- 
roth \BI. [2] 39, 316) lias described double salts 
with pyrophosphates of Al, Be, JU, Cd, Ca, Ce, 
Cr, Co, Cu, I)i, Er, La, Mn, l\Ig, Ni, Th, Yb, Y, 
Zn, and Zr. For double salts with pyro- 
phosphates of Sii and Ti v. Wunder, J. 1870. 
359 ; 187 1 . 323. Na,l\0, seems to combine with 
B.,0, by fusing NaJ^O, witli boric acid (Prin- 
vault, C. iL 74, 1219). 

Strontium pyrophosphate, Sr.F.p,. A 
otyataUin^ powder ; from Sr(N03).Aq and 
Na^P.^OjAq ; also by heating SrHPO^ (S., l.c.). 
Forms acid salts (von Knorre a. Oppelt, B. 21, 
769); also a double salt with M a (Baer, P. 
76. 106). 

Thallium pyrophosphates. NotTnal thallous 
salt, Tl^PjO, ; by heating TL^PO^ (Doscloizeaux, 
4. CA. [4j 17, 329). S.G. 6-786. Crystallises 


I 


from aqueous solution with 2H,0 (P., The 
acid salt Tl2H..,P20,.H.p is formed by heating 
TlHjPO^ to 250°-276° (Lamy, Uammelsberg, 
Gm.-K, 3, 177). 

Thorium pyrophosphates. Double salts 
with K and Na are dcsiribed by Ouvrard (C. P. 
105, 30). 

IJranium pyrophosphates. Double salts 
with K and Na are described by Ouvrard (C. P. 
110, 1333). 

•Yttrium pyrophosphate. .Tohnsori describes 
^(P.^O,),, formed by heatftig Y.pSO^with 11 PO, 
to 316° \B. 22, 9}6). 

Zinc pyrophosphate, Zn.^P.Pj. By ppg. Zn 
salts by NUiILO; (Stromeyer, (Im.-K. 2, 832 ; Glad- 
stone, ibid. 3, 16; Schwarzenberg). Forms a 
double salt with NH, (Pette, A. 15, 129). 

Zirconium uyrophosphates. Double salts 
with K and Na are descriljed by Ouvrard (C. P. 
105, 30). • 

METAPIIOSi’H^TES. Salts derived from 
IIPO.,. The general metliods of preparation, 
properties, and reactions of the inotaphosphates 
arc described al t)io beginning of this article 
(p. 10(1); the divisions into mono-, di-, tri-, 
tetra-, and hexa- metaph isphalcs, witli the pro- 
cesse.s by whicli typical salts of each division are 
prepared, have also lieen described already (p. 
107). It will sullieo liero to enumerate the 
salts, with an indication in each case to which 
division the salt is afisigned by Maddrell, Fleit- 
mann a. Henn(?herg (<?/. Taimnann’s results 
regarding Na, di-, and tri- metaphosphalos 
p. 107). T.’s paper in J. pr. [2J 45, 417 should 
also 1)0 consulted. 

Aluminium dimetaphosphate, A1.^P,.0,^. By 
dissolving Al^Oa-frU./) in n,?0,A(i, evaporating, 
and heating to 316° (Maddrell, C. S. ^Tl:m, 3, 
373; Johnson, B. 22, 976). For iLCxa- salt v, T., 
J.p/-.[2].45,417. 

Ammonium metaphosphates. (lflI,),P.p„, 
from Cu salt by (NII,).ySAq; .at 200' 250° 
becomes mono-jialt (NHJPOa ^Flcitinaiin, A. 72, 
236). For dcca- and salts v. T.. l.c. 

Barium motaphosphatas. (1) ? Mono- salt 
BaP-p,,; by heating BaCOa with to Hlb^* 

(M., l.c . ; IG, l.c.; Bose, P. 76, 5 ; Biriil»aum, Z. 
[2J 7, 139). (2) Di- salt, Baj‘,0,.,.a-lip; from 
Na or Nfl, salt* and BaCl.Aci (F., l.c.). (3) 7Vi- 
^dlt, Ba.,P„0,s..rH.p ; from Na salt and BaCI.gVq 
(F. a. Henrieberg, A. 65, 313). (4) Hexa- salt', 

frnm Na salt and BaCl.^.Aq (Bose ; Graham, P. 
32, 6s). 

Bismuth metaphosphate. ? Tetra- salt', by 
fusing II,PO, with Bi,0,..') H,0 (F.,Z.c.)-, HPO.Aq, 
Bi.'tNO., solution and Nfl^jAti give a pp. (Porsoz, 
Gm.-K. 2, 832)! 

Cadmium metaphosphate. ? Tetra- salt (F., 
l.c.\ Persoz, Gm.-K. 3, 54). Double salts 
with Na and K (Ouvrard, C. B. 106, 1729). 

Calcium metaphosphatos. A salt is obtained 
bv heating CaHPO, ; for action of HPOj on 
CaCOj V. Koso (P. 76, 5), Liebig {A. 11, 262): 
Di- salt, Ca.jPPij.a-np ; from Na salt and 
CaClAq (M., l.c.', F., Lc.). Double salts.— 
CcAm2Pp„.2Hp (F., l.c .) ; CaNaPP* (F. a. H., 
Lc.). 

Chromium dimetaphosphate, Cr^P^O,,. By 
heating CrO,H, with HjPO, to 316° (M., l.c. ; 
Hautefeuille a. Margottet, C. B, 96, 849, 1042 
Johnson, 3. 22, 976). 
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Cobfilt iBAtaphosphatei. ? Mono- salt 
CoP,0«; by evaporating CoSO, with H,PO,Aq, 
and heating to 31 G° (M., l.c. ; H. a. /.c.). 
Dt- salt Co,^I\0,2 ; by heating roseo-cobaltic 
phosphate (Braun, Amnum. Kohaltverbimhmocn 
[Gottingen, 1S02J). ? IRxa- salt Co,r,,.0,« Thy 

CoCl,,Aq and the Na salt (Bose). Ohio '^salt (T., 
lx,). Double salt with Na (M., Lc.). 

Copper metaphosphates. Di- snUCuA\0,..; 
by heating CuO or Cu(N(),),. with to 31(;^ 

(M., l.c. ; h’., Lc.) ; obtained* with 8H,0 hv eva- 
porating CuSO.Aq inifed witli NaJ'A. (l’\ l.c\ 
f Hej-a- salt; by jjpg. CiiCl.Af {iwt CuSO.A.j) 
by the Na salt (lioso). Double salts with 
NH, and Na (F., lc. ; T., lc.). 

Iron metaphoaphate. Di-feiric salt b'e 1 V)|h ; 
by lieating FcCl, with JI.l’O, to 31G'^ (M-.'/.c. ; 
H. a. M., Lc. ; Jolinson.'il, ‘i'J, 97^). 

Lithium bexaraetaphosphate. A double 
salt LFNa,PaO,^, is described by Taminiuii^/.r.). 

Lead metaphosphates. *Di- salt I’b.P/),.; 
from Pb{N03)„Aq and tlie Na salt ; alsobv hrat iie’ 
H,PO, and PbO (F., lc.). Tri- .salt Pb.l\()„; 
from tlie Na salt and l‘b(XO,)..A<] (F. a. II. /’/.i;.). ■ 
Delia- salt, T. (/.c.). Double salt PbAm.lbO,., 
(F.. I.C.). ‘ ‘ " 

Magnesium metapbosphates. ? Mono- salt 

MgP,0,i, by heating MgO with ll.PO, (.>r., 
Lc.). Di- salt Mgoi\0,,,.adi./) ; and tci- salt . 

; from the corre:-j)()nding Na • 

salt and MgCl.^Ati (F., lc.). llcxa- salt Mg, P, .0,^ ^ 
((.Traliam, Gm.-K. 2, 211). Double 'salts, 
with NH^ and Na, v. F. {Lc.) ; F. a. H. (Lr.) ; 
M. {l.c.} ; Graham (lc.) ; Oiivrard (C. Ji. lOG, 
1729) ; Tammann (l.c.). 

, Manganese metapbosphates. Di- salt 
Mn.l\0,.j; by heating a Mn salt with 11, P(), to ' 
31G°(M., lc.; F., with 811,0 by ppg. 

(NHJ.PG A(i by excess of MnCl.Ao (F., U.}. 
7'n:. sa/nin,P„0,«.llJJ.,0; from M»i1,'l,.Aq (a '-t 
M:iSO,) and Nal’^O,,. Hc.m- salt Mn„P, 
by using Na.^Vl^ (Gtto, Kosc, Gm.-K. '‘2, ■-190; 
Braun, Lc.), Dcla- .mil Mn,yP„,|6,„ (Tammann, 
J. 2 >r. [2] 45, 417). Double salts, with Nil, 
and Na (v. F., l.c. ; Kose, lc. ; T., l.c.). 

Mercury metaphosphates. Wlutc arc 
formed by adding Na tri- and hexa- tnetaphos- 
phate to Hg{NOa)^Aq (F. a. H., lc*.; Jio.se, Gm.-K. 

8 , 754). 

Nickel motaphosphates. Ui- sa/^ Ni.,P/J, . ; by : 
lieating Ni.Pj with H,,PO, to .‘JIG-^ (M., */.c. ; 1 1, a. 
M., I.C.). //cja-sa/i Ni,P,,,0„.; by adding NiCl .Aq 
to Naj*„0, (Bose). Double salt with Na 
(M.. Lc.). 

Potassium metaphosphates. Mow,- salt 
KPO, ; by heating Kn,,PO, to full redness (M., 
Z.c. ; Graham, .Darracq, Gvt.-K. 2, 32). S.G. 
2-2639 at 14*5“ (Clarke, Am. S. [3] 14, 281). Di- 
salt K.PiOB; by treating the Cu salt with K. SAq 
(F.,Lc.). llexa- salt K,P,0„ (T., Z.c.). Double 
salt with Nil, (F.fZ.c.). Compomid with B 0. 
(Prinvault, C. li. 74, 1240). 

Silver metapbosphates. Di- salt Ag.,P.p„; 

1 Zrt* saZZ Ag,P,Og; from AgNO^Aq and the 

inn V* n cnll.. /r:' I - . Tl tt , . . 


I Sodium metapbosphates. For conditions of 
formation and general reactions v. p. lOG. The 
I following salts have been described : il/mio- salp 
NaPO^ (F., l.c. ; M., l.c. ; F, a. IL, Lc. ; Graham, 
Gm.-K. 170; Jamieson, A. 50, 350; Miiller, 
P. 127, 428) ; di- salt Na..P.,0,.2H.,() (F., lc.) ; 
in- salt Na^PjOy.GI 1 .0 (F. a. H., Z.c.) ; tetra- salt 
Na,P,0,, (F., lc.) ; hexa- salt Na„P„0„ (F., l.c. ; 
T., (h, lc.). For double salts with Na 

and Nil,, v. F. (Lc.). 

Strofttium metapbosphates. ? Mono- salt 
SrP,0„; By heading SrCO, with H,1'G, (M., Z.c.; 
cj. Bose, 1\ 7G, 8 ; Selu crer, J. pr. 75, 113), For 
a deka- salt, c. T. (lc.). 

Thallium metaphosphato. TirO^ said^to 
cxi.^t in two forms, one insoluble in water (?di- 
Baltl, and the other .soluble (liainv, Gt}i.-K. 2. 
177). 

Thorium metaphosphate ThP,0,.^ (? di- salt, 
Tli.,P,0. ); l.y he.'iting Tli(SO,)._j with 1I,,1’(.), to 
rednos.s Vohnso% 7>‘. 22, 07G). For double 
sa^ts willi K and Na, r. Troosta. Ouvrard iC. li. 
10.7, 30). 

Uranium metaphosphate. Di- .mil U,,P,.0,, 
(IT. a. M., lc.). ' 

Zin# inetaphosphates. Di- salt Zn..P,0„; by 
lieating ZnO with 11, PO, to 3.50® (F., Lc.) ; witii 
Jill) by ad.ling ZnCl.Aq to (Nil ,),P,,0,Aq. 

' ’ ' Na, ti. F. a.'TfT. 


and 

corresponding Na’ sails (F., lc.; fTb! h!, Z.V.)! 
Hexa- salt AgJ\0,8 ; from AgNO, heated with 
to 316®, or by adding NaaP„0„Aq to 
AgNOjAq (Graham ; F., Z.c. ; T., Lc. ; Bose, Ber- 
selius). Rouble salts with Al, Or, and Fa i 
(H. a. M.. Lc.). 


For double salts with Nil, and Na, 

(Z.c.); Bell e (.4. 15, 129). 

TF/rRAl‘HOSl‘IiATFrf and DEXAPHOH- 
PlI.M’FiB. Salts of the hi/pothctical acids 
1I„F,0,., and H,..P,Ai (i’- PP- 106, 107), 

Barium tetraphosphate BaJV^v A lieavy 
crystalline- powder; l.y fubing Na'P.O,, with 
BuCl, (F.a.H., ^.6.5, 313). 

Magnesium tetraphosphate Mg,P,0„. Pro. 
])ared .similarly to the Basalt (F. a. II., Lc.). 

Silver tetraphosphate Ag„17.),,,. From tlie 
Na salt and AgNO^Aq (Ber/.elius, ll 19, 331). 

Sodium tetraphosphate Na,iP,0,.,. By 
fusing N.\P„0,„ with Na,l‘.0, or Na,,FO, (F. a.ll., 
Lc.; Celsmann, A. 118, lol). 

Silver dekaphosphate Ag,.J’,uOj,. From 
the Na salt and AgNO^Aq (F. a. H., Z.c.; U., Z.c,). 

Sodium dekaphosphate Na,.J*,„Oj,. A glassy 
mass ; by fusing Na^P^Oj^ and Na,l\C :{F. a. 
n., l.c.). M. M. p. j\r. 

PHOSPHENYL CHLORIDE 7;. pjn:.vxL-(Zi. 
c/iZoro-riiOHPiiiNK. 

PHOSPHENYLIC ACID v. Pnj.NiL piios- 

I'UITEH. 

PH0SPHENYL0U3 ACID C„H..PIIO.OH. 

lienzi'uc phosphinic acid. (70 j. S. 7 23 in the 
cold ; 211 at 100°. Formed by adding water to 
0„I1,PC1.,„ and boiling (Micliaolis, A. 181, 303; 
Ji. 10, 816). Leatleta, v. sol. alcohol. Decorn, 
posc-d by hoajt into phenyl-phosphine, benzene, 
and IIPO.,. PClj forms C,jHiPC!,;.-- KA' 2aq. — 
Nil, A'. BaA'.jlaq,— PbA',j : amorphous pp. 

Ethyl ether EtA'. Oil. 

Di-ethyl ether CJl.P(OEt)- (235®). 
Formed from C„H ,PCl,j and NaOEt. Liquid with 
very powerful odour. 

PHOSPHIDES. Compounds of P with arts 
other more positive element. The chief phoa 
phides are those of Al, Sb, As, Ba, Be, Bi, Cd, 
Ca, Cu, Cr, Au, H, Fe, Pb, Mg, Mn, Hg, Mo, Ni, 
K, Pt, Ag, Na, Th, Sn, Tl, W, Zn, Zr. (Phoa- 
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phides of H are described as Phosphorus Jiydrides 
under Phosphorus.) Many pliospliides are formed 
«by heating together P and the more positive 
element in an atniosidiere of CO^ or N ; phos- 
phides are also produced by lioating 1* with 
several metallic oxides or witli salts in solution ; 
also by heating metals or their oxides in 
Phosphides aro goneially brittle solids ; many 
react witli \vat(.‘r or dilute acids, evolving 1^ 
liydrides ; some yield basic pliosphates when 
heated in air. For descriptions of tln^difTeront 
phosphides v. the individual elements. 

M. V. M. 

PHOSPHINE. PII3 IS Bometijiies known by 
tli^s name,v. PnoKi’itonus, iiYniiinK^oF, p. K*.». 

• PHOSPHINES aro the pliosphorus analogies 
of amines, and result from the replacement of 
hydrogen in pliosphmetted hydrogeui hy alkyl 
radicles. They may he classilied.like tlie amiiu s, 
into primary, Bi.'condary, and tertiary bust's, and, 
in addition, quaternary comi’#]un<ls ail* known 
analogous to the stilts of cnmpuund ammonimjits. 

Methods of iSrepnration, I. Action of the 
haloid denvatives of hiidrocarh'oi radicles on 
raetallic phosphides. It was by this rt'ae.tiou 
I hut Paul Th6nard (C. li. ill, 11 1 ; 25, H-hl) dis- 
covered the first members of tlie phosjdiine 
group in iWld -I?. Ho exj)r;rimen(ed with methyl 
(iluoride ami calcium i)hosphide, and uiiparently 
isolated Irinietliyl-phosphino, ((’d[,).P^ as an 
inert solid, uud a sulistancc fdllJiP. analogous 
to cacodylas asponlancously iiitlummable liquid, 
boiling at 250 ’, very explosive, poisonous, and 
unstable. Thcnard recogiiisetl (he relationship 
of trimethyl-phospliine to ammonia, and pro- 
dieted the existence of the tin'll undiseoverod 
organic compounds of iiitriigcM aiel aniimony. 

In 1855 Hofmann a. Cahours (7'. 1857 ; 
A. Ch. fill 011 5) invc.stigated tlm action of 
methyl iodide on sodium phosphide, ami ob- 
tained telramclhyl-phosphonium iodide in addi- 
tion to trimethyl-phosphine and the phos- 
phoi'ised cacodyl of Thenard. They found that i 
the method was dangerous, and fiivuislie.-l mix- ■ 
tures the separation of vvliieh pri'scnti d ouunnoua 
diflicultioB. 

Berlfi {J. pr. 00, 71!) about the Bamo time 
obtained very small qinnilitie.s of trieihyl- 
phosiKJine by the action at a very high tem- 
perature of ethyl iodide on Bodiuin iihosphido 
obtained by heating .sodium and phospliorus | 
together in rock oil. 

.Cahours in 1850 (0. P. 19, 87 ; J. 1859, IHO) 
prepared tetrcthyl-pliosphonium iodide by the 
action of ethyl iodide on crystallised zinc 
phosphide (obtained by heating the metal in 
phosphorus vapour at 180"). 

In 1882 Letts a. N. Collie (Tu. E. 30 pt. i. 
181) investigated the action of benzyl chloride on 
sodium phosphide, and found that letra-bcnzyl- 
phosphonium chloride was produced in abun- 
dance. 

2 . Action of organ. )-mdalUc bodies on tri- 
chloride < 1 ^ pho.sphortis. The action of zinc 
alkyls on pliosphorus trichloride was first in- 
vestigated by Hofmann a. Cahours (.4. Ch. [3] 
61), and was further studied by Hofmann {A. Ch. 
[3J 62 ; 63 ‘ 64). By this method tertiary phos- 
phines are exclusively formed: SR^Zn + 2PC1, 
= 2RaP + 3Zn01j. It is necessary to treat the 
product of the reaction with caustic potash, in 


! order to decompose the ooinpoond of the pfios* 
pbine with zinc chloride. By this reaction 
Hofmann a. Cahours obtained PMc^ and PEt„ 
and showed that they rosembic the correspond- 
ing amines in many rcsj)ects, especially in the 
readiness with which fhey combine witli alkyl 
iodides to give quaternary compounds. On the 
other hand, they provisl that, imlikc tlie amines, 

: tertiary phospliiries readily combine with oxygen 
to give very stable compounds of the general 
formuki l{,PO. 

I • 3. Action of alcohols on phosjdionium 
I iodide ; and ji Action of alki/l iodides on 
phosphonuon utdidc and oxide of xinc (liof- 
j inunn’s methods). In the year 1871 Hofmann 
1 again to*»k up the study of tlie [>h(iS|ihiiieB (H. 4, 
205), and by the action of alkyl iodides on phos- 
plmretted hydrogen obtained not only tertiary 
and qu.'ifernury compounds, but al^o primary and 
seeoiid.ary base.s. Hofm.'inu lonk advantage of, 
the fact that p}ios|Ju)nium, iodide wlien licated 
with alcohol yields phosphiiretted iiydrogeii, 
etliyl iodide, and w'ater. When pho.splionium 
iodide (1 mol.) is healed with alcohol (.3 niols.) 

; for K hour.s at 180’ the crystalline ju-odiirt is 
a mixt.uiv of IM’.IJH and Pl:]t,l, and, 011 aiidition 
of caiislic soda, triethyl-pho-pliino si parate.s as 
a clear li((uid, while the .solution gives, on 
evaporating, beautiful crystals of letrclliyl- 
)>hosphonium iodide. If the tiihe.s are heateil 
for four hoiir.s only, two layers of liquid are 
visible on cooling, and the liibes show great, 
juessure when oiu-ued. It Jiiay be t.iken for 
{.'ranted, then, that the roaetiuu occurs in two 
phases, in the first of which Ihl is lil)erated, 
which then acts upon I’ll,, in the same way as 
it act.s on ammonia. Ilofmauu employed thi.s 
method Bueecssfully in the motliyl {li. 4, 269), 
ethyl (H. 4. 2U5), propyl [U. 0, 292), butyl [li. 6, 
290), and ,amyl [B. 6, 297) Bcrics, ^lofniann 
(/». 4, 372) endeavoured to prepare the primary 
and accondaiy bases according to the equations; 
rn.I ip.,H,0--C,,H,l’U..HUH..0 
PH, I -h 2C,U,0 - (C.,H ,).,l'lilll + 2H H, 
by alleiing tho proporii(yas of phosp’honium 
iodide and ab:ol>ol, but without sueoess, the 
tertiary base being produced alone or mixed 
with the quaternary compound, while w'ith the 
)roportions rc(i'uircd for the second equation tho 
uhes invariably exploded. 

In the rnc.-intinie Hrechscl a. Finkenslein (B, 
4,352) believed that they had succeeded in obtain- 
ing tho primary bases by B.aturating EtI or Mel 
with PH „ and allowingthe solutions to remain for 
some time at the ordinary temperature, or by heat- 
ing them at 100°, and also by heating an ethereal 
solution of Znl. saturated with PII, together with 
! Mel. Hofmann (B. 4, 372) repeated these ex- 
' periments, and show'ed that only tertiary and 
. (juaternary derivatives w’ere formed. The idea 
■ then occurred to him of heating the alkyl iodide 
with phosphonium iodide rin presence of a 
metallic oxide, with the happiest results; for 
on heating a mixture of phosphonium iodide 
(2 mols.) with ethyl iodide (2 Wls.) and zinc 
onde (1 mol.) in sealed tubes at 160° for from 
six to eight hours, a complete reaction occurred, 
the tubes when cold containing a crystalline 
mass consisting exclusively of the hydriodates 
of the primary and secondary bases, tlje former 
being the chief product, while the latter was only 
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formed in small qnantitlas. The addition of 
wate/ to the product of the reaction liberated 
the primary idjosphine alone, which was dis- 
tilled off in a hydrogen ^tmosphcre, wliile the 
secondary phosphine was suh.sciiuenlly set at 
liberty by the action of an alkali. Jly means of 
this general method Hoi'inunn prepared inelh\’l 
(U. 4, 430), ctliyl (R 4, 00r>), propyl (/>’. 0, 2021, 
butyl (B. 6, 290), amyl (B. 0, 297), and benzyl 
(B, 5, 100) phosphinef^ 

4 . ini'thods. Ilofniann’s 

methods, although of excellent serviee for ob- 
taining the phosphines of those radicles whidi 
form alcoliols, could not he enii)loyid in the 
preparation of phosphines containing purely 
aromatic radicles (/?. o, 100). Micluielis, on the 
other hand, not only succeeded i« obtaining all 
the phonyl-phsspliines, but also in discovering 
a fairly general method for the production of 
primary phosphines. Tho^substaiico formitig 
tlic starting-point for the preparation of ijhos- 
phines by these methods is trichloride of 
phosphorus. One atoiy of chlorine is lirst 
replaced in that body by one or other of the 
following processes ; — 

(a) The mixed vapours of a hydrocarhoti and 
the trichloride arc rejioutedly passed tliroiigh 
a red-hot tube. Thus when henzeno is em- 
ployed ‘ phospln uyl * chloride is obtained : 

rc!3+cji,..^ (c,igm,+iici. 

(a) A mercury alkyl is heated with the tri- 
chloride under i)re;:siirc : TCI, + (C II,) Hg 
:--(C,ll,)PCl,-illg{Cdl,)Cl. 

(c) JJy digesting a hydrocarbon with the 
trichloride and aluminum chloride, tlie reaction 


chlorine is gradually displact'id by iodine: 
C,H,PC1, + 3HI- + 2nCl. Prom this 

iodide Michaelis obtained plieriyl-pho.sphino by 
the action of alcohol: 3C„ll,PlnIll + 9CJ.r„() 
= CJI.PIJ, + 2C,H,rO,H, 4 311,0 f 9C;I1 J. In 
later experiments he employed a simpler method, 
namely the destructive distillation of the phos- 
phinous (phosphiiiic) acid which, a.s already 
stated, js produced by the action of water or 
alcohol o»/ the Rubslituled chloride : oOJ IjPOJi, 
- C^ll^PR, ^ 2C*H J'OJl,. From phenyl phos- 
phorus chIorid«! Michueli.s obtained diphenyl- 
phos|.>hino by the following jeactiniis: (I) Tlu. 
chlxnido is d‘i(;e.'^ted with mercury diidienyl •at 
2(10 ’ : 

(C,ii,)pci,4 iig(C.H,),-(cjr,),p(;i t Hg('i(c..ig 
(B. H, llJOl) ; iir it is Jieated for Home time 
at 280’, wlun the following reaetiou occurs: 

(2)*l)iphenyl phosphorus chloVi do when healed 
with water or dilute soda sofution di'i ompos('s 
in the following manner: 2(C, II J.PCl 4 2I1..1) 
(G,Jf,),PlI + (C„ll,),l IPO, 4 21101 1^1 iidme lis a. 

! ({leichiflun, B. 10, 801). lie also obtained the 
h rtiary base ; at hr.sl by acting upon a mixture 
of phonyl-j)liosj)horus cliloride and broino-bcu.Z; 

I one with sodium: (C IlJPCL-l- 2(^1 l.,Pr f .’INhv 
I 2NuCl4 NaBr I hut later this 

; method was inodilied in a renjaikable way, by 
! substituting for phenyl pho.sphorus cliloride, 
j phosphorus chloride alone, the reaction occur* 
i ring (piito easily and very energetically at ordi* 

: nary temperatures according to the iu[uation : 

I r<.'i,43(C,ir,)i;i snuUi +.( 0 ,ir,),i’. 


being tho same as (1). Other substances beside.! 1 
hydrocarbons yield suli.-titutcd phosphoiua I 
chlorides when submitted to this refaction. I 
Thus a nii.vtureof acetone, PCI3, and aluminium 
chloride react spoiitaucously, according 1.0 the j 
eqnafiori: j 

2(0113), CO I I'Ci. ■ 2HC1 4- (Cll3*C0.CHJ,PCl. | 
By means of tjiesc ditTciont reactions 
Michafdis and his pnpihs have obtained a con- 
siderable number of substituted phosphoru.q 
chlorides, among which are ; Plienyl ]»hos])horiis- 
chlorido by methods 1, 2, and {B. 0 [1873J, 
601 ; 8 [18751,922 ; 12 [1879], 1009). Tolyl plios# 
phorus-chloride by method 3 {B. 13, G53). Xylyl 
phosphorus-chloride by method 3 (-1. 212, 203, 
209). Ethyl pho.sphorus-chloride by method 2 
{B. 13, 2174). Piopyl phosjdiorus-chloride by 
method 2 {B. 13, 217 i). Naphthyl pliosplioi ms- 
chloride by method. 2 (B. 9, 1051). Ac(4onyl 
phosphoriia-chloride by method 3 (B. 17, 1273). 
Tho substituted chlorides resemble PCI, in pro- 
perties. As a rule they are fuming li(piids, 
combining readily with chlorine to give solid 
compounds analogou.s to pentachloride of phos- 
phorus; treated with water, they yield phos- 
phinous (phosphiffic) acids. Thus phenyl ■ 
phosphorus-chloride gives phenyl pliospliinous ; 
(benzene phosj^inic) acid: (C,Hj)PCl,4 2H,,0 
«= (C.Hj)Pil,02 4- 2KC1. The products of addition 
wliicn they form with chlorine react with 
water to give phosphinio (phosphonic) acids: 
(C.Hs)PCl^ 4 3H,0 » (C,H,}PH,0, + 4HC1. Mi- 
chaelis was unable to obtain more- than mere 
traces o|i the primary phosphine by the action 
of nascent hydrogen on the substituted chlorides. 
V^en gaseous^I is passes into the chloride. 


,0. y1cfi(>no/ alrolioLs on a inuiiirc of p}u)8- 
pliorns (tiul pli(>s2)hoiu$ iodide. Letts a. Illako 
{Tr. K. pt. 2) have shown that very remaikablo 
rcaiflioiis occur when benzyl ah-ohol acts upon 
a luixtiiro of phosphorms and phosphorus 
iodide (in tho proportions employod for obtain- 
ing pho.sphonium iodide by the action of water), 
wlicrehy a nmnber of tho phosphorus deriva- 
; lives of benzyl arc ohlaincd. Tim action occurs 
^pontaiicotisly at ordinary tcinporalures, and, 
although its mechaiiiMii was found ditlicu.'t 
to invciligatG, tlu3 following e(juali(;iiS ac- 
■ coiint for the formation of tho difforont pro- 
fliicts:— * 

(1) 1*1,40-11 on ( n o -(c;n,)n.PO,4iii 1 1 

(2) 1*1.4-0.11,011 r 211,0 4 I - (0,ll,)n..l’0, 4 3HI 

(3) 1*1*4 20. n.oH ' = (o,n,j..iii‘o, f in 4 1 

11)PL,4 30.11-011 4 III r=(0,II,);i*0 4 2ll.,0-( 31 
(5) PI., 4 40 n on 4 4111 « (OJI,),l*I 4 411,0 4 51 
((i^PL { 211.0 n=]I,l'0.,4 11141 

{7)1*1^4 4110 t 31 =n,l’0*4 5ni 

(8) 21114 0,11 on - 0,11« 4 Ii,0 4 I, 

(9) P4l3 -Pi., 

All tho producl.4 indicated by the above equa- 
tions weru obtaine ' in (piantity, especially 
benzyl phosphiiiic acid, di-benzyl phosphinio 
aeid, and tri-benzyl phosphine oxid%, and the 
I method is uivloubtedly the easicHt and best for 
' the preparation of Ihoso substances. Whether 
other alcohols behave in a similar manner to 
benzyl alcohol with a mixture of phosphorus 
and its iodide has not yet been ascertained. 

General properties of the primary phos* 
phines. The following jirimary bases have been 
obtained: 
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• Name 

Condition 

Boilinif-jioint 

Methyl-phosphine ’ 

Gas 

-14° 

Ethyl „ 

Liquid 

25° 

Iso-propyl „ 3 

,, 

41° 

Iso- butyl „ ♦ 

yf 

02° 

Iso-amyl „ * 

tf 

100° 

n-Octyl „ ‘ 

II 

184 ’ - 187° 

J’lienyl „ » 


1«0°-101° 

Benzyl „ “ 

12 • 

^SU -183° 

p-Tolyl „ • 

Solid at 1 4° 

178° 


^ iri)fiiiftnn, If. 4, 200 . • IfofmaiinVf. 4 , 4:12, 

'• llofiiiunn, Jt. 0. 202. * llufmami. It. (i, 2'.»a. 

• lltifinurm, /t. C, 207. • Jt. 0, 1005. 

’ Michu(!liB,yj. 7, (), losa 

• irofuiiuiii, JJ. 6, InO; I.cHs a. Tr. A\ 55 pt. >. 

• MiohaoJls u. riiiR-k, A. 212, 255. 

Most of tlieprim.'iry baso.s aro liijuids, j[nsohil)le 
ill water, but soluble in otluT. They fuiuc iu 
the air, and grow 4 rery liot, their vapour igiiifiiig 
spontaneously at times. The prod nets of this 
oxidation appear to liavo been iiivesiigatrd only ; 
in a few eases, and chielly in the aroinatio ' 
series. Phenyl phosphine (Michaelis, />’. 10, H()7) : 
and tolyl phosphine (Miehaelis a. I'anek, .1. 21*2, ! 

both absorb a inoleeulo of oxygen, and are i 
converted into phospliinous (phosphinic) acids, 
which are monobasic, and therefore probably liave 
the constitution 1{PJ1(()H):0. These acids are 
readily decomposed by lieat, giving the primary 
phosiihine, and the corresponding phosphinic 
(phosphonic) acid f 2Ul»IJ.,0„ 

a reaction analogous to that which gives rise to 
phosphorettod hydrogen and phosphoric acid 
when hypophosphorous ami phosphorous acids 
are heated. Letts and Llake {Tr. E. :J5, pt. 2) 
find that ben/.yl phosphine yields a mixture of 
benzyl phosphinous (pliospbinic) and ben/.yl 
phosphinic (phosplionic) acid.s with some phos- 
phoric acid. Submitted to the action of strong 
nitric acid, many of the primary phosphines (and 
probably all) absorb throe atoms of oxygen, ami 
are converted into phosphinic (pbosphonic) acids. 
This has been shown by Hofmann [B. 5, 110) 
to bo the case in the methyl, ethyl, isopropyl, 
isobiityl, and isuamyl .serie.s. 

The phosphinic acids arc solid substances, 
which, with the lower members of the fatty series, 
can be distilled unchanged (Hofmann, D. (>, 303). 
Hut in some other instances a dilTerent reaction 
occurs; thus phenyl phospliinic (benzene phos- 
plionic) acid when heated slowly to 200“ gives a 
pyro-acid, while when rapidly heated to 250“it de- 
composes into benzene and inetapliosplioric acid: 
C^H^TI^Oa- + IirOj,, Thephosphinic(phos- 
phonic) acids are all dibasic, and no doubt have 
the structure lll’0(OH),„ All the primary phos- 
phines have distinct alkaline properties. They 
eoinbinc readily with hydracids forming crystal- 
line compounds, which can, as a rule, bo volati- 
lised (witb^dissociation more or less complete), 
and whicl/ resemble the compounds of phos- 
phoretted hydrogen in being instantly decom- 
posed by water with liberation of the phosphine. 
The hydrochlorides combine with chloride of 
platinum to give chloroplatinates. The salts of 
the primary bases with oxyacids have been 
scarcely at al) investigated. The action of ; 
halogens on primary phpsphines has not been 
siiihoientl^ investigated. Methyl and ethyl 


I phosphine take fire ..when they come in contact 
with chlorine or bromine (Hofmann, B. 4, 433, 
000). Henzyl-phosphine yields with bromine a 
mixture of its own h^drobromido and substitu- 
tion-products (Letts a. Blake, Tr. E. 35, pt. 2). 

Sulphur act.s on the primary bases. With 
tho methyl and ethyl derivatives, compounds 
have been obtained but not investigated (Hof- 
mann, II. 4, 433, 610), Witli phenyl pliosphine 
Bulpljur acts slowly in tbg cold, rai)idly at a high 
temperature (Michaelis, B. 10, 810). Two aub- 
staiiees are prot^ced, one, a thick liquid, soluble 
in ether, having the composition (CJI jPH.S, 
the other a cry.stallirie product to which 
Michaeli.s assigns tin; formula (C,iHJ').,S. The 
first of these bodies decomposes when heated in 
the follow’ing !li..anner : 

2cji,pf !.,y - cji.i^s -k an.t'Ti, H,S, 
\\heh ben/.yl phosphine is warmed with sulphur 
tlie following react i(*n occuis(fjettsa.Blakc,/.c.); 

20,HT*H, 4 OS (C,H,).,P,,S,H, + 11, S 
and the resulting pyro-ben/.yl-thiophusphinlo 
acid when boiled with water is decomposed, 
yielding niono-thio-bcnzvl iilios])hii]ie aeid : 
(C,H.),1‘.,S,TI.,4 4H,0 -2fl,lLPS(()H)., -k 3H,S. 

In view of tho analogies existing between 
nitrogen and pliospborus, consid(;rable interest 
is uttaclu'd to the action of carbonyl chloride 
and bisulphide of carbon on the primary phos- 
phines. Bisulphide of carbon aels upon both 
methyl and ethyl phosphine (Hofmann, i>. -1, 
433, 010), but the products hav(i not been in- 
vestigated. Michaelis a. Ditller {B. 12, 338) 
have studied tho action of both reagents on 
phenyl phosphine. When carbonyl chloride is 
passed slowly into that substance,' an energotio 
reaction occurs in the following manner : 

2C()C1., I C«II.PH.,- CJl,PCd,-f 2CO + 2HC1. 
Phenyl phOsphine and bi.sulphidc of cfn bon act 
upon each other when heated in a sealed tube at 
150°, and sulphuretted hydrogen is liberatcil. 
'i'bc product of the reaction a resinous body 
(^iH.J*UCS).,y, and the rotaction itself proceeds 
according to the equation 
I 2C,H,PH, 4- 2CS, - (CJl l'H(\S),,S t- H.S. 

Michaelis a. Dittler wore not sueci ssfiil iri their 
I attempts to prepare a phosphorised mustard oil 
Iroin this compound. 

'■ They were equally unsuccessful in obtaining 
a pho.s])horiscd carbylaniine by the action of 
chloroform and caustic potash on phenyl phos- 
phine. It is true that a reaction occurs', but its 
course is completely dilTerent from that which 
takes place with an amino, viz. : 

C„H,PH., 4- 4 KHO + CHCl, = 

0«H,PHKO., f 3KC1 4- CH,0^ 4- H,0. 

It thus appears that, in their behaviour with 
I carbonyl chloride and a mixture of caustic 
potash and cliloroform, primary phosphines 
behave in an entirely dilTereid; manner from the 
I corresponding amines, though there is a certain 
j degree of analogy as regards the action of both 
I on bisulphide of carbon. Thist difference is no 
doubt due to the strong affinity of phosphorus 
for electronegative elements, such as the halo- 
gens, oxygen, and sulphur. Chloracotio and 
bromacctio acid react with benzyl phosphine, 
and chloroformic ether appears to form a 
product of addition (Letts a. Blate, l.c.). 
Probably other phosphines act in a siinilar 
manner with these reagents. 
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Primary phospliines teadiiy combine with \ 
ftlhyl iodides to give hydriodides of secondary ’ 
phosphines. ! 

General properties of the secondary phos* - 
phines. The following* secondary pliosphines • 
have been obtained : i 

Name j Coiiilitinn ! | 

Dimethyl phospliine ' J.iiinid , 2.>“ i 

Di-ethyl „ • - | j ^ | 

Di-isopropyl „ ^ * 

Di-isobutyl „ ‘ i „ 

Di-isoamyl „ M ,, 21(1^-215° 

Di-phenyl ® 2so ' (about) 

Methyl-isopropyl., ■ „ 

Iso-propyl, ; ; 

. isobutyl „ “ „ * ! i;U)'^-140® 

* Dci;(iinj»os(>s I 

Di-benzyl „ * ^ ? wIkmi boilrd 

' noftuiuin, Ji. 1, UlO. * tli'fiuaiiii, ft. -I, 

■ fN<l. li. c, 'J'.i t. * //•/'/, It. n, 

• m<i. R. (5, 21>H. • R. 1.5, KOI \. 

’ /(' (./. R. (j, 2'J.5. ■ iruttoann, R. ti, oOO. 

• LiiUs ii. l.c. 

All the secondary phospliinf'.s obtained as | 
yet arc liquids, having a powerful odour, '.riiey 
are insoluble in water, but soluble in ctluir Ax*. 

They havo as a rule a strong attraction for 
oxygen, fuming and growing hot on exposure to 
th'^ air, and often intluming spontaneously. 
In some cases they apjicar to have oven a gr<-at«;r 
tttlinity for oxygen tbaii the primary bases. 'I'liis 
is so according to Hofmann with all tho socotid- 
ury pli 03 j)hines of the fatty series which ho ob- 
tained. But apparently it is not the case with 
(liplienyl phosphine. Tho products of this 
spontaneous oxidation do not appear to havo 
lieeri eAmined except in tho caso»of dibenzH 
})hoi3phine, which yields dibenzyl phosphinic 
(idujsphoiiic) acid and possibly tho oxide also | 
(C,Hj) 3 rO (Iietta a. Blaho, l.c.). But the pro- 
ducts of their oxidation by nitric acid have been 
inves! igalod, cbietly by Hofmann {B. d, 101 ; 0, 
3011). Tiiese are in all cases phosphinic at‘i<ls, 
RJTTO.,., which are monobasic, and no doubt 
have the constitution K,iT'OH)«0. 

These acids are probably also produced whtn i 
the chlorides K.PCl are oxidi.scd by nitric acid. 1 
Such is at least the case with (G^jII-j.jPCI. Smne 
of them can be distilled unchanged, ^.fj. diim thyl 
phosphinic acid ; others, c.f/. diphenyl and di- 
benzyl phosphinic acid, lose water, and gi\i! pyro- 
acids. 

Secondary phosphines combine with aoid.s, 
the resulting salts being far more 8tal>le tiian 
those of the primary ba.ses. Thus in most cases 
they are not decomposed by water, though some 
are {e.g. salts of diphenyl- phosphine). Com- 
paratively little known regarding secornlary 
phosphines, and very few of their compounds 
have been investigated. 

Sulphur a*s upon them, and in the case of 
diethyl phosphine, according to A. W. v. Hof- 
mann a. Mahla {B. 25, 2436), triethyl phospfiine 
sulphide and diethyl dithiophosphinic acid. 
PEtjSSH are formed, together with a third sub- 
stance which probably has the composition 
PSEtj.*.S.S.PSEtj. Bisalphide of carbon also 
acto upon them, but the pipducts do not appear 


to have been investigated. They readily com- 
bine with ^kyl iodides, giving hydriodides tf 
tertiary phosphines. 

General properties of tertiary phosphines. 
The following tertiary bases liave been obtained : 


Niiiiu* Coiulitiou Boiling-point 

TrimcGiyl pliospliim3 ' Liquid 40'’-42® 

Tri-ctUyl „ - „ 127*’ 

Tri-isoi(^opyl ^ „ ? 

Trii.Kcbutyl „ * „ 215^ 

Tri-isoaniyl „ * ,, about 300*’ 

Tri-phenyl „ Solid ; above 360° 

Tri-benzyl * „ „ „ * 

K thy 1- isopropyl - 

isobntyl „ * l/Kiuid about 100° 

M< thyl-diphcnyl ,, ^ ,, 2S4° 

Kthyl-diplicnyl ,, " ,, 203° 

Di-i.‘ih;il-piicnyL „ „ 220° 

Di-mctljyl-cthyl ,, " „ 

rTi-cthyl-motliyl „ •„ n0°-112° 

Di-ethyl-propyl „ >=* „ • M6°-140° 

Di-cthyl-isoainyl „ „ IHo'-’ lS?'^ 

Di-ctUyl-bcnzy( „ ,, 2o2°. 265° 

Ethyl-di benzyl „ "■ „ 320°.-330° 

Dinjothylp-tolyl „ ' „ 210° 

D i -ethyl jr)-tol \ 1 „ *’• „ 240°- •• 

Dimethyl xylyl „ ' " “ „ 230° 

Diethyl xylyl „ „ 260° 

• * Tfofmann ii. (’ulioiirs, A. (% [31 61, 35. 

• ♦ • Ilofiiiann, R. t!, 304, 

• M R. 1.5, 801. •• I.I'Um si. Illako, U. 

’ Ilnft.iaim, n. 6. .301. • Mirliuiilis, A. 181, 3«, 

• *'* Mi. tiaclisa. Tank, A. 107,210, 

II i-i 15 .4 I* i« (4 j 

IT I* I» »• 15, 2"1 », 

The tertiary ph«).spliines hitherto obtained 
are, with the exception of tripheiiyl and tribenzyl 
jdiospliine, liipiids at ordinary temperatures, 
having a powerful odour. They are insoluble in 
water, but soluble in ether Ac. As a rule, they 
oxidise rapidly in contact with the air, fuming 
and growing hot, and in somn cases igniting 
spontaneously. I'ho product of this oxidation 
is a tertiary phosphine oxide of the formula 
UjFO, and, no doubt, of the constitution Il,P:0. 

Tho final pioducts of the oxidation 'A phos- 
phnretted hydrog»;n, and of primary, secondary, 
and tertiary pho.spliines, are therefore respec- 
tiv(dy: H,'rO,. Biyo,, KBIT).,, 11, PO, tho 
amount of oxygeJi absorbed by the pJiosphine de- 
creasing in a regular manner as tho series is 
ascnidod. 

The oxides of tertiary phosphines are solid 
substances of remarkable stability. They can 
i in the majority of cases be di.stilled, and even 
boilcil with nitric acid, without change. By no 
mcan.s as yet discovered can they be reduced. 
Hydracids combine with them, and they give 
ciy.taliine cornpound.s with a number of metallic 
salts, such as the chlorides of jdatinum, zinc, 
mercury, iron, cobalt, &c., also in some cases 
with chloride of acetyl, bromine, aiW sulphur. 

! Tertiary phosphines also combine with the 
elements of the sulphur group, forming com- 
pounds analogous to the oxides. 

Tho salts of tertiary phosphines are readily 
obtained by dissolving the basc.s in acids. They 
are stable, and are not, as a rule, decomposed 
by water. Their compounds with hydracids 
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have been chiefly studied ; those containing ozy- 
acids have not been investigated (with very few 
%xoeptions). The haloid salts dissociate to a 
greater or less extent on heating. Their hydro- 
chlorides combine with chloride of platinum to 
give chloroplatinates of normal composition. 

Some of the tertiary phospliinea combine with 
ohloracetio acid to give hydrochlorides of phos- 
phorised betaines. At present only two or three 
of these substances have been obtained- tri- 
methyl phosphorus betaine by Meyer {U. 4, 7B4), 
the corresponding ethyl dbrivatite by Hofmann 
(Pr. 11, 630), and in addition to these two the 
closely allied compound, tri-methyl phosphorus 
beiasO’betaine hydrochloride, by ilichaelis a. 
Ozimatis {B. 16, 2018), (CII,),PCl.CJI,.COOII. 

The compounds of these phosphorised betaines 
are stable and well-defined substances. Letts 
(2V. E, 30, pt. 1, 285) has investigated the re- 
actions and decompositions of the ethylal^d body, 
which are of some interest. * 

The hydrate an^l the salts of this betaine Idso 
carbonic anhydride when heated, and give rise 
to the hydrate or salt of mcthyl-tri-ethyl-phos- 
phonium , 

(C^,),PX.CH,.COOn CO, + {C,TI,)3PX.CH3, 
a reaction which is entirely analogous to that 
o§gprring when the corresponding sulphur com- 
pound8(i/u;f inc.fjare heated :(CH,),SX.CH...COOH 
= 00,-h(CII,)2SX.CH,. While it is perfectly 
different from that which the true (nitrogen) 
betaines experience, as they either dissociate 
into the original trialkyl-aYnino and the group 
X.CH,.COOH (or the products of its decomposi- 
tion), or distil unchanged (Bruhl, A. 177, 214). 

Treated with caustic ])otasb, all the salts of 
tri-ethyl phosphorus betaine yield tvi-cihyl phos- 
phine oxide : (C2H,),PX.CH,.COOH-i-2KHO 
{CM,),VO -I- KX CIL,.COOK + 11,0. 

Several of the tertiary phosphines combine 
directly and energetically with a molecule of 
bisulphide of carbon to give highly charactcrrstic 
compounds, usually of a red colour, and possibly 

o 

having the constitution, B,P<^^.g. So charac- 

teristio and so readily formed is this compound in 
the case of tri-ethyl phosphine, that its produc- 
tion may be employed as a test either for bi- 
sulphide of carbon or for the pliosplune itself. 
As yet these (bisulphide) compounds have been 
obtained only with methyl, ethyl, and iso propyl 
phosphine, and with those of the aromatic phos- 
phines containing ethyl or methyl groups. 

According to Ozimatis {JJ. 15, 2016) those 
mixed phosphines combine very easily with bi- 
sulphide of carbon if they contain methyl, the 
readiness with Avhich combination occurs dimin- 
ishing, however, in proportion to the molecular 
weight of the aromatio radicle, while, if they 
contain ethyl, combination occurs only slowly 
and with difficulty. Hofmann (2V. 1800, 431) 
has somewhat exhaustively studied the compound 
of tri-ethyl phosphine and the bisulphide, which 
forms with Explosive violence. Among its pro- 
perties are the following: It is insoluble in 
water, difficultly soluble in ether, but easily dis- 
solve in hot alcohol, from which it separates on 
cooling in red needles like chromic anhydride. 
From an ethereal solution it is deposited by 
i^ntaneous evaporation in large deep-red mono- 
oUjiio aystaUi exhibitiiig diohroism, which melt 


at 95° and volatilise at 100^. It Is soluble in 
strong hydrochloric acid, and if the solution is 
mixed with platinic chloride, a yellow amorphous 
compound is produced, 2(0,H4)3PCS.j,Pt01|. 
When heated with silver oxide or nitrate, it 
is decomposed as follows: (C2Hs)jPCS3 + 2Ag.,0 
«Ag.S + Ag2 + C02+ (C,,H5)3PS, and moist air 
produces a similar ciiange. But if is heated with 
water to 100°C., the following reaction occurs 

4CC.H.\rcs,+2H,o , 

=2(OaH, ),PS +(O.H,).PoV (O^L),(CH,)POH + 3CS,. 

Heated with sulfihuretted hydrogen, it suffers 
the following change : 3(C.H,).,PCS2 + H.,S 

= 2(C2H,),PS + (CH.,S)(CiIj2PCS2 + CSj. 

The action of halogens upon tertiary -phos- 
phines has not been very fully studied. Probably 
direct addition'would occur in all cases. This 
has been proved to take place •‘with tri-ethyl 
phos]fiiino if the halogen is allowed to act very 
; gradually upon it. *■ The chloride (CoHJiPCl, 
thus obtained is crystalline, moltiiig at !()()'’ and 
volatilising readily, though its boiling-point is 
j high. Similar compounds of bromine and iodine 
j have been obtained. 

I Compounds of tri-metkyl and tri-ethyl phoa- 

■ phine with mustard oils are formed easily, anfl 
give crystalline hydrochlorides. They, no doubt, 
have the constitution, S:C:NR:Pll3. 

[Wo/c.— Some of the aromatio tertiary phos- 
; phines, especially tri-phenyl phosphine, have 
properties which differ materially from those of 
other tertiary phosphines. Thus tri-phenyl 
pho.sphino is a crystalline solid having scarcely 
any odour, and it does not oxidise spontaneously. 
It is remarkably stable, and is not attacked by 
chlorine even when heated. The hydriodide and 
hydrochloride arc formed when it is dissolved in 
the warm concentrated liydracids, and are crys- 
talline, but bn adding water they dissocifito. By 
treating the phosphine with bromine and an 
alkali, or by oxidising it with hydrochloric acid 
and chlorate of potash, the hydrate (C JIs)3p(OH),2 
is obtained as a crystalline solid. This when 
heated to 100*^ readily loses water, and is con- 
verted into the oxide, a substance which is not 
acted upon by bromine, oxygen; sulphur, itc. By 
dissolvijig the phosphine in faming nitric acid a 
^ nitrate of tlie formula (C„H.)3P(N03)2 'is ob- 

■ tained.] 

; Tertiary phosphines, Apparently without ex- 
' ception, unite with alkyl iodides to form phos- 
I phonium salts. 

I General Properties of Quaternary Compounds 
(PJwsjthoiiium Salts). So many of these bodies 
have been obtained that a list appears inad- 
; visablo. It would include derivatives of tho 
series CmH^,,;.! to the 5th term, one or two of the 
series 0„H.>rt_7, and a largo number of mixed 
phosphoniuras containing various radicles, 
among which are vinyl, allyl, and ethylene. 

The phosplionium salts are the most stable 
of all organic phosphorus compounds. None are 
decomposed by water, and most cl! them can be 
ob^ined readily in the crystalline state by 
evaporating their solutions. 

As a rule, they are soluble in watdlr and in 
alcohol. They are readily prepared from their . 
iodides, either by double decomposition ^ith a 
silver salt, or by first obtaining their hydrates . 
(bj the action of mflist oxide of lilver), and 





tH 


itilMidqtlently neatralising ih<»' solution with the 
aoid. 

The hydrates B^POH are solid substances, 
having a powerful alkaline reaction and many 
properties similar to those of an alkali. Indeed, 
in the case of tetrethyl phosphonium hydrate, 
the only remarkable point of difference between 
it and caustic potash (so far as its reactions 
with metallic salts Ac. are concerned) is that, 
when added to a zinc or aluminium salt, the zinc 
or aluminium hydratS, which is at first precipi- 
tated, is insoluble in an exces^. Phosphoniinn 
hydrates are decomposed when heated, and in 
some cases, when their solutions are boiled or 
at the moment of production, into a tertiary 
phogphine oxide and a hydro carbon, 
ll,POII = ll3rO + ltj H. 

The action of heat upon the salts of the 
phosphoniuins has been investigated • in a 
number of cases, partly fcfr Letts and N. Collie 
*(Tr. K. 30, part 1, 213; August 1880), 

and partly by the latter chemist alone. j 

As regards the haloid salts, the chlorides de- i 
compose almost quantitatively into a hydro* ' 
carbon and a tertiary phosphine hydrochloride ! 
^Collie), furnishing an excellent method for ' 
* retrograding ’ from quaternary to tertiary ' 
bodies. 

* When the phosphonium chloride contains 
Bcveial ethyl groups, then if more than one of (he 
latter is present, ethylene is always formed, c.tj^ 

(C,H,)3(C,H,)PC1 = (CJiJ,(C;H,)P.HCl CJl,. 
But when only one ethyl group is present, then, 
although etliylene is still formed, two decoinpo- 
sitions occur, e.g. (1) 

2(C,II,)(CIl3)3PCl - 2(C3n,)(CII.,) P.HCl + C,IT, ' 
(2) (C jl,)(CH3) J'Cl - {Cll,),l\llC] + c,n,. 

If we compare the decomposition by heat of 
pliosphonium chlorides witli the dTcornposition 
of any of the compound ammonium salts, it 
must be with tjie hydroxides and not with the 
corresponding chlorides * (Collie, G, J. 1888, 
030, 711), e.g. • 

(C..H,),PC1 = (0,H,).,P.IIC1 + CJl, 
(C;H.),N0H = (C..H )3N + CJI , + 11,0 
(aH,)3(C,H,)P(OHj = (OHJ^PO + C JI, 
(CjH,),(CH.)NCl = + CH,C1. ^ 

The effect of heat on phosphonium salts de- 
rived from oxyacids is completely dilleiciit. In 
the case of tlie ethyl series at all events, they ^ 
suffer, as a rule, at least two, and occasiomilly i 
three, different and distinct decompositions. In | 
one of these the molecule splits up into three j 
now groups, consisting respectively of carbonic i 
anhydride, a (paraffin) hydrocarbon, and the ter- | 
tiary phosphine. In the other, two hydrocarbons I 
are formed -namely, an olefine and a j)araffin- - in j 
addition to carbonic anhydride and the tertiary j 
phosphinb. WMlst in the third, a totally differ- i 
enl change occurs, in which only two products 
are formed— namely, the oxide of the tertiary 
phosphine and a ketone, 

(l) EVP<®l.jj,.Et.P + CO, + C,HJJ.. 

(9) Et.P<|^f-Et^ + CO,+C,H. + BH 
P) + OA-COi. 


It is possible, if not indeed probable, that the 
third reaction occurs subsequently to the first, 
and that it really depends upon the reducing 
action of the triethylpbosphine upon the carbouio 
anhydride, at tlio high temperature at which the 
decomposition usually occurs, whereby carbonic 
oxide is liberated, which combines with the 
hydrocarbon radicle in statu nascendi^ forming 
a ketone : 

lit,P+ CO.. + (Et) + (R) » Et,PO 4 EtCOR 
(or Et> + (0 JJO ~ K) + (Et) - Et^PO + EtCOR). 

If wc merely consider the third kind of de- 
composition alone, it appears to be, to a certain 
extent, analygoiis to the,deconij) 08 ition which a 
sulphine compound suffers when heated, ^he 
difference depending on the greater attraction 
which phosphorus bus for oxygen, compared with 
that of sulphur for the same element. In both 
cast's a hydrocarbon grouj) is detached from the 
moleci#e, and oiso the residue of the acid, but 
wjiile with the sulphur coinjmnnds these two 
simply combine (ferming a ctJInpound ether), and 
leave a hytlrocnrbon sulphide, in the case of the 
phosphonium salt the acid resitluo is reduced by 
the tAtiary jdiosphine, and the group thus left 
combines with the hydrocarbon radicle, forming 
a ketone. 

Thus — . ■■■• 

- Et,S + EtOOCB. 

A result of this kind is in perfect harmony 
with the views expressed by Crum Brown and 
Letts (Tr. K. 28, 371 ; Letts, Tr. E. 80, 285) re- . 
garding the analogies and differences existing 
between phosphorus and sulphur and their com- 
poumls. 

When the phosiibonium salts contain ethyl- 
ene they suffer a different decomposition under 
the influence of heat; at least this has been 
ascertained to he the case with the bromide of 
bromo-ethylenc-triethylpliosphoniura, and the 
bromide of hydroxy-ethylene-triothyl phos- 
phoniurn, which decompo.so as follows (Hof- 
mann) : — 

C 3 lI,Br.P(C.JI,) ,Br = HBr + (C.JI,)(C.,H^) 3 PBr 
C3ri,(OH).P(C;ilj3Br = HP + 
and also in that of the hydrate of ethylene-hoX« 
ethyl diphosphonium, which decomposes ac- 
cording to the equation: C.H,(P( 0 . 3 Hj), 0 H) 

= C^H. + (C^J I,),? 4 (C,H J 3 PO + lip. 

Masson and fcrklaiid (C. J, 1889, 12C) have 
studied the action of bromine and chlorine on 
the salts of tetrethyl phosphonium, the results 
showing a very close similarity between the poly- 
haloid derivatives of tetrethyl phosphonium and . 
those of trimethyl sulphine and of tetramethyl 
ammonium previously described by Dobbin and 
Masson (C. J. 1885. 66; 188G, 846). The ten- 
dency to form solid poly-haloid compounds is, 
however, more marked. For the itble, contain- 
ing a list of the new substances, the methods 
of forming them, and their chief properties, the 
original memoir should be consulted. 

Organic Fhosphoms Compounds which oaa» 
not bo placed in any of the above Groups.' 
A phorphorised cacodyl (CEJ.?* (the methyl 
analogue of liquid phosphorettra hydrogen) was 
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obtained by Th^nard {C. B. 21, 144, 25, 829) by 
|be action of chloride of methyl on phosphide 
of calcium, and is interesting not alone as being 
the sole representative (as yet prepared) of its 
class, but also as having been probably the first 
phosphine obtained. Th6nard describes it as a 
colourless, highly refractive liquid, of an odour 
recalling that of cacodyl itself, insoluble in 
water, and boiling at about 250°. It inflames 
spontaneously in conlaot with air, but if oxidised 
slowly gives a cryslalline acid ^CH;,),t^20,,- 
(CH,).^H02 (^dimethyl phosphinie acid?), analo- 
gous to cacoaylic acid. Treated with an excess 
of hydrochloric acid, it is converted into tri- 
m^yl phosphine, and a solid yellS'w substance 
(CH,)jjP 4 (which is also formed in the original 
reaction), and which Th6nard regarded as the 
methyl analogue of solid phosphide of hydrogen. 

Miohaelis (B. 10, 807) obtained a substance, 
which he named diphosphcyiyl o\r)liospho*bcnzene 
OjHj.PrP.CjHj (corresponding to azobenaene), J)y 
the action of phoi^l phosphorous chloride on 
monophenyl phosphine C^H.PCU + C^HsPIL- 
(CuHj).^j-f-2HCl. It is a pale-yellow powder, 
insoluble in water, alcohol, and ether, but readily 
soluble in hot benzeno, and is slowly oxidised by 
the air to (OrtllJaP.p. Treated with chlorine, 
phenyl phosphorous chloride is rcgcncruted. 
With nitric acid it is oxidised to phenyl phos- 
phinous (benzeno phosphinie) acid O.jHjPHPj 
if the acid is dilute, but to phenyl phosifliinic 
0Gnzene phosphonic) acid 0,ill,riL0., if the 
leid is strong. Treated with hydrochloric acid, 
it reacts so as to regenerato the substances from 
which it is formed. 

Miohaelis {B, 7, 490) also obtained a sub- 
stance, which he called di-pthospliO’hmzenc hy- 
drate 0,Hj.P:P.0H, by the action of spontane- 
ously inflammable phosphoretted hydrogen on 
phenyl phosphorous chloride. It is a yellow 
powder, soluble with case in bisulphide of carbon, 
taking fire on exposure to air, and oxidised by 
nitric acid to phenyl phosphinie (benzeno phos- 
phonic) and phosphoric acids. In addition to the 
above, Miohaelis (J5. 11, 885) obtained a phenyl- 
afed solid phosphide of hydrogen (0^11., )riP^ by 
treating phenyl phosphorous chloride with a 
quantity of water insulflcicnt for complete decom- 
position (for instance, by keeping it in a badly- 
■toppered bottle). It is a dark-yellow amorphous 
body, having a faint odour of phenyl phosphine, 
soluble in hot bisulphide of carbon, but insoluble 
in water, alcohol, and ether. Treated with 
chlorine it reacts as follows: (C„Hj)HP4-t-6Cl.,=* 
8PC1| + (CjHj)PCl, + HCl. Nitric acid oxidises 
it to a mixture of phenyl phosphinie (benzene 
pbosphonio| and phosphoric acids. 

The action of phosphonium iodide on alde- 
hydes has been studied by Girard (.4. Ch, [7] 2, 
50), while that of phosphoretted hydrogen and 
hydrochloric acid on the same bodies and on 
ketonio acids has been investigated by Messinger 
and Engels ^9. 21, 328, 2919). Girard obtained 
products of addition containing four molecules 
of the aldehyde (valeric, propionic, salicylic, and 
benzoic) to one of phosphonium iodide. 

Messinger and Engels obtained similar bodies 
by acting on the aldehydes with hydrochloric acid 
and phosphoretted hydrogen. The compounds 
thus formed are for the greater part solid, crys- 
talline, and fairly stable* By treatment with 


water they are decomposed, and tfie aqtiehas 
solution gives the reactions of hydrochloric acid 
and phosphoretted hydrogen. Their constitu- 
tion is probably represented by the formula 
(11.CH0H)4PG1. ChlOJide of totra-hydroxy- 
ethylidene phosphine (OjHjO)4PCl is decomposed 
by caustic potash into the free phosphine 
(C,HjO),PC,H 40 and the hydrate 
Benzaldehyde and its mono-nitro- derivative 
give compounds which differ from those obtained 
iq the fatty series in ^hat they contain no 
hydracid. t; 

Messinger and Ehgels have summarised the 
results of their researches as follows : (1) Phos- 
phoretted hydrogen does not act on an aldehyde 
alone, but is absorbed if at the same time a 
hydracid is present. The absorption occurs 
more completely if the aldehyde^s largely di- 
luted with ether. (2) The aldehydes of the fatty 
aeries combine with a molecule of phosphoretted 
liydrogen and a molecule of hydracid, while* 
those of tho aromatic series combine with phos- 
phoretted hydrogen only, though in order that 
the conipoiitul shall be formed tho presence 
of tlie hydracid is necessary. (With benzoio 
ahleliyde tho compound has the formula 
(C^HjCOH) iPHj.) (3) The phosphorised deriva- 
tives of the fatty series have an unpleasant 
smell, and are decomposed by water, while those 
of the aronialic series have no odour, and are 
nearly inaoluhle in water. All are soluble with 
dilliciilty in ether, and in some cases arc in- 
soluble. 

By tho substitution of a kctonic acid for an 
aldehyde in tho above reaction, compounds are 
produced in certain cases. Thus iHovulic’acid 
gives an oil, and pyruvic acid a solid compound, 

“ (“‘•-p-”)’'' 

which is a well-defined crystalline body, having 
neither basic nor acid pr^^perties, soluble in 
alkalis with decomposition, and also decom- 
posed when healed with acids. It dissolves, 
however, without change in glacial acetic acid, 
and crystallises «out oil cooling. Boiled with 
Witter, it is decomposed into the substances from 
which it was originally produced. It forms 
crystalline compounds with aniline, phenyl hy- 
drazine, and toluene diamine. E. A. L. 

PHOSFHINIC ACIDS. Tlio name oxy-ethyl- 
phosphinio acid has been given to the acid 
CHMe(OH).PO(On).^, which is got from aldehyde 
by successive treatment with PCls and water. 
A more appropriate name for this acid is, how- 
ever, oxy-ethane-phosphonic acid, tho term phos- 
phinio acid being reserved for acids RT(OH)j 
containing trivalent phosphorus. 

PHOSPHINO-BENZENE fiJI.POj. Phos- 
phenylic anhydride. [100°]. Formed from 
phosplienylio acid and POCI, (Miohaelis a. Rothe, 
D. 26, 1747). White crystalline Jowder, v. sol, 
water, being reconverted into phosphenylio acid. 

PH08PHIir0..^f.CUMENE 0,HaMe,PO- 
[216'^]. Formed from C,H 2 Me,.PO(OH), and 
aH^e^OCl, (Miohaelis a. Rothe, B. 26, 1749). 
Plates (from benzene), ▼. e. sol. ohlo^oform. 
Convert byhotwater-into^oumenephoqihoiiio 
•oid. ^ 
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PHOSPHniO-TOLCTENS 0,H,Me.P0,. Tolu- 
ene phosphonic anhydride, [101°]. Formed 
from O^H,.PO(OH)j and C;Hj.POClj (Michaelis 
ft. Bothe, B, 25, 1748). Converted by water into 
tolnene phosphonic acid. 

PHOSPHITES. Salts of the acid H,PO, ; v. 
Phosphords, oxyacids op, p. 151. 

PHOSPHO-. Use of this prefix applied to in- 
organic compounds ; ior phospho- acids, plwspho- 
edits, V. the acids, salts, &g., to which 
phospho- is prefixed!. Thus, phosphomolybdio 
acid and phosphomolybdates §re described under 
Molybdenum, acids op, and their salts. 

PHOSPHO-AMIDO-BENZENE SULPHONIC 
ACID PO:,H,.NH.C«H,.SO,H. The chloride 
CfiHjNSPOaCia [IfiS'^J is formed from p-amido- 
beiizeno sulphonio acid and PClj (Laar, J. pr. 
[2J 20, 250)^ It is converted by McOll and 
alcohol into MejA'" [114°J and Et^A'" [102 j ro- 
spectively. § 

PHOSPHOBENZENE C..H,P:PCJl3, [150°]. 
Formed by slowly adding CuH ,Pn^ to C„1I,PC1.. 
in a current of H (Kohler a. Mioiiaelis, ii. 10, 
812). Yellowish powder, insol. water, alcohol, 
and ether, sol. benzene. On exposure to air it 
^is oxidised to (CJIjP)^. Dilute IINO3 oxidises 
it to phosphenylic acid. Chlorine, diluted with 
COj, forms CJIjPClj. Cone. HClAq forms 
phenyl-phosphine and CJL.POJI,. 

PH08PH0NIUM COMPOUNDS. PH^ com- 
bines with the halogen acids HX to form com- 


20 atmos. pressure at 14°, or by cooling to -25° 
under ordinary pressure (Ogier, G, B. 89,. 705^. 
Skinner (Pr. 1887. 283) found the critical temp, 
to be 48° under 95 atmos. ; and the maximum 
vapour-pressure line to be below those of HCl 
and PH, at all temperatures ; from — 30° to 10° 
the line was normal, above 10° combination 
began; at temperatures near the critical the 
volume of licjuid PH^Cl formed was nearly half 
that of the liquid constituents. 

PiicifruoNinM HYDJioxiDE. (?)PH 40 H. Wlien 
PHj is strongly compressed in presence of water 
the PH, liquefies and fioats on the water. If the 
pressure is now suddenly decreased, white crys- 
tals are fdlmcd; tliese crystals are proWfbly 
PiljOH (no analyses have been made). The 
production and dissociation of the crystals occur 
at detinite pressures and temperatures. No 
formation occurs above 28° at any pressure. 
The mf^stals can be distilled from one p.art of 
yio tube to another by gently wanning (Cailletet 
a. Uordet, 0. It. 95, 58). When equal volumes 
rH, and CO.^, are compressed in presence of 
water, below 22°, the gases disappear and white 
crystals are formed, which C. a. B. (l.c.) take to 
bo a mixture of PH, Oil and the hydrate CO.;.8H.jO 
discovered by Wroblcwski (O’. It. 94, 954). 

PnospjioMUM lODioK PHJ. H.F. [P,H4,I] 
29,500 (solid PH, I from II, solid P, and solid 
I); [PH»,HIJ = 24,100 (solid PII,I from gaseous 
PH, and HI) (Ogier, <7. B. 89, 705). This com- 



pounds PHjIlX. The reactions of th(?se com- 
pounds are most simply expressed by regarding 
them as salts of the radicle PH, ; following the 
analogy of the ammonium compounds, the bodies 
PH^X are calledp/io.sp/w;iin77j,conipuunds. The 
mol. weights of these compounds have not been 
determined. 

PhOSPIIONIUM BROMIDE PH,Br. H.F. 
fPH»,HBr] = 23,000 ; fP,H‘,Br] = 44.100 (solid 
PHiBr from H, solid P, and liquid Bi) (Ogic^r, 
C. R. 89, 705). Colourless cubes ; melts at 30 
V.D. 27’7 correiponding with that re<iuired by 
PH,-f HBr (Bineau, A. Ch. [2] 08, 431). Deli- 
queaces in mr ; decomposed violently by water 
to PH, and HBrAq. Prepared by bringing to- 
gether PH, and HBr (SeruUas, S. 64, 231^ ; by 
leading PH, into cold cone. HBrAq (Ogier, G. R. 
89, 705); by heating cone. HBrAq with F to 
100°-120° (Damoiseau, 0. R. 91, 883). 

PjliosPHOinuu CHLORIDE FH^Ol. Formed in 
oolourlesa crystals, melting at 0. 26°, by subject- 
ing a mixture of equal vMamei HCl and PH, to 


Iiound was discovered by Labiliardidre and Gay- 
Ijijssac (A. Ch. [2J 0, 304), and more fully ex- 
aminf# by Serullas (S. 64, 238) and H. Bose (P. 
24, 151 ; 46, 036). 

Formation.—!. By bringing together PH, 
and HI as gasics or in cone. a<picou8 solutions. — 
2. By the action of gaseous PH, on I (Hofmann, 
A. 103, 355).— 3. By the action of red Poncono. 
HIAqat 100° (Oppenheim, Bl. [2] 1, 163).— 4. 
Along with PJ,, by the action of HI gas on P at 
ordinary temperatures (Damoiseau, G. R. 91, 
8H3).- 5. By the action of a little water on PI, 
(v. Preparation).- 6. By the reaction of HI on 
IJ3PO, and warming the product in CO, (Lis* 
senko, B. 9, 1313). 

Preparation.— P and I are combined in CS, 
solution, and (he product is decomposed by a 
little water (Baeyer, A, 156, 269; Hofmann, B, 
6, 286). Hofmann Hx.) gives the following 
directions: 400 g. P are dissolved in the 
same weight of dry CS, in a retort of 1 litre, 
capacity, and to this solution, kept cool, 660g.‘ 
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I are added by email portions. The whole of the j 

is then metilled off on a water-bath, an ope- j 
ration which takes 9 or 10 hours. The retort is j 
then connected with a long wide condensing 
tube, and a two-necked globular receiver, from 
which a connecting tube passes to two conden- 
sing bottles, the first containing dilute HIAq, the 
second water (see fig.). Heat is then applied 
to the retort, gently at first, and 240 g. water are 
slowly added through the drop-funnel. • PH, I 
and HI are formed ; tho HI collejcts in ^ho con- 
densing bottles, and the PH, I forms a crust, 
chiefly in the tube, and in smaller quantity in 
thoj[lobular receiver, which, to prevent stoppage, 
shdtfld be connected with the lonjf tube by a 
wide tube. To prevent tho liquid in the con- 
densing-bottles from being forced back in conse- 
quence of the rapid absorption, a slow stream of 
COj is passed through the apparatus during tho 
whole operation. A well-condujj^odsubli«ation 
may be completed in 8 or 9 hours. When it 
finished one end of^-the long condensing tube is 
closed with a cork, and the PH,! is detached by 
means of a stout wire bent and siiarpened at the 
end. Hofmann expresses the reaction uhus: 
18P-b 91 + 21H.,0 = 7PII,1 4- 3II, P.,0, + 2III. The 
PH, I may be sublimed in dry HI. 

Large, clear, dustrous, pyra- 
midal crystals ; boils at o. 80® ; may bo sublimed 
in HI. 

lieaclions.T-l. With carbon compotmds reacts 
as a very energetic reducing agent, and is much 
used in preparing' phosphines tfre. (v. Pjio.s- 
PHiNEs).— 2. Decomposed rapidly by wafer or al- 
kali solution, evolving non-in llainmablo PHj (u. 
PuosPHOBDS TiiiHYDiUDK, Prcparalioti 2, p. 13G). 
3. With alcohol forms I'ltland PII., ; if the reac- 
tion is conducted in a sealed tube Pl'lt, and PEt,I 
are produced.— 4. With pJmplioriis trichloride . 
forms P,,I„ HCl, PH„ and solid P,,H (de Wilde, ! 
J9. 16, 217).— 6. PH, I is inlUimod by contact j 
with many cone, acids, e.g. UNO,, IlCl, HBr, HI. | 

Phohphonium sulphate. When PH, is pa.ssed i 
into H^SO, at ordinary temperatures much heat 
is produced, 8 separates, and SO., is formed. Tho 
reaction is much slower if the acid is cooled by 
ioeand salt; if the H.,SO, is cooled to -20® or 
— 26® |by rapid evaporation of CHaCl) a syrupy 
liqnid is formed, from which a white, crystallino, 
very deliquescent solid separates; this solid 
seems to be phosphonium sulphate [‘?(PIl^).,SO,] 
(Besson, C. li. 109, 644). Exposed to air, HjPO,, 
H,PO„ and H^POa are formed with SO.,, S, and 
a little H.jS ; dissolves in water with hissing 
noise afid evolution of PHj, but no reduction of 
the HaSO,. M. M. P. M. 

PHOSFHOBIO ACIDS. In this article are 
described the three acids, HjPO^, HrOj, and 
HiPgOf ; the salts of these acids are described 
under Phosphates (p. lOG) ; for tho other 
ozyaoids of P and their salts v. Phosphorus, 
OXTA01D8 OF, THEIR SALTS (p. 149). The 
oxide PjOj is the anhydride of three acids : cold 
water added to P.Pj, forms HPO„ the long-con- 
tinued action of moist air on HPO, produces 
and H4PO4 is formed by boiling for some 
time an, aqueous solution of HPO, or H4P3O,. 
The thrM acids may be formulated aa P,0,.H,0, 
PfOySHyO, and P,0,.8H,0 (c/. Fbospbatbs, p. 
106 )* 


Orthopuosphobic Acin n,P 04 . {Pho^horU 
add. Tribasic phosphoric acid.) S.G. 1*88 
(Schiff, A. 113, 183). Melts at 41*76®; Uqiiid 
solidifies at 38®, temperature rising to 40*6® 
(Bertholot, Bl [2J 29, «8). H.F. [P,0‘,H»]- 
302,600 (formation of solid acid) ; 300,080 (forma- 
tion of molten acid) ; [P,0*,H*,Aq] = 305,290 (TA, 
2,225). Heat of fusion* “2520 (T/l, f.c.). One 
mol. w. of the molten acid in grams occupies 
6202o.c.(T/l,Z.c.). AtAl*3584,4Dp363,MHp3746, 
forH^PO^Aq, S.O. 1*11 ( = 29 p.c.) (Gladstone, 
0. J. [2] 8, 101, 147). Affinity in aqueous solu- 
tion =c. 25 (HNO, = 100) (Ostwald). 

Fornuition.—l. By oxidising P, by long expo- 
sure to moist air (Leeds, A. 200, 28G ; Wenzell, 
iVi. [3] 14, 24), or by HNO„ HC10„ HCIO4, SO,, 
NO,, Ac.; phospjiates are formed by treating P 
with many metallic oxides, and wijji alkali car- 
bonates. — 2. By oxidising lI,PO,Aq or H.,PO.,Aq 
by ClAq, BrAq, or Uq, IIClOAq, HNO,, or' by 
Ag.,0 or HgO; H.,rO,Aq is oxidised to H3p04Aq 
by standing in air. — 3. By reaction of boiling 
water with P,0„ HPO3, or H4P.P,.— 4. By burn- 
ing PH, in moist air or 0. — 5. By reaction of 
water with POCl,, or much water with PCI,. — 

G. By oxidLsing, by HNOsAq, the mixture of 
HiPOaAq and HaPO^Aq obtained in making HI 
by the action of P, I, and ILO (Pettenkofer, A. 
138, 57).— 7. By decomposing many phosphates, 
e.g. CajP-Pa, by H^SO, ; PbaP.^O, decomposed by 

H. 3S in presence of water gives H;,PO,Aq. For 
production from bones v. Diction.vuy op ArPLiPm 
CiiEMisTiir. — 8. By decomposing (NH4)H,^P04 by 
warm cone. IIClAq, separating NH4CI after cool- 

' ing, and evaporating with UNO, till all NH, salts 
and HCl are expelled (Joly, C. R. 102, 31G). 

Preparalion.—Ono part P is mixed with 10- 
12 parts HNOyAq (free from PI.^SOJ S.G. 1*2 
(tho acid m^ist not bo more cope, this) 
(Kranthausen, Ar. Ph. [3] 10, 410) in a large 
retort, the beak of wliich passes loosely into a 
receiver placed in cold water ; about *3 to -0 
g. I is added for 100 g. P ; the retort is 
gently warmed until the P has completely dis- 
solved. Should any liquid distil over, it is re- 
turned to the retort. Oxidation proceeds more 
regularly, and at^a lower temperature, when a 
little I is prosent'lhan when nNO.,Aq alone is 
iLsod (Horn, Ph. [3j 10, 4fi8; Ziegler, D. P. J. 
258, 239). If I is not ttvlded, and the acid is 
more cone, than S.G. 1*2, violent explosions may 
occur. Von Schvotter recommends the employ- 
ment of amorphous P and acid more cone, than 
S.G. 1*2. When the P is all dissolved, the con- 
tents of the retort are boiled, and 5-7 parts of 
the liquid are distilled off (the distillate is 
HNOjAq, S.G. 1*1 to 1*14). During this part of 
I the process copious evolution of NOj often occurs, 

[ due to the oxidising action of IINOj on HjPOj, 

I According. to Keinsoh [J.pr. 28, .385) little NO, 

I but much N, is formed during the oxidation of 
I P by HNO, at boiling temperature in absence of 
I air, but much NO is produced in a;|^ open vessel 
' at low temperatures. The liiquid m the retort 
is evaporated in a basin until the fumes cease to 
turn blue litmus red. During this operation NO, 
is often freely given off (especially if little or 
none of this gas has been poduoed in the retort), 
as the oxidation of ^PO, is not alwaysecom- 
pleted until the liquid has been evaporated; 
should no gas be evolvM it is advisable to add a 
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Bttle cone. to the liquid in the basin 

after concentration, and again evaporate til] 
acid fumes cease to come off. The liquid in 
the basin is diluted with water, saturated with 
H.jS, kept in a warm place for 24 hours, and 
liltered from Aa.Sj (and Sb.^.S,); which may 
separate (ordinary P generally contains As). 
The filtrate is then evaporated, at a temperature 
not above 150°, until it becomes a thick syrup on 
cooling, and the cold liquid is placed over 
when it slowly soliiUfies. By evaporating the 
syrup in vacuo over lloSO^, crystallijie tablets^f 
H;,PO, are obtained; a fragimnit of these placed 
in acid S.G. 1-8 (or more cone.) Immediately 
causes crystallisation (Huskisson, B. 17, 161). 

Propartics . — A thick semi-solid mass, S.G. 
1-88 (Schiff, A. 113, 183); also obtained in 
crystalliuG tablets by evaporation -of the syrup ' 
9.G. 1-88 m^vncuo over H..SO,. According to ' 
Berthelot {Bl. [2J 29, 3) crystals of II, PO, molt at j 
41’75°; the liquid solidilk* at 38", with a rise* of I 
temperature to 40*5°. 11, PO^ is tribasic, forming ! 
salts MaL,PO„ M»,11P0^, and (u. Piios- | 

PRATES, p. 107). The affinity of II,PO, in aqueous 
solution is about 25 (HNOj^lOO) (Ostwald). 
Both cry.stalline and ayrup-likcH.PO, deli([uesco 
in air. The acid dissolves readily in water ; 
Hager (in his commentary to the BJiannacojuvia 
Gennanica) gives the adjoijiing table. 

According to Sicber {Ph. [3J 9, 598), HjPO,Aq 
containing -5 p.c. acid (or even less) stops putre 
faction. 

licactio7is. - 1. Heated to c. 213°, is 

formed ; at a higlier temperature HPO,, begins 
to bo formed, and at full red heat only HPO^ is 
produced.-- 2. Is not decomposed by electric ; 
current, according to Luckow {Fr. 1880. 1); by | 
electrolysis of H,PO,Aq, using C poles, Bartoli a. ' 
Papasogli (0. 11, 239, 408; 12, 113, 117, 125) | 
obtaiiitij a substance containing C %nd P, which j 
they called pliosphomellogeri. Molten 11, PO,, on I 
electrolysis, gives off II and 0, and forms 11, P./)., j 
then HPO3, and th(vi 11, PO,, and inflammable P 
hydride (Janecek, C. 1888. 273).— 3. It is not 
certain whether water forms hydrates with 
H3PO4, when the acid is dissolved in water {v. 
Crompton, G. J. 53, 110).— 4. By adding alkali 
solutions to HjPO^Aq till neutjal, salts M.^HPO^ 
are formed ; addition of considerable Gxces.v>f 
alkali produces MjPO,. For connection between 
quantity of alkali added and electrical conduc- 
tivity of the solution, v. D. Berthedot (C. H. 113, 
851). — 5. Ileacts with phosphorus pnitiu-hloride ' 
at ordinary temperatures to form POCl, and IICI ; \ 
with pluyspliorm oxychloride when hot to form 
HPO;, and HCl, or H, P.,0, and HCl, according to 
the relative quantities of H3PO, and POCl, ; with 1 
phosphorus trichlorule to form HPO3, HjPOa, and 
HCl; and with melaphosphoric acid to form 
H4P2O, (Geutber, /. pr. [2J 8, 359). P'or reac- 
tions of salts ojf H,P04 V . Phosphates, p. 107. 
For nitriles of liJPQ^ v, Phospham (p. 104), and 
Phosphorus oxynitride (p. 144) ; for aviide and 
imido amide Phosphamdes (p. 105) and 
pHOSPHAMiDO-iMiDB (p. 105). For thio-aviide v. 
Phosphorus sulphoghloridb, ReactioTf 7 
(p. 148). 

Ptbophosphobio acid, H^PjO,. 

Procuration. — 1. An impure acid, containing 
Dome and HPO,, is obtained by heating 

ilpPOf to 218° until o little dissolved in cold 


Sp. gr. 

Per cent. 

P.0, 

Percent 

H.PO, 

1 8p.fr- 

Per rent 

r.o. 

Ter pent 
U.VO^ 

1-809 

68 

93*67 

1-326 

35 

48*21 

1*800 

67-5 

92-90 

1-319 

84*5 

47*62 

1-792 

07 

92-30 

1-314 

84 

40*84 

1-783 

00*5 

91-61 

1-308 

33*5 

46*15 

1-775 

00 

90-92 

1-303 

33 

45*46 

1-700 

05-5 

90-23 

1-298 

32*5 

44*77 

1-758* 

05 

89-54 

1-292 

32 . 

44-08 

1-750 

^015« 

88-85 

1-287 

31*5 

43-89 

1-741 

01 

vS8-lG 

1-281 

31 

42*70 

1-733 

03*5 

87-48 

1'27G 

30*5 

42*01 

1-725 

O:; 

8(;-79 

1-271 

30 

41JP 

1-717 

02-5 

80-10 

1-205 

29*5- 

40lU 

1-709 

02 

85-41 

i-2i;o 

29 

39-95 

1-701 

61-5 

84-72 

1-255 

28*5 

39*26 

1-093 

01 

84 03 

1-249 

28 

38*57 

1-085 

00-5 

8331 

1*244 

27*5 

37*88 

1-077 

► 00 

» 82-05 

1-239 

27 

37*19 

4 009 

59-5 

81-97 

1*233 

2i;*5 

30*50 

1-001 

59 

81-28 

1*2*28 

20 

35*82 

1*053 

58-5 

80*59 

1*223 

25*5 

35*13 

1-045 

58 

79-90 

1*218 

25 

34*44 

l-03f 

67-5 

79-21 

1*213 

24*6 

33-75 

1-029 

57 

78-52 

1*208 

24 

33-00 

1-021 

dO-5 

77*83 

1*203 

23*5 

32*37 

1-013 

50 

77*14 

1*198 

23 

31*(» 

1-005 

55-5 

70*45 

1*193 

22*6 

80*99 

1-597 

- 55 

75*77 

i*188 

22 

30*31 

1-589 

54-5 

75*08 

M83 

21*6 

29*62 

1-581 

54 

74*39 

M78 

21 

28*93 

1-574 

53-5 

73*70 

i-m 

20*5 

28-24 

i-5(;o 

53 

73*01 

1*109 

20 

27*65 

1-559 

52*5 

72*32 

M04 

19-5 

20*86 

1-551 

52 

71*03 

1*159 

19 

20*17 • 

1-513 

51-5 

70*94 

. 1*155 

18*5 

25*48 

1-530 

51 

70*20 

1*150 

1« 

24 80 

1-528 

50-5 

09*57 ! 

1*115 

17*6 

24*11 

1-521 

50 

08-88 

1*140 

17 

23*42 

1-513 

49-5 

08-19 

1*135 

10*5 

2278 

1-505 

49 

07-50 

1*130 

10 

22*04 

1-498 1 

48-5 

00-81 

1*120 

15*5 

21*35 

1-491 

43 

00*12 

1*122 

15 

20*06 

1-484 

47-5 

05*43 

1*118 

14*5 

19*97 

1-470 

47 

04*75 

1*113 

14 

19-28 

1-109 

40-5 

64 00 i 

1*109 

13*5 

18-00 

1-402 

40 

03*37 i 

1*104 

13 

17-91 

1-455 

45*5 

02*08 j 

1*100 

12*5 

17*22 

1-118 

45 

01*99 

1*090 

12 

10*63 

1-141 

•11-5 

01*30 

1*091 

11-5 

15*84 

1-435 

* 44 

00-01 

1*087 

11 

15*15 

1-428 

43-5 

59-92 

1*083 

10*5 

14*46 

1-122 

43 

59-23 

1*079 

10 

13*77 

1-415 

42-5^ 

58-55 

1*074 

9*5 

13*09 

1-409 

42 

57-80 

1*070 


12*40 

1-402 

41-5 

57*17 

1*000 

8*5 

11*71 

1-390 

41 

50*48 

i*or»2 

8 

11*03 

1-389 

40-5 

55*79 

1*058 

7*5 

10*33 

1-383 

40 

5.5*10 

1*053 

7 

9*64 

1-377 

39-5 

54*41 

1-049 

0*6 

8*95 

1,371 

39 

53*72 

1-015 

6 

8*26 

1-305 

38-5 

53-04 

1-041 

«*5 

7*67 

1-359 

38 

62-35 

1*037 

5 

6*89 

l-3.)4 

37-5 

61-06 

1*033 

4*6 

6*20 

1-348 

37 

60*97 

1*029 

4 

5*61 

1*342 

30*6 

50*28 

1*025 

8*5 

4*82 

1*336 

36 

49*59 

1*021 

8 

4*18 

1-330 

35»6 

48*90 

1 1*017 

2*5 

8*44 
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water given a white pp., without a trace of 
yellow Ag,P04, with AgNO,Aq, after neutralisa- 
tion by NH,Aq.-2. P61igot {A. Ch. [2] 73. 286) 
obtained crystals of by allowing glacial 

HPO, to stand in moist air in a bottle for some 
years. Crystals of KaPOi formed at the top of 
the bottle, a liquid S.G. 1'7 in the middle, and 
crystals of H^PjO^ at the bottom.— 3. An aqueous 
solution of is obtained by decomposing 

Pb^PaO^ suspended in water by H.S, filtering 
from PbS, and allowing the H..y to evaporate at 
the ordinary temperature (Geuther, J. [2J 8, 
359).— 4. By heating togetlier H.rO^ and HPOa 
in the ratio HPO.,:naPO,.- 6. By the reaction 
of and POClj in the ratio SHaPOpPOCIj 

((Ci.c.). 

Properties and Reactions. — A glass-like 
solid ; P61igot [A. Ch. [2] 73, 286) obtained the 
acid in non-transparent crystals resembling 
loaf-sugar. Dissolves readily in water; dilute 
solutions remain unchanged ni ordinaa/ tem- 
peratures (Graham), when heated Hjl’0,Aq js 
formed. The solulibn, neutralised by NH,A(j, 
gives a white pp. of Ag,P,/), with AgNO.,Aq. 
H^P.Ct is tetrabasic ; for doscrij)tion of salts 
V. Phosphates, p. 107. When heatcdi with 
PClj reacts according to relative masses 
u.sed: (1) H,P,0,-f6P0l5 = 7P0Cl, + 4HCl ; (2) 
HsP,0; + PClj - 2HPO, + POCl, + 2HC1 (Geuther, 
J. pr. [2] 8, 359). PCI3 heated with H,P,0, 
forms HPO,„ H^POa, and HCl; POCl., produces 
HPO, and HOI (G., l.c.). For the aniic ackh of 
H,P^O„ and other amic acids derived from hy- 
pothetical condensed pyrophosphoric acids, v. 
Phosphamic acids (p. 105). 

Metahhosphoiuo acid HPO3 (Graham, T. 
<1833. 263). 

Preparation. — 1. HjPOiAq or II,l\.0,Aq is 
evaporated to dryness and the residue heated to 
full redness until H.O ceases to be evolved. — 2. 
PbPoO, is suspended in water and decomposed 
by S^S, the filtrate from PbS is evaporated to 
dryness and heated to full red heat. — 3. By 
heating together II^PO^ and POCl, in the ratio 
2H,P04:P0C1„ or H,P.D, and POCl, in the ratio 
2H4P20,:P0C1„ or H^PjO, and PCI, in the ratio 
3H,PaO,:PCl, (Geuther, J.pr. [2] 8, 359). — 4. By 
reacting on H,PO,Aq with Cl or Br.— 5. A solu- 
tion of P.jOj in a little cold water contains HPO,. 

Properties and Reactions. — According to 
Tammanu (J. pr. [2] 45, 417), two varieties of 
HPO, eiist ; one is a soft, silky mass, formed by 
heating HaPO, until one molecule of H„0 is re- 
moved ; the otlier is obtained by heating H.,PO, 
nntil it sets to a glassy mass on cooling. A 
transparent, colourless, glass-like solid. Ordinary 
glacial phosphoric acid is impure HPO,, generally 
containing considerable quantities of Na salts, 
and some HjPO^ or H^PjO,. Very hygroscopic, 
soon deliquesces in air. Volatilised completely at 
bright-red heat (H. Bose, A. 76, 2, 13 ; 77, 319). 
Not dehydrated by heat nor by the action of de- 
hydrating agents. Heated with PCI, forms 
pool, and Ri^l, HPO,Aq is changed to HaPO^Aq, 
slowly at ordinary temperatures, more rapidly 
by boiling or by adding HClAq or HNO,Aq, 
(For rate of change v. Sabatier, C. R. 106, 63 ; 
108, 788, 804.) HPO, is monobasic; several 
leries of uietaphosphafes, some polymeric and 
apme iioaerio, exist (v. Phosphates, p. 106). 

M. M. P. M. 


FROSPHOBIO ETHSB 9 . TBi-nuyL-PHoa 

PHATB. 

PHOSPHOBOUS ACID H,PO, v. PnosPHORUb, 
OXTACIDS OF, p. 149. 

PHOSPHOBOUS £TH£B v. Ethti; ph08« 

PHITE8. • 

PHOSPHOBSELLIC ACID v. vol. iii. p. 782. 
PH08PH0BUS. P. At. w. 30*96. Mol. w. 
123*84 and 61*92 [v. infra). The following data 
apply to ordinary crystalline P. Melts at 44*3® 
(Schrotter, P. 81, 299) ; at 44*2’ (Desains, C.R. 
2% 149). Boils at 290° (l^elletier, A. Ch. 4, 3) ; 
at 250° (Heinricl^ Om.-K. [6th ed.] 2, 102) ; at 
287*3° at 762 ram., 165° at 120 mm. (Schrotter 
J. 1847-48). S.G. 1*8367 at 0°, 1*8232 at 20° 
1*8068 at 40° (Pisati a. de Franchis, B. 8, 70). 
S.G. at b.p. 1*485 (llamsay a. Masson, C. J. 39, 
50). V.D. 62*7 to 65*1 at 500°- 1000° (Dumas, 
A. Ch. [2J 49, 210 ; Mitscherlich, A. 12, 137 ; 
Deville a. Troost, G. R. 49, 211). V.D. at 1700’ 
c. 45 (Blitz a. V. Mejfir, B. 22, 725). S.H. solid, 
-78° to 10° = -1699, 7° to 13° -*1884 (BegnauU, 
A. Ch. [3] 26, 286) ; 13° to 36° = *202 (Kopp, T. 
155, 71) ; liquid ^•20ir> (Person, A. Ch. [3] 21, 
295). S.V.S. c. 17 ; at b.p. c. 21 (Bamsay a. Young, 
C. J. 39, 50). S.V. of P in PCI, and PBr, --- 25*3. 
C.E. *00036744- *00000021 H from 50° to 280°; 
C.E. liquid P from 50’ onwards « *0005167 + 
•00000037 (f = 50) {Graham- Of to, 1881. II. 2, 
283; V. also Kopp, A. 93, 129; Pisati a. de 
Franchis, B. ’8, 70; T-e<lnc, C. R. 113, 259). 

Befraction-cquivalent At. w.) 1P93 ; 

spec, refractive power for 11 line a =*4816 
(Haagen, P. 131, 117). H.C. [P-, 0®] = 369,900, 
[P-, Aql = 405,500, [PS O’, Aq] = 250,000 {Th. 
2, 408). Crystallises in dodocahedra and octa- 
hedra (Trantwein a. Buchner; Whcwell, C. N. 
39, 144; Stcn*y-Maskclyiie ; Mitscherlic]^ B. B. 
1855. 400 *, Hermann, B, 6, 1415). For s^ctrum, 
V. B. A. 1884. 434. 

The following data apply to r^d amorphous P. 
S.G. 2-106 at 17 (Schrotter, J. 3, 262), 2*19° 
(Hittorf) ; in powder S.G. =V*964 at 10° (S.), 2*6 
(H.). S.H. 15° to 98° = *1698 (Begnanlt, P. 89, 
496). S.V.S. c. 1 5. E.C. (Ag at 0° = 100)*00000123 
at 20° (Matthiessen, P. 103, 428). H.C. [P^ O’] = 
3(^2,820 (Troost a*. Hautefeuille, C, E. 78, 748). 

The following data apply to crystalline 
metallic P. S.G. 2-34 rt 155°. S.V.S. 0. 13-2 
(Hittorf, P. 120,, 193). 

Historical. — In the early part of the seven- 
teenth century a substance was prepared by heat- 
ing heavy spar with combustible organic matter, 
e.g. egg-white and charcoal, and this substance 
glowed in the dark (Kopp, Oeschichte der Chemie, 
iv. 42). From this time the name phosphorus 
was given to any substance which emitted light 
in the dark witliout being ignited kpw(r<i>6(fos 
= light-bearer). The substance now known as 
phosphorus was prepared fir the first time 
about 1670 ; Brand seems to have been the dis- 
coverer, but the discovery is sometimes attri- 
buted to Kunkel or to Boyle (for derails v, Kopp’s 
Oes%hichte der Che?nie, iii. 327). 

For a long time P was prepared in very small 
quantities ; it was obtained by evaporating urine, 
mixing the residue with sand, and beating in a 
very hot fire. In 1737 charcoal was mix|d with 
(be sand and unne-raaidue. The discover of 



PHOSPHORUS. 


117 


phosphates in bones by Soheele in 1771, and in 
minerals by Gahn in 1780, led to the prepara* 
tion of P on a comparatively large scale. The 
discovery of P played an important part in the 
development of the phlogistic theory. Phos- 
phorus was supposed to be a compound of 
phlogiston with the acid which w’as formed 
when P was burnt ; this acid was composed of 
phlogiston and muriatic acid according to Stahl, 
and of vitriol and muriatic acid according to 
Hofmann. Marggraf in 1743 determined that P 
increased in weight wften burnt, and that P was 
obtained by heating phosphor^ acid with conf- 
bustible matter. In 1777 and 1780 Lavoisier 
. showed that P was a constituent of phosphoric 
acid {cf. Kopp, l.c). 

Occurrence. — P is not found uricoml)ined. 
Phosphates of A1 and Ca occur in large (pian- 
tities in mai^ rocks ; pliosphatcs of Pe, Pb, 
Mg, and Nil, Ac. are also widely distrijuilod 
minerals. Coprolites (tl^ fossilised excre- 
ments of former land animals) and guano 
(the excrement of certain birds) consist very 
largely of Ga phosphate. Phosphates also occur 
in some kinds of coal (Carnot, C. li. Oil, 154). 
Phosplmtes of Ca and Mg arc found in the ashes 
of plants and the bones of animals ; P occurs in 
combination with C, H, and N in the yolk of 
eggs, in blood, in semen, and in nerve and brain 
matter. 

Ftyrmation. — Ordinary phosphorus is 
formed ; 1.— By heating CaPOj with powdered 
charcoal, 3Ca(PO:,).^+ IOC 
= 4P-f ]OCO-f-Ca3(PO,)2 ; or with SiO, and 
charcoal, ‘2Ca(P03)^ + IOC + ‘iSiO^ 

= 4P -f lOCO + 2GaSiO,.— 2. By reducing 
Pb3(PO,)2 with cliarcoal (Donovan, P. M. [4] 2, 
202 ; Fourcroy a. Vauquelin, Gmelin's JLindb. 
[Cth edit.] i. 2, 95). — 3. By decomposing a 
Btronglyjiieated mixture of Ca;,(POJj and 0 by 
ncl (Cari-Moiitrand, C. R. 38, 804). 

Rod phosphorus is formed: 1. By the 
action of light, Jieat, or electricity on ordinary 
P, whether the P be solid or in solution, dry or 
moist, at ordinary* temperature or at - 14° 
(Schrotter, W. A. B. 1, 130 ; 0, 241 ; 9, 414 ; 
Corenwinder, A. Ch. [3] 30, 242; Lallemand, 
G. R. 70, 182'; Hittorf, P. 120. 193 ; V, Meyer, 
B. 15, 297 ; Grove, C. J. 10, 26?)).— 2. By heat- 
ing common P with a little I. One part of I suf- 
fices to transform o. 100 parts of P into the red 
variety, by melting the P, mixing in the I, and 
heating again ; the mass becomes red i^t 100°, at 
120°-130° a red powder separates, at 200° a 
more or less explosive action occurs and the 
change is complete (Brodie, J. pr, 68, 171). — 
3. By adding a little I to a solution of common 
P in CS3, evaporating to dryness, adding water, 
and washing with CS, (Corenwinder, A. Ch. [3] 
80, 242 ; Lallemand, 0. R. 70, 182 ; Brodie, 
J.pr. 68, 171). Rudorff (P. 128, 463) supposed 
the red substance ^us formed to be a hydride 
of P. 

1 . Cryst^line ordinary phosphorus 
is formed: 1. By heating red Pin a vacuous sealed 
tube to 447° (Hittorf, P. 126, 193).— 2. By dis- 
solving ordinary P in molten lead and crystal- 
lising therefrom (H., U.). 

Preparation,’^!. The details of the prepa- 
ration 9 ^ ordinary phosphorus from bone- 
a?h are described in Dicxionaby of Ai*plied 


! Chemistry, voirUi. Ordinary P frequently con- 
I tains notable quantities of As, derived from the 
H2SO4 used ; this can be removed only by re^ 
poated treatment with dilute IINO^Aq, S.G. 1*1, 
a process which involves the loss of about || of 
the P (Ilerz a. Btirwald, B. B. 32, 2, 133; cf, 
Bulk, ibid. 34, 1 , 247 ; also Wackenroder, J.pr. 
2, 340; and Liebig, A. 11, 200). Traces of red 
[ P may be removed by shaking in a closed vessel 
with oono. K Cr.pjAq and IT.^HO. (W5hler,.4. 46, 
i 249). Lockycr {G. N. 40, 101) found that a 
specimeiTof drvp gave oil considerable quanti- 
j ties of H when neated m luicno. 

I 2. Red or amorphous phosphorus. — 
A small llask of hard glass is fitted with a good 
cork carryiifg a short tube and an exit-tffle 
which dips just bcneaUi the surface of a little 
Ilg; the entrance tube is fitted with a stopcock. 

' Dry COo is passed througli the apparatus for 
, some time ; a dry stick of common P is then 
; placed m the flask, and the stream of CO.^ is 
; co^itinucd for a Tittle, after wliich the stopcock 
I is closed, and the llask is lu.'!»ti'd on a sand-tray 
■ or in an oil-bath, to 240°-280°, for 6l)-0U liours. 

! After cooling, a layer of red P is found at the 
I hotton^of tlic llask, generally coveted by a mix- 
I ture of tlie two kinds of P. The t)rd inary P is 
; ineltfid by running in a little water at 6()°-00° ; 

I the water and melted P are poured off ; the rea^ 
j dual red P is washed repeatedly with CS,, (ad- 
dition of CdCLAq, 38°-39° Bcaimd, causes the 
CS.j solution to rise to the surface ; NicklAs 
C. R. 42, 040), or with boiling KOIIAq S.G. 
1*3, and then with water containing a little 
HNOa*, the red P is finally washed with water, 
and dried at c. 100° (Schrotter, W. A. B. 1, 130; 
8, 211 ; 9, 414). 

1 Tlie change of common into red P occurs in 
ten minutes by heating the former to 300° in 
' sealed tuBes of thick glass, from whicli the air 
j has been pumped out (Hittorf, P. 120, 193 ; V, 
Meyer, B. 15, 297). 

j 3. Crystalline metallic phosphorus. 

I Hittorf (P. 120, 193) claimed to have formed a 
; distinct variety of P by heating red P in sealed 
I tubes of hard glass to c. 447° (in vapour of S) ; 

’ and also by dissolving common P in molten lead 
I and crystallising. A wide tube of hard glass is 
I closed at one end, filled to ^ with common P, 

! and then filled witli pieces of lead ; the open end 
I is narrowed, and the air is pumped out of the 
j tube, which is then sealed. The tube is em- 
; bedded in calcined MgO, placed in an iron tube, 
i and heated above the melting-point of Pb for 
j 8-10 hours. After cooling, the Pb is dissolved 
in IINOjAq, S.G. 1*1, and violet-block crystals of 
I P remain ; these crystals have not, however, 
been obtained quite free from lead. 

Projjerlies.' -P exists in three, and perhaps 
in more than three, modifications. 

1. Ordinary^ octahedral^ or etick 
phosphorus is a semi-transparent, colourless, 
crystalline solid, with a very distinct smell. The 
smell is very probably due to a mixtire of ozone 
and PjOs, formed by the oxidation of the P 
(Schonbein, P, 65, 377 ; Thorpe a. Tutton, 0. /. 
67, 673). When melted and cooled quickly P is 
opaque ; when cooled slowly it is nearly as clear 
as water. P must be kdi)t under water ; if the 
water is free from air the F remains transparent 
(Bandnmont, C. B, 61, 867]< In ordinary water 
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P become cohered with a whitish film, but this 
again becomes transparent at^. 60° (H. Rose, P. 
21, 608 ; Baudrimont, Ic.). According to Mar- i 
ohand (j. pr. 20, 606) the white film contains 
from *4 to *7 p.c. water; Polouze (A. Ch. [2] 60, | 
88) regarded this* substance as a hydrate of P, j 
and Muldgr (J. Ph. 28, 20) as a compound of 
oxide with hydride of P. when melted in large 
uantity and allowed to cool slowly, fairly large 
odecahedral and octahedral crystals separate 
(Hautwein a. Buchner, Kastn. Arch. 10, 127, 504 ; 
Whewell, C. N. 39, 144 ; Hermann, B. 8, 1416). 
At ordinary temperatures P is as soft as wax ; 
when cooled it becomes brittle. Exposed to 
li4fat. P soon becomes yellow and yicn red on 
the ’surface. In a vacuum tube, or in a tubo 
filled with an indifferent gas, P easily sublimes in 
colourless, transparent, very lustrous crystals 
(Hermann, B. 6, 1415; Mitschcrlioh.B. B. 1855. 
409 ; Blondlot, C. B. 03, 307 ; Dosains, C. It. 23, 
149). ‘ Melted P often rernaits liquiiF many 
degrees below its m.p. ; this is shown estY*- 
oially when P is nfblted by warming with aI{;o- 
holio KOH solution, or when a solution of P in 
CS.^ is gradually evaporated under water (H. 
Rose, P. 32, 460 ; Kallhofert, J. pr. 50, 1). In 
some cases P remains liquid at c. - 15°. P may 
bo obtained in finely-divided particles by melt- 
if!^ it under water, and shaking carefully in a 
flask until the P solidifies; if pure Pis melted 
under a solution of sugar, gum, dextrin, NH/)I, 
(NH,).^CO.„ SiCt., and shaken until it solidifies, the 
P is obtained in a state of extremely fine divi- 
sion (Casaseea, J. Ph. 16, 202; Blondlot, J. 
1865.120; Schiff, A. IIB, 88; also A. Suppl 
4 , 37). P is slightly sol. w'atcr, alcohol, ether, 
ethereal and fatty oils, and hot cone, acetic aci(l 
(Vulpius, Ar. Ph. [3] 13, 38). Water shaken 
with P loses the smell and taste of P, ayd ceases 
to glow in the dark when it has been exposed 
to air for a time (Miiller, B. 3, 84). P is very 
soluble in CSj, 8.^01^, and liquid PjS. 

P volatilises in water-vapour, even at the 
ordinary temperature; when P is distilled in 
steam and the distillate is cooled rapidly, the P 
is obtained as a white snow-like mass (Uemson 
a. Kaiser, Am. 4, 459) ; it is also often obtained 
in tHis form by distilling crude HlAq containing 
P (Hell, J. 1883. 812). 

P oxidises very easily-; slowly when ex- 
posed to low temperatures, and more rapidly as 
the ignition-temperature, GO'’, is approached. 
TOen P is burnt in air or 0 it emits very bright 
yellow-white light, and much heat is produced.- 
But if H is passed over sliglitly warmed P, or if 
a stream of the warm gas is charged with a very 
little P, the issuing gas glows with a very feeble 
greyish-white light, scaiccly visible in daylight ; 
the temperature of this flame is very low : if 
the H is ignited an emerald-green cone ap- 
pears in the interior of the H flame (for spec- 
trum of this green cone v. Christofle a. Beil- 
Btein, C, It. 66, 399 ; balct, A. Ch. [4] 28, 66). 
The glowing" of P in the dark was formerly sup- 
posed to be due to the evaporation of the P 
(Come, J. Ph. [6] 6, 17 ; Marohand, J.pr. 60, 1). 
It was shown that P glows in an indifferent gas 
only when small quai^tities of 0 are present; 
also that P neither oxidises nor glows in pure 0 
at tho ordinary pressure, but only when the 0 is 
diluted with an indifferent gas or the pressure is 


diminished ; and also that the glowing is stopped 
by the presence of H,S, PH„ SO,, CS„ Br, Cl, 
N,0, NO,, <fto. (Fischer, /. pr. 86, 842 ; 89, 48.; 
Schrfitter, J. pr. 68, 168; MiUler, B. 8, 84; 
Joubert, C. It. 78, 1853 ; Desohamps, C. JR. 62, 
865; Mttller-Erzbach, B. 12, 2130; Chappuis; 
Bl [2] 85, 419; cf. Thorpe, ‘On the Glow of 
Phosphorus,’ N. 41, 623). Much work has been 
■done to determine whether ozone or H,0„ or 
both, is formed when P oxidises in moist air ; 
the question is not yet finally settled (McLeod, 
1 C, J. 37, 118 ; Kingzett, C. J. 37, 792) ; Leeds 
j (27. Y. Acad, of Sciences, 1, 363, and 3, 150) has 
j given a full index to the memoirs on the sub- 
! ject. Schmid {J. pr. 98, 414) determined that 
' ozone is not formed when P oxidises in dry 0. 

1* is extremely poisonous ; the lethal dose for 
I adults is from *2 to *5 g. Burns with P are very 
j dangerous ; the parts should bot rapidly and 
thoroughly washed with dilute bleaching powder 
solution. e 

I The atomic weight of P has been determined, 
j (1) by ppg. Ag and Au solutions by P and detcr- 
I mining the ratio of Ag ;P and Au : P (Berzelius, 

I a. A. 53, 433 ; P. 8, 17) ; (2) by finding the Ag 
needed to ppt. Cl from PCL (I’elouze, C. R. 20, 

! 1047 ; Dumus, A. Ch. [3J 55, 174) ; (3) by 
' oxidising red P in 0 to P.^0., tSclirOtter, J. pr.63, 
435); (1) by analysing and determining V.D. of 
J PCI3, PFj, tl'c. ; (5) by measuring S.H. of P. 

Determinations of the S.G. of P vapour made 
by Dumas, Mitschorlich, and Deville a. Troost 
at tcm])erature8 from 500° to 1000° gave num- 
bers agreeing with the molecular wt. P,“'l24. 
Biltz a. V. Meyer (B. 22, 725) obtained the 
values 52-5 at 1480 ', 40*7 at 1080°, and 45-5 at 
1700° for V.D. of P, showing that -at a white 
heat the mol. formula is probably Pj (V.D. 
=--31). 

The mol wt. of ordinary P in solvtion in 
was determined by Paterno a. Nasini (B. 
21, 2153) by the cryoscopic method; values 
were obtained between P.^ and P;. Hertz, using 
I the same method and the same solvent, obtained 
the value 124 = P^ {U. P. C. ’6, 358). Beckmann 
akso found 124 = P, for P in solution in CS, by 
the method of raising of boiling-point of the sol- 
vent {Z. P. C. 5, ,76). 

, The action of light, licat, or electricity on P 
changes it into allotropio rod P. Light affects 
the change whether the P be in air or another 
gas, or in vacuo, whether water bo present or 
not (Schrfittor, W. A. B. 1, 130 , 8, 241 ; 9, 414), 
at temperatures as low as - 14°, and whether 
the P be solid or dissolved in CS^ (Corenwinder, 

I A. Ch. [3] 30, 242; Lallemand, C. R. 70, 182). 

' For an account of the action of tropical sunlight 
i on P in CS.^ v. Podlor, C. J. 67, 599. The action 
of heat begins at c. 216° at the ordinary pressure ; 
diminution of pressure causes a Blackening of 
the rate of change, and the action stops at 
393 mm. pressure, temp, being ^15°. The change 
is complete by heating to 260° for c. 8 days f at 
800°, in a scaled tube, it is finished in a few 
minutes (Sohrdtter, l.o.\ Hittorf, P. 126, 193; 
V. Meyer, B. 16, 297 ; cf. Dissociation, vol. ii. p. 
891). The change is accomplished by electricity 
by passing the current through a little P in a 
closed tube with Pt wires fused into the ends 
(Grove, 0. J. 16, 269 ; Geissler, P. 152: 171). 
teitoii (P. 126, 198}^regsrd8 pie action as dm 
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to tlie heating of the P Tapoor by tlie current. 
Certain reagents also effect the oiiange: a.g. 
heating with a very little I (firodio, J, pr. 58, 
171) ; or heating a solution of P in CS^ with I 
(Corenwinder, A. Ch. [3]. HO, 242 ; Lallomand, 
C. n. 70, 182), butRiidorff (P. 128, 46H) says the 
product is a hydride of P. In the change of 
62 g. ordinary P into red P c. 7,100 g.-units of 
heat are produced ; and there is a contraction of 
volume (v. Petersen, Z. P. C. 8, 601). 

2. Amorphous of red phosphorus is 

a dull, dark carmine, odourless, ^steless powder,* 
which becomes darker on heating, and black 
when boiled with KOHAq. It is brittle, and 
shows no trace of crystalline form. Amorphous 
P is heavier, and conducts electricity much 
better, than crystalline P, although its conductive 
power is very small compared with the metals 
(y. data at beginning of this article). Amorphous 
P does not melt when heated to redness in a 
sealed tube (Hittorf, f.c.) ; vapour is formed in 
the tube, and on cooling this solidifies as crys- 
talline P, but the unvapourised portion remains 
araorphou.s. When distilled, amorphous P be- 
comes crystalline ; the action begins at c. 200 ’ 
(Schrflttcr, l.c.). The process, like the rever.se 
change of crystalline into amori)hoiis P, is 
essentially one of dissociation (y. Dissociation, 
vol. ii. pp. Amorplious P takes fire at 

0 . 250°-200'’ (Hittorf, Schrotter, l.c.), but active ; 
combustion begins at c. 300^ ; it does not oxidise 
in dry air, but in presence of moisture oxidation 
proceeds slowly, witli the siiicll of ozone and the 
formation of an acid liquid (Personne, G. R. 45, 
113; Wilson, Ph. 17, 410; Pedler, C. J. 57, 
599). Red P does not glow in the air ; it is not 

‘poisonous (De Vrij, J. 1851. H13). This variety 
of P is insoluble in the menstrua which dissolve 
ordinary P ; boiling turpentine, and a few liquids 
of high boiling-points, dissolve a fittle and 
change it into ordinary P. 

3. Crystalline metallic phosphorus 
is described by Hittorf (P. 126, 193) as forming 
long, black, thin, rhombolicdral crystals which 
appear red in transmitted light; 8.G, 2-34 at 
15*6® ; less volatile than amorphous P ; heated 
in a sealed tube drops of ordinary P appear at c. 
358^. It is doubtful whether thie is a distinct 
variety of P ; it does not seem to have been ob- ' 
tained free from Pb (for preparation, v. ante). 
According to Troost and Hautefeuille {G. R. IS, 
748), the S.G. and heat of combustion of red P 
change continuously with temperature ; at 580"* 
ruby-red crystals appear, which have the S.G. of 
Hittorf’g metallic P. 

Th£nard observed that P became black when 
heated and suddenly cooled {Qm.-K. [6th ed.] i. 
2, 1021; some experimenters claim this to be a 
special variety of P (v. Reichardt, Ar. Ph. [3] 9, 
442; P. Thdnard, C, B. 96, 409); according to 
othen it ^ntains fo|eign substances. Blon^ot 
obtained it only when a trace of Hg was present 
(C. ii. 70, 856 ; 78, 1130) ; Ritter found the pre- 
sence of As necefsary {G. R. 78, 192). 

Napoli (C. R. 25, 369) thought that a specif 
yellow modification of P was produced by keep- 
ing freshly-melted ordinary P under water. 

The atom of P is trivalent in most gaseous 
moleoaleSje.y. PCI,, PH„ PP„ Ac.; it is pentavalent 
. in the gaiioiis molecule PF,. P acts as a non- 
metallic element ; it# oxides iM acidic, although 
VoL, IV. • 


some of them combine with less acidic oxides 
to form salt-like compounds. P is closely re- • 
lilted to As, Sb, and Bi, and also to N, V, Nb, 
Di, Er, and Ta ; those elements form Group V. 
For a detailed consideration of the chemical 
relations of P v. Nitbooen ououp of elements, 
vol. iii. p. 671. The specific volume* of P at 
its b.p. is 20-21 (Pisati a. de Franchis, R. 8, 70 ; 
Ramsay a. Young, C. J. 39, 60) ; the specific 
volume of P in combination is o. 25‘3 (Thorpe, 

: G. J. 37. 333). 

Reactions ana Comhinations,— 1. P combines 
with o.njtjen to form 1\0, P^Oj, and PjO, ; the 
reaction begins at ordinary temperature with 
crystalline P, and at c. 250 ^-260^^ with amo?^* 
phous P. (For more details v. Pnosriu b.’h, 
oxiDKs OF, p. 13H.) P does not combine with 
pure 0 at the ordinary pressure., but only when 
an indifferent gas is present, or the pressure is di- 
minished*(for references v. Properties of P, p. 
1281. The combination of P in 0 is arrested 
in proportion to tho dryness ^f the 0 (Baker, 
C. J. 47, 319 ; Pr. 46, 1). Amorphous P docs not 
oxidise in dry air, but tho oxidation proceeds 
slowly in moist air. Ordinary P oxidises readily 
in moist uir ; it is not yet finally settled whether 
or not ozone is produced (u. McLeod, 0. J. 37,. 
118). In moist air HgPO, is formed ; this inay» 
be a direct product of oxidation, or it may result 
from the reduction of H^PO, formed by the 
direct oxidation of the P (t>. Sohonbeiu a. 
Bohlig, J. 1863. 167; Blondlot, C, R. 66, 351 ; 
Stiassay, D. P. J. 199, 414). — 2, P is easily 
changed to PjOj by oxidising agents, e.g. HNO„ 
CrO„ KNO„ Ac. A mixture of P and KCIO, 
explodes violently when struck or rubbed ; the 
explosion is less violent with amorphous P. 
Amorphous P is inflametl when rubbed with 
CrO.„ PbO,, Pb/)„ HgO, K,Cr,()„ or Ag,,0, and 
when heated witli MnO,, CuO, or KNOg,— 

3. r combines with sulphur, the halogens, and 
many non-meUds when heated with these. The 
reactions occur at lower temperatures, and more 
rapidly, with ordinary than with amorphous P, 
yet amorphous P combines with Br and Cl at 
the ordinary temperature. — 4. P decomposes so- 
: lutions of salts of copper, silver, and some other 
^ metids, with separation of tho metal, which 
often combines with the P.— 5. Boiling water is 
slightly decomposed by P in piesence of air, 
with formation of I’H,, H,rOgAq, and H,PO^Aq 
(Cross a. Higgin, C. J. 35, 254) ; at 250^ the 
reaction is more rapid (Schrotter) ; with amor- 
phous P the action is slow (C. a. H.).- 6. Oon- 
centratcAl hydrochloric acid is decomposed by P 
at 140°, with formation of PHg and H,PO,Aq 
(Oppenheim, Bl. (2J 1, 163). — 7. Hydriodic acid 
reacts with P to form PHJ and PI.^ ; hydrobromic 
acid reacts at 100°- 120° to produce PH 4 Br 
(Damoisoau, C. R, 91, 883).— 8. ChlorosulpJumic 
acid [SO,.OH.Cl] reacts explosively with ordinary 
P at 25°-30°, and mor>; slowly and at a higher 
temperature with amorphous P, to form SO„ 
HCl, and HjPO, (Heumann a. KSoklin, B. 16, 
416).— 9. Sulpluryl chloride [SOgCLJ produces 
PCI, and BO, ; the reaction is violent, even with 
amorphous P (H. a. E., B. 16, 1736).— 10. Adie 
(G. J. 69, 230) describe tha action of sulphur 
trioxide on P as produoing 8 P, 04 . 2 S 0 ,.— 11. With 
boiUng solutions of alkalis P forms PH, and 
alkali salts of H,PO,. P left for a long time in 
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Nmtaet with ammonia solution probably forma 
P hydride and NH 4 phosphite {v. Blondlot, C. B. 
W, 1260 ; Commaille, C. R, 68 , 263 ; Fldckiger, 
/. I 8684 171). Bed P is not acted on by NHj^q 
1. c.).~12. Heated with the alkaline earths 
P forms phosphides and phosphates. —13. When 
P is strongly heated with anhydrous alkali car- 
bonates 0 is separated. For an account of the 
technical applications of P v. Dictionary of 
Afplibo CnzMisTRT; for description of the 
methods of testing for P and estimating it a 
manual of analysis must be consulted. 

Phosphorus, acids of. The 'phosphoric acids 
are described under that heading (p. 124), the 
^Iher acids under the heading Phosphorus, oxy- 
ACIDS OP, AND THRIR SALTS (p. 149). Fot phoS- 
phamic adds v . p. 105, and for thiophosphamic 
acids V . Tuiopiiosphoryl onLORiDE, Reaction 
No. 7, p. 148. 

Phosphorus, bromides of^ P and Br com- 
bine violently; two products of the reacjtion 
have been isolated, PBr, and P13r^. Thoso'lor- 
mules are probably inolecular. 

Phosphorus tribromide, l‘Br, {Phosphorous 
bromide). B.P. - 172-‘J° at 760*2 mm. '(Thorpe, 
C. J. 37, 835). S.G. % 2*92311 (T., Ic.). Does 
,.not solidify at - 18*6®. A colourless liquid, with 
very penetrating odour ; fumes in the air. PBr, 
is formed by the direct union of P and Br. If 
P is added to Br, the Br must be kept in a 
freezing mixture, and the P must be added in 
extremely small pieces until a colourless liquid 
is obtained ; the process is dangerous. Lieben 
(A. 146, 314) recommends to pass CO.^ through 
slightly warmed Br, to lead the gas over small 
pieces of dry P, and to distil the liquid thus 
produced after it has stood for some days. 
Schorlemmer uses amorphous P. The P is 
placed in a flask connected with an inverted 
condenser, and having a dropping funnel passing 
through the cork. Br is added drop by drop 
from the funnel : the first few drops combine, 
with a production of flame, but after a little the 
Br may be added more freely ; the PBr, is dis- 
tilled from the excess of P (v. also Pierre, A. 
Oh, [ 8 ] 20, 6 ; Kekul 6 , A. 130, 16; L 6 wig, 
i. 2, 834). 

PBr, is not acted on by 0 ; reacts with S to 
form PSBr, (Gladstone, P. M. [3J 35, 345) ; Cl 
forms PCI, and Br; HgCl, forms PCI, -and HgBr,; 
H,S produces P^S, and HBr. PBr, is decom- 
posed slowly by cold water, rapidly at 25®, to 
l^rAq and HyPO,Aq (Ldwig, l.c.). P and I dis- 
solve in PBr^ 

Phosphorus pentabromide, PBr^ [Phosphoric 
bromide. Perbromide of phosphorus). Produced 
by adding excess of Br to PBr„ stirring well 
with a glass rod, and after a time removing the 
excess of Br by warming very gently in a stream 
of di 7 COj. Also formed by action of Br on 
PCI, in presence of a little I (Gladstone, P. M. 
[ 8 ] 68 , 8461. PBr^ forms a citron-yellow solid ; 
fumes ill* the air ; melts to a red liquid when 
gently warmed, which solidifies again to rhom- 
boldfld crystals, which are yellow If cooling has 
been rapid, and red if cooling has been slow. The 
red crystals become yellow when rubbed (Baudri- 
mont, Bl. 1861. 118) ; at a higher temperature 
(^low 100 ®) gives red vapours that condense to 
yellow naedlas* PBr|^ is separated ftt p. 100 ® 


into PBr, and Br, which re-pombine on cooling. 
(Ogier, 0. B. 92, 83) gives the following heats of 
formation: [PjBr*] « 63,000 from liquid Br; 

>= 83,000 from gaseous Br ; » 62,300 from solid 
Br ; in each case solid PBr, is formed. 

Reactions.— 1. Heated to 200® in oxygen^ 
PBr, inflames with formation of P. 4 O, (Baum- 
stark, A. 140, 76).— 2. Neither hydrogen not 
sulphur reacts in the cold with PBr,.— 3. Chlorine 
forms PCI, and Br; iodine produces PBr, and 
IBr,.— 4. In moist air, PDBr, is formed [g. v.). — 
6 . A little water produces HBr and POBr, ; with 
much water HBr and H 3 PO 4 are formed. 

PBr, reacts with hydroxide to substitute OH by 
Br ; the reaction is similar to, but not so ener- 
getic as, that of PCI,. --7. Hydrogen sulphide 
forms PSBr, and HBr.- 8 . Phosphorus hydride 
forms at first PBr,, and then also P and HBr. — 

9. Hydriodic acid has no action 1 dry boric acid 
forms some BBr, (Gustavson, D. 3, 426) ; dry 
oxalic acid produces POBr,, HBr, CO, and CO._,. 

10. Antimony sulphide produces SbBr, and PSBr, 
(Baudrimont, Bl. 1861. 118). — 11. With many 
metals at high temperatures, PBr, produces 
phosphides and bromides. 

Combination.-~Vi\ih ammonia to form 
PBr,.9NH,. Prepared by passing dry NH, into 
a solution of PBr, in CCI 4 (Besson, G. R. Ill, 
972). 

Phosphorus, bromochlorides of. Several 
compounds of P, Br, and Cl are formed by the 
reaction of PCI, with Br. PBr, Cl,, PBr^Cl,, or 
PBr,Cl, is produced according to the relative 
quantities of PCI, and Br used ; and from one or 
other of these the compounds PBr^Cl, and 
PBrCl, are obtained. According to Stern (C. J. 
49, 815) PBr,Gl, is formed, and on addition of * 
more Br the compound PBraCl.^ is produced, and 
unites with Br to form PBr, Cl,; the whole of 
the Cl in PCI, cannot bo thus replstfed by Br 
(Michaelis, B. 5, 9, 411 ; Wichelhaus, A. Suppl. 

6, 277 ; Stern, C. J. 49, 815 ; Geuther, J. Z. 10, 
128 ; Michaelis a. Geuther, Jl Z. 6, 242 ; Prin- 
vault, 0. R. 74 , 868). Michaelis regarded PBr, Cl, 
and PBr^Cl, as compounds of PBr^Cl, with Br, 
and 3fir, respectively; Prinvault looked on 
PBr^Cl, as PBrjOl^-BrCl, and PBr„Cl, and PBr, Cl, 
as PBr,.3BrCJ and PBr,.2BrCl, respectively. 

^ Against Prinvault’s view it was urged by Michaelis 
that if the compounds contain PBr, they must 
give POBr, and BrCl by reacting with SO„ 
whereas the products are POCl„ SBr^, and Br ; 
but Geuther showed that POBr, reacts with BrCl , 
to give POCl, and Br. Geutlior regarded the * 
compounds as containing trivalent Br atoms. 

Phosphorus dibromotrichloride, PBr, Cl,. 
Yellow-red crystals, melting at 35® ; obtained by 
gradually adding 160 pts. Br to 187*5 pts. PCI,, 
and keeping in a closed tube in a freezing mix- 
ture for some time (M.). Addition of 18 pts. 
water reacts thus (G. a. M.) : 3PBr,Cl, + 8 Hj.O 
= 2POCl, + POBr, + 3HCl+%HBr. U SO, is 
passed into the contents of the tube, SBr, and 
FOCI, are formed (M.) • 

Phosphorus tetrabromotrichloridb 
PBrfCl,. Large dark-red crystals with a blne^ 
sheen ; formed by adding Br slowly to PCI. till 
two layers are produced, the lower of which is 
dark and oily, and then adding PBr,Gl, until the 
lower layer solidifies (G.). Also prMuced hf 
WAnning PBr, wit^ P01| to 40® ; . 
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4PBr, + 6 PC!j * 5PC1, + SPBr^Cl, (G.), when 
heatM PBr^Cl, melts and separates into two 
layers, which unite again on cooling. A little 
H,0 produces POCl,, POBr„ HCl, HBr, and Br : 
much H 3 O forms H,P 04 , HCl, HBr, and Br; 
SO, produces POCl,, SBr^, and Br. 

Phosphorus ocTonnoMoxiucHLoniPB PBr,Cl,. 
Bro^vll needles, melting at 25°. Formed by j 
adding dj pts. Br to 1 pt. PCI, {i.e. in the ratio j 
8 Br ; PCI,), heating to G5°, and allowing the oily j 
liquid to cool to c. 4° ;*niuch heat is produced^ 
in the reaction (P.). Geuthcr {l^.) says the com- 
pound is also produced by adding BrCl to PBr, 
in the ratio PBr^ : 3BrCl. 

Phosphorus uKrTAnROMonicHLORiDE PBrjCl,. 
Prismatic crystals. Obtained by rapidly dis- 
tilling the preceding compound at a little above 
‘J0° (P.) ; also dropping PCI, into Br until 
two layers are Termed, and allowing to st^nd. 
Soluble in PCI,. • 

Phosphorus monobromotetrachloridk 
PB rCl^. According to Prinvault {l.c.) this com- 
pound is obtained, as yellow crystals, by heating 
to boiling a solution of the preceding compound 
in PCI 3 , also by the reaction of PCI, with 
BrCl. P. says that PBr^Cl, and PCI, react in 
accordance with the equation PBr,Cl, + PCI, 
-PBr,CL, + PBrCl 4 . 

Phosphorus, bromofluoride of, PBr,P,. A 
liquid, which fumes in the air, and is violently 
decomposed by water; also d('(!omposed eaoily 
by heat to PBr, and PF, ; formed by passing 
PF, into Br (Moissan, G. h. 100, 1348). 

Phosphorus, bromonitride of, PBr.N. This 
compound is said to be formed by heating the 
•product of the action of NH, on PBr,, in a 
sealed tube, to 2ij0°-275°, with twice its weight 
of PBr, for twelve hours, and then heating tiio 
resulting substances under reduced •pressure, 
when PBr, sublimes, and then at 200 ’ a white 
crystalline sublimate of PBr.^N is formed; the 
compound is purified by resubliming in vacuo. 
The crystals melt at 18^°-100° ; sublime at 150° 
in vacuo \ sol. ether, less sol. CS, or CUCl,, 
insol. water (Besson, C. R. 114, 1479). 

Phosphorus chlorides of. P and Cl com- 
bine directly and easily, with the production 
of light and much heat. Two compounds are < 
thus produced, PCI, and PCI,; these formului 
are molecular. According to Donny a. Mareska 
(C. R. 20, 717), and Dumas {A. Ch. [3] 65, 172), 
liquid Cl surrounded by solid CO, combines 
with P. 

Phosphorus trichloride PCI, (Phosphorous 
chloride). Mol. w. 137-07. Boils at 75-95° at 
70)0 mm. (Thorpe, C. J. 37, 333 ; v. also Pierre, 
A. Ch. [3J 20, 6 ; Haagen, P. 131, 122). S.G. 
g 1-01276 (Thorpe, 7.C.); V.D.70-6 (Dumas, 

[3] 55, 172). S.H. of vapour 'Idil, equal weight 
of air-1; *64, equah vol. of air«l (Begnault, 

J, 1863. 85). ft for H line a ■■ *3222 ; Mol. w. 

e=44-3 (Haagen,*P. 131, 122). H.F. [P,C1«] 
* 76,300 (Th. 2, 408 ; formation of liquid PC1,V 
Begnault (/. 1863. 66) gave the vapour pressures of 
PCL in mm. of Hg as follows 87-98 at 0°, 62*68 
at 10^ 100*55 at 20^ 155*65 at 30°, 288*78 at 40°, 
341*39 at 485*63 at .60°, 674*23 at 70°. 

Formanon.-^!, By direct onion of P and Cl--* 
8 By reaction ^ P with HfCl^ Fed^ Cu04» 


Id,, S,d,. or Bed, I 2, 800}.-8. By 

reaction of Cl orHgClj with PBr, or PI, (Ic.).— • 
4. By decomposing PCI, by heat aided by H, P, 
PH„ 1, HI, S, or ono of several inetals.^*- 6 . By 
heating HPO, with NaOl (Om.-K.t f.c.).— 6 , By 
heating NaJIPO, with NH^Cl (H. Rose).~7. By 
heating P with cone. HClAq (Oppenheim, RL 

[ 2 ] 1, 163). — 8. By passing POCl, througlj a tube 
filled with glowing charcoal (Itiban, 0. R, 05, 
1160). 

Ptvpamlioti.-^ About SOO GOOg. P, in pieces 
about 1 inch long, are dried quickly, twice, 
between filter-paper, and placed in a dry retort 
of c. 1 litre capacity, through the neck of whicl^ 
a stream of dry CO, is kept passing. The beak . 
of the retort is now passed into a well-cooled 
receiver, and the tubulus is conneoted with an 
apparatus which is evolving dry Cl. The tube 
through which the Cl passes into the retort is 
fixed somewhat lu(^oly in the cork, so that it may 
be gloved up or down easily. The retort is 
placed in warm water until flie P is melted; 
after the action has fairly begun, the beat pro- 
duced suflices to keep the P molten. A largo 
basin with cold water is kept beneath the retort 
in case the latter should break. The reaction is 
i regulated by moving the tube from the Cl appa- 
' ratus near to, or away from, the surface of the * 

I P ; if this tube is too near the P, the heat of the 
reaction vaporises much of the P, which llion 
! condenses in a reddish layer in the upper part 
' of the retort ; if the delivery-tube is too far from 
the P, solid PCI, forms and deposits on the 
uj)per part of the r<!tort in yellow crystals. As 
! the reaction procctuls, pieces of red P appear 
here and there in the retort. Towards the end 
iiiiioli red P is formed ; this must be heated 
i carefully with a lamp, a process in wliich the 
i retort is apt to be cracked. The distillate is 
digested willi a little 1 ’ fora few days, to decom- 
i pose any PClj, and then redistilled from a re- 
' tort heated on a watcr-balh (Donny a. Mareska, 
C. R. 20, 717 ; Dumas, A. Ch. [3] 65, 172). 
Thorpe (C. J. 37, 333) recommends to heat red 
r in dry Cl ; he says that the reaction is very 
regular, and that largo quantities of PCI, maybe 
prepared thus with groat ease and rapidity ; the 
,red P should bo washed with water, then with 
alcohol, then with ether, and dried at a gentle 
heat. * 

Properties. — A clear, colourless, highly re- 
fractive, liquid, which can be vaporised without 
decomposition in absf 3 nce of moisture ; fumes in 
air with decomposition ; does not redden dry 
blue litmus paper ; vapour has an acrid smell 
and excites tears. Docs not solidify at — 116° 
(Natterer, P. 02, 133). Does not conduct elec- 
tricity. Dissolves P ; also I (Gladstone, P. M, 

[3] 36, 345). Mixes with CJI,, Et,0, CHCL, 

and.es,. In a gas-flame or alcohol-fiame, PCI, 
burns brightly. Sinks in water and then begins 
to decompose to HjPOjiAq and HClAq ; if a little 
warm water is used, amorphous P leparates. 
Slowly decomposes in the dark to I’d, and P 
(Casselmann,A. 83, 247). Combines with Cl to 
form PCI,. Not .acted on by 0 at ordinary tem- 
peratures; POCl, is slowly formed at b.p. of 
PCI,. POCl, is formed by action of ozone and 
various 0 compounds which readily pAri with 
0 (v. Reactions). * 

Testing PCi, for POCl,.— PCI, has little oc^* 
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tion on zinc-dust at ordinary temperatures; POCl, 

, ‘produces P,Oa and Zn plio^phide, which is de- 
composed by IIp, giving inflammable? hydride. 
To apply this reaction, a few drops of the liquid 
are added to a little zinc-dust in a test tube, and 
then a few drops of water ; if POGl, is present, 
Bmall bubbles of gas are given off, and take Are 
In the air (Deniges, Bl. [3J 2, 787). 

Reattions.—\. Water produces H3PO, and 
HCl ; the reaction proceeds somewhat slowly. 
If a little warm water is added; to PCl.„ 
amorphous P separates a% the product 
of a secondary reaction — 3 H.,PO,Aq f 2PCI3 
= BHPOjAq -I- GHClAq + 2P (Michaelis, Ji. 8, 
Ui)4 ; but c/. Geuther, J. Z. [2] 3, 2)id Suppl. 
110).— 2. Oxygen does not react at ordinary 
temperatures, but POCl, is slowly formed at 
b.p. of PCI3 (Michaelis, J. Z. 6, 93 ; Bemsen, 
Am. S. [3] 11, 30.5). 3. O^one rapidly forms 
POCl, (Bemsen, Z.c.).“-4. rotassiicm chlorate 
produces POCl,. — 6. Sulphfir trioxide reacts 
violently, forming POCI3 and SO. (Michifelis, 
J.Z.tjf 239; 7, 110; Armstrong, “j. pr. [2J 1, 
266; c/. Bose, P. 44, 304). — 0. Sdenion dioxide 
produces POCl, and Se at 110^ ; if the ScO. is 
in excess, SoCl. and P.O^^ are also formed ; SO, 
has no action at IdO'^ *(M., Heated in a 

"dosed tube at 130° with arsenious oxide, forms 
As, AsCl,, and P.^^ (Michaelis, /.c.).— 8. Thionyl 
chlorUle forms PCI,, POCl,, and PSCI3. Ghromyl 
dichloridc produces POCl,, P.3O3, PCI3, and CrCi,. 

9. Nitrogen trioxide or jmitoxide reacts with 
strongly cooled PCI, to form NOCl, P.3O3, POCl,, 
and P,03Cl4 (Geuther a. Michaelis, D. 4, 760).— 

10. Many metallic oxides withdraw Cl from PCI, 
forming metallic chlorides ; PbO forms Pb and 
Pb(PO,), besides PbCl.. — 11. Many metallic 
sulphides when heated with PCI, react to form 
P,S, and metallic chlorides ; e.g. K.,S, BaS, CaS, 
Sb-^S,, PbS, &o. {v. Gm.-K. i. 2, 320).— 12. Sul- 
phur reacts at c. 130° with production of PSCl, 
(Henry, B. 2, 638). — 13. AiUimony forms SbCl, 
and P {Qm.‘K., Z.c.).— 14. Bed-hot iron filings 
produce Fe phosphide and PeCl, {Gm.-K .), — 
16. Zinc, at 100°, forms ZnCI. and P (Most, B. 

18, 2029).— 16. Platinum and silver are not 
acted on by PCI, (Gw.-i^.).— 17. Sulphuric acid 
reacts slowly in the cold, rapidly when hot, to 
form SO.3, HCl, P.jOj,, and SO.J.OH.C1 (Michaelis, ' 

Z. 6, 239). — is. Phosphorous acid produces 
V^^ANaeguet'sS Chem. German ed. ft68. p. 218). 

19. Hydrwdic acid reacts at the ordinary tem- 
perature, forming PI, and HCl (Hautefeuille, 
Bl [2] 7, 198, 200, 203).- 20. PSCl, and PCI, 
are formed by heating for some hours at 100° 
with sulphur chloride. — 2\. Iodine pentabrom- 
ide is said to form ICl, and PBr,.— 22. Phos- 
phorus hydride produces HCl and solid P,H 
(Besson, C. B. Ill, 972). ShH, is said to be 
without action (Mahn, Z. [2J 6, 729).— 23. Heated j 
with hydrogen sulphide, HCl and P,S,are formed 
(Baudrimont, A. Ch. [4] 2, 6). — 24. Ammonia 
seems to.form various compounds which have not 
been fully examined { v . Puospuam, p. 104). — 
26. Passed over heated ammonium chloride, 
phospham (q. ,v.) is formed.— 26. With many 
carbon compounds containing hydroxyl, PCI, 
reacts to substitute Cl for OH. * 

Combinations. — 1. With chlorine, to form 
PCI, (7. V.). — 2. With bromine to form 
zeveral oromochloridea (g. v.).— 3. With iodin9 


to form PIjCl, (v. Pbosphobuz lonocHLORxnK, p. 
138). — 4. Witn titanium chloride to form 
PCl,.TlCi4 (Bertrand, M. 8. [8] 10, 1331) ; also 
with a few other metallic chlorides, e.g. AuCl.— 
6. With dry ammonia to form PCL.6NH, (Bose ; 
Besson, C. R. Ill, 972). 

PnOSPHORDB PENTACHLORIDB PCI, {PhoS- 
phoric chloride. Phosphorus perchloride). Mol, 
w. 207‘81. Melts at 148° under pressure ; boils 
at 160°-165°, with partial decompositioft to PCI, 
and Cl. V.D. varies with temperature; 0. 103 in 
*an atmosphere of PCI3 (r. Properties). H.F. 
[P.CP] = 104,998 (T/i. 2. 408). 

Formation. — 1 . By combining PCI, with Cl, 
or by the action of excess of Cl on P.— 2. By re- 
j acting with PCI, on PH,, S.^C1.„ or SOCl,.— 3. By 
the action of SbCl., on PIL, (Malm, [2] 6, 729). 

1 Preparation. — PCI, may be prepared by the 

I action of Cl on P, but the PCl^is apt to retain 
I pictfes of unchanged P, the presence of which 
I may lead to violent explosions ; it is, therefore, 
better to prepare PCI, from PCI,, PCI, is placed 
in a strong flask with a wide neck ; the flask is 
surrounded by a freezing mixture, and dry Cl is 
passed in by a wide tube which reaches almost 
to, but does not touch, the surface of the liquid, 
j As the contents of the flask got semi-sohd they 
must be thoroughly broken up by a glass rod. 
j The whole of the PCI, is not changed to PCI, 

[ until Cl has passed for a considerable time ; the 
change is not complete until, after closing the 
flask, shaking thoroughly, and allowing to stand 
■ for some time, the presence of greenish-yellow 
! g&a in the flask is quite apparent. Excess cf Cl 
is finally removed by the long-continued passage 
of a slow stream of dry CO.. (Muller, Z. 1882. 
295 ; Grabe, Ar. Sc. [3] 5, 477). 

Properties. — K white, or slightly yellow, 
crystalline solid with a strong odour ; crystallises 
in rhombic plates ; fumes in moist air, with de- 
composition ; sublimes without melting under 
100°, but melts at c. 148" under considerable 
pressure; boils at 0. 160°-165'°, with partial dis- 
sociation to PCI, and Cl, which re-combine on 
cooling. ^ PCI, docs not conduct electricity 
{Gm.-K.i, 2, 390). Decomposed by 0 at c. 300°. 
Burns in a candle-flame. 

Vapour density.— Hho S.G. of the vapour 
' obtained by heating PCI, is less than that cal- 
culated for PCI,, and it decreases as temperature 
increases until it is equal to half the calculated 
value. Wanklyn a. Bohinson (0. R. 66, 647) 

: showed that the vapour contained free Cl, by 
diffusing into CO.,, and that PCI, was present in 
the residue. Deville noticed that the vapour 
showed the colour of Cl, and that the intensity of 
colour increased as temperature rose {A. 141, 
147). The V.D. was determined by Canours at 
different temperatures, with the following results 
{A. 141, 42; V. also Gibbs, Am. 8. [3] 18, 277, 
371) , 

Temp. S.Q. (air=l) F.o. DissooUtioo 
182° 6*08 41-7 

190 4-99 44-3 

200 4-86 • 48*6 

• 230 4-80 67-4 

260 4*00 800 

274 8*84 87*6 

288 8-67 96-2 

*289 8*69 997 

800 8*6^ 97*8 
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fbe temperatare wheroftt 50 p.o. is dig- 
iooiated is o. 202°. Wurtz {B. 3, 572) showed 
that, making certain assumptions, the S.G. of 
PClj vapour formed in an atmosphere of PCI, is 
c. 7*4-6*8, which agrees with that calculated for 
I'd,, viz. 7*2. 

Bcactions. — 1. Heat dissociates PCI, into 
PCI, and Cl, which recombine on cooling {v. 
ante). — 2. PCljis decomposed by ivater to 1IC1A<J 
and POCl„ and finally to U’jP04A(i with some 
lIPOsAq ((7w.-A'. i. 2? 390). Thomsen gives 
[PCP,Aiil - 123,410 {Th. 2. 322).- 3. Boric aciti 
and aniimonic hydrate react sftuilarly to water 
(Gerhardt, A. 87," 06, 290; Schiff, A. 102, 111; 
100, 116). Boric oxide when heated with PClj 
forms BoOjj.P.O, and 13Cla(Gu8tavson, B. 3,420).— 

4. Hydroxides generally, including carbon co7«* 
pounds ichich contam the group Oil, exchange 
OH for Cl, witlPprodiiction of rOCl,and chloride 
of the radicle before in combjnation with OH. — 

5. Compounds containing the group Sll generuWy 
react similarly to OH compounds; e.g. 8II.H 
gives CIH and P8CI,.— 0. Oxides generally ex- 
change 0 for Cl.j ; carbon comjminds contain- 
ing the group CO generally also react in this 
wav.— 7. Oxygen reacts with vapour of 1*C1,, at 
c. 300°, producing POGl,, PA. and Cl {Gnu-K. 
i. 2, 390; Wanklyn a. Robinson, C. Z?.60, 047).— ; 
8 . PCl^ vapour mixed with hydrogen and passed i 
through a red-hot tube produces UCI, PCI,, and P I 
(Baudrimont, Oin.-K. i. 2, 394).— 9. Heated with i 
phosphortis PCI, is produced.~10. The com- 
pound rS,Cl-. 1** formed by distilling PCI,, with 8 
parts of sulphur (Gladstone, C. J. 3, 6).— 

11. Seletiion produces S0A2 PCI,. — 

12. Iodine forms PCI,,, and ICl which com- 

bines with part of the PCI. to produce PCI^.lCl 
{Gni.-K., /.c.). -13. PCI., reacts with many metals 
to form mol all ic chlorides and PCI3 ; sometimes 
P and mflallic phosphides are formed (Baudri- 
mont, i7.2>r. 87, 300; 88,78; Casselmann, A. 98, 
213). Among the metals which react with PCI, 
are Al, As, Cd, Au, Fc, Pt, K, Na, Sn, and Zn. 
The metallic chloride formed often combines 
with the undecomposod I’Cl^, ; this occurs, e.g., 
with AICI3, FeCl,, HgCl^, PtCl,, and SiiGl. 
(Wohler, B. 13, 876 ; cf. Goldschmidt, G. G. 
1881. 489). — 14. Phosphorus hffdride produces 
PCI, and IICl ; with excess of PH,, HCl, and ? 
are formed.— 15. Antimony hydride forms PCI,, 
8bCl„ and HCl ; silicon hydride acts similarly 
but more slowly (Muhn, Z. [2] 5, 729 ; ammonia 
forms phospham {q.v., p. 104) and nitrogen phoa- 
phochloride (vol. iii. p. 570) ; also pliosphaniido- 
imide {q. v., p. 105 ; cf. also Besson, C. li. 114, 
1204). -16. Sulphur dioxide produces bGCI, 
and POCI3 (8chifT, A. 102, 111; 100, 110; 
Persoz a. Bloch, G. li. 28, 86; Kremers, A. 70, | 
297).— 17. Sulphur trioxide forms 8,CUO, and 
POCl, (Schiff, l.c. ; Michaelia, J. Z. 0, 235, 240, 
292; Williamson,# Pr. 7, 11).-18. Selenion 
dioxide when distilled with PCI, forms POCl,, 
SeCl„ and PjO,, SeOCl.^ being formed as an in- 
termediate proiuot (Michaelia, Z. [2] 6, 465).— 
19. Phosphoric oxide produces POCl,.— 20. Boric 
oxide reacts slowly when heated to 0 . 140° \/ith 
PCI, ; BOCl, is probably formed, and on heating 
more strongly BCl, and B.p,.P,0, remain (Gus- 
tavson, H. 3, 426).— 21. Nitrogen dioxide pro- 
duces iTOCl and POOl, L 2, 890).— 

22. ^ifieoadi^gadifonngPOClMaDdSiOlfWhioh | 


eombines with the excess of PCI, (Weber, P. 107, 
376).— 23. Vapour of PCI, reacts with many nuj- 
tallic oxides, when these are strongly heated, to ' 
form POCl,, and inctallio chlorides which fre- 
quently combine with umlocomposed PCI,. The 
following react in tliis way— Al.^0,, AsAi 
As.p, (Hurtzig a. Geuther, A . Ill, 159 ; Miohaelis, 
J. Z. 6, 239), [no reaction with Sb..O, ; Schiff, A, 
102, 111], CdO, Cr.O.,, Fe.,0„ MnO..; MoO, (Schiff, 

I I.C.), SnO. TiO., (Webor, P. 107,37*5 ; Tiittscheff, 
A. 141, 111), WO, ((ieihardt a. Chiozza, C. B. 
30, 1050 ; Schif^/.c.).— 24. PhosphoniS sulphide 
forms 1\SC1, (Wcbi-r, P. 107, 375 ; Gm.-A. i. 2, 

! 390).— 25. Carbon disuljihidii doi.'ii not react at 
; lOO'" (Hofmann, A. 115, 204) ; at 200° PSCl, 

I prodiiccMl (Carius a. Fries, A. 112, 193), and CCl, 
’(llathke, Z. [21 0, 57). — 20. Many metallic 
sulphides when heated arc decomposed by vapour 
I of PCI3 with formation of PSCl,, S^Cl,, and 
metallic chloride ; the following react in this 
way— sufi>hido o^As, Ba, Bi, Cd, Ca, Pb, Na, 
Sn,« Zn (Weber, Ic. ; Baudrimont, l.c.). — 
27. Antimony selenide and lead selenide form 
SeCl„ which forms a double compound with 
the excess of i’Gl,.- 28. Ht/driodic acid pro- 
duces I'Cl,. HCl, aind I (Wurtz, Om.-K., Ic.); 
hydrobromic acid is without action (Gladstone, 
C, J. 3, 5) ; syrupy pliosphorio acid solution 
reacts slowly, the vaipours of this acid do not act* 
(Gerhardt, A. 87, 00, 290; Schiff, A. 102, 111; 
100, 110 ; Persoz a. Bloch, C. H. 28, 86).— 
29. Cone, nitric acid n^aerts energtjtioally, form- 
ing POCl , and UCl.— 30. Sulphiinc acid forms 
SO,.OH.Cl, HCl, and IlPO,, and 8,01,0, aa tho 
result of a secondary reaction (Miohaelis, J. Z, 

6, 2.35, 240, 292; Williamsou, Pr. 7,’ 11 ; Baum- 
stark, A. 110, 75).— 31. Many metallic salts react 
with PCI,; KNO, gives NOCl and POCl3(Nacquet, 
Bl. 1800); sulphites form SOCl, (Buchanan, B, 

3, 485) ; AgF produces AgCl and probably a 
lluoride of P (Pfaundler, W. A. B. 40, 258) ; 
KCIO, gives POCl,; KSCy forms PSCl,, S,CI„ 

; and PCI, ; Na.HPO, gives H^PO, and HCl ; 

I haloid salts of tho alkalis, and also ECy and 
! K^FeCyc are not acted on by PCI,,. 

Comidnations. —1. With iodine chloride to 
form PC1,.ICI {Om.-K. i. 2, 390). - 2. With 
selenion tetrachloride to form SeCl4.2PCl4. — 

3. With many metallic chloridxs [cf. Reactions, 
Nos. 13 and 23). These compounds are solids, 
which suWimo with partial decomposition when 
heated, ond are decomposed by water (Baudri- 
mont, J. jnr. 87, 300; 88, 78; Weber, Ibid, 'll, 

. 05; Casselmann, il. 83, 258).— 4. With ammonia 
to form PC1.,.8NU3 ; produced by slowly passing 
dry NH3 into a solution of PCI, in CCl, (Besson, 
C,li. 111,972; 114, 1264). 

Phosphorus, ohlorobromideiof,v.pHOSPBOBTT8 
DBOMOCIILORIOES, p. 130. 

Phosphorus, chlorofluoride of, PCljFj. Mol. 
w. 175 07. V.B. 78. Poulenc (C. R. 113, 75). 

Preparation. — Tw stoppered flasks of o. 600 
0.0. capacity arc connected by a bent tube, which 
passes through tho stoppers ; one fltsk is filled 
with dry Cl, ;.nd the other with dry PF, ; that 
containing PF, is connected with a bulb full of 
Hg, which can be caused to flow into the flask 
and so fored the PF, into the flask full of Cl. 
The PF, is slowly driven into the other flask, 
and the PC1,F, thus formed is kept in contact 
with Hg for some days (without being shaken 
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with Hgt else some PF, may be decomposed) 
^ko remove traces of Cl. 

Properties — A colourless gas, with very irri- 
tating odour; incombustible; liquefied at 
at ordinary pressure ; absorbed and decomposed 
by water; heated to o. 250° gives PF. and PClj, 
also decomposed in the same way by electric 
sparks. 

lieactiofis, —!. Heat produces PFj and PCI5 ; 
the action proceeds at c. 250°.— 2.^ Electric 
sparks also produce PFj and PCI4.— sf Heated 
with sulphur to 0. 115°, PSb\ and S-^Clj are 
formed. — 4. Heated with phosphorus to c. 120° 
PF, and PCI, are formed.— 5. Several metals 
when heated to 0. 180° produce metallic chloride 
and PF„ e-gr. Al, Fe, Pb, Mg, Ni, and Sn; Hg 
exerts a slight action at ordinary temperatures, 
and acts rapidly at 180° ; Na seems to absorb 
PC1,F, entirely.— 6. Water reacts rapidly ; if a 
little water-vapour is mixed with PpljF, the 
products are POF, and HCl ; h the gas is passed 
into water, HsPO^Aq, HClAq, and HFAq *aro 
formed.— 7. Absorbed by alcohol^ with formation 
of a compound not yet examined.— 8. Ammonia 
is absorbed at ordinary temperature, forming a 
white solid, which is probably PFa(NHJr 

Phosphorus, ohloro-iodide of, v. Puosphoiius 
•yonociiLoniDE, p. 138. 

Phosphorus,' ohloronitride of, v. Nitrookn 
PHoapnocunoRiDB, vol. iii. p. 570. Besson (C. It, 
114, 1479) recommends to prepare PCljN by form- 
ing a layer of PClj on the sides of a largo flask, by 
acting on PCI, with Cl, then to heat the PCI, 
with NH, till it is superficially saturated, and 
then to heat unddl* reduced pressure. 

Phosphorus, compounds of, with hydrogen and 
oxygen. Those compounds of P, II, and 0, wliich 
are acids, are described in the articles Piiospuouic 
ACIDS (p. 124), and Piiosruoaus, oxyacidsof, and 
TBEIB BALTS (p. 140) ; but two Compounds which 
have been described by Gautier will find a place 
here. Gautier (C. It. 76, 49) says that the com- 
pound PjHO is fom\ed by heating crystallised 
H,PO, with 6 or 6 times its weight of PCI., to 
79°, washing with water, and drying at - 10° ; 
at between 80° and 100' the products of the 
reaction are HjPO^, HCl, and amorphous P. 
This compound is described as an amorphous 
yellow powder; unchanged in air when dry, but 
oxidised slowly when moist ; insoluble in most 
menstrua ; burns when heated in air to o. 200° ; 
bums explosively when heated with CuO ; un- 
changed at 240°-250° in CO.., but evolves PH, 
at 266°, and at 350°-360° ordinary P distils off ; 
not acted on by dilute acids ; oxidised by ordi- 
nary HNOsAq ; cone. H.,S04 evolves SO, at o. 
200° ; decomposed by H,0 at o. 170° to HjPO^Aq, 
H,POsAq, and PH,; reacts with dilute alkali 
solutions; NH, combines to form a very unstable 
brown substance. Gautier (C. B. 70, 173) de- 
scribed another compound P,H,0 ; obtained by 
adding PI„ little by little, to il fi at 80°-90°, 
allowing t)ie yellow solution to deposit a floccu- 
lent pp., washing this with warm water, and 
drying in vacuo. If water is added slowly to 
P4 the products are HIAq, H,PO,Aq, and 
H,PO,Aq. P,HjO is described as a pure yellow 
solid ; amorphous, or perhaps showing traces of 
orrotalline form ; tasteless and odourless ; in- 
soluble iit all menstrua ; oxidises in air when 
moist, when dry oxidises dowly at 100° ; oxidised 


violently by HNO,Aq; evolves SO, from SiSO,; 
gives off PH, when heated to 185° in 00„ and 
ordinary P at 850°; decomposed by dilute 
alkaU solutions to PH,, H, H,KPO.„ and HK^PO^ ; 
combinee with NH, to form a brown very un- 
stable substance. 

Phosphorus, cyanide of, v, Cyanooen phos- 
PBiDB, vol. ii. p. 358. 

Phosphorus, fluorides of. Two fluorides of P 
are known, PF, and P^; these formulte are 
molecular. The compoimds are gases at ordi- 
nary temperatuiys. 

Phosphouds tbifluokide PF,. [Phosphorous 
fluoride.) Mol. w. 87’96. V.D. 43*7 (Moissan, 
A. Ch. [6] 6, 433). 

Formation.—l. By the reaction of f bF, with 
Cu jAiosphide (M., l.c.).— 2. By adding AsF, to 
PF, (M., l.c.).— 3. By the reactiau of PbF, with. 
PCI, -or POCl, (Guntz, C. B. 103, 68).- 4. By 
adding PBr, to gorl-ly heated ZnF, (M., A. Ch» 
[6] 19, 286). 

Preparation.~l. AsF, is dropped into per- 
fectly dry PCI, ; the gas is shaken with a little 
water, and dried over H.BO^ (M., G. B. 100, 272). 
2. A mixture of well-dried Cu,P.^ and PbF, free 
from SiO., is heated in a brass tube to dull red- 
ness, tlie gas is passed by a leaden tube through 
two very small bottles (2 or 3 c.c. capacity) con- 
taining H,S04, then through pumice soaked in 
IJ2SO4, and is tlien collected over Hg.— 3. PBr, 
is gradually added to warm ZnF,^, the gas is 
washed by passing through water, then dried by 
passing over pumice soaked in H,,S04, col- 
lected over Hg (M., A. Ch. [6] 19, 286). 

Proper ties. —k colourless gas, condensed to 
a colourless liquid at - 10° and 40 atmos. pres- 
sure. The gas is not liquefied at 24° under a 
pressure of 180 atmos., but liquefaction occurs 
when the ''pressure is suddenly redutf^d to 60 
atmos. ^Moissan, l.c.). PF, does not fume in the 
air ; it is very slowly decomposed by water, with 
, formation of HaPOjAq and HFAq ; burns when 
i mixed with 0 ; decomposed by heat ; also by 
j electric sparks. 

! Beactions and Combinations. — 1. Decom- 
i posed by heat ; in a glass apparatus P and SiF4 
. are formed ; imcontact with Pt black a gas is 
! Corraed, probably containing F (Moissan, 0. B. 
102, 763).— 2. Electric sparks slowly decompose 
PP’,, forming PF, and P (Moissan, C. B. 102, 
763). — 3. Burns when mixed with pure oxygen 
and ignited ; a mixture of 1 vol. PF, and J vol. 0 
explodes violently when sparked, with formation 
of POP, (M., C. B. 102, 1245).~4. Very slowly de- 
composed by watei\ with formation of HjPOjAq 
and HFAq ; more rapidly decomposed by steam 
at 100°.— 6. According to Berthelot [A. Ch. [6] 
6, 358) potash solution produces a fluophosphor- 
ous acid probably analogous to fiuoboric or fiuo- 
silicic acid; Moissan [C. i?.,99, 655) says that a 
fluoride and a phosphite are formed. — 6. Ab- 
sorbed rapidly by bromine with formation of 
PBr^P, (v. Phosphorus bbomofluorIdb, p. 131), 
also by chlorine^ with formation of POl,F, (v. 
Phosphorus ohlorofluobxds, p. 183).— 7. De- 
composed rapidly by solutions of chromic acid or 
potassium permanganate.— 8. Decomposed by 
hot sodium, copper, boron, and silicon (^, C. B, 
99, 655).— 9. dombines with ammonia to lorn 
' white, flooonlent ooippound, whioh if decomposed 





ky w»i«r (M., OombineB with fiuorine 

to form PF, (Moi^, Bl [8] 5. 464). 

Determination of composition. — The oom- 
oond was analysed by Moissan (0. i2. 100, 272) 
y heating a known volume in a glass vessel, 
measuring the volume of SLB\ formed, dissolving 
the P de|)osited in HNO,Aq, and estimating as 
Mg-NH4 phosphate. 

Phosfuobus pentafluoridb PFj {Phosphoric 
ftiwridc). Mol. w. 125-90. V.D. 00-2 to 05-1 
(Thorpe, A. 182, 201 ;,Mois8an, C. li. 102, 703; 
103, 1257). 

Fon)ialif)n.— l. By passingi PF, into Br at 
— 16®, PBr^F, is formed, and when heated this 
gives PFj and PBr^ (M.)is8an, C. R. 101, 1490). 
2. By the reaction of AsF^ with PCI4. -3. By direct 
combination of PF, with F (M., Bl. [3] 5, 454). 

Preparation. — AsFj is added gradually to 
PCI5 surrounded by a freezing mixture ; the gas 
which comes olT is passed through PGl^ conUiinod 
in a tube which is kept coldfand is collected over 
Hg (Thorpe, A. 182, 201). 

Properties and Reactions. — A colourless, 
strongly-smelling gas, which fumes in air and 
rapidly attacks the membranes of the mouth and 
the bronchial tubes. Condensed at 15® and 
40 atmos. to colourless liquid which does not act 
on glass (Moissan, C. li. 101, 1490) ; on par- 
tially releasing pressure the liquid solidifies, but 
soon again becomes liquid (M., l.c.). Decomposed 
by powerful electric sparks (150 200 mm. long) 
to PF, and F (M., C. R. 103, 1257), but not by 
ordinary sparking (Thorpe, l.c.). Incombustible 
and does not support combustion. Not acted on 
by heating with phosphorus to dull redness, nor 
with sulphur vapour at 440^, nor iodine at 500® 
(M., 2.C.). In presence of trace of water acts on 
glass, forming SiF, and POF,. Passed over 
gently-heated spongy platinum is partially de- 
oompoBi^ to PF, and F ; when the Pt is heated 
to dull redness a compound of Pt with P and F, 
probably PFj.PtF,, is formed (M., PI. [3] 5, 454). 

Phosphorus, fluobromide of; v. Pnospuoaus 

BBOMOFLUOBIOE, p. 1^1. 

Phosphorus, fluochloride of ; v. Pnoernoiius 
OHLOBOFLUORIDE, p. 133. 

Phosphorus, haloid compounds of. P combines 
readily with the halogens, wi^h production of 
much heat, to form compounds PX, and PX,; 
besides these, the compound PI, is also known. 
Several compounds of the type PX,, and at least 
one of the type PX, (viz. PF,), have been gasified, 
so that the formula) are molecular. The haloid 
compounds of P are decomposed by water, the 
fluorides only very slowly, with formation of 
oxyaoids of P and halogen acids; these com- 
pounds also combine with many other haloid 
compounds, both of metals and non-metals, to 
form double salts. 

Phosphorus, hydrides of. P and H do not 
combine directly : but hydrides of P are pro- 
duced by evolvin/H in contact with phosphites 
or hypophosphites. Three hydrides of P have 
been isolated PH, (or PtH,), and P,H (or 
P4H,). Janssen {JRepert. Chim. app, 8, 898) ob< 
tain^ a crystalline, explosive snbsUnce bv,the 
reaction of milk of liins with P, to which he 
gave the formula PMr At the ordinary tempo- 
ratocoaiidpnHMRure we first hydride is gaseous, the 
second liquid, and the third solid. The formula 
is moleoulsr: CronUebois (0* B. 79, 496) 


said that the V.D. of the liquid compound shows 
the mol. w. to be but no details are given ; 
the mol. w. of the solid compound is unknown^ 
The liquid hydride tadees §re in oontaot with air; 
the gas inflames in air at o. 150®, and the solid 
at 0. 200® ; the processes for preparing gaseous 
PH, generally also produce more or loss liquid 
R^n,, the resultant gas is thcrefofe spontaneously 
inflammable. PH, resembles NH, in its re- 
actions, but it is much less decidedly alkaline ; 
phosphonium compounds, e.g. PH,!, similar to 
ammoniflm confounds, are known. 

PUOSPHOKUS TRiuvnaiDK ’ PH, (Phos- 
phorvited hydrogen. Phosphine), Mol. w. 83*96. 
Liquefies, -90®; solidities —133-6®; melts at 
-1.32*5®; boils 0. -85® (Olszewski, M. 7, 37lTI. 

5. G. (air =1) 1*185. V.D. 17 2. H.P. [P,H»]- 
3G, GOO (Ogier, C. R. 87, 210). S. *112 (Dy- 
browski, J. 18GG. 735). 

Formation. — The gas obtained by the 
following motho(^ is never pure PH, ; it contains 
mqre or less P3H4, and getierally also H ; it is 
usually spontaneously inflammable. 1. By 
evolving H in contact with phosphites or hypo- 
phosphites in solution ; phosphates are not re- 
duced fGm.-A". i. 2, 138 ; Freseniiis, Fr. 6, 203 ; 
Herapath, Ph. 7, 67). P and H do not combine 
directly (Fourcroy a. Vauquelin, A, Ch. 21, 202 ; 
Dusart, C. R. 13, 1120).— 2. By heating solutions 
of phosphites or hypophosphites (Gm.-iC., lx .). — 
3. By the action of boiling alkali solutions on P 
(H. ilose, P. 6, 199 ; 8, 191 ; 14, 188 ; 24, 109, 
295 ; 82, 467 ; 4G, G33).— 4. By heating P with 
syrupy }IaP04Aq, or with HClAq, HBrAq, or 
HIAq (Oppenheim, Bl. [2] l,.163).-6. By heat- 
ing P with water to 200® (Oppenheim, i.c .). — 

6. By long-continued beating P with blood to 
35®-41° (Dybi-owski, J. 186G. 786).— 7. By the* 
action of the electrio current on moist molten P 
(Groves, C. J. 16, 268).— 8. By heating P with 
H.p to 0. 200°.— 9. By decomposing Zn phos- 
phide by dilute acids, or boiling alkali solution 
(Schwarz, D. P. J. 191, 89G). According to Liipke 
(C. 0. 1890. ii. 642), the gas obtained by acting on 
phosphide of Mg, Sn, or Zn with dilute acid is not 
spontaneously inflammable. — 10. By treating 
Cu phosphide with KCN and a little 80 p.c. 
alcohol {Qm.-K. i. 2, 138).— 11. By decomposing 
phosphides of the alkali or alkaline earth metals 
by water or dilute acids. 

, Preparation.—!. A small flask carrying an 
exit tube is nearly filled with a cone, solution of 
EOH in 80 p.o. alcohol ; small pieces of P are 
dropped in, and the flask is heated ; the ms is 
passed through a CaCl, tube to absoil) alcohol 
vapour, and collected over water. The gas thus 
prepared does not contain more than 0. 46 p.o. PHl, 
(Hofmann, B. 4, 200) ; it is generally free from the 
spontaneously inflammable hydride. The gas pre- 
pared by the action of KOHAqon P oontains some 
P,H4 and much H ; it is spontaneously inflam- 
mable in air. The simplest way of preparing 
this gas is to place a few small pieces of P in a 
little flask which carries a cork wit)^ two tubes, 
one fitted with a stoTOook and passing just 
through the cork, and the other bent like an or- 
dinary gas-delivery tube and dipping under water 
. in a basin ; the flask is nearly filled with oono. 
EOHAq ; the tube with the stopcock is attached 
to the gas-supply, the cork is fitted Joosely into 
tho fla^, and a stream of coal gas is passed 
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Ibrotigb th« apparatoa for a few minutes, after 
whieh the cork is fitted tighftly into the fiask, the 
•stopcock is closed, and the fiask is heated. Dar- 
ing this process the epd of the delivery-tube is 
kept under tho surface of the water in the basin. 
After a few minutes gas is evolved, and each 
bubble takes fire as it comes into contact with 
the air after passing upwards through the water 
in the basin. If the whole of the air is not driven 
out of the apparatus before the fiask is heated, 
serious explosions may occur.— 2. The best way 
of preparing pure PHa is to decpniposoPHJ by 
KOHAq. A small flask is fitted with a caou- 
tchouc cork, which carries a tube furnished with 
a bulb and stopcock and an exit-tube ; pieces of | 
fR.I about tho size of peas are placed in the 
flask along with several small pieces of glass- 
rod, KOHAq (c. 1 pt. KOII in 2 pts. HD) is al- 
lowed to drop from tho bulb-tube very slowly on 
to the PH J in the flask. Pure PH^ is evolved 
without heating; if the KOHAq is aided too 
rapidly tho gas may contain a little PjH^ an(Lbe 
spontaneously inflammable (Hofmann, JiA, 200 ; 
llammelsberg, B. 6, 88). About 1 litre PIlj is 
obtained from T-T^ g. PH^I (for preparation of 
PH^I V. PnOSPHONIUM COMPOUNDS, p. 123)i. 

Properties.— FUi is a colourless gas, with a 
very disagreeable smell like that of onions mixed 
with decaying fish ; very poisonous ; slightly 
soluble in water {v. beginning of this article). 
The solution glows in the dark, and deposits 
amoiq)houa P when exposed to light and air; on 
boiling, PH., is given ofl. PH^ is slightly soluble 
in alcohol, ether, ethereal oils, and blood ; it is 
completely absorbed by solution of bleaching 
powder, also by Cu.^Cl.^ in HClAq (v. Combmi' j 
lions, No. 4). PH;, combines with the halogen | 
acids to form salts similar to those of NH^ (o. 
PnosPHONiUM COMPOUNDS, p. 123) ; the H of PH, 
is replaceable by organic radicles {v. Piiosphinks, 
p. 116). PHj reduces solutions of salts of heavy 
metals. PH,., free from P.JI, takes lire in air ut 
0. 160°. The gas prepared as mentioned under 
Formation takes fire immediately on contact 
with air ; it loses this spontaneous inflammability 
by exposure to sunliglit, by passage through a 
U -tube cooled to —10°, by mixing with small 
quantities of AI3O.,, wood charcoal, various gases, 
(&o. (v. Graham, P. M. 6, 401). These processes 
remove P^H^, to tho presence of which the ready 
inflammability of the gas is due. Addition to 
PHj of of its weight of P.H^ causes the gas to 
become inflammable in air ; the presence of 
to of NO, produces the same effect 
(Graham, l.e , ; cf. Laudolt, A. 116, 103). The 
gas prepai’ed by the action of KOHAq on PHJ 
(v. Preparation, No. 2) is described by Hofmann 
as taking fire when gently warmed, and being 
sometimes inflamed by the friction of tho stopper 
of the bottle in whicli tho gas may be kept. 
According to llammelsberg {B. 6, 88), the gas 
prepared in^this way is sometimes spontaneously 
inflammable. The gas prepared in this way 
takes lire when passed into eonc. AgNO,Aq 
(Poleok a. Thilmmel, B. 16, 2442). 

R$actions.—l. PH, is decomposed by heat ; 
when passed through a red-hot tube, lustrous, 
amorphous P is deposited (Merz a. Weith, B* 
18, 718).— 8. Decomposed by ekciric sparks to 


P and H ; the prooeu takes plaoe witli regulanty, 
20 O.C. are decomposed in 6>6 mins, with prodno* 
tion of P and 30o.c. H (for description of an 
apparatus for lecture purposes v. Hofmann, B, 

4, 204). — 3. PH, burns in air at 0. 150° with 
production of P,05 and H,0 ; if a cold substance 
is brought into the flame, yellow red Specks of 
amorphous P are deposited.— 4. No reaction 
occurs wlftn pure PH„ free from P^H^, is mixed 
with oxyycn, but tho mixture explodes if the 
pressure is suddenly loweyed ; explosion is said 
tp occur after some hours at the- ordinary pres- 
sure (Labillardi^ro; v. Qm.-K. i. 2, 144).— 

5. Bubbles of PH, burn explosively to PCI, and 
HCl if passed into a vessll tilled with chlorine ; 
if tho 01 is diluted with CO„ the action is slower, 
and some P separates.— 6. Bromine aiW iodifve 
react similarly to Cl ; if PH, is heated gently 
with iodine, some PIT, I is form^. — 7. Heated 
with sulphur, H,S and P sulphide are formed 
(Jones, C. J. [2] 14, 4*48).— g. Salts of the,alhali 
metals and of the alkaline earth metals decom- 
pose PH„ producing phosphites and hypophos- 
phites (Winkler, P. Ill, 443).— 9. Solutions of 
salts of heavy metals generally decompose PH„ 
with production of metallic phosphides, which 
sometimes combine with the excess of the 
metallic salts [v. Kulisch, A. 231, 327). AgNO,Aq 
forms a yellow compound (? AgaP.SAgNO,), and 
then black Ag..,P wliich is quickly reduced to Ag 
(Polcck a. Thiimrael, B. IG, 2442); HgCljAq, 
according to Ashan [Chem. Zeitung, 10, 82, 102), 
forms a yellow compound 3Hg3p,.7HgCl2, a rod 
compound 4Hg,P.,.6HgCl2, and a brown com- 
pound Hg.,P2.HgCl., ; PtCl^ is said to form Pt.PH, 
(Gavazzi, B. 16, 2279) ; chlorides of Or, Co, Cu, 
An, Fe, and Ni are reduced, with formation of 
phosphides of the metals, or of metal and P. — 

[ 10. Potassium permanganate solution is reduced 
I by PH, t^.Mn30.„ KHPO^ being alsq^formed 
I (Gavazzi, B. 16, 2270).— 11. PH, is decomposed 
by many oxides, acids, and salts, e.g. by H^S, SO,, 
t NO, N,0, PCI.,, UNO, (no reaction at -26°; 

I Besson, C. B. 109, 644), H^SO* (v. Besson, Ic.), 
SbCl„ A’C., also by certain wicfafs, e.g. Sb, Cu, 

I Fe, K, and Zn (v. Ofn.-K. i. 2, 138).— 12. With 
1 haloid compourids of arsenic PH, reacts to form 
haloid acid and phosphide of As (Besson, C. B. 
IfO, 1258). ^B.^With an ethereal solution of 
bismuth bromide forms a black lustrous body, 
probably PBiTI(BiBr,)3 (Gavazzi a. Tivoli, 0. 21, 
ii. 306). 

Combinations.— 1, With the halogen acids 
to form compounds of the type PII^X (X = C1, 
Br, or 1) ; combination with HI and HBr ocoura 
at the ordinary temperature and pressure, with 
HCl combination occurs at - 30° to - 36° under 
the ordinary pressure, or at 14° under a pressure 
of 20 atmos. (Ogier, Bl. [2] 32, 483 ; v. also 
Skinner, Pr. 42, 283). At very low temperatures 
PH, seems to combine with H^SO^ (v. Phob- 
PHONiuM 8ULPH4TK, p. 124). The compounds 
PH4X are described under Phobfhonium com- 
pounds, p. 123.-2. When PH, is strongly com- 
pressed in presence of water, the gas liquefies 
and^oats on the water. If the pressure is now 
sudaenly released, a white crystalline solid is 
formed, but this decomposes again when the 
pressure is reduced below a certain amount 
(Cailletet a. Bordet, G. B. 95, 58 ; v. Pho 8 P{ionium 
oo]fPODNDS,p. 128).— 8. White oompouuda, easily 
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' on >«imoving prature, trt fdd to 

be fonned by compressing PH, with carbon di- 
MHde, and with carbon disulphide, in presence 
of water (C. a. B., 2.c.).— 4. A solution of cuprous 
chloride in HOlAq absorbs PH, rapidly ; a white 
crystalline mass of Cu..01.,.2PH, is formed, but 
this liquefies as more PH, is passed in (? with 
formation of Cu.C1...4PH,) ; the crystals 
Cu,Cl 2 . 2 PH 3 are decomposed by warming, or by 
addition of water, to PIl,, IICl, and Cu,P ; the 
liquid compound losew PII, in a stream of an 
indifferent gas, with production of the crystalline 
. compound {v. Riban, 131. [*2] 3*, 385). This be- 
haviour of PH, towards Cu.Cl, gives a method 
for preparing pure PH„ and also for estimating 
PH, in a mixture of gases. 

Phosphorus DinvnuruE PH, or P,H, (Liquid 
phospJioretted hydrogen). Mol. w. said to bo 
C5’02, corresponding with V.D. o. 33, but no 
details given (Croullebois, C. li. 78, 40(J). • Gat- 
termann a. Hausknccht {f3. 23, 1174) failed to 
determine V.D. as the compound always decom- 
posed. A spontaneously inflammable gas con- 
taining P and H was obtained by Gengembre in 
1783 (CrelVs Ann. 1781). 450). The fact that 
this gas lost its inflammability by standing over 
air containing water was explained by Dumas 
(.4. Ch. [2] 31, 113) by supposing that the gas 
was a mixture of two hydrides of P, one only of 
which was spontaneously inflammable ; to one 
of those Dumas gave the formula PH, and to the 
other the formula PH,. In 1832 H. Rose (H C, 
192 ; 8, 191) thought that the two gases had the 
same composition, but were isomeric one with ' 
the other. After Graham (P. M. 5, 401) had 
examined the conditions under which spon- | 
taneous inflammability was removed from or ; 
bestowed on the gas, Le Verrier (A. Ch. [2| 60, ; 
174) came to the conclusion that the gas con- i 
sisted chiefly of PH„ but that it coatained also 
a very inflammable compound PK,, which was 
decomposed by light into PH, and a solid hydride 
PH. In 1846 P. Th6nard made a fuller study 
of the subject (A. C^. [3] 14, 6) ; he showed that 
spontaneously inflammable phosphoretted hydro- 
gen, when passed through a tube cooled to under 
10°, deposited a liquid having the composition 
PH,, which liquid was extrerp^ly inflammable, 
and that this liquid decomposed in light in4o 
gaseous PH, and a solid to which he gave the 
formula PjH. In 1874 Croullebois said that the 
V.D. of the liquid hydride corresponds with the 
formula P,H„ but no details were given (0. 11. 
78, 496); in 1800 Gattermann a. Hauaknocht 
attempted to determine V.D., but found that the 
compound decomposed (B. 23, 1174). 

Preparation.— Impure Ca phosphide is pre- 
pared by heating dry CaO to bright redness in a 
crucible, and adding dried P little by little, the 
lid being replaced after each addition of P. The 
crucible should arranged so that the P is 
brought under the strongly-heated CaO; this 
may be done by placing a few pieces of P in a 
crucible, fillin§ up with dry CaO, covering tightly 
(but leaving one small hole), placing the crucible 
in a furnace arranged so that the lower pa«t of 
the emcible projects downwards through the 
bottom of the furnace, beating the upper part of 
the oruoible to bright redness, and then warming 
the loxAr part so as to vapourise the P. Small 
qnantittee are prepared by placing a dry pieee of 


I P in the eloeed end of a tnbe of hard glass, partly 
I filling the tnbe with dry CaO, arranged so that 
i there is a little space between the CaO and the 
P, placing the tube 'in a combustion furnace, 
heating the CaO strongly, and then warming the 
P. The CaO is transformed into a mixture of 
Ca phosphide and phosphate ; the phosphide is 
nearly black ; the unchanged CaO is picked out 
when the action is over, and the phosphide is at 
once placed in a stoppered bottle. (For modifi- 
cation of process v. Gattermann a. Hausknecht, 
D. 23, ri74.) •A three-necked bottle of about 
; 2 litres capacity is filled three-quarters with water ; 
one of the necks carries the tube from a H 
apiiaratus, which iuho dips considerably undpr 
the water, the middle neck carries a piece of 
' tubing about 15 min. internal diameter, dipping 
2 or 3 cm. under the water, and the third nook 
carries an exit tube in communication with 
a condenser ; between tlie condenser and the 
thrce-nibkedbotble is placed a test tube, to qolleot 
part of the water vapour coming over. Tne con- 
denser consists of a tube about 100 mm. long 
and 30 mm. diameter, narrowed so that the lower 
end forms a tube about 40 mm. long by 12 mm. 
wide ; this condenser is closed by a cork through 
which pass the entrance tube from the three- 
necked bottle and an exit tube, which is bent 
downwards and dips under the surface of watei*; 
these two tubes are cut off obliquely just below 
the cork. The condenser is placed in a deep 
vessel full of cold water which contains sufficient 
ice to keep the temperature at 0°. H is passed 
through the apparatus until all the air is driven 
out, the thrcG-nccked bottle is placed in a water- 
bath until the contents are warmed to 60°, and 
Ca phosphide, in pieces the size of peas, is 
uropped down the wide tube in portions about 
2g. at a time and at a rate such that 50 g. are 
added in 15 to 20 minutes. Gaseous P hydride 
passes off and bubbles up through the water, and 
the liquid hydride collects in the condenser, 
about 1-2 c.o. being obtained for 50 g. Ca phos- 
phide used (Hofmann, B. 7, 631 ; Gattermann a. 
Hausknecht, B. 23, 1174 ; the many precautions 
to be taken in working with this compound are 
I described by G. a. H.). 

I Properties anil Reactions, — k colourless, 
t highly refractive liquid ; in.sol. in water ; burns 
in air, with bright flame to P.^0^ and H,0 ; does 
not solidify at -10° ; boils 67°-58° at 736 mm. 
(G. a. II., Ic.). a. G. 1 007 to 1016 (G. a. H.). 
Decomposed by light into PH, and solid PjH ; 
the liquid may he kept for a sljort time in sealed 
tubes, but deoomposition soon begins, and the 
tubes explode violently (G. a. H.). The same 
decomposition is effected by cone. HClAq, air 
mixed with CO,, (trc. Passage of the gas pre- 
pared as described above through a little oono. 
HClAq removes every trace of I'H„ and hence 
causes the gas which issdes to be non-inflam- 
mable. If CO, is passed through the (J-tube 
containing liquid Pli, a nearly invisible greenish 
light appears at the end of the tub#; this flame 
is not hot enough to ignite a candle (v. Hofmann, 
B. 7, 631; Th6nard, A. Ch. [8] 14, 6 ; Bonet a, 

I BoDfil,/.pr.66,247; Gattermann a. Hausknecht, 

I B. 23, 1174). The composition of PH, was de- 
termined by^Th4nard by decomposing a known 
; quantity by direct sunlight in a graduated 
I tobe filled vrith Hg: 100 parts liquid phos- 
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phide gaT» 61*8 parts gaseoas PH, and 88*8 
parts solid P,H ; • i.6. 1 molecule P|H was 
produced for 8 mols. PH„ hence the equation 
oPH^wP^H + SPH,. This equation was con- 
firmed by G. a. H., who made also direct 
estimation of H by burning with PbCr 04 in a 
current of CO, (H. 23, 1174). 

Diphosphorus hydridb PjH or P^H,. Mol. 
w. unknown. H. F. [P®,H] =» 17,700 (Ogier, C. R» 

. 89, 707). 

Formation. -1. By decomposing phosphide 
of Ca or K (Magnus, P. 17, 62^) by HClAq.— 
2. By the action of light, HOlAq, Cl (Le Verrier, 
A, Ch, [2] 60, 174), and various other reagents, on 
— 3. By the decomposition of PI, by water 
(Riidorfif, P. 128, 473). Hittorf (P. 126, 193) 
obtained only amorphous P by this process. 

Preparation. — A two-necked bottle is 
arranged with an exit tube dipping under water, 
and a wide entrance tube, down which is passed 
the deliveiy tube of a H-apparat^is ; conO/ HClAq 
is placed in the bottle, H is passed through ur\jtil 
all air is driven outtthe H apparatus is removed, 
and small pieces of freshly-prepared Ca phos- 
phide (for preparation v. Preparation of phos- 
phorus dihydride, p. 137) are dropped slowly into 
the bottle. The P,H which forms in the bottle 
Is rapidly washed with cold water, and dried in 
tacuo (P. Th^nard, A. Ch, [3] 14, 5). 

Pfojwrfws.— A yellow llocculent powder, which 
becomes orange-yellow in light ; tasteless and 
odourless. When dry may be heated to c. 200"^ 
before taking fire; ignited by a blow of a hammer. 

Reactions.— 1. Ignited by heating in air to 
C. 200°; also by a blow of a hammer,— 2. Blowly 
decomposed in moist air, especially if in sun- 
light, to PjO, and H.— 3. Distillation in hydro- 
gen produces PH, (Th6nard, i.c.). — 4. Chloririe 
forms PCI, and HCl.— 5. Dissolves in dilute 
nitric acid ; oxidised with ignition by cone. 
HNO,Aq.-:-6. Alcoholic solution of potash pro- 
duces PH, and H; addition of water to the 
reddish solution ppts. yellow fiocks of ? amorphous 
P or a lower oxide of P.--7. Explodes whelfmixed 
with potassium chlorate, silver oxide, mercuric 
oxide, or cupric oxide, and struck or wanned. - 
8. Ppts. metallic phosphides from solutions of 
salts of many heavy metals (Le Verrier. l.c.). 

Determination of composition.— The quantity 
of P in the solid hydride was determined by 
Thinard by heating with a weighed quantity of 
PbO, and weighing the mixture of PbO and Pb 
phosphate thus produced ; the H was determined 
by decomposing by red-hot Cu.and collecting the 
H set free, liiidorff decomposed the hydride by 
heat, and collected and analysed the mixture of 
PH, and H thus formed ; he also oxidised the 
compound by HNO,Aq, and estimated P as Pb 
phosphate. 

Phosphorus, iodides of. P and I combine 
directly, even at -24°; two iodides, PI, and 
PI„ have been isolated, and the existence of a 
third, PI„ is probable. 

pH 08 PHe«U 8 w-ioDiDB PI, or P,!^. Mol. w. 
not known. H.F. [P,I^ » 9,880 from solid P and 
I ; 20,680 from solid P and gaseous I (Ogier, 

a B. 92, 88). 

♦ Formation.— 1, By adding I to P Combina- 
tion occurs even at -24°, with |lroduotion of. 
much heat, and ignition of the excess of P if 
air is admitted ; amoiphooe P is produoed be- 1 


sides PI, (v. Wurtis, A. Oh, p] 49, 129).— 9. fly 
the reaction of I with PHj ; also of I in acetio 
acid on PCI, (Hofmann, A. 108, 805 ; Bitter, A, 
95, 210). 

Preparation.— One part by weight of P is 
dissolved in CS,, and 8^ parts of 1 are added 
little by little. When the colour of the dark 
brownish-re^liquid thus produoed has changed 
to orange it is cooled to 0° for some hours, vHhen 
the vessel becomes filled with crystals; the 
crystals are freed from pS, by heating in a 
water-bath, while a stream of dry air is passed 
over them (Coroxavinder, A. Ch. [3] 30, 242). 
The crystals may also be obtained by evapora- 
ting the solution in CS^ in a stream of CO, 
(Bcrthelot a. Luca, C. R. 39, 748). Corenwinder 
says that from 2 to 3 g. P, and 60 to 75 o.o. OS„ 
are convenient quantities to use. 

Properties and Reacticnis.—l^Tge orange- 
coloured prisms, melting at 110° (Corenwinder, 
I.C.). Heated in 0 gives PjOj and I (Berthelot, 

G. R. 86, 628, 787, 859, 920 ; 87, 575, 667). 
Decomposed by 11,0 to H,PO,Aq, PH,, HIAq, 
and a yellow llocculent solid supposed to be 
amorphous P (Hittorf, P. 126, 193), regarded 
by Rudorff as solid P^H, (P. 128, 473), and said 
by Gautier (C. R. 76, 49, 173) to be PsHaO. 

Phosphorus tri-iodide PI, {Phosphorous 
iodide). Mol. w. 410*55. H.F. [P,P] = 10,900 
(Ogier, C. R. 92, 83). This compound is ob- 
tained in large red prisms by dissolving one 
part of P in CS„ adding a solution of 12| parts 
of I in CS„ concentrating much out of contact 
with air, and then placing in a freezing mixture. 
As the crystals are very spl. CS,, they should be 
at once freed from mother-liquor, and dried in 
a stream of dry air at c. 50°. The crystals melt 
at 55°, and boil at a higher temperature, with 
evolution of I. PI, is very deliquescent ; moist 
air decompQses it at once to II,PO,Aq ai^d HIAq 
(Corenwinder, A. Ch. [3j 30, 242). 

Phosphorus penta-iodidb PI^ {Phosphoric 
iodide). Isolation doubtful. Hampton (C. N. 
42, 180) obtained a dark-crimson, very deli- 
quescent solid, giving numbers on analysis 
agreeing with 80 p.o. PIj + 20 p.o. PI„ by dis- 
solving P in a little CS, in a stream of pure dry 
N, adding rather paore than enough I to form PIj, 
distilling off CS, (in a N stream) at 45° under 
reduced pressure, and then warming to 60° ; at 
55°, under the rcducv^d pressure, I began to 
sublime. 

Phosphorus, iodo-ohloride of, PI, Cl,. Pro- 
duced by adding much I to a little PCI,, allowing 
to stand in moist air for some days, drying the 
crystals in a stream of air, dissolving in CS„ 
and crystallising : large, red, six-sided crystals, 
very hygroscopic; decomposed by water to 

H, PO,Aq, HClAq, and HIAq (Moot, JB. 13, 2029). 

Phosphorus, Stride of. No compound of 

P and N has been isolated with certainty. A 
substance supposed to be a nitride by Bose (P. 
24, 803 ; 28, 529) and Wfihler a. Liebig M. 11, 
139) was found to contain Brlegleb a. 
Geuther (A. 123, 236) think thM a compound 
P,K^ is j^rhaps produoed by the reaction of 
PCI, on hot Mg,N, in an atmosphere of N. 

' Phoiphoms, oxides of. P and 0 combine 
very readily, with production of much beat; 
four compounds are produoed according to the 
oonditioni : P,0, P/)«, P^,, and P^^; ibe TJX 
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tut ike M0oiid id Umb ilioin ‘{Ii«t ite mol. 
formolA M a gas is PtO*. The oxides P,0, and 
P,0, are anhydrides; the former reacts with 
water to produce the acid H,PO„ andihe latter 
to produce three acids, HPO„ H,P04, and 
HfPsO, ; the oxide is not the anhydride of 
a corresponding acid— with water it produces 
the two acids H,PO, and H3PO4. 

The only oxide formed when P glows in air 
at ordinary temperature is P,Oj, but P,0, is 
formed by drawing air over P without the latter 
glowing (Thorpe a. Tutton, C. J: 57, 573) ; .at 
60®-60° small quantities of are produced, 
and this oxide is produced in larger quantities 
when the P is actually ignited ; at moderately 
high temperatures and witli a limited supply of 
air the oxide P4O is formed in addition to P.Oj 
and PjO,. If the products of the slow burning of 
P in dry air aire heated together in CO^, the oxide 
P2O4 is formed, along with some P4O. The pro- 
ducts of burning P in a limited supply of dry 
air generally contain small quantities of P ; 
this may be removed by sucking the products 
through a tube heated by steam (Thorpe a. 
Tutton, C. J. 49, 833). 

Phosphokos buuoxidk P 4O. Mol. w. uncer- 
tain. Some doubt still remains concerning the 
composition of the lowest oxide of P ; but the 
evidence is in favour of the existence of a defi- 
nite oxide P4O. Le Verrier {A. 27, 167) obtained 
a yellowish solid by exposing P ia. PCI, or in 
ether to air, warming the solid thus formed with 
water, and drying over K.SO,. A similar pro- 
duct was obtained by the incomplete combustion 
of P in air, or by the action on P of such oxi- 
disers as iodic or periodic acid in presence of 
water (v. Chn,‘K. i. 2, 107). This substance was 
generally looked on as an oxide of P ; Le Verrier 
gave it the formula P4O ; Schriitter ( IV. A, B. 8, 
246) thought it was only a mixturoiof ordinary 
and amorphous P. Iteinitzer a. Goldschmidt 
{B. 13, 845) obtained the oxide P4O by heating 
POCI3 with P to 200°-250^, also by heating POCl, 
with Zn, Mg, or A1 at 100'^. Thorpe a. Tutton 
(C. J. 49, 833) found that P4O is one of the pro- 
ducts of burning P in a limited supply of air at 
moderately high temperatures, and that it is 
formed when the products of tl^p slow burning of 
P In dry air are heated to c. 300° in CO.. T4ie 
experiments of B. a. O. indicate the existence of 
two varieties of P4O ; one of these reacts with 
hot alkali solutions, evolving PH,, and reduces 
salts of Au and Ag and mercurous salts, and the 
other is not acted on by alkalis, and does not 
reduce salts of Au, Ag, or Hg. 

Preparation and Properties of PiO which re~ 
duces salts of Ag, Au, and Hg. — 1. Thin plates 
of pure Zn are heated with POCl, In a sealed 
tulM in a water-bath at 100° for some hours, 
the liquid, with suspended solid matter, is poured 
ofif, the solid is aUowed to settle and the liquid 
is decanted off ; the solid is heated as before ler 
gome time with POCl, (to remove any Zn pre- 
sent), the liqu^ is poured off, the solid is washed 
with CHCl, to remove POCl,, then with HClAq, 
and finally with water ; the solid is then dried 
forsome days invacuo (Beinitzer a. Goldschmidt, 
B. 13, 849) ; the other products of the reaction 
are ZnGl, and Zn2PO,. As thus prepared P 4 O 
is an oiange-red powdk. It veir obstinately re- 
laiiis water, the sample made by B. a. O. eon- 


tained 0. 8 p.e. water, but the P and 0 were in 
the ratio P4O. This oxide in moist air evolves 
PH,; it reacts with boiling alkali solutions 
forming PH, and alkali phosphite and phos- 
phate; solutions of salts of Au and Ag, and 
mercurous salts, are reduced with ppn. of the 
metals ; heated in H, P is given off, and PjO, 
remains.— -2. PCI, is placed in an open fiask, of 

O. 1 litre capacity, containing a layer about 
2 cm. thick of P in small pieces; the PCI, 
just covers the P ; after 0. 2 days the PCI, is 
poured flff, the pieces of P and the adhering yellow 
film are loosened from the flask, and allowed to 
fall slowly into cold water (if water is added in 
quantity, heat is produced, and the products 
the slow oxidation of P are decomposed). After 
a little, the water is filtered from suspended P, 
and the clear yellow filtrate is heated to 80°, 
w'hen a very finely divided yellow solid settles 
down ; this solid is washed with warm water in 
a filterfreinove^from the filter whiloenoist, and 
niaced in a basin, over H SO, in vacuo, Le 
Vorrier’s P,0 was tastelesil* and odourless, did 
not change in dry air or 0, but in moist air it 
gave off PH,; it was decomposed somewhat 
abovo'360°, giving off P and leaving PjO, ; oxi- 
dised by Cl to PCI, and P.p, ; heated with cono. 
H,SO„ gave SO, ; unacted on by HClAq ; oxi- 
dised and'dissolved by IINO^Aq; exploded wifli 
KCIO, ; readily combined with H^O-to form 
P4O.H.P. The oxide obtained by Thorpe a. 
Tutton {0. J. 49, 033) was formed by slowly 
burning P in dry air, transferring the products 
to a tube filled with CO.,, exhausting by a 
Sprcngcl pump, and heating to 290° ; as the 
oxide is described as orange-red, it was probably 
the form of P4O which reduces salts of Au, Ag, 
and Hg. 

Preparation and Properties of P4O which 
does not reduce salts of Ag, Au, aiid Hg.— POCl, 
is heated with an excess of P in a sealed tube to 
200°-250° ; the sides of the tube become covered 
with % scarlet-coloured solid, which is washed 
with CS, (to remove P) and dried in vactio 
(B. a. O., I.C.; the other products are Pfll,, 
l^OaCl, and a little P3O3). As thus prepared, 

P, 0 is a scarlet-red solid ; S.Q. 1'88 ; it is hot 
acted on by water or alkali solutions, and it 
does not reduce salts of Ag, Au, or Efg. This 
form of P4O seems to have been obtained by 
Pelouzo {A. 3, 62) by burning P in 0 ; and by Le 
Verrier {A. 27, 175) by burning P in a thin layer 
on a porcelain plate, washing with water to 
remove oxyaoids, and boiling with PCI, to re- 
move P. 

PnospnoBous oiidb P 4O,. {Phosphorus trU 
oxide. Phosphorous anhyd^e) Mm. w. 210*6; 
same in solution in C.H, (Thorpe a. Tutton, 
C. J. 57, 645). Melts at 22*6°; boUs at 178*1° 
(T. B. T.). 8.O. liquid P.O, l-94Slj solid 
P.O. at $ 0. 2-135. S.O. at b.p.- 1-6897 (T. a. 
X.). V.D. 111-9. 8.V. 180-2 (T. a. T.). 

M.- 1-6811 i ““‘ "q 60-6*^ (T. a. T.). 

Mol- w. -4-17. M.M. 9-962. 

P.G. 4^ 

PreparatUm, — A piece of combustion-tubing 
about 40 mm. bors is drawn into the shape shown 
in the flgore on following page, uid is fitted by a 
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rood cork into a bragg tube, which is snrroanded 
hj a wider tnbe of brass ; water is introduced at 

0 between the brass tubes, and a thermometer is 

S laced at b» A loose-plug of glass-wool is placed 
1 the inner brass tube at c. The U-sbaped con- 
denser is of rather narrow bore, the limbs are about 
800 mm. long, a small bottle is attached to the ver- 
tical piece at the bottom of the condenser, which 
is itself connected with the inner brass tube by a 
good cork ; the condenser and small bottle are 
surrounded by ice and salt. The bottle l)etween 
the condenser and the pump di^ntains oil of 
vitriol. Two sticks of P are dried between 
filter-paper, cut into pieces c. 25 mm. long, and 
placed in the combustion tube, which is then 
narrowed at the open end and fitted into the 
brass tube ; the pump is sot in action, and the 
P is ignited by holding a small flame beneath 
the op en end of the combustion-tube. Air is 
sucked over the P as rapidly as possible • if the 
combustioft is too local, much is formed; 
considerable quantijics of red P^O are formS’d 
near the burning P. When the P has burnt for o. 
16 mins, the water in the brass tube is heated to 
0 . 60% at which temperature it is kept til] near 


132^. MoL w. og gag, and algo In solution in 
(determined by oryoscopio method), corre- 
sponds with P^O,. Soluble without change in 
O^Ht, GS,, CHC1„ and ether. Heated to o. 200** 
in sealed tube begins to decompose to and 
P. Decomposed by light, with separation of red 
P. T. a. T. {C. J. 59, 1019) several times ob- 
tained clear, transparent, perfectly-formed crys- 
tals of P4O,, by slow spontaneous sublimation in 
vacuo, which remained unchanged for many 
days, although exposed to'light. Spec, volume 
afb.p. =130*2. (For details of thermal expan- 
sion and S.O. at o.p. v. T. a. T., C. J. 57, 645.) 
Keacts slowly with cold water, forming HjPOsAq; 
with boiling water reaction is violent, PH, is 
evolved, and red P, or perhaps P4O, and H3P04Aq 
are formed. Oxidises to PjO, by exposure to air 
or 0 ; if temperature is raised the F4O, ignites 
and may explode. P4O, has a wolFmarked phy- 
siological action ; thq action of P may be due 
to P40g, formed by the air oxidising the P (T. a. T., 
Ic. p. 573). 

Jleaclions.—l, ITcat decomposes P4O,, form- 
ing Pjj04 and P (? P4O) ; the action begins at 0. 
210° in a sealed tube, and the whole of the P4O, 



the end of the experiment, when it is raised to 
60% P4O, begins to collect in the condenser 
about 80 mins, after starting the combustion ; if 
the glass-wool is packed properly (it should not 
be too tight) no P^O, passes into the condenser, 
and if the temperature of the water does not ex- 
ceed 60° only very small quantities of P pass 
over. The process is stopped when 0. fths of the 
P is burnt, else the P4O, may be oxidised. The 
condenser is removed, the P4O, is melted by the 
heat of the hand, and run down into the little 
bottle, from which it may be transferred to 
another bottle which has been filled with dry 
GO,; this bottle should have a very tightly- 
fitting stopper, and should be kept in the dark in 
an atmosphere of GO, (T. a. T., l.c.). 

Properties.— k white snow-like solid, with an 
alliaceous dfiour resembling that of P; when 
melted and cooled slowly crystallises in long 
thin prisms, probably monoclinio ; melts at 22*5° 
to^ clear, colourless, very mobile liquid, which 
soumfies again at 21° ; the liquid may be cooled 
in n narrow tube several degrees below m.p. 
without solidifying ; boils at 178*1° in GO, or N. 
Can be gaaified in Hofmann’s Y.D. apparatus at 


is decomposed at 440° (T. a, T., p, 552).— 
2. Bapidly actedcon by light, becoming yellow 
and then dark-red (T. a. T., p. 553). The action 
of light separates red P; the amount obtained 
after several months’ exposure does not exceed 
1 p.c. (T. a. T., C. J. 59, 1019). By exposing 
P40fl to light for some months in a sealed tube 
filled with dry GO,, then melting, filtering through 
glass-wool, and repeating this process several 
•times, T. a. T. eventually obtained P40a which 
remained perfectly clear and colourless after 
twelve months’ exposure {l.c., p. 1023).— 3. Oxi- 
dises to P.>Oa in air or oxygen ; when quite free 
from P, the oxide is not spontaneously inflam- 
mable. Under reduced pressure in 0 the P4O, 
glows ; on raising temperature to 0. 70° at ordi- 
nary pressure the glow gives place to flame. 
Combination occurs between vapour of P4O, and 
0 ; ozone is not formed. When P4O, is thrown 
into* 0 heated to 50°-60° ignition occurs with 
an intensely brilliant flame (T. a. T., 0. /. 57, 
5C9). — 4. Glows continuously, and oxidises to 
PjOj, when a stream of ossonised oxygen is passed 
over it.— 5. Ignites in chUmnet buming*wi|h a 
greenish flame; when surrounded by ice and 
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0xpO8«d to flow stream ot 01 a liqoid ii tonnedf (oara being taken to prevent entrance of moil* 
which on distillation gives POOl,, while P0,C1 (?) tore), and sealed ; at o. 290® the white mass 
remains (T. a. T., C. J. 57, 572).— ti. Reacts vio- becomes orange-coloured, and then red, and « 
lently with liquid bromine ; using Br vapour at white oiystalline sublimate of is formed, 
ordinary temperature, T. a. T. ((?• 69, 1020) ob- leaving P,Oj and P^O in the lower part of the 

tained PBrjand PjOj.andon then heating POBr, tube. T. a. T. (p. 838) think that the PgO^ is 
and PO.^r (?) were formed.— 7. Iodine reacts derived from the P.^Oj, thus 7P,0, 5J*^0^ -f P^O ; 
slowly ; by heating with I and CS, under pressure, that P.O, is formed by heating P,0, out of con- 
P.Pa and Pjjl^ are produced (T. a. T.,Z.c.,p. 1021). tact wdth 0 is shown by T. a. T. (0. /. 57, 
8. Heated with sulphur, in CO, or N, two layers 552). 

of liquid are formed,; at 100'^ there is violent Properties and Peactions* — Colourless crys- 
rcaction, and solid P^O„S^ is produced (r. Piios- tala, prflbably grthorhombic ; do not melt at 100®, 
pnoRus, BULPHoxiDE OF, p. ; T. a. T., Z.C., p. Volatilises at c. 180®. Very deliquescent, forming 
1022).— 9. yceiiis to form a Se compouml analo- H^POjAq and H^PO^Aq ; from this reaction T. a. 
gous to P40aS, by heating with selenion. (T. a. T., T. conclude that P^O, is not the anhydride .of 
Zx’.,p. 1020). — 10. Dissolves very slowly in water, H,Pj,Og,BBanaqueou8solutionof thisaclddoesnot 
forming H,PO,Aq (T. a. T., G. J. 57, 507) ; behave like a mixture of JI,PO, and H.PO^, and 
P,0, + OHjO + Aq = 4HjPO,Aq. The action of j can be boiled without change. Solution of PaOi 
hot water is .very energetic; red P, or red P,0, in water reduces AgNU^Aq to Ag, and HgCl^q 
is ppd., inflammable hydride of P is evolved, and to HgCl ; KMnO^Aq is very slowly decolourised ; 
IljPO^Aq is formed ; if the quantity of P^O,, ox- ‘magnlbia mixture’ gives an immediate |»p., and 
ceeds 2 g. the action of hot water is vio- arfter standing some time the filtrate gives a large 
lently explosive. — 11. Dry hydrogen chloride is | pp., with Nil, molybdate •after heating with 
rapidly absorbed ; PCla is formed along with ' HNO,Aq. 

Hypo,, Hi,PO„ and yellow P (T. a. T., C. J. 59, Piiosphorio oxidb PjO, {Phosphoric an - 
1022). - 12. Cone, sulphuric acid reacts vio- hydride, Plmphorus pentoxide). Formula 
lently, forming IIsPO, and HO.,; if 1 g. or probably molecular, from analogy of P,Sj. 
more 1\0^ is used, the rmiss ignites (T. a. T., l.c. H.G. 2*387 (Brisson, Pesanteur spicifique des 
p. 1026).— 13. P^Oj is rapidly oxidised to P..O5 I Corps [Paris, 1787]). H.F. [P'^O*] « 869,90ft ; 
hy sulphur trioxide, yfhich is reduced to SO.^; | [P-0',A(jL) - 35,000 (Th. 2, 409). 
no compound could be obtained (T. a. T., l.c. p. | Formation. — 1. This oxide is formed by burn> 
1026). According to Adie (C. J. 59, 2:>0), if a ■ ing P in a large excess of air ; oonoerning the 
little water is present, P,0« and SO,, form an ' combustion of P in air v, pp. 128 and 139,— 
unstable compound HjPO^.OSO;,. — 14. Nitrogen 2. It is also formed by burning P in such gaseous 
tetroxide seenis to react like 80^, forming P^j 0 compounds as NO, NO-, CIO-.— 8. By distilling 
and N.p,or NO (T. a. T., l.c. p. 1028). — 15. Phos- PjOjCl,. 

pJiorus pentachloride produces PCI, and POOl., ; 1 Preparation, — A large glass balloon with a 

phosphorus trichloride reacts ate. 180® in a .sealed wide opening and two side nfteks is thoroughly 
tube, forming a mixture of P.^j, PCl^, and red dried; through a cork in the wide opening passes 
P (T. ^ T., l.c. p. 1028). — 16. SulpjLur chloride a piece of wide tubing, which reaches to about 
reacts violently, producing POCl„ PHCl,, SOj, the centre of the balloon, and from the lower 
and S (T. a. T., l.c. p. 1026). — 17. Ammonia re- end of this tube a small porcelain basin is sus- 
acts with some violence, probably producing pended by Pt wires ; one of the side necks is 
OH.P.(NHo).^(i;.Piiq8PHAMii)E8, p. 105).— 18. Cold connected with U ’tubes containing pumice 
dilute caustic soda, or caustic potash solutUm, soaked in H.^S04, ^ud the other side neck is con* 
slowly dissolves P^O,,, forming a solution of Na ■ nected with a wide-mouthed perfectly dry bottle, 
or K phosphite ; cold cone, or hot dilute solu- j which is again in connection with a water-pump, 
tion of so(^ or potash producqp red P (or P4O?) a bottle with HjSO, being placed between the 
and alkali phosphate, and evolves inflammable | pump and the wide-mouthed bottle. A small 
hydride of P.—19. Ignites in contact with ahso- j pieceof well-dried P is placed in the little basin, 
lute alcohol-, by allowing the alcohol to drop • and is ignited by passing a hot wire down the 
slowly on to cooled P^O^ the acid P(OEt).pH is , glass tube, the mouth of which is then closed by 
formed (T. a. T., C. J. 57, 5C9). Pp^ seems no? a good cork; a rapid stream of air is sucked 
to react with II, PHg, CO, COg, SOjj, N, NO, ON, through the apparatus ; the P is burnt to P,0-, 
or CjII^ (T. a. T., C. J, 59, 1029). part of which collects on the bottom of the 

Phosphorus tetroxide P,p^ {Phosphoroso- balloon and part passes into the bottle attached 
phosphoric oxide. Hypophosphoric oxide). Mol. to the side neck. When the P is burnt another 
w. not determined ; corresponding sulphide has ! small piece is dropped down the glass tnbe into 
mol. w. P,S,. Hautefeuille a. Perrey (C. R. 99, the little basin, and the process is continued. 
33) noticed that a crystalline sublimate is ob- When sufficient Pp^ has collected In the bottle 
tained by heating the products of the combus- this is closed by a well-fitting stopper (Delalaude, 
tion of P; ThoFpe a. Tutton (C. J. 49, 833) il. C/*. [2j 76, 117). For other formi of apparatuf 
proved that this sublimate is a definite oxide j v. Marchand, J. pr. 16, 873 ; Mohr, Um,-K, i, 
PjO^.^ Concerning the combustion of P in air v. 2, 120. Grabowski {A. 136, 119) ktes described 
pp. 128 and 189. a vessel of tinplate for preparing large quantitiei 

Preparation.— V is burnt slowly in a stream of P.O*. 
of air dried by EgSO^ and P,Oj ; the products Shenstone says that P,0„ prepared by the 
are collated in a glass tube, surrounded by an ordinary process, has generally reducing po^s, 
outer tube filled with steam, and are then quickly j and is not, therefore, trustworthy as a 
tr^sfened to a tu^ filled with dry CO„ the j i^ent. S. recommends to heat for some days at 
tube 13 drawn out, exhausted by a Sprengel pump | 0 . 800® in a very $low stream of dry 0 ; then to 
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heat at 300® in a more liberal, but stiU Jimited, 
0 until the reddish colour pro- 
ua^ by the first heating has disappeared ; then 
to heat at 800® in a more rapid stream of dry O 
io long as sublimation occurs; and finally io 
eublime, fractionally, in a current of dry 0, from 
retorts of hard glass into receivers of the same 
material. The first portions of the sublimate 
should be rejected. The whole of these pro- 
cesses may be done in glass vessels. The retorts 
used in the final sublimation may be heated in a 
combustion furnace {private communication). 

Hautefeuille a. Perroy (0. R. 99, 33) say that 
PjOj can be obtained in three forms : crystalline, 
amorphous and powdery, and glass-like. They 
say that when P is burnt in a glass tube in dry 
air, the crystalline form of is deposited on 
the colder part of the tube, the amoqjhous 
powdery form on the hotter part, and the vitre- 
ous form on that part of the tube which is heated 
to reitodbs. These authors assert^ihat crystalline 
PgOg is obtained free from the other forms by 
^stilling the products of the burning of P ; that 
heating the crystals in vapour of S produces the 
powdery amorphous form ; tlut the vitreous 
variety is formed by heating either of the others 
to low redness; and that this vitreous form yields 
crystalline PgOj when sublimed at a red heat. 
Considering the facts brought to light by the 
work of Thorpe a. Tutton on the combustion of 
P (0. J. 49, 833 ; 67, 645 ; v, beginning of this 
article, p. 139), the existence of various modifica- 
tions of P jOj must be looked on as very doubt- 
ful. T.a. T. (0. J 49, 838) think it very likely 
that the crystalline form of PjOj obtained by H. 
5* PA* aud it is probable that the 

differences in the properties of the powdery and 
vitreous P,0* were due to admixture with PjOj. 
No analytical data are given by H. a. P. Shen- 
Btone (priv. comm.) says that P,Oj purified by 
his method is crystalline, but becomes amor- 
phous when suddenly heated. 

Properties. — A snow-white, amorphous, in- 
odorous, very deliquescent, solid. Melts and 
sublimes below rod heat (Lautermann, A. 113, 
240) ; according to Davy {A. Ch. [2] 10, 218) 
volatile only at white heat. Absorbs water very 
rapidly; hence is used as a very efficacious drying j 
agent. PA is the anhydride of three phosphoric 
acids ; HPO„ and AP,0,. Dry P.,0, does 

not change the colour of dry litmus paper. 
Commercial PA often contains traces of P, 
which cause it to redden in light, and also traces 
of AsyOi derived from the impure P used; it 
generally has more or less marked reducing 
powers. 

RecMlions. ~ 1. Water produces HPO, ; 
H,P,0, is formed from HPO, by the long- 
continued action of moist air; and HjPO. 
is produced by continued heating of HPO^Aq.— 
renaoves H,0 from many compounds 
which contain water or the elements of water; 
e.g. it produMS anhydrides when heated with 
seve^ aoid8rH,SO, gives SO,, HNO, gives NA, 
and hydrocarbons are often formed by heating 
PaO, with compounds of 0, H, and 0.— 8. Heated 
with several nwtals, e.g. Fe, K, Na, Zn, metalUc 
oaido, phosphide, and phosphate are formed— 

4 . Solti of acids the anhydrides of which an 
volatile are decomposed by heating with P-0„ 
with formation of phosphates and volatilisation 


1 o. POCl, IS formed by heating PA with sodium 
cnioTuUs or with phosphorus pentachloridc.^ 9 . 
H^ted with phosphoryl chloride, and 

^0„C1, (which may be a mixture) are formed 
i 202).— 7. Ammonia produces 

i ^f^NH.,{OH)j, and PA(NH.,).,(0H), (v, Phos- 
: ACIDS, p. 105).— 8. Heated with boron 

' 200® for 2-3 days, P,0,.BA and 

PMj.BCl, are formed (Gustavson, B. 4, 976). 
P jOs-B^O, is also formed by heating P,0^ with 
bone acid. 

Combinations.-^l. With water {v. supra, Re- 
■ Mtiom, No. 1).— 2. With sulphur trioxide to 
I form PA-3SO,, decomposed at 30® (Weber, B. 

I 20, 8G).— 3. With silica and water to form 
P 404 .Si 0 .,. 4 H., 0 ; formed by heating cono. 
j HsPO.Aq’with silica (Hautefeuille a. Margottet, 

I C. R. 104, 156). Similar compound with oxides 
. of titanium, zirconium, a*nd tin are described bv 
j H. a. M. fC. R. 102, 1017). 

I Phosphorus, oxyacids of. The three phos- 
' phone acids are described in the article Phos- 
1‘noMc ACIDS, p. 124, and the salts of those acids 
in the article Phospuates, p. 106; the other 
oxyacids of P and their salts are described under 

J’^Jj>SI’UOilUS, OXYACIDS OF, AND THEIR SALTS, p. 

Phosphorus, oxybromide of, POBr, {Phos- 
phoryl tnbromidc). Mol. w. 286*2. Melts at 55® 
(Baiidrimont, A. Ch. [4] 2, 68) ; at 45®-46® 
(Bitter, A. 95, 210). Boils at 195® (Ritter. Ic.) : 
at 193® (Gladstone, P. M. [31 35, 345). V.D. 
145*5. S.G. 2*822 (Bitter, J. 8, 301), H.F. 
[P ,0,Br®J » 108,000 from liquid Br ; 120,000 from 
gaseous Br (Ogier, G. R. 92, 83). 

iorrnation. — 1. By the action of moist air or 
a very little Hp on PBtj (Gladstone, P. M, [3] 
35, 345). — 2. By the action of oxalic or acetic 
acid on PBi'^ (Baudrimont, A. Ch. [4] V3, 58 ; 
Ritter, A. 96, 210).— 3. By passing 0 into boiling 
[^34 20^)^^*°°* generally occur (Demole, Bl. 

Preparalion.-^To 137*5 parts PCI, are added 
18 parts AO, and then 160 parts Br are added 
drop by drop, HBr and HCl are evolved, and 
POCl, and POBr, remain (part of the PCI, 
is decomposed to H,PO, and HCl, and the 
Br, and remaining PCI, react, (?) thus 
2PCI, + H,PO, + 3Br, = 2POC1, f POBr, + 3HBr) ; 
the liquid is distilled, the portion boiling above 
150° being kept separate and surrounded by a 
freezing mixture till it solidifies (Geuther a. 

; Michaelis, J. Z. 6, 242). 

I Properties and Reactions. — Large colourless 
plates, which melt and boil in dry air without 
decomposition; soluble in cono. H-SO., reppd. 
by AO ; sofuble in CHC1„ CS„ ether, and tur- 
pentine. Decomposed rapidly by water to HBrAq 
and H,PO,Aq ; bromine chloride forms POBrCl, 
or POCl,, and Br, according to the quantity used 
(Geuther, J. Z. 10, 130); hydrogen sulphide 
probably forms PSBr,; chlorine forms POCl, 
and Br; 'bromine seems to form* an additive 
compound which separates into POBr, and Br 
on hbating (Gladstone, l.c.); tin and antimony 
remove Br (Baudrimont, l.c.). 

Phosphorus, oxybromoohloridas ot Two of 
these compounds are known, but it is doubtful 
whether the second is a definite oompounu 
mixture of POQ, and P0BP|. 



fkotraoBW rnmoiMMaHiABiDi POBrOI^ 
(P6o$phoryl bromo^hlorUti. Mol. w. 197 4. 
MdU »t 11°; boilo «t 187-6 (Thoipe, 0. J. 87, 
848). S.O. S 218066 (Thorpe. Iji.). A colour, 
less liquid, wnich solidi&es, vhen cooled below 
0 ^, to large colourless tablets which melt at 11 ^ ; 
when repeatedly distilled, or more quickly when 
heated in a closed tube to c. 185°, decomposed to 
POCl, and POBr, (Chambon, J. Z. 10, 92) ; de- 
composed by H,0 to H,PO,Aq, HClAq, and 
HBrAq ; with a little alcohol forms POGlj(OEt) 
and HBr. Prepared by the reaction of POBr, with 
BrCl in the ratio POBr, : BrCl (Gouther, J, Z. 
10, 130); by the action of PBr^ on P.PjCl, 
(G. a. Miohaelis, J. Z. 7, 103). By reacting on 
P.OEt.Cl, with Br (Menwhutkin, A. 139, 343) ; 
80 g. Br are allowed to drop slowly jnto 74 g. 
P.OEiCL, kept well cooled and constantly shaken ; 
the reaction 7s* very violent ; the POBrCU is 
separated from the C.^HjBr formed by fractiona- 
tion (Thorpe, C. J. 37, 343). The P.OEt.Cl, is 
prepared by slowly dropping absolute alcohol 
into well-cooled PCI, in the ratio O.pp ^ PCI,, 
allowing to stand for some time, and fractiona- 
ting; the boiling-point is 117°-118°. 

PnOSPHOBDS OXVDIBKOMOCIILOUIDR POBr.,Cl 
{PJtosphoryl dibroniochloridc). By the reaction 
of POBr, and BrCl, in the ratio POBr, : 2BrCl, 
Geuther (J. Z. 10, 130) obtained a liquid boiling 
between 160° and 100 °, and decomposing very 
easily by heat into POCl, and POBr, ; analyses 
agreed with the formula POBr.^Cl, but the liquid 
was possibly a mixture of POCl, and POBr, 
(3POBr,01 « POCl, + 2POBr,). 

Phosphorus, oxychlorides of. Two oxy- 
chlorides of P have been isolated, POCl, and 
P, 0 ,Gl 4 . A third substance obtained by Qus- 
tavson (B. 4, 863) by heating together P.,0^ and 
POCl,, and said by him to be PO.,CLis declared 
by Micifaelis (O. 0. [1881] 2 , 396) not to bo a 
definite compound, and this is confirmed by 
Huntly (C. J. 69, 202). 

PnosPHOBYL cuix)RinE POCl,. Mol. w. 163'3. 
Boils at 107-2° (ThSrpe, C. J. 37, 337). Melts 
at — 1-6° (Geuther a. Michaclis, B. 4, 769). 
S.Q. % 1*71163 (Thorpe, Ic.). V.D. at 160° - 77-2 
(Cahours, A, Ch. [3] 20, 369), {"or expansion by 
heat V. Thorpe (l.c.). S.V. 101-4 (T., Ixk. 
H.F. [P,0,CP] = 145,960; [PC1», 01 » 70,660 (Th. 
2, 325). 

Formation.— I, By heating PCI, in air or 0, 
or with ozone, 80„ SO,.Cl„ and various other 
oxidisers.— 2 . By strongly heating PCI, in 0, or 
with SO,, SO,, B,0„ <feo., or by decomposing by 
a little H,0.-~3. By distilling NaCl mixed with 
P,0, (Kolbe a. Lautemann, A. 113, 240).— 4. By 
passing CO and Cl over Ca 32 P 04 mixed with 0 
and heated to redness (Riban, C. R. 96, 110 ; 
Oglialoro, Q, 13, 828). — 6 . By heating PCI, with 
P,0,.-6. By the reaction of Cl with P- 0 , (Thorpe 
a.Tutton.C. J.67;672). * 

Preparation.--ka intimate mixture of 1 part 
PA with 2*9^art8 POL is distUled, and the 
product ii again distilled, that boiling at 
106®-108° beizm collected separately ; the equa- 
tion PA 8P01,« 5P001, is realised. 

colourless, hi|^y refractiTe, 
stzoogly smelling liquid, which fumes in the air ; 
the fn^ strongly afleot the eyes and respira- 
lofjrocganat solidifies et -10®, when touched 
c 
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with a gli^ rod, to long, colourless tablets, which 
melt again at -1*6° (Geuther a. Miohaelis, B, 
4, 769). POCl, does not conduct electricity eveif 
when heated (Buff, A. 110, 267). 

Jieaclioiis.—l. Wator reacts rapidly, forming 
HClAq and H,PO,Aq [POCP.Aq]- 72,190 (TA. 2 , 
325).— 2. AlcoJwl produces HCl and PO.OEt.Cl,. 
3. Sulphur trioxide at 160° forms PjOiOl, and 
P-A (Miohaelis, Q. 0. 2 , 393).— 4. Sulphuric add 
produces SO,.OH.Cl, HCl, and HPO, (Miohaelis, 
l.c.).^. Most organic acids react similarly to 
H,S 04 , I^oducieg acid chlorides; e.g. O^^O.OH 
forms C^H^O.Cl; salts of organic acids react 
similarly, forming acid chloride and ractaphoa* 
pliato. — 6 . Sulphates form SO.Cl, and or^o. 
phosphates. -7. Sulphites are partially changed 
to SO.^, mixed with metallic chloride and phos- 
phate (Divers a. Shimiclzu, C, J. 47, 208). — 
8 . Nitrates produce chlorides and P,0, Ac. ; 
nitrites give chlorides and phosphates and NO, 
(D. a. Sf Lc.).—^ POCl, separates I from^pofos- 
sinm iodide (SohilT, A. 102, 181). — 10. Chromyl 
chloride forms Cl, PjO^, CrCl,* and CrA (Cassel- 
maim, A. 91, 241; 98, 213).— 11. Phosphorus 
pcntasulphide at 160° produces PSCl, and PA* 

12 . Phosphorus pentoxide reacts at o. 200°, form- 
ing P, 0 ,Cl 4 and a substance P,0,.CL, which may 
prove to be a mixture (Huntly, 6. J. 69, 202).— 

13. Phosphorus reacts at 200 ° to form P 4 O, P(31,1 
PACI 4 , and a little PA (Beinitzer a. Gold 
sclimidt, B, 13, 845). — 14. POCl, is reduced by 
Imating in closed tubes with many finely divided 
metals^ e.g. Ag, Hg, Fo, Cu, As (Pb is without 
action); the products are generally PCI, and 
PAi oxide, chloride, or phosphate of the 

i metal ; sometimes PA^^ is said to be formed 
(v. li. a. G., Lc .) ; Mg, Al, and Zn are said to 
form red P 4 O (R. a. G., l.c.). Zinc-dust with a 
little POCl, forms Zn phosphide, which evolves 
; iufiaminabie P hydride on addition of a little 
i water (Denigds, Bl. [3] 2, 787). — 16. With 
; ammonia forms various phospluimic acids {q, u,, 

I p. 106), and also phosphamidcs {q. v., p. 106). — 

I 16. Boric oxide heated with POCl, in a sealed 
i tube to 160°-170° for 8 lo 10 hours forms 
PA-I^A POCI 3 .BOI, (Gustavson, B. 4, 976). 
j Conibinations.—l. Wim ammonia to form a 
compound not yet examined.— 2. With several 
j metallic chlorides to form double compounds, 0 .(/. 

; with AlCl,, MgCL^, and SnCl, (Casselmann, A. 91, 

I 241 ; 98, 213). Borne of these compounds may 
i be vapourised in absence of moisture ; they are 
decomposed by water.— 8 , With boric chloride 
to form POCla-BCI,, by passing BOl, into POCl,; 

I also by beating POCl, with BA* This sub- 
I stance is decomposed by heat ; with water it 
j gives n 3 P 04 Aq, ll^BOjAq, and HClAq (Gustavson, 
B. 4, 976). 

Constitution of POCl,.— Two isomeric forms 
I of POCl, are possible : CL^POCl and CI,PO ; but 
the compounds obtained by different methods 
i are identical. Wichelhaua (A. Suppl. 6 , 267) 

I thought that POCl, must have the constitution 
CyPOOl, because of its formation frdfn CLPOEt, 
in which the 0 atom is in direct union vmh the 
P atom (Cl,POEt + Cl,-01,POCUBtCl); but 
Geuther a. Miohaelis U. Z. 6 , 242) pointed out 
that this formation of POCl, may he Interpreted 
also in favour of the constitution 01,PO by sup- 
po^g that 01 first replaces OEt, forming PoL - 
And mt the 1 ^ BtOCl then react t 
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(1) O^POBt + 01,-01, P + EtOCl, 

(2) C1,P + EtOCl - CljPO + EtCl. The experi- 
ftienis of Beioitzer a. Goldschmidt {B. 13, 845) 
on the action of metals, on POCi, show that in 
most oases 0 is withdrawn, leaving PCI,; and 
that in a few cases tlie 3 01 atoms are withdrawn 
with formation of P,0,. These results do not 
indicate any differences between the functions 
of the Cl atoms, and hence they tend to favour 
the formula C1,P0. Thorpe (C. J. 37, 387) 
arrived at the formula CljPOCl from considera- 
tion of the specific volumes of QOGl, ahd PCI,. 
Masson a. Ramsay (C. J. 39, 50), also from con- 
sidering the specific volumes of P and P com- 
pounds, deduced the formula OPCl.,. Although 
but one POGl, has been obtained, the isomeric 
compounds (CjH,).,POC,H 4 and (CaHJjPO have 
been isolatea (La Coste, B. 18, 2118). 

PYROPnOSPUOBVL CHnORIDK P^OaCl^ {PIlOS- 
phorus trioxy tetrachloride). Mol. w. not known. 
Boils 210°-215°, with partial* decom^sition. 
S.0. 1-68 at 7°. ♦ 

Preparation.— 1'. 100 g. PCI, are placed in a 
cylinder surrounded by ice and salt, and the 
vapour from 20 g. liquid NO, is passed into the 
cylinder by a tube which reaches just to the 
surface of the PCI,. The action proceeds at 
once ; the products are P,^Os, P0C1„ P.Pj,Ct^, and 
1^001. When all the NO, has been distilled 
into the PCI,, the cylinder is placed in warm 
water to remove NOCl, and its contents are then 
fractionated ; PCI, distils over first, then a con- 
siderable quantity of POCI, between 105*^ and 
110°, and then PjOiCl, from 200° upwards. It 
is best to prepare a considerable quantity of the 
impure product before fractionating ; 350 g. PCI, 
yielded 40 g. P,0,Cl4 (Oeuther a. Michaelis, B. 
4, 766).--2. The vapour obtained by . heating 
80 g. starch with 180 g. HNO,Aq is led into 100 g. 
PCI, ; the product is fractionated, and that boil- 
ing under 100° is again treated as before ; 
finally, the whole is fractionated. About 20 g. 
PgOgOl, are obtained from 200 g. PCI, (G. a. M., 
I.C.). 

Properties* — A colourless liquid, which fumes 
in the air ; the vapour attacks cork. Has not 
been solidified by cooling. Boils, with partial 
decomposition into P,0, and POCI,, at 210°- 
214°. 

Reactions.— 1. Heat produces partial decom- 
position into POCI, and P,0,.— 2. Decomposed 
by water to H,PO^Aq and HClAq. — 3. Alcohol 
produces PO.OEt.Cl„ PO.OEt.(OH),, and HCl. 
4. Phosphorus pentachloride produces POCI,. 
6. Phosphorus pentabromide forms POBr, and 
POCyjr (G.a. M., U). 

MSTlPHOaPHOBTL CHLOKIDB PO,Cl. GustaV- 
son (R. 4, 858) said that a compound of this 
composition is formed by heating P^O, with 
POCI, ; but Michaelis (G. 0. 2, 396) says that 
the substance is not a true compound, and this 
is confirmed by Huntly (G. J. 59, 242). 

Phosphorus, oxyohlorobromides of, v. Phos- 
phorus, oxil^ROUocHiiOnioss or, p. 142. 

Phosphorus, ozyfluoride of, FOF, {Phos- 
phoryl fluoride). Mol. w. 103*92. V.JD. 52 
(Thorpe. C. J, 56, 769 ; Moissan, Bl. [8] 4, 260). 
A gas which fumes in air and is rapidly absorbed 
by water. Formed by the reaction of P,0, with 
fluorides (Schulze, /. w, [2] 21, 438) ; also by 
exploding a mixture of 2 jols. PF, and 1 voh 0 


by passing electno sp«rks (Moissan, 0, B. 102, 
1245) ; by gently heating an intimate mixture of 
2 pts. finely-powdered cryolite with 3 pts. P,0, 
in a brass tube, and collecting over Hg as soon 
as the gas which comes off is wholly absorbed 
by NaOHAq (Thorpe, l.c.). Moissan (l.c.) pre- 
pares POF, by heating ZnF, with POCI, in a 
brass tube, fitted with a leaden delivery tube ; he 
allows the gas to pass through a brass tube cooled 
to - 20°, and then over ZnF, to remove traces of 
POCI,. 

POF, liquefies at 16° under a pressure of 15 
atmos., or at the trdinary pressure by cooling to 
-50° (M., C. R. 102, 1245). When compressed 
under 50 atmos. and the pressure then suddenly 
released, it solidifies to a snow-like mass. When 
quite dry it is without action on glass or Hg ; 
heated in a glass tube SiF, and an alkaline phos- 
phate are formed. 

Phosphorus, oxyiodide of, P,IgO,. Burton 
[Am. 3, 280) obtained a red crystalline com- 
pound, to which he gave this composition, as a 
by-product in preparing G^H.I. M.P. o. 140" ; 
sublimable, with partial decomposition ; e. sol, 
water, alcohol, and other. 

Phosphorus, oxynitride of, PON {Phos- 
phoryl nitride. Phosphoryl nitrile. Formerly 
called Phosphomonamide). Mol. w. uncertain. 
A white pow'dcr, which melts at rod heat to black 
' glass-like mass. Obtained by heating PO(NHJ, 

I or PONHNH^, the former of which is formed by 
' the reaction of POCI, with Nil,, and the latter 
I by the reaction of PCI, and Nil, (Schiff, A. 101, 
300; cf, Phospuamidks, p. 105). Gives KjPO^ and 
NH, by action of molten KOH {v. also Gladstone, 

O. J. [2] 7, 18). 

Phosphorus, selenides of. P and Se com- 
bine directly to form four compounds: P.Se, 

P, Se, PjSe,, and P.Be,. P^Se, PgSe,, and 
PjSe, combine with the selenides of thy more 
positive metals to form compounds BjSe.P.^Se, 
(B,Se),.Pj,So 3 , and (R,Se),„P.Be 5 . The formulae 
are not necessarily molecular. 

Phosphouds suusELENiDf P.Sc {Pkosphorus 
ftemiselenide). Prepared by melting together Se 
and ordinary P in the ratio So : 4P(i:l'57) in an 
atmosphere free from 0, and separating from 
amorphous P by, distillation in absence of 6. A 
dt.rk yellow, oily, fetid-smelling liquid, which 
solidifies at - 12° ; e. sol. in GS., insol. alcohol 
and ether; takes fire in air; decomposed by water 
containing air, with formation of H 3 P 04 Aq and Se 
compounds ; not acted on by cold alkali solu- 
tions, but with boiling alkali solutions gives 
alkali phosphate and selenite, metallic selenide 
and P hydride ; in solutions of metallic salts be- 
comes covered with a crust of metallic phosphide 
and selenide (Hahn, J. pr. 93, 430). 

Diphosphokus belrnids P,Se. {Phosphorus 
protoselenide or nwnoselenule). Prepared by 
melting together, in absence of 0, P, and Se in 
ratio 2P ; Se(l:l'28). A red solid ; unchanged in 
dry air, in moist air gives oil H,Se ; insoluble 
alcohol and ether ; P is withdraw^ by GS, ; boil- 
ing alkali solutions produce H^Se and a red sub- 
staxoe containing Se and P. By heating, in 
absence of 0, with equivalent weights of metallic 
selenides, compounds B»,Se.PaSe and R«Se.P,Se 
are formed; B-Ba, Gu, Fe, Mn, E, Ag, Na. 
The alkali compoaods are decomposed b;^ater ; 
the compounds containing heavy metals decom- 





fim jbiily il |i%b teilikpeMtatMt bbt geae- 
riMlj take Are when rabbed in a mortar ; they are 
•lotrijdeoomposed by hot alkali solotioxis ^ahn, 
I.C.). From their empirical oompoeition, B^PSe, 
these oonfpoanda might be called seleno-^neta- 
hypophospkiUs, 

fciS^SPaoEOUB 8ELExr»E PjSe,. {Phosphorus 
sts^UsUnids or iriseUnuJc). Prepared by heat- 
idgjfogether P and Se in ratio 2P:3Se(l:3*H2) in 
a^nce of 0. A dark ruby-red solid ; sublimes 
to yellow vai)OurB when heated out of 0 ; burns 
when ignited in air. Oxidised slowly in moist 
air; evolves Hj,Se when boiled #rith water. In- 
soluble alcohol, ether, and GS, ; easily soluble in 
potash, less soluble in alkali carbonate solutions. 
Forms compounds with metallic selenides 
(U«,Se),.PjSe„ and 2U”Se.PaSe3 (Hahn, f.c.) ; R 
= Ba, Cu, Pb, Mn, K, Ag, Na. From their em- 
pirical composUion, R^PaSej, these compounds 
might be called selenopyropliosphites. 

PHosmouio SELKNinK PjSCj {Ptuispitorm 
psntaselcnlde). Prepared by heating together 
amorphous P and Se in ratio 2P:5 Sq (1:G-37) in 
a stream of CO^j, A dark-j'eil, nearly black, glass- 
liko solid; insoluble in CSj*, crystallises from 
CCI4 in black needles. In moist air, or water, 
decomposes ^lowly to H^Se and Hj,PO,Aq; in 
cone. KOHAq quickly forms KjSe and K,PO^Aq ; 
alcohol forms H.Se and Kt3PO.jSe2 and also 
Et^HPO^Se,,. Very unstable compounds probably 
of the forms (R^Sejl.MPjSe.,, and 2U"So.P2Sej are 
obtainedbyheatingPaSej with metal lie selenides; ; 
H^Ba, Cu, Pb, Mn, K, Ag, Na. The empirical 
composition of these compounds would load to 
the name sclcnopyropliosphoUs (Bogon, A, 121, 
f!7 ; Rathke, A. 1^2, 20(i). Rathke {Lc.) sup- | 
posed that the K salt of a selenophosphoric acid | 
is formed by the reaction of PaHe,, with KOHAq. j 

Phosphorus, seleuion acids of, salts of ; u. I 

DlPHOSPHOimS 8ELEKU)R, PnOSPnOROCS 8ELEXIDK, i 
and PnrtgpjjoRic sklknide {supra). • 

Phosphorus, sulphides of. P and S combine, 
when heated together, with production of much 
heat aud light ; the action is often violently ex- 
plosive. Four definite compounds seem to exist; 
the simplest formulss are P*!^,, P.^Sg, PS„, and 
P2S,. 

Two compounds eontaining less S than P^H„ 
viz. P,S and P,S, are often desoribed, and sub- 
stances said to be compounds of P and 9 in thef 
ratio P : 3S and P ; GS have boon mentioned by 
Dupr6 and Berzelius. 

The substance to which the formula P^S was 
given w’as obtained by healing P and S in the 
proper proportions (Berzelius, A. 4G, 121), 25.5), 
or by digesting P with an alcoholic solution of 
KjS. (Bottger, J. pr. 12, 357), or according to 
Wicke {A. 86, 115) by contact of P and 8 at or- 
dinary temperatures; it was described as a 
colourless, oily liquid. A solid red form of 
P^S was said to be formed by heating liquid 
PgS with Na^CO, (%rzelius, l.c.). The formula 
P2S was given to a substance of which two 
forms were described : a yellow liquid obtained 
by carefully hating together P and S in the 
roper ratio, and .a dark-red powder obtained by 
eat^ the liquid form with diy MnS in .H 
(Berzelios, lu;.). Various double compounds of 
Pfi with metallic stdphides, BigS-P^S and 
B^SJPjS fR * Cu, Fe, Mn, £te, Ag) wwe described 
by Bsr»Auis» The compositioii o|. tiieis bodies 
Voi. IV. 


would Ibad to their being called tJ^msUihyp(h 
Isambart fC. B.96, 1771) has shown 
that when a eolation of P in a large excess of 8 
is distilled in vacuo the whole of the P passes 
off and loaves S. Sobolise (J» pr» [9] 39, 118) 
found that P separated at 6" from a solution of 
S in P in the ratio P^S, and that 8 separated 
w'hcn the elements were present in the ratio 
PgS. Schulze also found that a stream of 00^ 
r^oved P from both solutions at 150°; that 
heating to this temperature generally produced 
explosion^ that^tho so-called liquid P^S was 
soluble in CS., and that most of the S was re- 
' nu>ved by shaking this solution with alcohol, 

I ether, or CHCl,. Further, Schulze {B. IG, 2066) 

: observed that solutions of 8 in P, m the ratio 
I P,S and P..S, did not solidify homogeneously, 

I but that P BOj)arated from the first, and S from 
' the second, solution. From these facta Isam- 
I bert and Schulze concluded that the so-called 
P^S and^PgS are merely solutions of 8 in Ft 
Lemoine {C. It. 9o, 1G30) maintained that these 
Bub^tancos were true compoumls. According to 
Mai (.4. 2G5, 192), when 07 parts P and 96 parts 
S are melted together, and tlic product is dis- 
tilled at 10-11 mm. pressure, a distillate is ob- 
tained which Hlowly sol idi lies, and digestion 
of this solid with CSg under pressure gives a 
I solution from wliich crystals of P,S, separate, and • 
. the mother-liquor deposits what scorns to be a 
mixture of IVS^ and P^Sj. Tho melting-points of 
mixtures of P and 8 are much below those of 
either constituent (Pelletier, *4. Ch. [3] 4, 1 \ 
Faraday, A. Ch. [2j 7, 71 ; I)upr6, A. Oh. [2] 78, 
4.*15). Tho experiments of Faraday (f.c.) and 
Kanimo {B. 12, 910, 1350) show that the crystals 
obtained by dissolving S in liquid P sulphides— 
to wliich Berzelius gave tho composition PSji 
and Dupri the composition PS„ — are merely S 
with more or less adhering P. 

TETU\riio8i‘j!ORU8 TaiHULPHinK P^S, {Sesqui’ 
sulphide of phosphorus. liypophospliorvua suh 
phidc). Mol. w. 219'8. Melts at 166° (Ramme 
B. 12, 1350). Boils at 380° (Isambert, 0, R, 96, 
1499). S.G. 2 0 at 11°. V.l). 114-3 (Isambert, 
lx. ; Ramme, l.c.). II.P. [P',S*] := 86,800 (I., I.C.). 

Forvuitmi. — 1. By heating together P and 8 
in tho ratio 4P:3S.— 2. By heating P,S, with o^• 
dinary P to 320° (Kammo, l.c.). 

Preparation,— K mixture of 1 part 8 with 
1-3 parts amorphous P is placed in a flask with 
a long wide neck connected with a wide tube 
dipping beneath the surface of Hg ; the mixture 
is heated towards 260°, when the reaction begini^ 
and proceeds with production of muoh heat; 
the product is dissolved in GSj and crysiallised 
(Lemoine, Bl. [2] 1, 407). Ramme {B. 12, 1860) 
beats the rod P and 8 together in a sealed tube 
at 260° for eight hours. If ordinary P is used; 
combination occurs at 130°, with violent explo- 
sion. The explosion may be prevented by melv' 
ing the S and P in the water-bath, and adding 
twice as much sand from which air has been re- 
moved by CO2 (Isambert, 0. B. 96, 1499). 
Ramme {B. 12, 1351) obtained P,S, «y heating 
P,S, with ordinary P in a sealed tube, filled with 
CO„ to 320°. 

Propertifis.’^kjeViow crystalline solid, which 
melts at 167° to a slightly coloured liquid. Boils 
280°-240° at 11 mm. pressure, with ^laytial de. 
eomposition to.red F A. 266. 192). ‘ Orye. 
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toUisM from CS^ PCI,, or PdGl, in rhombio 
l^risms (Lcmoine, Bl. [2] 1, 407) ; sublimes under 
• 800^, probablv in regular crystals (Isambert, 

O. B. 96, 1499). Very soluble OS,, PSC1„ and 
PCli ; dissolved and decomposed by alcohol (Le- 
moine, l.c,). Bums at o. 100° to P,Oa and SO,; 
•oarcely changed in ordinary air. 

Reactiom.—l. Bums when heated in air to 
C. 100°, forming P,Oj and SO,.— 2. Not acted on 
by cold water ; hot water slowly produces H^S 
and HJPOgAq.— 3. Dissolves in potash solution, 
forming K phosphite and sulphide, and evolving 
H and P hydride (Lemoine, Z.c.). — 4. Hydrat^ 
lead oxide reacts at 200° with separation of PbS 
(L., I.C.). — 6. Soluble in potassium sulphide so- 
lution, probably with formation of a double 
compound (L., — 6. Chlorine, when moist, 

slowly produces H,80^ and H,PO, (L., Z.c. ; I., 
Z.C.),— 7. Not acted on by cold sulphuric ot hydro- 
chloric acid ; nitric acid and aqua regia oxidise 
P4S, slowly and regularly on warming. . 

Phosphorous sulphide r,S« (Tiisulphide 
of phosphorus, ^etraphosphorus hexasulphide. 
Thiophosphorous anhydride). Mol. w. 315*72. 
Melts at 0. 200°, and boils at c. 490“. V.D. 
147*6, to 173*6 at lower temperatures (Isambert, 
C. R. 102, 1380). 

Formation. — 1. By heating red P and 8 in 
, the ratio 2P : 38 in CO,. Combination occurs 
without explosion, but so much heat is produced 
that a part of the product sublimes rapidly 
(Kekul4, A. 90, 310; Michaelis, A. 164, 22). — 
2. By the reaction of PCI, with H,S (Serullas, 

P. 17, 101). Bamme (J5. 12, 940) failed to ob- 
tain PfS, by heating a solution of P and 8 in 
08, in a sealed tube. 

Prop(waiion.~-k mixture is made of 1 part 
red P with 1*66 parts 8 ; a small portion of 
this mixture is heated in a long-necked dask 
in a stream of CO, until combination occurs; 
the flame is removed, and the rest of tlie mix- 
ture is introduced into the flask in small por- 
tions at a time; the heat produced by the com- 
bination of one quantity sutflees to cause com- 
bination of the next quantity. The P,S, is 
sublimed into the neck of the flask ; or it may 
be dissolved in C8, and crystallised (Michaelis, 
A. 164, 22). 

Properties,— A greyish-yellow, crystalline, 
solid (Aekuld, A. 90, 310 ; Isambert, C. R. 102, 
1386). Tasteless, inodorous; does not fume 
in air; melts readily (0. 200°), and sublimes 
more easily than 8. Soluble in CS,. The V.D. 
shows that the molecular formula is P,S„ cor- 
responding with the oxide P,0„. P^S, acts as a 
thio-anhy^ide, forming compounds with the 
sulphides of several metals {v. Reactions, No. 
7). As P4S, is acted on by moist air, it must 
be kept in sealed tubes. 

Reactions. — 1. Decomposes rapidly in moist 
air ( ? to H,S and H,PO,). — 2. Decomposed by 
water to H,S and H,PO,Aq. — 8. Burns when 
heated in air. — 4. Dissolves in potash, soda, or 
emmonia solution, and is reppd. in yellow 
flocks by addition of acid. — 5. Decomposes 
carbon compounds containing OH, forming cor* 
resending SHcompounds and H,PO,.— 6. With 
lodins in CS, forms PI, (Isambert, C. R. 96, 
1771).— 7. According to Berxelius, P,S,combines 
with many metallic sulphides forming com- 
pounds 2B<aS.P,S, and 2B»SJ*,8k ^4 oompo^ 


sition of which would lead to their being calle 
thiopyrophosphites ; B-Cu, Pe, Hg, Ag.— 8. B; 
dissolving in caustic soda solution cooled to 0*= 
Lemoine (0. R. 93, 489 ; 98, 45) obtained th 
compound P.,08,.2Na.,0.6H,0 and the dompoun( 
p20S2.8Na,0.4H,0 ; and by using ammoniwn 
sulphide he obtained P,0S,.2(NH4),0.8H,0 an< 
p50,S.2(NHJ,0.6H,0. These substances evolve< 
H,S by the action of HClAq ; heated to 200°- 
240° they gave off H,S, but retained 8 ; the^ 
may perhaps be called thio-oxypyrophosphites. 

Tbiphobphords hexasulphide P,Sa {Phos 
phorus disulph'dc [PSJ. Phospho^ tetra 
sMZpkMfe[P,S,]). ? Mol. w. 281*8. Melts at 206°. 
298° (Bamme, B. 12, 940) ; at 248°-249° (Seiler 
Dissertation, GSttingen, 1876). Boils at 335°- 
340° at pressure of 10-11 mm. (Mai, A. 265. 
192). V.D. Bamme {B. 12, 1360) says thai 
V. D. agrees with formula PjS,, but no numbers 
are given. 

Formation.—l. By heating a solution of P 
and S in C8, in sealed tubes to 210° ; according 
to Bamme (B. 12, 940), P^S, is produced with 
P and 8 in the following ratios:— P:S, P: 28, 
2P:S, 3P:S,4P:S, GP : 8 {v. also Dervin, BL [2] 
41, 433).— 2. By heating together P and Sin the 
ratio P .* 23 (Seiler, Lc.). • 

Preparation. — P and 8 are dissolved in CS.^ 
in the ratio P : 23, the solution is heated in a 
sealed tube to 210° for 8-10 hours, after cooling 
the liquid is poured off, and the crystals are re- 
crystallised repeatedly from CS, in a sealed tube 
(Bamme, l.c.). 

Properties and Reactions, — Long, clear 
yellow, needle-shaped crystals. Bamme {l.c.) 
says that V.D. corresponds with formula P,S, 
but he gives no data ; the corresponding oxide 
is generally written P.p,, but its molecular 
weight has not yet been determined. Heated 
with watci in a sealed tube to 150° ior some 
hours, P,S, gave 11,8, H^PO.Aq, and H,PO,Aq, 
and an orange-yellow solid insoluble in CS, and 
not melting at 310° (Bamme, B. 12, 1350). 

Phosphoric sulphide.*- P,Sj {Phosphorus 
pentasulphide or persulphide. Thiophosphoric 
anhydri^). Mol. w. 221*8. Melts at 274°- 
270° (V. a. C. Meyer, B. 12, 610). Boils at 
618°, pressure :p 730 mm. (Goldschmidt, B. 15, 
<303) ; at 620° (Isambert, C. R. 102, 1386) *, at 
630° (Hittorf,P. 120, 190) ; at 332°-340°, pres- 
sure being 11 mm. (Mai, A. 205, 192). V.D. 
110*7, at 630° in N (V. a. C. Meyer, B. 12, 
610). 

Formation. — 1. By heating a solution of or- 
dinary P and S, in the proper ratio, in OS, to 210° 
for 8-10 hours, and crystallising from CS, 
(Bamme, B, 12, 940).— 2. By melting together 
red P and 8, in ratio 2P ; 68, in CO, (Kekul6, A. 
90, 310) ; with ordinary P violent explosion 
occurs. 

Preparation.~A mixture of .40 parts 8 and 
18*5 parts red P is melted together, the mass is 
powdered, placed in a retort filled with CO„ and 
distilled to c. if to ^ (to removej,P, 8, and more 
volatile P sulphides) ; the residue is again pow- 
d^ed and distilled in CO,; the distillate is pure 
PaS,(V. a.C.M., Z.C.). . 

PrmwfiM.— Large, clear, pale-yellow crys- 
tals. Vapourises in N or CO., without change, 
to a yellowish las. Bums when heated in air. 
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Soluble in OS^^; P,S» seems to r^t ui A tbio- 
anhydride (o. HeacHotUt No. 7). 

heactions,^!. Decomposee in moiit air or 
by ivater^ to H,S and H,P04 ; burns when htatid 
in air to P,Os and BOa.~2. With photphorus 
pentachloride forms PSCl^ (Weber, /. 1859. 80). 
8. With carbon Uirachloride at 200° produces 
CS, and PSCl, (Rathke, Z, 1870. 57).-~4. With 
ferric chloride gives FeS^ and PSCl, (Olatsel, B, 
23, 37). — 6. WiXhsulplionyl chloride^ PSCl,, SO,, 
and S are formed (Prinz, J. Z, 13, Supplbd. 1, 
90).— 6. With many carbon compounds contain^ 
ing 0 and also with m&ny ^inorganic oxides, 
P.S, form S compounds, exchanging S for 0 
(Kekul6, A 90, 310; Carius, A. lOG, 331; 112, 
180 ; V. also Prinz, i.c.).— 7. According to Ber- 
zelius (A. 4G, 129, 255), P,S;^ combines directly 
with several metallic sulphides, forming com- 
pounds 21P,^P,S, and 2K“S.P,S, (R = Cu, Fo, 
Mn, Hg, Zii) : these compounds may be .called 
thvopyrophosphates. 

THio-oxTORTHOi>nospiiATE8. Solts of the hypo- 
thetical acids II,PSO, {inonothio^oxyortlwphos- 
photic acid) and H,PS.p, {dithio-oxyorthophos- 
phoric acid) have been obtained by the action of 
alkali solution on P.S, or on PSCl,. Salts of 
irithio-oxyphosphoric acid (IlaPS^O) have not 
been isolated. 

Monothio-oxyphosphates. ThoNa salt, 
Na,PSO,. 12 11.^0 was obtained by Wurtz by 
warming PSCl, with fairly cone. NaOIIAq {A.Ch. 
rS] 20, 472), and by Thorpe a. Rodger by the ac- 
tion of NaOUAq on PSF, (C. J. 65, 318). Ku- 
bierschi {J. pr. [2] 81, 93) obtained the salt by 
adding powdered P,S, to NaOllAq, in ratio 
P.,Sj:0NaOn, cooling, adding absolute alcohol — 
which ppd. a mixture of NajPSO, and NasPSp, 
(leaving Na polysulphides in solution)— dis- 
solving the pp. in water, warming to 90° till H 8 
ceased to come off, evaporating, and crystallising. 
Thin rfk -sided prisms, melting at 6(^*. The Mg 
salt (with 20n.^O), and the Mg-NH^ salt (with 
9H,0) were also obtained. • 

Dithio-oxyphosphates, The Na salt, 
Na,PS,0,.lin,0 was obtained (K., f.c.) by dis- 
solving in water the pp. obtained as above by 
alcohol, warming to 60°-55°, ppg. by alcohol, 
and crystallising from water at 40°. Colourless, 
lustrous, needles, melting at 45^-46°. The NH, 
salt (with 2H,0), Ba salt (with 8H,0), aifd 
Mg-NHf salt (w’ith 6H,0) were also obtained in 
crystalline form. 

For reactions of these thio-oxyorthophos- 
phates V. Kubicrschi, I.c. {cf. Michaelis, B. 5, 6). 

Phosphorus, sulphobromides of. Two com- 
pounds, corresponding with the two oxychlorides, 
have been prepared. 

Tuiophospuoryl bromide PSBr, (Sulpha- 
phosphoryl bromide. Phosphorus sulphofrromide). 
Formula probably molecular, from analogy of 
POCI,. 

Formation.— l^By reaction of H,S with PBr, 
(Gladstone, P. 3f. 36, 345 ; Baudrimont, A. Ch. 
[4] 2, 68).— 2. By distilling PBr, with 8, or Br 
with P,S,. — 3.«By the action of Br on a solution 
of P and 8 in CS,. 

Preparation.— Equal parts of P and S«are 
♦^dissolved in CS„ the solution is well cooled, and 
8 parts Br are allowed to drop in slowly from a 
funnel with a stopcock ; the GS, is removed by 
wannii% in a water-bath, and the li^oi^ is then 


distilled quickly over a large flame. Part of the 
PSBr, solidifies in the neok of the retort, and 
part passes over and remains liquid in the 
ceiver ; the contents of the receiver are shaken 
with fresh quantities of water until the oily 
liquid solidifies to a yellow crystalline mass 
which is PSBr,.H,0 ; this hydrate Is dissolved in 
C8.J, water is removed by contact with CaOl,, 
CS, is distilled off in a stream of CO„ and 
PSBr, remains as a yellow oil, which solidifies on 
touching it with a glass rod. The solid may be 
recryutiltiised (fom PBr, (Micliaolis, A, 164^ 861. 

Propcr/ics.- -Yellow octahedral crystals, with 
an aromatic but unpleasant odour; vapour 
attacks the eyes. Melts at 38°, when molten re- 
mains for a long time witliout solidifying unless 
touched by a solid (Michaelis, B. 4, 777). 
Kasily soluble in ether, CS„ PBr,, or PCI,. 
Cannot bo distilled without decomposition. 

Reactions.— 1. Decomposed by heat to 8 and 
a yellow liquid, PSBr, .PBr,, which is resolved by 
rq|[)cated distillation into 8 and l’Br„ and by re- 
peated washing with water* yields P8Br,.H,0 
(Michaelis, A. 1G4, 3G). — 2. Decomposed by 
water, slowly when cold, rather mpre rapidly 
when boiling, forming H.^8, 8, lI,PO,Aq and 
H^PO^Aq (v. Michaelis, B. 6, 4).-3. Witli 
alcohol forms PS(OEt)s. — 4. Decomposed by 
ammonia solution, slowly when cold, more 
rapidly when hot, giving NH^ phosphite and 
phosphate, H.^S, 8, and NH^ sulphide (M., I.C.). 
5. Reacts witli jdiosjiJKtHS pentachloride to 
form PSCl, and PBr, (M,, l.c.). 

Cotnbbialions. — 1. With water to form 
PSBr,.n,0 (v. Preparation). A ydllow crystal- 
line solid ; melts at 35°, being resolved into H,0 
and PSBr, ; S.O. 2-7937 at 18°; gradually de- 
composes in air, giving off llBr (Michaelis, A. 
IGl, 3G). — 2. VfilhpJmphorus bromide, to form 
PSBr3.PBr, ; obtained by heating PSBr, (v. 
Reactions, No. 1). 

Pyrophospiioryl naoMiDK PjSjjBr, (Phoe- 
phorus trisulphotetrabr amide). A light-yellow 
oil, with aromatic and pungent odour; S.O. 
2-2621 at 17° ; fumes in air, with separation of 8. 
Decomposed by distillation into S, P..8„ and 
PSBr, .PBr,; decomposed by water, giving 8, 
PSBr,, H.4S, P, and a substanoe probably 
P.4S,(0H)4; alkalis act similarly to, but more 
violently than, w-atcr, but neither S nor 
PSBr, is formed; with absolute alcohol yields 
P,S,(OEt),Br, P,S,(OEt)4, P,H,(OEt),(SEt), ; 
bromine reacts, when lieated, forming PBr, and 
PSBr, (Michaelis, A. 1G4, 22). Prepared by 
moistening 100 g. finely gowdered Pj,S, with OS„ 
and adding 200 g. Br diluted with an equal volume 
of CS;f, shaking thorouglily, distilling off CS, in 
water-bath not above 80°, removing last traces of 
CS3 in stream of CO,, dissolving residue in six 
times its volume of dry ether, and removing ether 
by a stream of CO, (M.. I.c.). 

Phosphorus, snlphobromoohloride of, PSBrCI, 
(Thiophosphoryl bromochloruie). Formula 
probably molecular, from analogy of POJBrCI, 
(Michaelis, B. 6, 6). A slightly yrfhow liquid, 
with aromatic odour ; boils c. 150^ but boiling- 
point soon rises and 8 separates. Decom- 
posed slowly by water, more completely 
when heated in a sealed tube to 160° for some 
hours, giving S, H,S, HClAq, HBrAq, H,PO,Aq, 
and H,PO,Aq. Prepared by adding 80 parts Br 
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4r^ bj drop to 168 parts P04.SEt [obtained by 
fustipn of EtSH on PCI, ; for details v. Miohaelis, 
much heat is produced ; the hquid is dis- 
tillM,tbe distillate from 150*’-180'’ is shaken 
with water so long as any action takes place ; 
water is removed by a separating funnel ; the 
liquid is dried by CaOl,, and HCl and HBr are 
removed by wanning gently (M., Z.c.). 

Phosphorus, sulphoohlorides of. But one 
compound, PSG1„ is known with certainty. It 
is doubtful whether the substance obtained by 
Gladstone {0. J. 8 , 6 ) by the reaction df B with 
1*015 is a definite compound rB.^Gl 5 , or a double 
compound PSGl,.SCl 3 . 

TmopHOSPHonYL cnLoniDB PSGl, (Phos- 
phortu aulphochlojide). Mol. w. 169*05. Boils 
at 126*12° (Thorpe, C. J. 37,341). S.G.^ 1*6682 
(T., Z.C.). V.D. 85 at 160°-300° (Cahours, A. Ch. 
[3] 20, 869; Ohevricr, C, R. 68 , 1174). For 
thermal expansion v. Thorpe (l.c.). S.V. 116*1. 

Formation. — 1. By the readcion of H.^S with 
POlj (Serullas, A. Ch. [ 2 ] 42, 25).— 2 . By heU- 
ing S with PGl, to 130° (Henry, B. 2 , 63ft).-.3. 
By heatinff P with S.^Glj (Wolilcr a. Hiller, A. 
98, 274).-^. By heating together P^S^ and PCI 5 
(Weber a. Thorpe, Si. 1871. 467).— 5. By the re- 
action of PGI 5 with SO^, SO.Gl.., or S.^CI.^ ; and 
by the reaction of PCl^ with OS.^, or with Sb.Sj 
VMichaelis; Gnirns, A. 112 , I'.IO; 119, 291; 
Bathke, JS, 1870. 57 ; Baudrimont, J. jpr. 87, 
801). 

Pr»paration.^Kn intimate mixture of P-Sj 
and PGi 5 , in the ratio P,S 4 : 3 rCl 5 ( = 1:2*82), ‘is 
lieated in a sealed tube to 0 . 120 ° ; after a short 
time the liquid which has formed is distilled. 
Should the product have a yellowish colour, it is 
shaken with a little water, dried by GaCl.^, and 
distilled. The equation PaS, + SPGIj « 5PSG1, 
is realised (Thorpe, C. J. 37, 341). 

Properties. — A colourless, highly refractive 
liquid; with an aromatic, somewhat pungent, 
and very peculiar odour, which becomes very 
marked on warming. Slowly decomposed by 
water. 

iieacfttWM.— 1. Very slowly acted on by water ^ 
with formation of H..rO,Aq, HClAq, and H.^S. 
When distilled in steam the greater part of the 
PSCl| passes over unchanged.— 2. Heated with 
alcohol under pressure, PS(OEt), is formed. — 3. 
Passed through a hot tube, with excess of hy- 
drogen sulphide^ P 3 S 5 and HCl are formed 
(Baudrimont, J. pr. 87, 301). — i. Decomposed 
by cAZonne with formation of S^Clj and PCI 4 .— 
6 . Silver nitrate reacts rapidly, producing 
AgjPOi. AgCl, SO 3 , NUCI, and NO., (the SO, and 
NO, then reacting to form S.PjfNO.,), ; Thorpe 
B. Dyson, C. J. 41, 297). — 6. Alkali solutions 
form salts of H,PSO, and H,PS.,0, (u. Tnio- 
OXTOBTBOPBOSPHITES, p. 147).— 7. The prolonged 
action of ammonia — continued until 60 p.o. of 
the PSCl, has reacted with the NH,— produces 
thiophosphamide PS(NHJ,(?); this com- 
pouna remains as an amorphous, yellow-white 
solid on wi.jhing the product of the action of 
KH| on PSCl,; B.G. 1*7 at 13°; decomposed at 
200^ gives (?)PS( 0 NH 4 ), with hot water (Gha- 
Trier, 0* B. 66, 748 ; Schiff, A. 101, 292). Accord- 
ing to Gladstone a. Holmes {p. J. 18, 5), thio- 
photpHamic acid FS(NHJ(OH), and thio* 
phoaphodiamic acid PS(NH,),OH, itre pro* 


dueed b? iho action of anuudnlB on P801, ; the 
former by nsing fairly dilute NH,Aq, and the 
latter by nsing NH, gas— which probably forms 
P(NH,).4G1S— and tiien washing with water. The 
work of Chevrier (l.c.) and Schifi (l.c.) makes the 
isolation of these acids doubtful. 

Phosphorus, sulphochlorobromide of; v. 
Pbosphords sulpbobromochloride, p. 147. 

Phosphorus, sulphocyauide of, P(SGN), 
(Phoapliorus thiocyanate, Phosphortis rhodan- 
ide). Mol. w. not determined ; formula probably 
molecular. Prepared by mixing 5 parts Pb(SCN), 
with an equal weight of dry sand, gradually 
adding 1 part PCI,, digesting for some time on a 
water-bath, and then distilling very carefully 
from a hard glass tube. A liquid which does not 
solidify at --20°, begins to boil 260°-270°, and 
decomposes at a higher temperature, giving off 
CS., ; vapour is spontaneously inflainmable ; S.G. 
l*G25,at 18 Soluble in alcohol, ether, CHCl,, 
CS.^, and C„H„. Slowly decompf)Sed by cold 
water to IlaPOaAq and HSCNAq (Miguel, A. Ch. 

[5] 11, 340). 

Phosphorus, sulphofluoride of, PSF, {Thio- 
phosphoryl fluoride). This compoimd was pre- 
pared ami fully described by Thorpe a. Bodgera 
in 1888 (preliminary notice in C. J. 53, 760 ; 
fuller account in C. J. 55, 306). Mol. w. 119*9. 
V.D. 59*6 at ordinary temporiituro. 

Fonnafion. — 1. By heating a mixture of * 
AsF, and PSCl,, in ratio AsF, : dPSCl,, in a sealed 
luhe at 150°.— 2. By heating PbFj mixed with 
P.Bj to c. 120°- 150 ' ; or by using BiF, in place 
of PbF.^ and healing to a higher temperaturo. 

A mixture of red P, S, and a large excess of PbFg 
may also be used (P.,S, + 3PbF., « 3PbS + 2PSF,). 

3. By heating S with PFsClj to 115° (Poulenc, 

C. R. 113, 75). 

Preparation. — A qn.antity of P.^Sj (freshly 
prepared from well-washed and perfectly dry 
amorphous V and roll S) is quickly mixitl with 
c. 3i parts of pure freshly fused PbF.^, and tlie 
mixture is placed in a thin equal layer in a dry 
tube of lead or ' composition,’ one end of which 
is fitted with a caoutchouc oork carrying a glass 
delivery tube dipping under dry Hg, and the 
other end is connected with an apparatus for 
supplying pure dry N. A rapid stream of N is 
passed through Ull the air is driven out, the tube 
bKng gently heated to got rid of traces of H^S 
(produced by moisture on P.Bj) ; the N is stopped, 
and the tube is heated from behind forwards by 
a small flame ; reaction begins c. 170° ; the 
temperature should be kept as low as possible, it 
must not exceed 250°. The gas is collected in a 
dry glass gas-holder containing B few small 
pieces of quicklime, the gas being allowed to 
pass into the holder as soon as a sample is 
wholly absorbed by dilute potash or ammonia. 
Before collecting the gas, small quantities of dry 
N should be passed into the gasholder and re- 
peatedly exhausted by the Sifengel pump (this 
removes air from the pores of the lime), and 
when 2 or 3 o.c. of the PSCl, have passed into 
the bolder the gas should be sucked out by the 
Sprengel, and this repeated twice or thrice (the 
traeps of N are thus removed). After standing 
a few days over the lime, which removes PF, 
and any traces of SiF^, the gas is pure PSF,. 

Properties,-— k transparent, colourless gas; 
liquefied ^bI 7*6 atmos. at 8*8°, 9*4 atmosAt 10°4 




10^8 ftiniMMi. *i^l8*6^»‘ and 18 atmos/ at 30*8^ 
P8F, is ipontaneoaBly inflammable in air or 0 ; 
it ia decomposed easily by heat or eleotrio sparks 
to S, P, and fluorides of P. Somewhat soluble 
in ether. Not easily dissolved by H.^0, or by 
bolutions of alkalis. No action on Hg, 

CSj, or C^Hj. Neither gaseous nor liquid PSF, 
acts appreciably on glass at ordinary tempera- 
tures. 

Reactions,— A small stream of PSF, issuing 
from a Ft jet into air at once takes fire ; when 
mixed with a largo volume of air, explosion 
occurs.— 2. Oxidised rapidlymnd explosively by 
oxygen\ probably with formation of FF, and 
SOj, the PF, and O tlien producing P/), 
and also POF,. The ignition-temperature of 
PSF, is very low, and the flame is a very cold 
one. (Full details are given by T. a. R., l.c., pp. 
312-317 .) — %. Slowly decomposed by water, thus : 
PSF, + 4H,0 -»■ Aq H,S + lI,FO.Aq + .SHFAq. -- 
4. Solution of potash or soda slowly rt;acta, 
forming NajPSO;, and NaF. — 4. With ammmia 
gas produces a white, dtdiquosccnt solid, pro- 
bably a mixture of NH,F and P(NH.).^SF. 
For action of water on this substance — perhaps 
* resulting in formation of l’S(NIl J .OH— u.T. a. 11., 
I.C., p. 319.-5. Heated in a glass tube, PSF, 
gives SiF^, P, and S. — U. PSF, is decomposed by 
electric sparks j)assod from IH terminals, with 
separation of S and P, and a gas which is pro- 
bably PFj. 

Phosphorus, sulphoselenide of. All attempts 
to prepare this compound have led to negative 
results. Michaolis heated PCI, with Se ; Baudri- 
raont {A. Oh, [4J 2, 5) tried the reaction of PCh 
with SeCl^, FClj with F.Se, Sb..iSe.„ and FbSe, and 
the action of P on SeCI, and SeCl,. 

Phosphorus, sulphoxide of, P,0.,S,. Mol. w. 
347*52. Melts at 102 and boils at 295°. V.D. 
171*3 at 350'^-400“. Formed by ^eating small 
quanftties F^Og with S in an atmosphere of CO.^ 
or N at 0 . 100° (Thorpe a. Tutton, C. /. 69, 
1022 ). 

P reparation.— K strong glass tube ia closed 
at one end, and tilted with dry CO.^or N ; from 3 
to 6 g. freshly-distilled is placed in the 
bottom of the tube, and 1*74 g. S, be.nt in 
small crystals, arc ad<lcd for every 3 g. P^O^ used 
(ratio F<Og:4S). The tube te sealed, and the 
lower half is immersed in a glycerin-bath, whtch 
is gradually heated. At c. 154°-165° the melted 
8 ia suddenly projected to the top of the tube, 
and in a few seconils the action is complete. 
The product ia transferred to a similar tube, 
which is exhausted by a Sprengcl pump, sealed, 
and warmed at its lower portion ; sublimation 
begins at c. 90°, and proceeds best at 140° -150°, 
with formation of long feathery needles ; part of 
the P 40 ,S 4 remains as a vitreous or crystalline 
mass. 

Pretties and Reactions.— k white solid, 
occurring in fealtery aggregations or a vitreoua 
mass, or as colourless, isolated, tetragonal prisms ; 
melts 102°, and boils 295° (cor.). Very deli- 
quescent, smelling in air of K^S ; quickly dis- 
solved by water, forming H,S and HPO,Aq, 
which soon changes to H,P 04 Aq. Easily sol. in 
, 2 vol8.CS« from which it crystallises unchanged. 
Also sol. benzene, but with decomposition. 

Phosphorus, sulphur aeids of, salu of; t;. 
beginiing of artiolo Phospbobus sulpbides 
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(p. Il6) ; Phosphobous solphidi, Reaeiiim 7 and 
8 (p. 146) ; Pbosphobio suiiPHUB, BMociion 7 (p^ 
147); and Thio-ozyobtbopbobpbatbs (p. 147). * 

Phosphorus, tolluride of. Oppenheim (/. 
1857. 214) obtained a black amorphous solid, 
giving off fumes of P^Oi in air by heating P tfith 
powdered Te. 

Phosphorus, thio- aeids of, salts of ; p, 

beginning of article PnosenoRUS sULPHinitB fp. 

145) ; Fuosi'nouoDS sulpbiob. Reactions 7 ana 8 
(p. 140); Fhospuouio sulphide, i?eek!ffon 7 (p. 
147) ; Tu^-oxYouTnoFiiospuATES (p. 147). 

Phosphorus thio-amie acids of, and thio- 
amide of; v. Thiopbospbobyl cblobxdb, Ri- 
action 7 (p. 148). 

Phosphorus, thiobromides of ; v. Pbospbobub 
SUl.PHonUOMIDKS, p. 147. 

Phosphorus, thiobromoahlorlde of; v. Pbos< 
pnonus auLPUonnoMociu.oiiiDK, p. 147. 

Phosphorus, thioohlorides of ; v. PuosPBoaus 
suLPnaenLOuro^, p. 148. 

^ Phosphorus, thiocyanide of; v. Pbospbobub 
BULPIIOCYANIDE, p. 148. • 

Phosphorus, thioselenldo of ; v. Pbospbobub 

suLTHoeuLENiDB, anU, 

M. M. P. M. 

PHOSPHOBTTS, OXTACIDS OF, AND THEIB 
SALTS. Tho three phosphoric aeids, H^PO,, 
and II FO,, are described under Pbob- 
PHoiiio ACIDS (p. 124); the salts of these acids 
are described under Fhobpbates (p. 108) ; tho 
other oxyacids of F, and their salts, are described 
in this article. 

Besides the phosphoric acids, three oxyacids 
of F, and some salts of a fourth acid, have been 
isolated ; the acids in question are H-PO.^ 
IJ^rO,, or H,PaOg; and salts of H.P,04. 

No anhydride of HaPO,, is known; the n;^o- 
theti(5al anhydride would be P„0 (P,0 + 8i^O 
-2II3FO ,); F.p., is tho anhydride of the acid 
II,i»Oa (P;0,4 3liaO - 2n3PO,), and also the hy- 
pothetical anhydride of H4pj04(P,0, + 2H,0 
*= IljFaOj) ; P^O, is the hypothetiow anhydride- 
of H,P,0„(Pa0, + 2II 0 = H4P,0,), but this oxide 
gives HjFOjAq and H3P04Aq with wates (<0. 

I FHospiionuB TRTRoxiDE, p. 141). The oxyooido. 
of F do not correspond in oomposition with 
those of N (v. Table in Nitboosn OBOBP OV lUl- 
MENTS, vol. iii. p, 575). 

HYPOPHOSPHOROUS ACID AND 
SALTS IM‘Oa; MiIl.PO, and M»(H,POa)^ 
Hypophospbiles are formed by decomposing 
phosphide of Ba, Ca, or Sr by water (JDulong, 
A. Ch. [2] 2, 141); by beating P with potash, 
milk of lime, or BaOAq (11. Rose, P. 9, 226, 861 ; 
12, 77, 288); by passing PH, into solution of 
alkalis or alkaline hydrates (Winqkler, P, 111, 
443) ; and by heating P with syrupy H,P<),Aq 
to 200° (Oppenheim, Bl. [2] 1, 168). The aol4 
is monobasic ; it may be regarded as deriv^ 
from the hypothetical anhydride P,0. There ia. 
no acid, nor are there salts, corresponding with, 
hyponitrousacid UNO, but some salts are known 
of the form MP8 ; v, Thiometahyponhosphitest at 
beginning of Phosphorus, suLpmoBS or (p. 

146) . Sclerumctahyjpophosphites M^PSe have 
also been isolated (v. Dipbosphobub belemxde. 
p. 144). 

Hypopbosphorus Acm HgPOy Melts at 17*4® 
(Thomsen, B. 7, 994; ? specimen pure). H.P, 
[H*,P,0*)*« 189,970 (production of crystallised 
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ftoid) ; 187,660 (production of acid in ligoid 
itate) ; [H»,?,0»,Aq] = 189,800 {Th, 8, 225). 

' Preparation.— is prepared 
by warming -water with BaO and If (in small 
pieces) in a basin till inflammable P hydride 
cealies to come off, filtering, removing excess of 
BaO by passing in CO.j, filtering again, and crys- 
tallising. 285 g. pure Ba(Hjjl^O.J.HaO are dis- 
solved in 0. 6 litres water, 98 g. H.^SO, (o. 101*6 g. 
ordinary cone, acid), diluted with 3 to 4 times 
its weight of water, are added ; after shaking for 
some time tlie pp. of BaSO, is allowed te settle, 
and the clear liquid is syphoned off, and eva- 
porated in a porcelain dish, by boiling, till it is 
c. ^5 of the original volume, when it is placed 
in a Pt dish ; a thermometer is immersed in the 
liquid, evaporation is continued, the tempera- 
ture being allowed to rise gradually to 110® ; any 
solid which separates is filtered off while the 
liquid is hot, and the filtrate is evaporated, 
without being allowed to boil, ate. 110®. eThom- 
sen (B. 7, 994) finally heats for 10 mins, to 130® 
or 138®, filters into r. stoppered bottle, and coofs 
below 0®; Geutlier a. Poimdorff (J. if. 10, 
Supplbd. 2, 46, 49) say that heating above 110® 
decomposes H^PO^, and that Thomsen’s prepara- 
tion therefore contained H-jPOa. 

Properties. — Largo, white, crystalline tablets; 
melting at 17*4® ; remains liquid considerably 
above m.p. (Thomsen, l.c.). Decomposed by heat 
to PH, and HaPO^. H,PO.^q is a very energetic 
reducing agent. The acid is monobasic, forming 
salts M'HaPO, and M«(ILPO„)a. 

Beactions. — 1. Decomposed by heat, giving 
P hydride and IljPO^ (H. Rose, f.c.).— 2.HaPOaAq 
is readily changed to n.,POaAq or HaPO^Aq by 
oxidisers'. Cl, Br, HNOaAq, KMn04Aq, and 
several metaUic oxides produce HaPO^Aq (Dulong, 
f.c, ; Rose, l.c. ; P. de St. Gilles, A. Ch. [3] 65,374) ; 
PbO, forms PbHP0a{Wurt7MC. R. 18, 702); SO, 
forms H,PO,Aq and S (Geuther a. Ponndorff,l.c.). 
According to Engel (C. R. 110, 78fi) Pd charged 
with H oxidises HaPO^Aq to HjPOaAq with evolu- 
tion of H.— 3. HaPOaAq reduces solutions of salts 
of gold, silver, and mercury, ppg. the metals ; 
from copper sulphate solution, CusH, is ppd. at 
66®-60® (Wurtz, f.c.; Raramelsborg, l.c.). — 4. Re- 
duced by nascent hydrogen to PIIj (Dusart, 
C. R. 43, 1126 ; Blondlot, C. R. 62, 1197).— 

6 . With hydnodic acid forms PH,! (G. a. P., 
lui.). — 6. Heated with co7ic. sulphuric acid, 
HJPO4, SOa, and S are produced (Wurtz, l.c.). 

7. Heated \riih phosphorus j^entachloridc, POCI3, 
P01« and HCl are formed ; phosphorus trichlatide 
produces P, HaPOj, and HCl ; with phosphoryl 
chloride, P, PCI3, HPO3, and HCl are the products 
(Geuther, J^pr. [2] 8, 359). 

Hypophospiiites M’HaPOa and M”(HaP02)j. 

• These salts are fonned in several reactions (u. 
beginning of this article); the greater number 
are prepared by reacting on the salt of Ba with 
the sulphates of other metals ; the salts of Ba, 
Ca, and Sr are generally prepared by heating 
BaOAq, CaOAq, and SrOAq with P. The hypo- 
phosphites “of Cd, Ca, Pb, and T1 crystallise 
. without water ; those of Ba, Li, Mn, Na, Sr, and 
U with one H.p ; those of Co, Mg, Ni, and Zn 
with 6H3O (Rammolsberg, C. J. [2] H, 12). They 
‘ are decomposed by heat, evolving P hydride and 
H, and generally leaving pyro- and meta- phos- 
; phate, the Co and Ki salts leave metaphosphate 


and phosphide, and the 9 salt leaves pyrd- and 
meta- phosphate and phosphide (B., lx.). The 
hypopnosphites are easily oxidised to phosphites 
and phosphates, hence they react as reducing 
agents. Heated in solution with alkalis they 
give phosphites, and then phosphates, and evolve 
H (Wurtz ; H. Bose, l.c.). The chief memoirs 
on hypophosphites are by H. Rose (P. 9, 225, 
361; 12, 77, 288); Wurtz (A. Ch. [3] 7, 193; 
16, 196) ; and Rammelsberg (C. J. [2] il, 1, 13). 

Ammonium hypophosphite NH^HPOg. Hexa- 
gonal tablets ; by decomposing the Ba salt by 
(NH4)3S04Aq ; easily sol. absolute alcohol (Wurtz, 
Bose). 

Barium hypophosphite Ba(H2p02)2.H30. 
Lustrous monoclinic needles (Rammelsberg; 
Topsoe, W. A. B. 69 [2] 19). By heating BaOAq 
with r till gas ceases to come off, filtering, re- 
moving RaO from the filtrate by CO2, filtering, 
and crystallising. Loses H,0 at 100®. Soluble 
in 3.^ parts cold, and 3 parts boiling, water ; in- 
sol. alcohol. Heated out of air leaves pyro- and 
meta- phosphate (Wurtz, Rose, Rammelsberg). 

Calcium hypoplwsphite Ca(Il2P02)2. Pre- 
pared like the Ba salt. Berlandt {Ar. Ph. [2] 
122, 237) recommends 29 parts P, 47 parts 
CaOjHj, and 24 parts water. Bachmann and 
Martenson (J. 1864. 191) decompose Ca phos- 
phide by boiling water. Thin, monoclinio tablets 
(Rammelsberg; Schabus, J. 1864. 325). Very 
bitter taste ; unchanged in air ; does not give off 
HjO at 300® ; heated to redness gives off H, PH,, 
and H2O, and leaves pyro- and meta- phosphate 
Rammelsberg; Michaelis, J. 1872. 210). Sol. 

6 parts cold water, not much more sol. hot water ; 
insol. strong alcohol (Rose). 

Cobalt hypophosphite Co(H.P02)2. 6H2O. Bed 
octahedral crystals, isomorphous with Mg salt 
(Rose) ; by decomposing Ba salt by CoSO^Aq, 
filtering, and evaporating in vacuo (Wurtz). 
Forms a dotible salt with Ca(n2P02)2 (Rose). 

Copper hypophosphite Cu(H.J?02)2. Obtained 
with difficulty from Ba salt and CuS04Aq ; solu- 
tion easily decomposes, giving Cu.^Hj (Wurtz). 

Lead hypophosphite Pb(H.,P02].,. By adding 
PbO or PbCO* to H3P02Aq (Rose, Wurtz). 

Manganese hypophosphite Mn(H2P02)2.Hj0. 
Small, rose-red crystals ; from Ba salt and 
MnSOjAq (Wurta^ Rammelsberg) ; or by boiling 
C6 salt with Mn oxalate (Rose). 

Potassium hypophosphite KH2PO2. Prepared 
by decomposing the Ba or Ca salt by K^COjAq, 
filtering, evaporating to dryness, treating the 
residue with alcohol, and crystallising the alco- 
holic solution in vacuo ; or by dissolving P in 
boiling KOHAq, evaporating, and dissolving out 
from the residue by alcohol ; also by decomposing 
the Ba salt by KjSO^Aq (Rose, Wurtz). A white, 
serai-crystalline mass. Easily sol. water and 
alcohol; very hygroscopic (Dulong, A. GA.[2] 2, 
141). Burns when heated in air ; oxidised vio- 
lently by evaporation with HNO,Aq. Heated out 
of air evolves inflammable P hydride, and leaves 
pyro- and meta- phosphate (Rammelsberg). 

Sodium hifpophosphiie NaH2P^>a.H,0. Pre- 
pared like the K salt. Small, rectangular tablets, 
easily sol. water and absolute alcohol. Evapora- 
tion of the solution is attended with explosions 
(Marquart, i4r. Ph. [2J 96, 284 ; Trommsdorfl, 
ibid. 99, 888). 

The salts LiHjPOa-HjO, Ni(HP02)Si6H20, 
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ftnd 2n(ELP0|)s are «1 bo detcriM ; 
Rnd salts of Al, Be» Od, Or, and Fe have been 
obtained", but their compositions are somewhat 
doubtful. 

PHOSPHOROUS ACID AND SALTS 
H,PO, ; M*HJ»0„ M>;HP0„ M«H1»0,. 

M‘“,(HPO,),. P,0, is the anhydride of H^PO, ; 
the acid is produced by dissolving the oxide in 
cold water, but the oxide is not obtained by re- 
moving Hp from the acid. H^PO, is dibasic ; 
the salt NajPO,, said to bo formed by adding a 
large excess of NaOH to H^PO, (Ziminerinann), 
has been shown by Amat (C. 2^ 108, 403) not to 
exist. The acid is formed by oxidising P slowly 
in moist air ; the salts are obtained by reactions 
between the acid and metallic hydroxides, or by 
double decomposition from the alkali salts. 
Neither the acid nor salts of the acid corre- 
sponding with^ nitrous acid, HNOj, are known, 
nor have thio- salts of this form been isolated. 

PnoarnoRona acid H.,P0,. Melts at 74° 
(Gcuther a. Hurtzig, A. Ill, 150) ; at 70*1° 
(Thomsen, J. pr. [2] 8, 350). H.F. 

= 227,700 (crystallised acid) ; 224,0.30 (acid in 
liquid state) ; 227,570 (acid in aqueous solution) 
{Th. 2, 22.5). Heat of fusion = -3070 ; one 
gram-molecule of the liquid acid occupies 
40-06 c.c. (TA. 2,224). 

Formation, -1. Along with HjPO, and H^PO„ 
by the long-continued oxidation of P in moist 
air (v. J. Come, J. Ph. [5] 6, 123).-2. By dis- 
solving P in dilute HNOjAq and allowing to 
oxidise in air.— 3. By the oxidation of HaPO-^Aq 
by weak oxidiscrs. — 4. By dissolving P.p, in cold 
water (Thorpe a. Tutton, C. J. 57, 507). -6. By 
decomposing PCI, by ILO, or by warming with 
(Hurtzig a. Gouther, A. Ill, 150) ; or by 
leading Cl into warm water in presence of an 
excess of molten P (Droquet, P. 12, 628). 

Pr^ration. — 1. A small quantity of PCI, 
is shaken with cold water, the reaction is 
moderated by plunging the beaker into cold 
water ; when the PCI, is all decomposed, a little 
more il added, an^ so on (PCI, i-SHaO-H Aq 
rnSHClAq-f-HsPOjAq). The solution is eva- 
porated, the temperature being raised to 180° 
near the end of the process ; the syrupy liquid 
thus obtained is placed over ^SO„ in vacuo, 
till it crystallises ; addition of a crystal of HjPQy 
causes rapid crystallisation (Thomson, B. 7,996). 
2. A stream of dry air is passed through PCI, at 
60°, and then into two flasks, each containing o. 
100 g. water at0° ; after c.4 hours the first flask is 
filled with crystals, which are drained under a 
pump, washed with small quantities of ice cold 
water, and dried in vacuo (Grosheintz, Bl. [2] 
27, 433).— 8. A mixture of 1 part PCI, and 2 parts 
dry H^G^O, is heated in a flask with a reversed 
condenser until a clear liquid is obtained ; the 
liquid is evaporated in a stream of CO and the 
crystals are washed and dried as in 2 (Hurtzig a. 
Geuther. A. Ill, *9 : PCI, SH^CjO, 

- H,PO,+ 3CO -f- SCO, + 3HC1). 

Prop»riie8,—A. colourless, crystalline mass ; 
obtained in transparent crystals by evaporating 
H,PO,Aq in vacuo over H,SO^. Melts at 74° 
(li. a. G., lx,) ; at 70-1° (Thomsen, lx.). Heated 
above its m.p. decomposes to H,PO^ and PH,. 
H,POa is very deliquescent, and oxidises very 
■lowly «n air; it acts as an energetic reducing 


agent. H,PO, if dibasic, forming salts M 
and 

Psaefions.— 1. Heated above its m.p., HaPO,, 
decomposes to H,P04 and inflammable P 
hydride (Vigier, BL [2] 11, 125; Bose, Davy, 
Qm.-K, 2, 115) ; aeoording to Hurtsig a. Geuther 
(A. Ill, 169) Palso separates.— 2. Slowly oxidised 
in air to H,P04 ; dilute solutions of ^PO, are 
more rapidly oxidised ; according to Siuzer (A. 
232, 114), H,PO,Aq does not oxidise in air at 
ordinary tempeiatures. — 8. Converted into 
IIjPO, by many oxidisers, e.g. HNO,Aq, OLAq, 
BrAq, KMnO^Ai, hypochlorites; with SOAq, 
H^POiAq and H^ are formed along with S 
((7m.-Ah2, 116).— *4. Reduces many metallic salts 
in solution; e.g. AgNO,Aq to Ag, IlgC4Aq to 
UgCl and then to Hg, CuGl.^qto Cu,Gl,and then 
to Cu (Ilaramelsbcrg, C. J. [2] 11, 13). — 6. Nas- 
cent hydrogen ioTWiS PH, (Dusart, C.P. 48, 11251 
6. When crystalline H,PO, is heated witn 
bromine^ 100° in a sealed tube.H,P04 is formei 
along witli HBr Und PBr„ or the products are 
HFO, and HBr, according to the relative quantity 
of Br used (Gustavson, J. 1867. 139). Aeoording 
to Ordinaire {C. R. 64, 863), a crystalline com- 
pound is obtained —perhaps bromo-phosphorous 
acid— by beating H,PO, and Br in the ratio 
IIjPO, : 4Br.— 7. By heating H,PO, with iodine 
Gustavson {lx.) obtained HgPOi, HI, PI,, and^ 
PIIJ. -8. Heated with phosphorus trichloride 
to 170°, P, HCl, and HjPO, or H.P^O, are formed 
(Geuther, J. pr. [2J 8, 359 ; Kraut, A. 168, 882 : 
Gautier, C. R. 76, 49). At 79° HCl, H^PAi and 
a compound PH^O are formed, according to 
Gautier {l.c.) { v . Puohpmortjs, compounds or, with 
UYDUOOEN AND oxYouN, p. 134).— 9. With pAos- 
phorus pentachloride, POCl„ HCl, and PCU, are 
produced ; and the products of the reaction with 
phosphoryl chloride are PCI,, HPO„ and HCl 
(Geuther, J. pr. [2] 8, 359).— 10. By neutraUsa* 
lion with alkalis or alkaline carbonates salts of 
the form M^HPO, are produced. 

Qualitative distinction between pho^horous 
and hypophosphorous acids. HjPO^Aq reduces 
CuSOfAq to Cu, while the reduction product 
with H,PO,Aq is Cu,H,. 

Phosphites M'H^PO,, M*,HP0„ M“HP0„ 
M*“,4(HP0,),. These salts are generally obtained 
by neutralising H,PO,Aq by metallic hydroxides 
or carbonates, or by double decomposition from 
tho alkali salts. They are also formed by the 
slow oxidation of hypophosphites. Zimmer- 
mannas assertion that Na,PO, exists {A. 175, X) 
has been disproved by Amat {C. R. 106, 1851^, 
who has shown that the normal Na salt is 
NaAFO,. The alkali phosphites are soluble 
water ; most of tho others are insoluble. Phos- 
phites are decomposed by heat, generally giving 
off H or PH„ and leaving pyrophosphate and 
phosphide. Solutions of phosphites are scarcely 
changed in air, but they are readily oxidised to 
phosphates by energetic oxidisers. The chief 
memoirs on phosphites are those of H. Bose (P 
9, 26, 224 ; 12, 77, 2^8), Rammelsberg (P. 181, 
263, 359 ; 182, 481 ; B. 9, 1677). Krwt {A. 177 
274), Wurtz [A. 68, 65). 

Ammonium phosphites (NH4)ILPO, and 
(NH4),HP0,.2H.40. The former is*obtained by 
adding NH,Aq to H,PO,Aq till neutral to methyl 
orange, concentrating, and drying the crystals 
over H,S04; melts 128° ; above 160° gives oil 
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^«xl^;^rUa.aJtLJU was 00- 
Huned by Bose by adding slight excess NH^q 
to the acid and crystallising ; in vactio at ordi- 
nary temperature, or at 100® in air, loses NH, 
and gives NH^RPO, (Amat, l.c.). 

Barium phosphites. The normal salt 
by adding BaCL^q to 
pHJ,HPOaAq (Berzelius, Om.^K. 2, 27^ a\m 
by boiling BaHPO^Aq with KOHAq. A crystal- 
line powder ; strongly heated gives H 

Pbo«pbide {v. Ban^elsberg, B. 9,’ 
slightly sol. water ; on boiling 
wth water gives a basic and an acid salt 
acid salts 
2BaHP03.n,P03.8H,0, and 

2BaHP0,.3H3P03.2H.p are said to be formed by 
the action of H^PO-iAq on the normal salt 
(Bammelsberg, Rose, Wurtz). 

Calcium phosphites. CaHP03.a;H.0 ; from 
Ca^q and (NHJJlPO^Aq (Wurtz, Rose, Ram- 
melsberg). The id salt CaH,(HPO,)3.II.O 
IS obtained by dissolving marble in BLPOoAq, 
and evaporating in vacuo (Wurtz). 

Cobalt phosphite CoHPO,.2H,0. A reddish 
powder, obtained by CoCL/q + (NHJ JIPO,Aq, 
or by Resolving freshly ppd. CoCO, in ILP0>q : 
^goes blue at 250® (Rose, Rammelsberg). 

Copper phosphite By double 

decomposition from (NH J.HPOs (l^ose) ; also by 
acting on Cu acetate by H^POjAq (Wurtz). Un- 
changed by boiling water (Rammelsberg), but 
reduced to Cu by boiling with HaPO^Aq (Rose). 

p/w.sp/ii/es. The normal salt 
tfn*® obtained by ppg. Pb acetate by 
(NHjjHPOjAq (Rose). A white powdet ; heated 
gives off H and PII,, leaving Pb2pnO, and Pb 
phosphide. Insol. water (Amat, G. B. 110, 901). 
By adding NaH^PO^Aq to excess of Pb2NO.,Aq, 
the compound PbHP03.Pb(N0,)2 is obtained 
(Amat, U.). The acid salt BbH2(HP03)2 is 
formed by dissolving the normal salt in very 
cone. HjPO^q, and drying the crystals at 100° ; 
with water gives PbEPO, and H^PO^Aq (Amat, 

Magnesium phosphite MgHP03.xH..0. By 
ppg. boiling MgSO.Aq by NaEPO^Aq 
[MimnelBberg). Forms a double salt 
®*^&(NH4)3(HPO;,),.l(iH.O (Rammelsberg, Rose). 

Manganese phosj^hite MnHP03.E,0. A red- 
dish, powder ; very slightly sol.- water, more sol. 
solutions of Mn salts; loses IIjO at 200°. 
From NH4 salt and a Mn salt ; or by dissolving 
MnCO« in H^POjAq, and adding Na^COatill ppn. 
begins, but not enough to remove acid reaction 
(Rose, Rammelsberg). 

Potassium pJwsphitcs. Tho normal salt 
KHPO, is formed from U^POaAq and KOHAq 
or K^COjAq; semi-crystalline, synip-like mass; 
very hygroscopic ; insol. alcohol (Wurtz, Rose). 
The acid salt K0IIPO3.2II3PO3 w'as obtained 
by Wurtz {A. 6S, G3). Amat (C. B. 106, 1361) 
obtained the aaid salt KII PO, by adding 
KOHAq onKjCOjAq to H.,PO ,Aq till neutral to 
methyl orange, concentrating, and cooling. 

Sodium phosphites. The normal salt 
Na.jHPO,.6H[30 is obtained by dissolving H3PO, 
in an excess of NaOHAq, and evaporating in 
V(>cno (Amat, G. B. 108, 403). Ziramermann 
(^. 175, 1) supposed that Na^PO, is. formed 


I under ibm condftiohC 
bfjt ot solution at 18*5^- -4600 (Amat, O. It 

at.WO” (A., U). The acid sail 
is prodaced by making 
neutral to methyl orange by NaOHAq 
j concentrating, and cooling. Melts 
42 ; dehydrated by long heating at 100°; heated 
above 180° forms Na.P.O.j very sol. water i 
•* -10.600 (Amat, C. B. 

lOu, Idol). 

£inc phosphite 2ZftHP03.6H20 ; from 
ZnSO^Aq and ,)umnoniacal solution of PCl, 
berg)^ ’ fromPCIsAq and ZnO (Rammela- 

The following phosphites have also been 
?®f"‘*>^d:-Di2(HP03)3 (Frerichs a. Smith, A. 
191, 331); Fe.,(HP03)3.9H20 (Rose, Rammela- 
WHP03)3 (F. a. S., Z.C.) ; SnHPOg 
(Rose). Phosphites of Al, Be, fe, Cd, Or, fer^ 
rous Fe, Ilg, Ni, and Sr have also been prepared, 
^t their compositions are somewhat doubtful 
{v. especially Rose, l.c.). 

HYPOPHOSPHORIC ACID AND SALTS 

M»H3P.,Ofl, M'jH^PjO^, MinP,D„, 
M^jPoO^. When sticks o# 
P are partly covered with water and left for 
some time in a large vessel, an acid liquid is olv 
tamed ; this liquid was formerly called Pclle^ 
tier’s phospliatic acid (P., Grcll. Ann. 1796 [21 
447). Dulong {A. Gh. [2] 2, 141) found 47-8 p.c. 

P and 52'2 p.c. 0 in this substance, and supposed 
it to be P^O^. In 1856 Pagel {J. pr. m), 24) 
showed that the acidliquidcontainedphosphorie 
and phosphorous acids ; and in 1877 Salzer {A. 
187, 322) proved the presence of small quanti- 
ties of a new acid to which he gave the compo- 
sition nH^PO, and the name hypophosph&i’ia ' 
acid. The acid has been found to bo tetrabasio,. 
hence the formula is written H^P^Oj. The hyp.j- 
phosphatoit are generally formed directly from 
the acid, or by double decomposition from tho 
alkali salts. The hypophosphates are more- 
stable than the bypophosphitos and phosphites ; 
normal salts pass into phosphates by t^ing up 
0;^ they are decomposed by heating strongly, 
giving of Plla or H, and leaving phosphate and 
phosphide. 

HYropjiospirquic acid H^P.,©,.. Moltabat 0. 
85° (Joly, G. B. 102, 110). Heat of solution 
= 3,860 (J., Ic.). 

Formation.— 1. Along with H^PQ, and 
HaPO^, by the slow oxidation of P in moist air 
(Salzor, A. 187, 322; 194, 28; 211, 1; 232, 114. 
271).— -2. Tho Ag salt is formed by oxidising P 
by dilute HNOgAq in presence of AgNOj (Philippa 
B. 18, 749) ; also by reacting on ITaPOjAq with 
AgNOsAq (Siinger, A. 232, 1) ; and the Cu salt 
by reacting on P with Cu(N03)2Aq (Come, J. Fh. 

[6] 0,123). 

Preparation.— Sticks of P arc placed in glass 
tubes narrowed at the low^r end; these are 
arranged inside a funnel, which is placed 
in the mouth of a bottle containing- a little 
water ; the bottle is set in a basing and the whole 
is covered with a large bell-jar open at the top, 
Thq apparatus is placed in a cool place (best in 
a cellar) for some weeks or months ; according 
to Joly (0. B. 101, 1658), from ^ to | of the P 
is oxidised to H^P^Og if the process is conducted 
in- winter, and not more than ^ in mmmer« 



Tltt ieH 11^14 ii mSted with A odl4 ooho. tola- 
iion of aoetatot the ppd. Na^HsP^O^dH^O is 
aolleoted, washed with a very little cold water, 
then dissolved in water (sol. in o. 45 parts cold 
water), and ppd. by Pb acetate ; the Ph^jO^ is 
collected, washed with cold water, suspended in 
water, and decomposed by H^S ; the filtrate is 
evaporated at a low toinpcrature— not exceeding 
80'^— or in vacuo over until crystals of 

H,PjO, are deposited. Joly (C. Ji. 101, 1058, 
1148) heats to boiling the acid litpiid obtained 
by oxidising P, as dcscrilied above, adds Na, CO, 
till nearly neutral to methyl orar^e, and crystal- 
lises by concentration ; he washes the crystals 
of NaJkPjOa.Cn.p with cold water, and recrya- 
tallises from hot water, dissolves in hot water, 
adds an equivalent of RaCl,^ in hot water, washes 
the ppd. BaIlaP.O,j, decomposes it by an pipn- 
valent of II,SO,^lilutcd with its own weight of 
water, filters after two or three days, and e^va- 
poratea in vacuo over TI.SO,. Drawe (/i. *21, 
8401) carries out the oxidation of P in presence 
of Na acetate solution. 

Properties. — Small colourless Crystals, which 
melt at c. 55° (Joly, C. It. 102, 110); veryhj’gro- 
scopio ; solution is unchanged in air at ordi- 
nary temperatures. Heated to o. 70° suddenly 
decomposes to njPOa and IIPO., (J., lx.) ; at c. 
120° gives H^P^O; and P hydride (J., C. It. 102, 
700). 

KcacHonsand Combimdon, — 1. Ueat decom- 
poses H^P.^O„ (y. supra).— 1. Not oxidised by such 
oxidisers as II^O.^Aq, ClAq, CrO^Aq, llgOhAq, 
(to.— 3. Not reduced by such reducers as SU.Aq. 
HyS, or Zn and ll^.SOpVq.—d. Potassium per^ 
manaanate is slowly reduced in the cold, 
iquickly on heatiiig, by II,P,,<\A<| to which 
HaSO^Aq has been a(lde<L— -6. Heated with nitric 
acid, H.,PO^Aq is formed.— G. Heated with dilute 
sulphuric acid, HjPO^Aq and HaPO,AK are pro- 
duced. — T. Silver nitrate solution gives a white 
pp., which docs Tiot blacken in light and is soluble 
in warm HNO^Aq (1:1). -8. By evaporating 
H^P^O^Aq till the li(iuid had the composition 
PjO^.GlLO, and lhen*pl:iciiig over ILHO, in 
Vacuo, joly (C. It. 101, JO.’iS; 102, 110) ob- 
tained cry.stals of the hydrate 
melting at G2°-G2*5°. 

HvpoenosrHATK.s. M,H^P.^O„,* M*Jf..P,/l^, , 

MSHP,0«, M”H,P,6„ M”,P,0«. These 

Balts have been examined chiefly by Sal/.or (.4. 
187,322-, 194, 28; 211,1; 2:J-J, 114, 271), and 
crystallographically by Hansholer a. Fresenius 
{Z. K. 1, 257. G20 ; 3, G05 ; G, 113 ; 9. 25i). 
The hypophosphates are much more stable to- 
wards oxidisers than the hypophosphites or 
phosphites. They reduce KMnO,Aq very slowly 
in the cold after addition of H.^SO,Aq, and give 
white pp. with AgNO^Aq unchanged in light. 

Ammonium hiipoyhusphatcs. The normal 
salt (NH,),P-;Og.xH.O is obtained by adding 
excess of NH,Aq to ihe acid; on drying, loses 
NH, and effloresces. The acid salts 
(NHJjHjPjO, and (NHJ,HP.pg are formed, the 
lonner by boiling a solution of the normal salt, 
the latter by adding the proper quantity of 
H,P.,0, to the former salt. * 

^rium hypophosphates. The normal 
salt Ba^PjO, is obtained from BaCljAq and 
the acid salt BaH.,P.p,.2U^O is 
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formed from KaH,P^O,Aq and BaCljA^ (v* 

0. R. 101, 1058). 

Cadmium hypophosphate CdjPsOy.SH O; and 
the double salt CdNa2P.tO„.GH,0 (Drawe, B, 
21, 3401). 

Calcium )r/pophosphates CaaPjO, and 
CaH,P.,O...Gn,0. 

Cobalt hitpophosphate Co.PaOg.SHaO ; and 
the double salt 2CoNa.P.^0B-’iH D (Drawe, l.c.). 

Copper hypophosphate Cu.^PjOa.6HjO (Drawe, 

1. C.). 

Lead hypophoHdinte Pb-P.p^. 

Magnesium hfyophosphaica Mg,^Pj,0^.12n,0 
and MgH.,l\0^.4H .0 ; and the double salt 
Mg(NH,),P,0,.GU,(). 

Nickel hyinphosphaie Ni.P^Ofi.PJH.O ; and 
the double salt NiNa;ir.,6„.12H^O (Drawe, 

I. C.). 

Potassium hypopJtnspliates K4P..0(j.8H,0, 
K,nPA.3H,0, K,H.,P,0„ am! KH^Pp;. 

Silver hypophospluitc .\g,P.,Oj (v. Philipp,/?. 

II, 749). • 

Sodium hypophosphates. yhe acid salt 
Nappp^.Gll.O is obtained by slowly oxidising 
P in moist air, and adding Na acetate Bolu- 
tion as described under Preparation of hyjx}- 
phosphoric acid (p. 154) ; sol. 45 parts cold, 
or 5 parts boiling, water *, insol. alcohol ; 
on strongly heating gives off H and P hy- 
dride and leaves NaPOj. The normal salt 
Na,P.p„.10H./) is obtained by adding an equi- 
valent of Na-PCj to Na.^H.,Pp„A(i ; sol. o. 30 
parts cold water, much moro sol. hot water ; 
solution reacts alkaline, and gives a mix- 
ture of salts on evaporation, Tlio acid salt 
Na,]lP.p,..9H.p is formed by mixing the Na, 
ami Na, sails in the ratio Na,lI,.P.p„; Na,P.p,, 
Tho acid salt Nall;,P.X),i.2H.p is formed by 
adding the proper quantity of H,Pp„Aq to 
NadljP./)^,. For reaction of tho Na salts with 
dilforent indicators v. Joly, C. It. lOJ, 1058. 

Another acid salt Na.,ns(Pp„)...20H..p is 
said to bo formed by adding rather moro 
than ono molocular weight NaOH to 
4NaJT.,Pp,.Gn.p. 

Zinc hypophosphate Zn.,P.p,.21I.p (Drawe, 
/.c.). 

PYUOPHOSPIHTFS. In. 1887 Amat (0. B. 
lOG, 1490) showed that when ^Nall.^POa.GHjO is 
heated to 1G0° it loses GHp and gives tho salt 
N:i..Hl\Oj,. A few other salts of the form 
M.il i\Oj have been obtained, but tlie acid has 
not been isolated. When the Ba salt is decom- 
posed by an equivalent of I[.,SO,Aq, the solution 
shows the reactious of pyrophosphitos, but the 
pyrophosphito gradually changes to phosphite 
(Amat, C. B. 108, 105(5). Tho pyrophosphites 
in solution slowly change to phosjdiites, the 
more rapidly tho moro cone, the solution and 
tho higher tlic temperature; the presence of an 
acid, c.g. H.SO,, greatly quickens the rate of 
change (A., l.c.). Addition of NaOH Aq to a fil- 
ing solution of tho Na salt produces Na^HPO, 
(A., G. Ii. lOG, 1400). Pyropiiosphites in very 
dilute solutions give no pp. with PU(NO|),Aq 
until boiled ; phosphites give an immediate 
white pp.; this reaction serves as a qualitative 
test for the two classes of salts (A., C. lU 110, 
901). 

Lead pyroplwsphite PbH.^P.ps is obtained by 
heating PbH,,(HP0,)j, in a Iry vacuum to o. 140° 



1S4 


It li load, water, bnt fe gradually elianged by 
and PbHPO, (A., 0. B. 11(5, 

SeitttOT pyrophosphite NaJEtP-O, ia formed 
by heating 2NaHJP0,.6H,0, which haa bean 
partially dehydrated invactio, to o. 160°. V. sol. 
water ; solution changes to NaH^O^Aq, but by 
careful evaporation in vuctwover crystals 
of Na,^jP^Oj can be again obtained (A., C, R. 
108, 1056). Presence of acid hastens the change 

to hfApT.PO.Afl • f.Vtia /iVtAwm.. j t 
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For thtopyrophaphUes M.P.S, and Ihunay- 
pyrophoaphita M,P,0,S, and M,P,0,S «. Pnot 
PH0B0U8 SULPHIDE, Reactions 7 and 8, p. 146 ; and 
for selenopyrophospmtes M^PjSej v. Phosphob- 

ous SBLENIDE, p. 146). M. M. P. M. 

FH08FH0BYL COMPOUNDS. Compounds 
of the radicle PO are generajly called^hosphor^/f 
compounds \ and compounds of the radic|(p PS 
are often called thio-phosphoryl compounds. 
These compounds are described in this Dictionary 
as phosphorus oxychloride, oxyfluoride, sulpho- 
phosphoryl compounds are 
POCl,, P013r„ POBrCl.^ and POBr.,Cl, 
POP,, PO.NH.NH-^, PON. The thiophosphoryl 
compounds are PS(NH,)„ PSC1„ PSBr„ PSBrCL, 
PSP,, The compounds P,0,Ch and P,S,Br, are 
sometimes called pyrophosphoryl chloHde and 
pyrothiopluisphoryl bromide, respectively. 

M. M. P. M. 

(a).FHO8FHOT0LUIC ACID 

C,H,Me(PO,HJ.CO,^ [3:4:1], Toluphosphinic 
amd, [262°]. Formed by oxidising w*xyleno 
phosphonio acid with hot alkaline KMnO. 
(Weller, B, 20, 1723 ; 21, 1492). Prisms, v. sol. 
hot water, v. e. sol. alcohol. Yields HPO, and 
w-toluio acid when heated.— PCI. yields oily 
0,ftMe(POCl,).COCl. - PbllA'^aq: needles 
(from dilute HOAc).— Ag^A'". 

(8)‘FhoBphotolaio acid 

C,H,Me(PO,H,).CO,H [6:3:1]. [220°]. Formed 
by oxidising a-m-xylene phosphonio acid (Wel- 
ler). Yields HPO, and nt>toluio acid on heating. 
— Ag,A"' : amorphous pp. 

Chloride C,H,Me(POCy.COCl. (249° at 
147 mm.). Oil. 

Fhoiphotoluio acid I 

p,H,Me(PO,Hj.CO.^[4:a::l]. [278°]. Formed 
by oxidising ^-xylene phosphonio acid. Needles, 
decomposed by heat into HPO, and p-toluio 
acid. 

Chloride 0,H,Me(POCg.COCl. [62°J. 
Crystalline mass. 

PH0T0.CHEMI8TBY v. Influence of light on 
chemical change, under CnEracAL chanob, vol. i. 
p. 748 ; also next article (Photooraphio che- 
mistry) ; also Optical methods, a section of Phy- 
sical METHODS, in this volume, p. 221. 

FHOTOOBAFHIC 0HEMI8TBY. The photo- 
graphic processes at present in use depend 
primarily upon the photo-chemical decompo- 
sition of certain metallic compounds in the pre- 
sence of suitable oxidisable substances known 
as sensitisers. Broadly speaking, the photo- 
decomposable compound may be regarded from 
a chemical point of view as an oxidising agent, 
of which the oxidising power is only brought 


into action^ under the stimulus of lighi Ou 
associated compound or sensitiser l^ing at tin 
same time oxidised by the oxygen or haloger 
thus liberated. Very many metallic compound! 
are thus susceptible to the influence of light, 
although only a few of these have up to the presen i 
time found practical application. The nature ol 
the chemical change undergone in such oases 
may be well illustrated by the action of light upon 
ferric salts. An aqueous solution of ferric chlor- 
ide, for example, is not acted upon by light because 
the associated substance (water) is not capable 
of reacting witi» the liberated chlorine with suf- 
ficient rapidity ; in other words, water is incapable 
of acting as a sensitiser towards ferric chloride. 
But if some oxidisable organic compound is pre- 
sent, light then reduces the ferric to the ferrous 
salt. Thus an alcoholic solution of ferric chlor- 
ide exposed for a few minutes ,to sunlight gives 
j a l^lue colouration with potassium ferricyan- 
I ide, indicating the presence pf a ferrous salt, 

•' probably formed according to the equation : 
Fo,Cl, + CjH„0 = Fe,Cl, + C,H,0 + 2HC1. In a 
similar way paper coated with a solution of 
j ferric chloride can be used to obtain prints, be- 
cause the paper (or the size -contained in it) plays 
j the part of a sensitiser, and the exposed portions 
of the surface thus become covered with a ferrous 
instead of a ferric compound, and on brushing 
over with a solution of fcrricyanide the print is 
developed in blue. In practice ferric oxalate is 
found to be the most sensitive ferric compound, 
the organic acid being the sensitiser ; Fe-fCoO.), 
= Fo,(OA)2 + 2CO,. 

Although the chemical action of light upon 
metallic compounds generally is of the nature of 
reduction, and is accompanied by the simultane-, 
ous oxidation of the compound which plays the 
part of a sensitiser, there are many instances in 
which light promotes the action of atmospheric 
oxygen w other oxidising agent. Ttfbs potas- 
sium iodide may bo kept in a dry atmosphere in 
the dark for any length of time without under- 
going change, but in the presence of light and 
moisture photo-chemical 'oxidation takes place, 
and the salt becomes alkaline : * 

4KI + 2H.,0 + 0, = 4KOH + 21^. 

Action of light v/pon silver salts. Of all 
known metallic compounds the salts of silver 
are the most sensitive to the action of light, 
and these salts accordingly form the basis of all 
existing photographic processes. The most 
familiar instance of the photo-decomposition of 
a silver salt is the well-known change in colour 
experienced by silver chloride on exposure to 
light, a phenomenon which has been familior 
since the sixteenth century. The other silver 
haloids, viz. the bromide and iodide, are also 
decomposed by light, the latter only in the pre- 
sence of some sensitiser capable of rapidly ab- 
sorbing iodine. The absolute sensitiveness of 
the silver haloids cannot tbe estimated by the 
degree of darkening on exposure, because the 
product of photo-decomposition is of a darker 
colour in the case of the chloride than in the 
case of the bromide, and the product is darker 
ix the case of the bromide than in that of the’ 
iodide. The sensitiveness is actually determin^ 
by two conditions, viz. the nature of the sensitiser 
and the state of molecular aggr^atten of the 
silver haloid. In most of the negativJ^rocesses 
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ow in Qi», iht bfn^d« or iodide, or a mhtart 
t the two, forms the sensitive sarface. 

The nature of the chemical change undergone 
n exposure to light has not yet been completely 
Inoidated for all the silver haloids. It is Imown 
bat the chloride loses chlorine on exposure, and 
bat the darkened product contains less chlorine 
ban the unaltered haloid. It is as ^et anoer> 
sin whether the halogen which is given off is 
Iways evolved in the free state or not ; it hflCS been 
hown, however, that silver chloride on exposure 

0 light gives off a gas which rapidly turns potas* 
inm iodide and starch paper bine (Meldoln, 
''fhemistry of Photography ^ p. 66 ). It is stated 
y many writers that tne darkened product is a 
ubchloride formed according to the equation : 
AgCl » 2AgjCl + Cl^ There is, however, no satia- 
actory evidence of the existence of such a sub* 
alt, and it seems •more probable that the dark 
iroduct consists of an oxychloride, in combina- 
ion, or admixture, with unaltered chloride. Ac- 
ording to some analyses by Hodgkinson, the 
xychloride has the formula AgiOClj. In support 
if this conclusion it is found that the chloride 
loes not darken in absolutely dry air, unless 
apour of mercury is present (Abney), thus 
naking it appear that moisture is essential for 
he decomposition. The latest investigation of 
he action of light on AgCl by B#ker (0. J. 61, 
'28) confirms the view that the darkened product 
lontains an oxychloride ; Baker gives the formula 
IgjClO. A second, white, oxychloride also 
irobably exists (Richardson, 0. J. 59, 536). 
lilver chloride is thus analogous to cuprous or 
hallous chloride, which also darken under the 
nfluenco of light, with the formation of what 
ire believed to bo oxychlorides. Whatever may 
)e the chemical composition of the darkened 
jroduct, it is probable that the bromide and iodide 
;ive rise ta the formation of analogoq^ com- 
)Ounds, and that the invisible picture in the 
)lder processes is formed of these products on 

1 background of unaltered haloid. The un- 
levelope<l image on modern dry plates, coated 
vith gelatin emulsion, may, however, have a dif- 
ferent composition, owing to the presence of the 
jrganic sensitiser. 

Photosalts of silver. These are coloured 
forms of the silver haloids prepared by the action 
jf certain reducing agents upon silver compounds, 
ind the subsequent^ conversion of the partially 
reduced products into the haloids by treatment 
with the necessary acids. These compounds 
sre of a red or purple colour, and have been 
shown to contain less halogen than the un- 
altered haloids. It is probable that they consist 
[)f physical combinations of the oxyhaloid or 
hydrated oxyhaloid with the unaltered haloid ; 
their discoverer (Carey Lea) has shown that 
they closely resemble, if they are not actually 
identical with, the products of the photo-chemi- 
Dal reduction of the ^ver haloids. If this be 
admitted, it follows that the product which 
forms the phot^aphio image can be prepared 
by purely chemical methods {Am. S. 1887). 

Photographic processes, in all photographic 
processes the first (^ration is the exposure of* 
a surface coated with a uniform film of the 
silver haloid to the image formed by a lens in a 
eamera. l)ie image thus depicted on the film 
is inyisible, in the first place because of the very 


slight differefiee In eoIo\ir between the product 
of photo-reduotion and the unaltered haloid, and 
in the next place because the short period of 
exposure does not produce a snfiBoient quantity 
of the product of Auction to render the latter 
visible. The invisible image thus consists of a 
layer of reduction-product of infinitesimal thin- 
ness, and the picture is afterwards made visible 
by the deposition of metallic silver on this re- 
duction-product by the application of certain 
solutions known as 'developers,* the ohemioal 
action of whibh willjbe described subsequently. 

Daguerreotype. This process is historically 
interesting as having been the first method of 
photography with a silver salt sucocssfully ap- 
plied to the production of a picture from the 
image formed in a camera. It takes its nanio 
from Daguerre, who announced the discovery in 
1839. The process is no longer used; it has 
been superseded by more rapid methods. In 
order to prepare a E^pguorrootype plate, a plate 
of copper is silvered, and the polished surface 
is exposed to the vapour of iodine and bromine 
alternately. The sensitive 111m is therefore a 
mixture of silver iodide and bromide. Silver 
iodide can act to some extent as its own sensitiser, 
but the substratum of metallio silver is chiefly 
effective in this capacity as it is capable of rapidly 
absorbing the halogen liberated by the action of 
light upon the sensitive surface. The invisible 
image is developed by exposure to the vapour of 
mercury, which condenses on tho product of re- 
duction but not on the unaltered haloid. 

Collodion processes. In these processes the 
sensitive film consists of a silver haloid formed 
by double decomposition in collodion as a vehicle. 
Collodion is a solution of the tri- and tcira- 
nitrata of cellulose fcollodion pyroxyline) In alco- 
hol and ether (v. vol. i. p. 716), and on coating a 
glass plate with this solution the solvents eva- 
porate and leave a uniform layer of the pyro- 
xyline attached to the plate. Some soluble 
iodido, NH 4 I or Cdl„ sometimes mixed with a 
small quantity of a bromide, is first dissolved 
in the collodion, the plate is coated with this 
salted collodion, and when dry is sensitised by 
immersion in a silver nitrate solution. The 
sensitive surface in this process is theiefore a 
q|lver haloid wetted with a film of silver nitrate 
solution, the latter playing the part of a sens!- 
tiser by absorbing tho liberated halogen: 
31, + 6AgN0, + 3 H, 0 =- 6 AgI + Agio, + 6HN0,. 
By washing out the soluble salts after the plate 
has been removed from the silver solution the 
sensitiveness is practically destroyed, because 
the pyroxyline by itself has no halogen-absorb- 
ing power. On drying such a washed plate, gnd 
then coating it with a solution of tannin or 
some organic sensitiser, the sensitiveness is par- 
tially restored. Plates thus treated can be used 
in the dry state, and dry- plate photography by 
this method was made practically successful in 
1861 by Colonel Russell. 

Emission processes. All the photojgraphio 
methods at presept in vogue are compnsed in 
this group. The silver haloid is precipitated 
in a finely divided state in some vehicle, usually 
gelatin, and the plates coated with this emul- 
sion are allowed to dry and are then ready for 
use. A brief description of a method for pre- 
paring a gelatin emulsion will suffice to make 



ihd graeral mode of procedure. T&e 
lolable bromide (potassium or ammonium), 
BOmetimes mixed with a little iodide, is dis- 
Bolved in water, together with a certain quantity 
of the gelatin, and to this solution the calcu- 
lated quantity of silver nitrate (previously dis- 
solved in water) is added little by little with 
constant agitation. The quantities are so ad- 
msted as to leave no excess of silver nitrate. 
The silver haloid is by this means precipitated 
in an extremely fine state of division in the 
viscid gelatin solution, with which it forms an 
emulsion. A stronger solution of gelatin is 
then mixed intimately with the first dilute 
emulsion, and the whole is heated on a water-bath 
for about an hour to become ‘ ripened.’ When 
Cold, the semi-solid emulsion is washed by im- 
mersion in a fine state of division in cold water, 
BO as to remove all soluble salts (nitrates formed 
by double decomposition, excess of soluble 
haloids, Ac.). The washed emufeion is then 
mixed with the necessary quantity of ^strong 
gelatin solution to reduce it to the required con- 
sistency, and the plates are coated and allowed 
to dry. Many variations in the details of mix- 
ing have been introduced, but these involve no 
change in principle. Ripening can also be 
effected at ordinary temperatures by the action 
of ammonia. 

Ripening of emtilsims. The process of 
ripening above referred to is necessary in order 
to increase the sensitiveness of the silver haloid, 
since the latter when first precipitated is com- 
paratively insensitive. The increase of sensi- 
tiveness is no doubt due, partially if not wholly, 
to a physical change in tlie state of molecular 
aggregation of the silver haloid, as it is accom- 
panied by a growth in the size of the particles 
and by a change in the absorption spectrum, the 
unripened emulsion transmitting more of the rod 
rays, and, therefore, absorbing less of this part of 
the spectrum, than the ripened emulsion. The ex- 
treme sensitiveness of the emulsions at-present 
in use is thus duo in great measure to the circum- 
stance that the haloid is rendered sensitive to a 
much wider range of spectral colours than is tho 
case with ordinary silver bromide precipitated in 
a non-emulsifying medium. The increased sensi- 
tiveness of a ripened emulsion may also bo 
ascribed, in part, to the formation of an actual 
compound of the silver haloid with the gelatin 
or some constituent thereof (Mcldola, Cantor 
Lectures on Photographic Chemistry, 1891. 20’, 
21 ). 

Development of the photographic image. 
Acid development. In tho wet collodion process 
th^ image is developed by tho application of a 
solution of ferrous sulphate mixed with acetio 
acid and.alcohol (to insure uniformity of flow). 
The film being already wet with silver nitrate 
solution, the action of the developer is simply 
to reduce this salt according to the reaction: 
CAgNO, + GFeSO^ - 2Fe,(SO J, ^ Fe,(N 03 )„ -f 6Ag. 
Metallic silver is thus contained as a potential 
deposifin the mixed solutions, but its precipita- 
tion is retarded by the acetic acid, which plays 
the part of what is technically called a * re- 
strainer.’ The finely-divided metal is deposited 
only on the product of photo-decomposition (the 
invisible picture), the density of the deposit 
being proportional to the amount of decompo- 


sition on isabh IktfHott of the 
Tho image thus oontinues to gain in density as 
long as there is silver to feed it, bo that the pic- 
ture is built up by accretion and is raised in re- 
lief on the surface of the film. If the film is 
treated with dilute nitric acid after develop- 
ment, the picture is dissolved off, leaving the film 
in the same condition as before exposure, thus 
proving that the image is purely superficiaJ. The 
forrotfS sulphate developer, which acts in the 
manner described, a type of the class of acid 
developers. 

Allcaline^developmeTjLt. Gelatin emulsions con- 
tain no excess of silver nitrate, so that the fore- 
goiifg process of development is inapplicable. The 
gelatin itself, being a bromine absorbent, is in 
this case the sensitiser. . Development is effected 
in modern processes by means of an alkaline or 
neutral solution of some reducing agent, usually 
on easily oxidisable organic compound, such as 
ammonium pyrogallate, first introduced by 
Colonel Russell in 1802. In this method tho 
developer aefs directly as a reducing agent upon 
tho product of photo-reduction, replacing the 
latter by its equivalent of metallic silver. The 
imago at the same time gains in density by tho 
further reduction of those portions of the un- 
altered silver haloid which are in immediate 
contact with *1116 nascent silver being generated 
by tho developer tho action is probably electro- 
lytic, since tho image goes on increasing in 
density as long as the developer can exert a re- 
ducing action. A very small amount of the silver 
deiiosit may also bo due to the reduction of the 
mimrte quantity of silver actually dissolved out 
of the film by the ammonia or other solvent in 
the developer. In alkaline development the main 
portion of the silver image is therefore built up by 
growth from the silver haloid in the film, and after 
development the image can be dissdved out by 
dilute nitric acid, leaving its impresllon sunk in 
the gelatin, instead of leaving a plane surface, as 
in the case of a collodion picture similarlytreated.^ 
The developers belonging to this class are all 
strong reducing agents capable of directly re- 
ducing the silver haloids, so that the action has 
to be moderated by means of restrainers, potas- 
sium bromide being generally employed for this 
purpose. The restraining action of this salt is 
probably due to its tendency to form a double 
potassio-silver bromide, which is more stable 
than tho silver bromide itself. In addition to 
ammonium pyrogallate several other developers 
acting in a similar •manner have come into use, 
Of these may be mentioned potassio-ferrous 
oxalate (Carey Lea, 1877), which acts according 
to the equation : SBr^-f GFeCjO^ + SKjCp^ 

= 3Fe._.(C^O j), + GKRr. The bromine in this case 
is derived primarily from the reduction -product. 
Other developers coming under this category are 
an alkaline solution of hydroquinone (quinol), 
hydroxylamino, phenylh 3 €razine, and an alkaline 
salt of amido-jS-naphthol-monosulphonic acid 

i Meldola, 0. J, 39, 47), introduced by Andresen 
Eikonogen). Among the most recently intro- 
iuoed developers are certain amido-phenols, 

’ * All able InvMtlgatlnn of tho conreotloa between tlio 

density of the deposit of reduced silver and the period of 
exposure, &c., is published by Harter a. Driffield (A C. /. », 
456 ; 10, 100 ; V. also -other papers In same rolnma ; alao 
Armstrong, Coi^ferenee iVo. ^ Joum, vf thk,C«mtra 
1892, and dJsonaaion In same jouznal, July lAS). 
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oatboxylio Mids, ai^d their 
alkyl derivatives, known as ' amidol* * metoW dro. 
Those which contain the basic and hydroxyl 
substituents in the para- position seem to be the 
most effective (Hauff, Engl. Patents [1891] 15, 
431; 20, 690). 

In the processes of alkaline development the 
gelatin itself also acts the part of a reslrainur by 
preventing too intimate a contact botwocn the 
reducing solution and the silver haloid. Any 
viscous substance exerts this protecting in- 
fluence (sugar, glycerin, etc.), and sucli com- 
pounds are sometimes ca^ed pliiisiaal restrainers, 
to distinguish them from chemical rcstrainors, 
such as the acid in tlie ferrous sulphate deve- 
loper or the potassium bromide in alkaline de- 
velopers. A developer of very great reducing 
power is for this reason available in dry plate 
photography, and «pon this fact largely depends 
the extreme sensitiveness of modem processes^ 

Development by vapour. The Dagucrr<iotype 
picture was developed by exposure to mercury 
vapour, this metal having the prbperty of con- 
densing on the product of photo-reduction (tlio 
invisible image) but not on the unaltered silver 
haloid. It is not known whether the combina- 
tion of the mercury with the reduction-product 
is of a chemical or physical nature. This 
method of dovelopmont is at jftesent the .sole 
representative of its class. 

Fixing the picture. The imago developed 
by the foregoing methods is always on a back j 
ground of unchanged silver haloid, which must { 
obviously be removed before the picture can be i 
sxposed to white light. In the early days of 
photography strong solutions of potassium, so- j 
lium, or nmmouium cliloride were used as fixing I 
agents, these salts having the property of form- ! 
ing soluble double salts with the silver haloids. 
The action of these salts was, however, ^ry im- 
perfect, aift a certain amount of undissolved 
silver haloid was always left in the film, which 
led on exposure to the gradual darkening | 
and obliteration of the whole picture. Potas- i 
sium oyanide has sindb been employed, this 
salt forming with the silver haloid an ex- 
tremely soluble double cyanide: AgBr + 2K(’N 
*»AgK(CN).,,-f Kllr. The fixing agent now gene- 
rally preferred is sodium thiosul^lliate (Sir J. | 
Herschel, 1839) ; this salt, if used in c.\c?ss, : 
forming the extremely soluble sodio-silver thio- , 
■ulphato Ag.^Na^(S./)3)„2aq : 2AgBr + 3Na,.S/), 
»»Ag. 2 Na,(S.p,), + 2Nal3r. If the fixing solution I 
is dilute, the insoluble NaAgSp, is formed, ' 
srhich remains in the film and spoils the pic- ! 
lure : AgBr + Na^jS.O;, = AgNaS^Oj + NaBr. After ! 
immersion in the fixing bath, the soluble salts 
are removed by tJiorough washing in a stream ' 
of water. 

Intensifioation, and reduction, of density. I 
In cases where the image is wanting in density 
through under-exposulb, bad light, insuiUcient 
development, <feo., a process of intensification is 
resorted to. The process as applied to modern ' 
dry plates consists in substituting for the silver, * 
oi which the image is composed, some denser 
deposit. Thus, by immersing a negative in a« 
solution of mercuric chloride, the image is 
bleached by conversion into a mixture of mer- 
enrons a^ silver chlorides : 2Ag•^2BgO^ 
••2AgCl*fl^04* By treating this mixture 


with A solution of potassio-ferrons oxalate 
the image is restored in silver and mer- 
cury, and thus in a condition of increased 
density : 2AgCl + Hg.;CL, + dPeCjO, + 2 KjCj 04 
= 2Ag-f-2IIg-f 2F6 ;(C^OJj + 4KCI. Many other 
intensifiers are known, some acting by simple 
substitution, such as auric or platiriio chloride : 
CAg + 2AuCl,*= 2Au + 0AgCl, ‘ or 4Ag + PtCl. 
= Pt + 4AgCl ; others giving rise to a mixture of 
products together denser than the original de- 
posit,. c.g. lead or uranium ferricyanide ; 
4Ag + 2Pb3F^ (GN),^- Ag.Fo{CN), + 3PbFe{CN),. 

I III cases where too dense an imago has been 
obtained, and it is desired to thin it down, a 
I reducing solution is a])plied ; the chemical 
j principle may he described as a conversion 
of tlio metallic silver into some oompoimd 
j which can ho simultaneously removed by a sol- 
vemt sucli as sodium thiosulpbato. Thu.s a mix- 
ture of potassium ferricyanido with thiosul- 
phate is oftem used far gclatino-bromide plates : 
4Ag + 2K,Fe,{CN),, = Ag,Fe(CN)„ + .SK^FeiCN),. 
The silver ferro-cyaiiide is dissolved olT bythethio- 
sulphate.asfastas formed: Ag,Fe(CN), + GNa-^S.^Oj 
*= 2 Ag..Na,(SX );,)3 + Na,Fe(CN) 3 . When the ne- 
cessary roduetion of density has boon attained, 
tho action of the solution is stopped by washing 
the film with waU;r, 

Reversal of tho photographic image and 
allied phenomena. Any inlluenoe whicli affects a 
sensitive film in a way similar to the action of 
light gives rise to a dcvelopabJo image. Thus 
mechanical pressure-marks produced by rubbing 
a film with a glass rod can be developed by ferrous 
oxalate Ac., sous to show a corrosjxmding set of 
dark streaks. It is probable that the friction in Ibis 
case induces n minute amount of chemical change 
between tlie sensitive haloid find its associated 
seusitiser (gelatin, Ac.), this small quantity of re- 
duction-product being afterward? exaggerated by 
the cumulative action of the developer. Whether 
the compound resulting from this mechanical 
action is identical with that produced by the ac- 
tion of liglit is at present uncertain, but the 
associated sensitiser appears to be as essential to 
the success of the phenomenon in this ease as in 
tho ordinary formation of the invisible picture by 
the action of light. The seusitiser, as has already 
been explained, is an esf>entiul part of any photo- 
graphic system, and this is best shown by the 
so-called ‘ reversal ’ of the photographic image 
by over-exposure or other means. It has been 
found that a very strong light allowed to act on 
a sensitive film for too long a period give! ft 
weaker image on development than is produced 
with a shorter exposure, and that under some 
circumstances tho imago is even * reversed,’ i.e. 
the high lights come out lighter, on development, 
than the shadows. The explanation of this 
.phenomenon is probably to bo found in the cir- 
cumstance that while tho silver haloid is losing 
halogen under the influence of light, the sensi- 
tiser is simultaneously becoming halogenised, bo 
that when tho charge of lialogcn in the latter ex- 
ceeds a certain amount the chemical chaffge sets 
in in a reversed direction, i.e. the halogenised 
sensitiser begins lo re-halogcnise the product of 
photo-decomposition and thus to destroy the in- 
visible image. That this explanation is, in the 
main, correct in principle, is shown by the fact tliat 
the most sensitive processes are just those which 
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Me most prone to give rise to reversal, beoaose 
it is in such films that the sensitiser becomes 
most rapidly halogenised. A pieliminary ex* 
posore to diffused light also promotes reversal, 
beoaose this imparts a certain initial charge of 
halogen to the sensitiser. Then, again, oxidising 
agents favour reversal, because these lessen the 
halogen-absorbing power of the sensitiser; on 
the other hand, reducing agents prevent reversal, 
because they retard or prevent the halogenation 
of the sensitiser. Thus plates exposed in nzone 
or in solutions of l^Cr^O, an^l K^Mil.Pgaro easily 
reversed, while nitrites, sulphites, &o., prevent 
reversal (Abney). Atmospheric oxygen in many 
cases probably plays a part in the process by 
assisting in the liberation of halogen from the 
sensitiser. Thus, by way of illustration, if a plate 
be given a preliminary exposure to diffused light, 
and be then coated with a solution of potassium 
iodide, a completely reversed image can be ob* 
tained on exposure in the/^amera tend develop- 
ment. The chemical reaction is in this case : 
4KI + 2H,0 + a,«=2I,-}-4K0H. The iodine is 
here absorbed by the reduction-product, and thus 
reverses the picture ; the surface of the film is 
in fact the sensitiser in this case, and the 
potassium iodide is the photo sensitive com- 
pound.* 

Waterhouse has recently found that a small 
quantity of a thio-carbamide added to the de- 
veloper produces a ‘reversed* image {Photo. 
NewSt 1890. 727, 743, 804; v. also Joum. of 
Camera Club, July 1892 ; also Eawdins, S. C. I. 
10, 18). 

Fritting processes. It is obvious that the 
photographic image, after normal development, 
represents the object with its lights and shadows 
reversed, i.e. the picture is a negative one. A 
positive print is obtained by exposing suitable 
sensitive surfaces under such a negative. 

Silver prints. A very general method of ob- 
taining silver prints depends upon the use of a 
sensitive surface (usually paper) consisting of a 
mixture of silver chloride and an organic com- 
pound of silver with albumen, this surface being 
obtained by first coating the substratum with a 
solution of albumen containing ammonium 
chloride, and then (when dry) floating on a solu- 
tion of silver nitrate. The printing is carried op 
to the required depth of colour, and the visible 
print consists of the reduction-products of silver 
chloride, and of the organic silver compound, 
which is also susceptible of photo-reduction. To 
correct the reddish colour of those mixed reduc- 
tion-products the print is * toned ’ by immersion 
in a solution of auric chloride, kept neutral by 
the addition of sodium carbonate, acetate, or 
phosphate, chalk, borax, <&c. The function of 
these salts is to neutralise the hydrogen chloride 
liberated by the reduction of the auric chloride 
b^ the reducing compounds which constitute the 
picture. The gold is thus precipitated in a state 
of fine division only on the products of photo- 
decomnosition (the picture), and imparts the 
desired tone. The accumulation of acid in the 
toning bath retards the precipitation of gold, and 

' Fotasgium bromldo similarly acts as a reversing agout 
febongb to a loss extent. It is for this reason that every 
trace of this salt has to be washed out of a gelatino-bromtdo 
emulsion after the process of ripening, since the preecuoo of 
the soluble bromide materially dimlmshes the seaslUFeness 
of the onulslon. 


th4 depoait is not of hpgood tone; faenee tlie 
necessity for the presence of one of the salts 
referred to. The unaltered silver chloride Ac. 
is removed by fixing with thiosulphate, and 
washing. In some recent processes the albu- 
menised silver paper is replaced by paper coated 
with gelatino-bromide or chloride emulsion, a 
short exposure being given, and the invisible 
(positive) picture being developed in the usual 
manner. 

Printing with iron and uranium salts. 
Ferric and uranic salts in the presence of organic 
sensitisers ba^ome redi^ced on exposure to light, 
and the ferrous or uranous compounds thus 
formed can be developed by treatment with 
potassium ferricyanide or other salts which give 
coloured products with the ferrous or uranous, 
but not with the unreduced, salts. Thus paper 
coated with ferric oxalate gives a faint image 
of the ferrous salt, which comes out as a deep- 
blue print on development with ferricyanide: 
6FeC,0,-f2K«Fo,Cy,2 = 2Fo«(Fe,Cy„) + 6K,0,0^. 
Many printing luocesses depending upon the 
foregoing principles have come into use, and will 
be found described in works on practical photo- 
graphy. 

Platinotype. Prints in finely-divided pla- 
tinum can be obtained by exposing a surface 
coated with a* mixture of ferric oxalate and 
potassium chloroplatinite under a negative. 
The ferrous salt thus produced does not react 
with the chloroplatinite till the picture is 
developed by immersion in a solution of potassium 
oxalate, which dissolves the ferrous oxalate, with 
the formation of a double salt, which simul- 
taneously reduces the chloroplatinite : 

3KJPtCl, + 6 FeC ,04 

= 3Pt + 2Fe,(C,0,), -h Fe,Cl, + 6KC1. The soluble 
salts are then removed by washing with dilute 
hydroc)jloric acid, and finally with water. 

Pigment printing. A mixture of gelatin with 
potassium dichroniate undergoes a chemical 
change on exposure to light, in the course of 
which the dichromate is reduced and the gelatin 
at the same time beedmes insoluble in water. 
The chemical composition of this insoluble 
gelatin is unknown, but it appears to contain 
an oxide of ohromium as an essential constituent 
(Edor). Mafuy printing processes are based upon 
this property of gelatin, such, for example, as 
the so-callod carbon and pigment prints, in which 
the finely divided carbon or pigment is intimately 
mixed with the gelatin solution and the mixture 
sensitised by the addition of dichromate. After 
exposure under a negative the picture is developed 
by warm water, which dissolves away those por- 
tions of the tissue unacted upon by light. Many 
of the photo-mechanical printing processes de- 
pend also on this property of gelatin. 

PhotO’Ctching processes. When a layer of 
asphalt or bitumen is spread over a surface and 
exposed under a design, tllose portions of the film 
which are acted on by light become insolnble in 
hydrocarbon oils, so that the design can be de- 
vek)ped by such solvents, and the surface, if of 
metal, can be converted into a printing block by 
etching with acid. The change experienced by the. 
bitumen is probably the result of photo*ohemical 
oxidation. The processes based on this pro- 
perty aro much in vogue at the nresent time 
nnder varions modifications. Thn action of 
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Uglit upon Utamen fdmitbed iha eariieat guo- 
' Q^»(al permanent reproduction of the camera 
(Joseph Nicephore Niepce, 1824). 
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all that is known of photographic chemistry at 
the present time Robert Hunt, Researches on 
Light, 2nd edit., 1854 ; E.Becquerel, La Lumu^re, 
Paris, 1807 ; J. W. Draper, Scientific Memoirs, a 
collection of reprints, 1878 ; J. M. Eder, Ueber 
die Reactionen der Chromsdure u. der Chromate 
auf Oelatine, Oummi, Zucker, dc. Wien, 1878 ; 
J. M. Eder, Ausfilhrliches Handbuchder Photo- 
yraphio, Halle, 1884 9 ; H. W. Vogel, La Photo- 
graphie des Objeis Coloris avec tears Valeurs 
Riellcs, Paris, 1887 ; Pizzighelli and Iliibl, La 
Platinotypie, Paris, 1887; W. do W. Abney, 
Treatise on PJiotography, 5th edit., 1888 ; by the 
same author. Instructions in Photography, and 
Photography with Emulsions \ Chapman Jones, 

, Introduction to the Science and Practice of 
Photography, 1888 ; R. Meldola, The Chemistry 
of Photography, 1889 ; H. W. Vogel, Ilandbuch 
der Photographie, Berlin, 1890^ 1. R. M. 

PHOTOSANTONIN v. Santonin. 

PHBENOSIN 0<,H„N0n. A substance oc- 
curring, according to Thudichum (/. pr, [2] 25, 
19), in the brain. 

PHTHALACENE [173°]. Formed 

by reduction of phthalacone carboxylic ether 
with HI and P at 170° (Gabriel, B. 17, 1390). 
Crystals (from HOAc). Yields C^iHuBr [184°], 
vihich is oxidised by K^Cr^O, and HOAc to 
C^,H„BrO [c. 200°]. Fuming HNO, and HOAc 
yield di-nitro-phthalacene, which separates from 
hot nitro-benzene in yellow needles. JK.jCr.p, 
and HOAc oxidise phthalacene to * phthalacene 
oxide’ Co,H,^0 [211°-214°], which yields an 
oxim 0„H„(NOH) [200°]. 

PHTHALACENIC ACID C,,H,j.CO,H. [247°]. 
Formed by heating phthalacene-oxido with soda- 
lime (Gabriel, B. 17, 1399). Crystals. — A'Ag. 

PHTHALACONE CARBOXYLIC ACID 
C„H,,0,(C02H). [281°]. Formed by dissolving 
its ether in cone. H^SO^ and pouriifg into water 
(Gabriel, B, 17, 1389). Minute yellow needles, 
boL hot alcohol. The acid yields a dioxim 
G,|H„(N0H)2C0.^H [273°] and the salts KA'aq 
and NaA'aq. Zinc-dust and NaOHAq yield a 
tetrahydride C22H,„04, melting above 280°, which 
gives AgA', crystallising in needles. 

* Ethyl ether EtA'. [211°]. A product of 
the action of phthalic anhydride and NaOAc on 
acetoacetio ether at 140°. Yellow needles, sol. 
hot HOAc. Yields a di-nitro- derivative [above 
280°] and a dioxim C2,H,,(NOH).C02Et [264°]. 
Zinc-dust and HOAc reduce it to the white 
tetrahydride C.aH„(OH)2CO.;Et [213°]. 

PHTHAL-ALCOaOL V. Di-oxt-xyi.enb. 

PHTHALALDEHYDIC ACID C,H-0, U, 
CHO.C,H.CO,H[l:2]. [97°]. Formed, together 
with C.fHifO, [221°], by heating a-bromo* 
phthalide with water (Racine, B, 19, 778; A,* 
239, 78 ; 0. R. 106, 947). Formed also by boil- 
ing penta-M-obloro-o-xylene with water (Colson 
a« Gautier, Bl, [2] 45, 509). V. sol. water, alco- 
hol and ewer. Bedooes ammoniaeal AgNO|. 


I Phenyl-hydraxina yields [105°]. Alea 

hoUo Nil, forms C..4H„N20, [187°], while an 
alcoholio solution of aniline gives 0,4H,,NO., 
[174°]. Ao,0 at 200° forms CHO.C,H..C02Ao 
[00°-68°]. Urea forms NE .C0.N:0H.0,H4,00,H 
[240°].— CaA 2 2aq.— AgA' : slender needles. 

Ethers MeA’. [44°].-EtA'. [66°j. 

Anhydride Ci^HjoGj. [221°]. Got by 
heating the acid with bromo-phthalide. ' 

Oxim CH(N0H).C..H4.C02H. [120°]. 

Formed by adding hydroxylainine hydrochloride 
to a cold aqueous ^solution of the acid. In an 

alcoholic solution the product is 

[120°], which is converted by heat first into 
CN.C^H^.COjH and then into phthalimide 
(Allondorff, B. 24, 2346, 3261). 

Isomeride v. p-AiiDEnYDO-iiKNzoio acid. 

Diphthalaldehydio acid v. Di riiTHALYL-LAO* 

TONIC ACID. 

PHTH ABA MIC JhClD v. PnxiiAi.io acid, 

PHTHALAMIDE V. PirrnALio acid. 

I80PHTHALAMIDINE i.e, 

OaH4(C(NH).NH.J, [1:3]. Formed from 
OJB[4(C(NH).OEt)j, and alcoholio NH, (Lucken- 
baoh, B. 17, 1432). Small needles, insol. benzene 
and ether, v. sol. alcohol and water. Its aqueous 
solution soon decomposes, giving off NH,.-- 
B^'H-Clj: needles, v. sol. water.~B"n,.PtOL.— 
B"H,S04.-B"2HN0,.-B'HN0, : needles (Gra- 
bowski. A, 265, 108).-OJl4(NAg.NH.l- 

ISOPHTHALAMIDOXIM C,H,,N40, i.e. 
aH4(C(NOH).NH,),. [193°]. Formed from 

CJI.Cy.^ [1:3] and hydroxy lamine (Goldberg, B. 
22, 2976). Prisms (from alcohol) containing 
^aq ?• v. sol. hot Nvater. 

Fhtbalanil v. Phenylimide of Piithalio acid. 

PHTHALBENZO-TOLDIDE V. PhthalyU 

AMIDO-TOLVL THKNYL KETONE. 

FHTHAL-o-CYANO-BENZYL-IMIDE v. 

O-CyANO-BKNZYL- PHTU AI.I WIDE . 

FHTHALEINS. Colouring-matters obtained 
by condensation of phthalic anhydride with 
phenols (e.g. Phenol-putualein and Fluou- 
escein). Thqy may be reduced to colourless 
* phthalins,’ which are re-oxidised by air to 
phthaleTns. 

PHTHALIC ACID U, 

fij:2] C,H,(CO,H),. Mol. w. 166. [184°] (Lossen, 
A. 144, 76) ; [203°] (Ador, A. 164, 230; Baeyer, 
A. 269, 184). S. -54 at 14° ; 18 at 99° (Graebe, 
A. 238, 321) ; S. (alcohol) 10 at 15° (BourgoSn, 
Bl [2] 29, 247) ; B. (ether) *684 at 16°. H.O. 
771,600. H.F. 187,400 (Stohmann, J. pr. [2] 48, 
640) ; 153,000 (von Rechenberg). S.H. (from 
76° to 119°) -256 (Hess, A, Ch. [2] 36, 410). 

Formatvm,—!. By the action of nitric acid 
on naphthalene, naphthalene dichloride, alizarin, 
puraurin, munjistin, naphthoquinone, o-toluio 
acid (Laurent, A. Ch, [2] 61, 113 ; Marignao, A, 
42, 215; Schunck, A. 66, 197 ; Wolff a. Streckcr, 
A, 76, 12, 25 ; Stenhouse, A, 130, 834 ; Lieber- 
mann a. Dittler, B, 6, 94 " ; Piccard, B, 12, 579 ; 
Beilstein a. Kurbatoff, A. 202, 215).— 2. J3y the 
action of various oxidising agents on naphthal- 
ene (Lessen, A, 144, 71 ; Hermann, Z, [2] 4, 
561; Depouilly, C, R, 66, 82; Hiusaermann, 
D, P, J. 228, 810). — 8. A product of the action 
of MnO, and H^04 on benzene (Carius, Z. [2] 
4, 705; A, 148, 60).— 4. By oxidising o-toluio 
acid with KMnO* (Weith, B, 7, 1057}.- 5. By 
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Dzidltlilg isoqtiinolind with alkaline KMn04 
(Hoogewflrif a. Viin Dorp, R, T. C, 4, 286).-6. 
By heating ealicylio acid with and 

K4FeCy/(Guyard, Bl [2j 29, 247).— 7. By heat- 
ing resorcin or salicylic acid with formic acid 
and HjSO^ (G.).— 8. By the action of a hot solu- 
tion of , cuprous potassium cyanide upon o-diazo- 
benzpic chloride (from antiiranilic acid), and. 
subsequent saponification of the product (Sand- 
^meyer, B. 18, 1499). 

Properties, — Trimotric plates. Yields an an- 
hydride when heated. Insol ^chloroform. 

Reactions. — 1. Distillation with Him yields 
benzoic acid and benzene.— 2. Sodium-amalgam 
reduces it to a dihydride. — 3. Chromic acid 
mixture oxidises it to CO, (Fittig, A, 16G, 242).— 
4 . The acid aniline salt A"H(NH3Ph) of ortho- 
phthalio acid loses H^O when its aqueous solu- 
tion is boiled, phenyl-phthalimide crystallising 
out. The ^ara- and meta- phthalio acids do not 
react in this way ; the reaction theiefore serves 
as a means of separating ordinary phtha1v9 acid 
from its isomeis (Michael a. Palmer, B. 19, 
1376 ; Am. 9, 202). 

Salts.— (NHJHA": prisms, v. sol. water.— 
NaHA" 2aq : prisms (Wislicenus, A. 242, 89).— 
NajA": pearly plates. — K^A". — CaA"aq.— 
BaHjA",: prisms (Hermann, A. 151, 78).— 
BaA": v. si. sol. water (Carius, A. 148,04).— 
Ba4A",0; monoclinio prisms.— CuA"aq. — PbA". 
— Ag.^A" : crystalline pp. — A n i 1 i n o salt: 
needles [146°] (Clarke, B. 12, 1000). 

Di-methyl ether MOjjA" (280° i.V.) at 734 
mm. (Graebe, B. 16, 800). H.F. 104,000 (Stoh- 
mann, J, pr. [2] 40, 853). 

Moto-ethyl ether EtHA", Formed by 
heating phthalio anhydride with absolute al- 
cohol at 100°piichael, Am. 1, 413). Liquid, 
m. sol. water. Decomposed by heat into phthalic 
anhydride and alcohol.— Ba(EtA").4.—AgEtA". 

hi- ethyl ether (295° cor.). Got 

by passing HCl into an alcoholic solution of 
phthalio acid (Graebe a. Born, J. 1806, 411). 
l^rmed also from phthalyl chloride and alcohol. 
Liquid. Not attacked by hydroxy,Jamine (Jeau- 
renaud, B. 22, 1273). When warmed with 
NaOEt and EtOAo it yields the compound 

0,H4<QQ>CH.C03Et [75°-78'^] (Wislicenus, A. 

246, 349). PCI, followed by sodium malonio 
, ether forms the acid CaJInOip [c. 180°] 
(Zelinsky, B. 20, 1010). 

Phenyl ether [70°]. Formed by 

heating phthalyl chloride with phenol (Schreder, 
B. 7, 704 ; von Gerichton, B. 13, 419). Colour- 
less crystals. 

Anhydride 0,HA C.H4<^^>0. Mol. 

w. 148. V.D. 6*20 (calc. 5-13) (Troost, 0. B. 89, 
851), [128°]. (284-6° i.V.). H.C.p. 784,000, 

H.P. 106,000 (Stohmann, J. p-. [2] 40, 139). 
Formed by heating phthalio acid alone or with 
AoCl (Laurent ; Ansohiitz, B. 10, 326). Formed 
also b;j^ the action of lead nitrate on phthalyl 
chloride fLaohovitch, B. 17, 1283). Long needles, 
V. sol. alcohol and ether, si. sol. cold water. 
Reactions.— 1. When heated with phenols it 
yields phthaleins, with elimination of water 
^aeyer, B. 7, 968).— 2. Heated with NaOAo and 
HOAo it yields phthalyl-acetio acid 
while phenyl-acetic gives benzylidene- 


phthalide. rbehyl-aeetonftrile gives rile b 
0A<^^.Cph.0N 

end ZnOlj at 260° give a ketone 0„H,40^ [96°]. 
3. Boiling with NaOAo and phenoxyacetto acid 
yields Oj,H4;CA:CH.OPh [148°] while p-tolyl- 
oxy-acetic acid and sodium acetate give rise to 
0,H4:0,Oa:CH.OCsH4Me [174°] (Gabriel, B. 14, 
922). — 4. Acetoacctic ether gives C^HgBz, and 
phthalacone carboxylic ether.— 6. On heating 
with succinic acid and sodium succinate it 
yields CO.j. and [above 300°].— 6. Di 

methyl-quinohnc and zinc chloride at 200° give 
C,H4:C302:C„n,N [238°] (Beyer, J. pr. [2] 33, 
407).— 7. Eihcnyl-amido-phenyl-mcrcaptan and 

ZnCIj at 200° give O.H,<g^C.CH<^^>C.H, 

crystallising in yellow needles [above 820°] 
(Jacobson, B. 21, 2630).— 8. Oyanethine forms, 
on heating, CyHjsNo.NiCA'Cuiii [128°] (B. von 
Meyer, J. pr. [2] 39, 262).— 9. Coal-tar 
and zinc chloride at 200° form pyrophthalone 
O^^HA-CH.CJI^N [above 200°] (Jacobsen a. 
Reimer, B. 10, 2004) crystallising from alcohol 
in yellow plates.— 10. Benzene and AlClj yield 
o-benzoyl-bcnzoic acid, and other aromatic hy- 
drocarbons act in like manner (Friedel a. Crafts, 
C. R. 92, 833).— 11. Benzyl chloride and zinc- 
dust at 75° yield Cj,„n,H (?) [73°] (Wislicenus, A. 
248, 68).— 12. On heating with amines and 
amides, phthalic anhydride yields derivatives of 
the imide and amide of phthalio acid ; thus 
acetamide yields phthalimido and HOAo, while 
ethylamine yields ethyl-phthaliraidei Secondary 
aminos form derivatives of the amio acid and of 
the amide (Piutti, A. 227, 181 ; G. 16, 1, 251).- 
13. Amido- acids are converted by phthalio an- 
hydride into their phthalyl derivatives (Reese, 

A. 242, 1). — 14. On fusion with zmc-dustphth&lio 
anhydride gives diphthalyl. Zinc-dust and 
HOAc yield a mixture of phthalide, diphthalyl 

XO.OO.COv 

dihydride C.HX / \ >C,H4, [229°] and 

\CH — HC^ 

O.COs 

\ ^CH, [199°], wliich is re- 
COjH.C6H,.Cn,.CIK 

ducod by IIIAq to 0.4114(0, jH4.CO.,,H)2 (Wislicenus, 

B, 17, 2178).— 35. Tri-amido-phcnol (picrainio 
acid) forms (C,H,0,:N),Cj,H4.0H [above 300°] 
converted by potash itRo the compound 
(CO.4H.0„H,.CO.NH)3C„H4OH [above 300°], 
from which nitric acid produces the quinono 
0«H40,:N)AH.,0.4 [277°"] reduced by SO, to 
0gH40,;N),CX(<^H).4 [above 810°] (Piutti, G. 
16,264). 

Chloride Phthadyl chlor- 
ide. [0°] (Wisohin, A. 143, 259). (276°) at 

726 ram. S.G. 1‘4039. = 1-669 (Briihl, A. 

236, 14). Formed by beating phthalio acid with 
PCl^ for 2 hours at 19(> (H. MiiHer, Z. 1863, 
267 ; Graebe, A. 23S, 320). Oil, absorbs moisture 
from the air, forming phthalic anhydride. Slowly 
converted into phthalio acid by water or 
NajCOsAq. Reduced by zino and HOlAq to 
•phthalide. Sodium -amalgam and HOAo fom 
C«H4(CH,.0H),. PCI4 forms two iapmerio chlor- 
ides CaH^C^^Wo and one melt- 

ing at 88° and jailing at 276°4 theouer meltin'* 
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it IT® and boiling at ; both are converted 
by aniline into [163°] (von 

Geriohten, B. 13, 417 ; Clans, B. 19, 1188). Ex- 
cess of PClj yields chloro-benzoio acid, CCI4, and 
other products (Claus). Aqueous NH, forma 
C*H,Oj(NHj), [90°j not identical with phthal- 
amide, but converted by HClAq into C,n,0,(NH) 
[145°] which is changed by fusion into the 
isomeric phthalimide [228°] (Anger, A. C/i. [G] 
22, 803 ; c/. Kuhara, Am. 3, 20). Dry NH, act- 
ing on the benzene solution Whaves in like 
manner. Hydroxylamine yield* C^H^iCp.rXOIl 
[230°] (v. vol. ii. p. 738). o-Amido-phenyl mer- 
captan hydrochloride forms C.,oII,._.N.^S, [112°] 
(Hofmann, B. 13, 1233). ZiiMo* forma C,„H,oO., 
[68°] (210°) (Iljasantzeff, Bl. [3] 1, 106 ). ZnEt* 
followed by water gives, in like manner, C,.J1, .0.] 
[64°] (2.50°). * 

Semi-nitrile v. o-Cvano-benzoic acid. 

Amicacid C,II,(CO.NH2).CO,lI. Pht/ial- 
amic acid. [0. 140°] (Auger) ; [149°] (Aschan, 

B. 19, 14011. Formed by heating pbtlialic an- 
hydride witn alcoholic NH,or phthalimide with 
baryta-water. Prepared by evaporating phthalic 
anhydride with NH,Aq, and decomposing the 
resulting ammonium salt by HCl (Auger, BL [2] 
49, 349). Prisma, si. sol. water, v. sol. alcohol. 
Converted by heat into phthalimide, and by hot 
water into hydrogen ammonium phthalato. Ex- 
cess of HOlAq forms phthalic acid. — NH^A'. — 
KA'.— BaAV-I^aA,'jaq.'-Ag.\' : needles, v. si. 
sol. water (Landsberg, A. 216, 107). 

Isoamyl-amic acid 

C„H,(CO,H).CO.NHC.,H,,. Isoamyl-pliDuilnmic 
acid. [115°]. Formed by wanning isoainyl- 
phthalimide with KOHAq (Neumann, B. 23, 
998). Crystalline pp.—AgA'. 

Phmyl-amic acid • 

C, jH4(COJI).CO.NHPh. Plip.nyl-iihthalamic 
(Uiid. Phihalanilic acid. [192°]. Got by boil- 
ing phenyl-phthalimido with NH,Aq and some 
alcohol (Laurent a. Gerhardt, A. CU. [3] 24, 
188). Plates, si. sol. cold water, v. sol. alcohol. 

Phenyl-ethyl-aviic acid C,aH,.NO, i.e. 
C,H4(Ca^).CONPhEt. PhenyUthylphthal- 
amicacid. Got by dissolving phthalic anliydridej 
in ethyl-aniline (Piutti, 0. 13,645; A. 227, 185). 
Heavy oil, v. si. sol. water. 

Di-phenyl-amic acid 
0*134(00 jH).CONPh2. Di-pJietiyl-phtJialaviic 
acid, [148°]. Made from diphenylamine and 
phthalic anhydride (P.). Hard prisms, si. sol. 
ether, v. sol. alcohol. — AgA'. 

o-Tolyl-amic acid 

C,H4(CO.^).CONHC,H4Me. Got by boiling 
o-toly I -phthalimide with NHjAq (Kuhara, Am. 
9,61). Needles.- Ag,C,jH„NO,; pp. 

m-Methyl-benzyl-amic acid 
OJ34(COaH).CO.NHeH,C*H4Me. [131°]. Got 
from m-xylyl-phthalimide and caustic soda 
(BrCmme, B. 21, 2700). Needles, sol. alcohol. — 
AgA': white pp. 

^-Cumyl-amic acid 

C*H4(CO,H).CO.NHC*H^Me,. Phthdl-^-cumuKc 
a^. [179°]. Needles, v. sol. alcohol, si. sol. 
ether (F^OhUch, B. 17, 1808). 

Naphthyl-amie aeidi 
0A(«>IH).C0.NHC.^,. The (a), acid [186°] 
it ^ from (a)jpephthyl-phthalimide. The (jS)* 


acid crystallises from alcohol In tables (Piutti, 
a. 16, 480), . 

Phenyl-oxy-ethyl-amic acid 
C*H4(C0.^).C0.NH.C,U4.0Ph, [125°]. 

Formed by warming phcnyl-oxyethyl-phthal* 
imide with KOHAq (Schmidt, B. 22, 32.55). 

p-Tolyl-oxy-ctkyl-amio acid 
0,H,(CO,H).CO.NH.CH,.CH,.O.C*H,Me. [137% 
Formed from the corresponding imide which is 
got by heating potassium phthalimide with 
C*H4Mo.QC.4H4Br (Schreiber, B. 24, 191). 

Phenyl -aikido -phenyl -amic acid 
! C..n,(CO,Tl).CO.N H.C,ll4.N H Ph. [120°-130% 

Powder (Gabriel, B. 22, 2223). 

Benzoyl ethyl -amic acid 
C,H4(CO,Tl).CO.NH.CH,.CirBz. Propiophenonc 
phthahnnic acid. [I IO ^'J. Made from t)\e imide 
(Schniidt, B. 22, 3251). Needles.— AgA' ; pp. 

Di-sulphido-di- ethyl -amic acid 
(C,H4(C(VI).CO.NH.ClL,.CH,),S,. [130°]. 
Formed from sulphocyano-ethyl-phthalimido 
ari^ (10 p.c.) KOHAq (Cohlqpz, B. 24, 2131). 
Scales. lIClAq at 180° forms S,(C,Il4NH,)... 

Uramic acid C,Il4(CO,n).CONH.CO.NH.4. 
Phtlmluric acid. S. 3 5 at 99°. Formed by 
lieating phthalic anliydrido with urea at 115° 
I (Piutti, A. 214, 19 ; O. 12, 173). Silvery scales, 
I sol. alcohol. May bo converted by POClj into 

I which yields Ag0,Hj,N*O,, 

Salts.— NaA'2aq.—BaA'j.— AgA' : noodles. 
Thio- uramic acid 

0*14,(00, II).CO.Nri.CSNH,. [172°]. Got by 
heating phthalic anhydride with thio-uroa (P.). 
Silvery needles (from alcoliol).— BaA'-,7aq. 

s-Amide C*II,{CO.NH,),. Phthalamide. 
[220°] (Biilow, A. 23G, 188 Formed from 
phthalimide and cold NIJ,Aq (Aschan, B. 19, 
1399). Minute crystals, insol. cold water, alco- 
hoi, and ether. Boiling water converts it into 
phthalimide. Alkaline KOBr at 80° forms 

CO (Hoogowerf a. Van Dorp, B. T. C. 

10, 9). 

u- Amide C,H4<f^|^^^-^^’^>0. [0. 90]. 

Formed from phthalyl chloride and NII,Aq 
(Auger, A. Ch. [Gj 22, 304). Long transparent 
prisms, v. sol. water, sol. hot alcohol. AgNO, 
ppts. C*H40,NAg in white lustrous scales, NH, 
being eliminated. 

Phenyl- ethyl- amide 

[Ul»]. Formed by beet- 

ing the ethyl-aniline salt of phenyl-othyl-phtbal* 
amic acid above 200° (Piutti, Q. 13, 647 ; A. 227, 
187). Prisms, insol. water, sol. alcohol and ether. 
Not attacked by KOHAq, but split up by potash- 
fusion into phthalic acid and ethyl-aniline. 

Di-phenyl-amide C*H4:C,0,(NP^,. ‘Bi- 
phenylamine-phthale’in.'* [288°]. Formed from 
phthalyl chloride and diphenylamine (Lellmann, 

B. 16, 830). Formed also by boiling, phthalio 
anhydride with diphenylamine (PJu Needles 
(from alcohol). H,S04 containing forms 
an intense violet solution. 

m-Phenylene-diamide 

C, H40 j:NJ 3,:C*K. [179®]. Formed, together 
with ^C,H403:NJ,0,H4 [262^, by fusing m-phenyl- 
ene-diamine with phthalio anhydride (Bieder- 
mann, B. 10, 1160). Nodules. 
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p-Phenyline-diamidB 
0,H,:0,0a:N^:0„H,. [182°]. Converted by 

warming with dilute HGlAq into a base 
0„H,,N„04 and (0,H,:CA:N)AH, [295°] 

(Biedermann, B. 10, 1163). 

u-Imide C.H,<pU^^>0. u-PhUtal- 

imide, [o. 146°]. Formed by the action of 
HClAq on the t£-amide (Auger). Slender 
needles, exactly resembling the s-iniido, into 
which it changes when heated. Differs from 
the s- imide by decomposing mC>ist BatlO, in the 
cold, hence it may possibly be o-cyano-benzoic 
acid. 

8-Imide C„TI^<;^q>NH. PhtJialimide. 

[228°]. Formed by heatingCJI,(CO,H)(CO,NH,) 
or CjH^(CO.jH)-CONH., (Laurent, A. 41, 110; 
A. Ch, [2] 01, 121 ; [3] 23, 119 ; Lansberg, A. 
216, 181). Got also by licatiijg the «-bnide, and 
by the action of CnCy^ and KCy on o-diazo- 
benzoic acid (Sandmeyer, B. 18, 1409). Six- 
sided prisms (from ether). May bo sublimed. 
Reduced by tin and HCl to phthalidino GyH,iO(NH) 
(Graebe,J3. 17,2698). When distilled with steam 
over heated zinc-dust it yields CjAuN [100^] 
(Gabriel, B. 13, 1684). Boiling AcA forms 
C„H^:O.A;NAo [132°-135°] (Aschan, B. 19, 
1398), Amyl alcohol and Na reduce phthal- 
imide to o-mctliyl-benzyl-aminc (Bamberger, B, 
21, 1888). Yields bcnzonitrilc when distilled 
with lime (lloose, A. 242, 5). Alkaline KOBr at 
80° forms o-amido-bonzoic acid (Hoogewerff a. 
Van Dorp, R. T. 0. 10, 8) CJI,0,NK. Formed 
from phthaliinido and alcoholic potash (Cohn, 
A. 205, 301 ; Gabriel, B, 20, 2225). Plates, con- 
verted into potassium phthalamate by boiling 
water. Converted by alkyl iodi(ies into alkyl- 
phthalimides. [l;2]C„n4(CH,Br)2 gives rise to 
CaH4(CH.^,.N:OHnA).i[263], while the?n-isoraoride 
melts at 237°. Reacts with epichlorhydrin, form- 
ing CgHjOjN.C^HjO [204"'] (Goedeckemeyer, B. 
21 , 2689) with (a) - dichlorhydrin, forming 
(0,H AJN.CHJ./1H.011 [204°], and with y-brorao- 
butyronitrile, forming C,H,O..N.CH...CH.,.Cli,.CN 
[81-6°] (Gabriel, B. 22, 224, 8337 ;’23, *1771).— 
CnH^OjNNa. — (C„H,0.,N)..Mg: white pp. — 
(C,H,02N).Ba 4aq : plates. — (C JI,O..N)..Hg. — 
(ChH,0.,N);Cu aq. — (CHn,0,N),Cu4aq. — 
CgH^O^NAg iaq ; cheesy pp. 

Ipiidoxim 0«n,N,0, i.e. 

[250°]. Formed by heating o-cyano*bcnzoic ether 
with an alcoholic solution of hydroxylomine at 
90° for a long time (Miiller, B. 19, 1498). 
Needles (from dilute alcohol), insol. benzene. 
Boiling with HClAq and FeClj converts it into 
phthalimide. 

Methyl • imide OsHA^NMe. [132°]. 
(286°). Formed from potassium-phthalimide 
and Mel at 160° (Graebo, B. 17, 1174; A. 247, 
802). Needles, reduced by tin and HCl to 
C„H„NO ei20°] (300°), which yields a gold salt 
[196°]. 

Bthijl • imide C«H,;C,0:-NEt. Ethyl- 
phthalimide, [79°]. (282°) at 726 mm. Formed 
by distilling a solution of phthalic anhydride in 
aqueous etliylamine ; and formed also from 
potassium phthalimide and EtI (Michael, B. 10, | 
1645; Graebe, A, 247, 302 ; Wallaoh a.Kamenski, | 


B. 14, 171). Needles. Br at 140° formi 
O^H^BraNOj [0. 189°]. 

Bromo • ethyl • imide 
CJlAiJN.CA.CH.Br. [83°]. Formed from 
potassium phthalimide and CA4Si'2 (Gabriel, B. 
20, 2225 ; 21, 606 ; 22, 1137). Needles. Con- 
verted by aniline into phenyl - amido - ethyl • 
phthalimide [100°], and by p-toluidine into 
both (C,H,0,:N.C2n,),NC,n4Me [200°] and 

C, H40 ,:N.CH,.NHC,H.Mo [96°J. ^ - Cumidine 

forms G.H,0,:N.C,A.NHC,H,Mc3[146°], while 
(a)- and (iSj-naplithylaniines form compounds 
C,HA:N.C,H^.WIIC,„H7 [158°] and [141°] re- 
spectively (Newman, J5. 24, 2196). Potassium 
sulphocyanide forms OHH40.»N.C.,n,SCy [108°] 
(Coblenz, B. 24, 2131). 

Siilphydro - ethyl - iviide 
C„H|0,.:N.CJI,SH. [77°J. Formed from the 
bronio-ethyi-imide and KSH at 100°. Converted 
by NaOEt and glycollic chlorhydrin into syrupy 
CJ4,0,:N.CA4.S.C.JI,OH, whence POCls form's 
C,HA:N.C..H,.S.CJ1A [77°], while POBrg forms 
CAArN.C,H,.S.CA,Rr [90°]. Reacts with 
CJ-I,0,/N.C.iI^Br and NaOEt, forming 
(C„HA:N.C.^H [129°], which is oxidised by 
bromine water to the corresponding sulphoxido 
[191°], and by cliromic acid to the sulpliono 
[256°]. Iodine in alcoholic solution forms 
(CJIA:N.C,H,)..S, [139°], whence B"ACI., 
[203°] (Gabriel, B. 24, 1122, 3098). 

n-- Propyl • imide C^IIA^NPr. [GG°]. 
(283°). Crystals (Gabriel, B. 24, 3105). 

Isopropyl - imide [85°]. (273°). 

/3 - Bromo - propyl - imide 
CHHAN.CH,,.CIIBr.CH,. [105°]. Formed from 
the allylimidc and HBr (Seitz, B. 24, 2627). 
Converted by KSH into ChH A:N.Cn.,.CHMe.SH 
[88°], which is oxidised in alcoholic solution by 
I to (CAA‘N.CH.,.CIlMe),S [161°]. Potassium 
sulphocya'iide forms CA»0..:N.CHo.C]pie.SCy 
[89°-93°]. 

7 - Bromo • propyl • imide 
CA AdN.CH,.CIf,.Cll,;Br. [73°]. Got from tri- 
methylene bromide and potassium phthalimide 
(Gabriel, B. 21, 2671 ; 23, 90). Needles (from 
ligroin). Converted by sodium ethyl-malonic 
ether into CAiO,:N.C,H«.CEt(CO,Et)2 [G2°j, 
and by sodium benzyl - malonic ether into 
iC,lI,0.,:N.CA«.C(CH,Ph)(CO.,Et)., [c. 110°] 

(Aschan, B. 23, 3692). Potassium sulphocyanide 
forms CJIA:NCA..SCy [98°]. 

Ethylene -di - imide (CgH40,^,N).^C2H4* 
[232°]. Formed by heating potassium phthal- 
imide with ethylene bromide at 200° (G.). 

Butyl • 1771 id e CA402'-NC4 Hb. [66°]. 
Formed by distilling cupric phthalyl-amido- 
hoxoate (Reese, A. 242, 16). Tables (from dilute 
alcohol). 

Isobutyl • imide CgHA^N.CHjPr. [93°]. 
Formed from isobutyl bromide and potassium 
phthalimide (Neumann, B.'23, 999). Plates. 

Isoa7nyl • imide CaHArN-OjHip (308°). 
Solidifies when strongly cooled (N.). 

Allyl • unide CA40.4:NCsHi. Allyl-phthal- 
wude. [71°]. (295°). Tables. Yields a di<mloride 
CAA^NCAiClj [93°], and a dibromide [114°]. 
When nitrous acid is passed into its solution in 
cold benzene, and the product heated to 146°, 
there is formed or^taHising 

in plates [178°] (Neamami, B. 28, 1000). 



ttiinAi 

Actionyl • imide CaH40/.N.CH.»\o. [117°] 
Made by heating potassium phthalimide with 
cWoro-acetone at 120’ (Goedeckemeyer, B. 21, 
2C84). Plates and needles. Gi\es rise to an 
oxira [172°] and also to a plienyl-hydrazido 
CH,.C(N..HPh).CH..N:CJl,Oj [U2^]. 

Desyl- imide C,H,0,:N.CIIPl>Rz. [158°]. 
Formed from phenyl hromo-bonzyl ketone and 
potassium phthalimide (Neumann, B. 23, 01)4). 
Yellowish crystals, v. si. sol. alcohol, 

Phenyl-imUU C,H.<;^[j>N’Ph. PhtlmU 

anil. [205°]. Formed by diii<i,illing phthalic 
acid (1 mol.) with aniline (I mol.), and by heat- 
ing plithalimidc with aniline (Laurent; ]h)obner, 
A. 210, 2(17; Piutti, B. 1(1. i;i22) ; Mich.ael a. 
Palmer, Am. 0, 202). Needles (from alcohol), 
insol. water. Converted by heating with B/.Cl 
and ZnCL intoCJI A:N.fV] t.Bz [183^] (Doebner, 
A. 210, 207). The ^nehloro-, ^i-bromo-, p-indo-, 
and m-nitro- phenvl-imides of phthalic acid melt 
at 195°, 201°, 228', and 213’ respectiv.lv 
(Gabriel, B. 11, 2200). 

BenzyUimide CJIA:^'Cll,rh. [110°]. 
Formed from potassium -phthalimide and bcn/yl 
chloride (Gabriel, B. 20, 2227). Needles (from 
alcohol). The o- and vi- nitro-benzylimides 
melt at 2 19° and 155° rcspectivcdy. 

o-Cw inO’hcnzyUimidc 
C.,HdCG,:NCI4C,H,.CN. [182°]. Prisms (from 
IlOAc) (G.). The p- isojiierido [184°] iaconviuded 
into CO, U.C,.H,.CO.NH.Cn,. 0,11, .coil (25.5 J hy 
NaOIlA.i (Giinthcr, B. 23, 1059). 

Tolyl-imidcs 

0-, W-, and p- compounds melt at 182% 153°, and 
204° respectively (Mieluiel, B. 10, 579; Piutti, 
A. 227, 205; Froiilicdi, B. 17, 2079; Kulnira, 
Am. 9, 52). 

m-Me thy l-hcnzyh imide 
C..H4:CA:^-ClIAlI,‘Me. [118°]. • 

Formed by heating potassium phthalimide with 
C, II,Mc.CH.J3r at 200° (BrOrame, JL 21, 2700). 
White needles, v. sol. alcoliol. The compound 
(C,H4 :G.A:N.CH,,) ah, [237°] i.s formed by using 
[1:3] C,H.(CH.JJr).,. 

^■Cumyl'iniide C,JI,.,NO.^ i.e. 
C.H,:CA:NOJI,Mo 3. [148';]. (above 300°). 
Formed by heating phthalic anliydrid.’ with 
i^'-curaidine (Frohlich, B. 17, 1802). Trimetric* 
crystals. Converted by ammonia into the com- 
pound CAiCCONHJ.CONHaAi^kfej [21B°], cry 
tallising in needles, while mcthylnmino and 
ally 1-amino yield* the corresponding eompouinls 
C«H»(CONHMe).CONHC„H..Me, [215°] and 
C,H.(CONHC,HJ.CONHO,H.,Me, [179°]. 

s -Tri-methyl -phenyl -imide 
C,H,:C,Oa:NC,H,Me,. Bhthalmnidil. [171]. 
Got by boiling mesidino with phthalic anhydride 
(Eisenberg, B. 15, 1017). Silky needles (from 
alcohol), insol. water. Yields, on nitration, 
the compounds C„fi,02*^C.iHMej(NO.J 1210°] 
and C«H40,:NC«Me,(NOj3 [242°]. 

laocymyl-imide C,HArNC,„H,j. [145°]. 
Formed by heating the anhydride with ni-i.so- 
cymidine (Kelbe a. Warth, A. 221, 169). Yields 
[167°J on nitration. 

NapMhyl-imides C,H4:0,0|:NO,oH,. The 
(a), compound [166°] (P.) ; [182°] (M.) and its 
{$)• isomlride [216°] are got by heating the cor- 
responding naphthylamines with phthalic an- 
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hydride (Piutti, 0 . 16, 479; Masclike, 0 . 0. 
1886. 824). 

Tri -nit ro -p h c n y him id e 
CJ1,0,.N.C,H,(N0J,. [259°]. From potassium 
phthalimide and picryl chloride (Schmidt, B. 22, 
3257). Stair-like groups of crystals, 

n-0.cy-ph<'n yl-imide 
CJl,;Ca);:NC.,H,dlI. Oxyphthalanil. [220°]. 
F*)rmed by heating phtlialic anhydride with 
o-amido-phenol (Ladenburg, B. 9, 1528). Con- 
vj'ited hv sodium e.arhomito solutioa into 
CO Ji.C,.l^.CO.KiI.t\lI ,01 1 [223°]. 

p-Oxy-phcnyhimidc. [288']. Got in 
like inannor from /)-ami«li>-i>h«‘nol (J'iutli, 0. 16, 
2.52). Yields C, H ,;C 0. :N.C, ll,OAe [239 ’] and 
I C0.1LCJ1,.(X).NH.C,.HAH |289°J. UNO, forms 
I C,ri,:C,OjNG.,lI(NOJ,01I [210°], whiel) yields 
i an acetyl derivative [177°]. 
i VI - N i t ro -p h c n o cyl- i m i d e 
j C,ir.O,:N.CII,.GO.G„ll,NO,,. [204 ]. Formed from 
; w broino-;e-iiiiro-n^etophenone and potassium 
. i)ht|ialimide (Schmidt, B. 22, 3219). Pointed 
■ crystals (from IlOAc). • 

i rhcnyl hydrazidc 
' [178']. Formed from phthalyl chloride and 
phenyl-hydrazihe in ethereal solution (Piokel, 
A. 232, 233). Yellow needles, insol. water, sol. 
hot alcohol and chloroform. 

Hydrides of phthalic acid. When reduced 
hy sodium-amali^am in a solution kept acid by 
li().\c phllialio acid yields tran.H (1, 2) -dihydride. 
Neutral sodium phthalato reduced by sodium- 
anialgam without addition of acid yields the 
stable (4,5)-dihy(lride (Baoyer, A. 269, 154 ; cf. 
Graebe a. Born, A. 112. 330). Phthalic acid, 
susjM'uded in water, i.s redneoil hy sodium-ainal- 
gam to a lactonic aeid wliich yields a crystalline 
lactone [2.55°j ; phthalide, and the (l,2)-dihy* 
dride are also forme<l. Both the (l,2)-diliydrides 
reduer* arpieous AgNO, [aic) on warming, forni- 
ijig at once a black pp. Boiling aqueous cupric 
acetate gives olT CO., and forms a white pp. 
which on addition of 1 lOAc deposits Ovi,0. The 
liquid contains benzoic acid (Baeyer, A. 269, 
151). None of the (dher dibydriiles of phthalic 
acul are attacked by cupric acetate. Boiling 
(imvioniacal AgNO, gives with : the (l,2)-dihy- 
dride a black j)p. ; the. (4,5)- and (1,6)- dihydrides 
a brown pp. ; the (3,6)- dihydrido a white pp. 
not turning brown. The (1,2)- (1,6)- and (4,5)- 
dihydrides give benzoic acid and COj when 
feebly oxidised. Tlie (3,6)- dihydrido gives 
jjhthalic acid (Basycr, A. 269, 179). The hoxa- 
I iiydrides are most stable, the tctra-hydridcs 
next, and the dihydiidcs lea.st stable (Baeyer, 
A. 269, 169). Tlie cis anhydrides are more 
stable than the h'ans anhydrides. The trans 
acids are more stable than the cis acids. The 
anhydrides of the dihydrides are well crystal- 
lised, and yield the corresponding acids when 
boiled with water. The anhydrides are got by- 
means of AcCl or Ac-A. The (1,2)- dihydrido 
will not stand AcCl. The (4,5)- dihydride needs 
long boiling with AcCl. Boiling AeA often 
j changes the trans to the cis vai oty. The an- 
1 hydrides of the cis melt at lower temperatures 
< than their trans isomcrides (Baeyer, A. 269, 
161). 

In the following hydrides the two earbozjli 
are in the positions 1 and 2. The small num- 
bers following A indicate the position of 0 

li 2 
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fttoms lopposed doubly united to the adjacent 
0 atoms. 

Trans- or (1,2)- di-hj/drids. 

oiicllffi:!' s- leatio^jeat 

lOO'*. Formed by reducing phthalio acid (20 g.) 
dissolved in NaOAc (32*8 g.) and water 200 c.c. 
at 0° by adding successive quantities of 3 p.c. 
sodium-amalgam (40 g.) and 60 p.c. acetic acid 
(0 O.O.), and finally adding H^SO^ (Baeyer, A, 
269,189). Prisms (from Wwatei'. Not re- 
duced by sodium-amalgam in^the cold. Lead 
acetate ^ves a tlocculent pp., sol. HOAc. 

Reactions. — 1. Boiling NaOHAq changes it 
entirely to the (4,6)-isomeride. Nine hours 
6oiling with water does the same.— 2. KMnO^, 
hot amraoniacal AgNO„ and aqueous AgNO, at 
100° are at once reduced.— 3. Aqueous cupric 
acetate forms a green pp., which gives off COj. 
On adding HOAc the liquid becomes clear and 
contains benzoic acid, Cu.^0 being ppdt* — 4. Oxi- 
dised by boiling CuSO^ to benzoic acid (Ba^yer, 
A, 269, 191). — 6. <The acid takes up Br (4 at.) 
and the product is reduced by zinc-dust and 
HOAc to the original dihydride.— 6. Combines 
with HCl, hence cannot be cthcriffed by alcohol 
and HCl,— 7. Combines with HBr (2 mols.) in 
aqueous solution at 100°. The product could 
not be crystallised, is reduced by sodium-amal- 
gam to a hexahydride, while zinc and HOAc do 
not form an unsaturated acid. 

Cis (1,2) •dihydride, [175°]. S. 1-8 at 
10°. Does not accompany the trans form in 
the product of reduction of phthalic acid 
(Baeyer, A. 269, 192). The trans acid boiled 
with Ac^O (but not AcCl) for 7 minutes is 
changed to the anhydride of the cis isomeridc. 
The lead salt of the cis acid is insol. HOAc, while 
that of the trans acid is soluble therein. Large 
colourless many-faced prisms, lieadily con- 
verted into anhydride by warming with Ao.p. 
The anhydride [100°] crystallises from ether 
in colourless needles, and is re-converted into 
the acid by boiling water. The cis acid is con- 
verted into the (4,6)- dihydride by boiling 
NaOHAq, by 9 hours’ boiling with water, and 
even (unlike the trans isomeride) by standing 
for 2 days with 16 p.o. NaOHAq. ^acts with 
lilver and copper salts like the trans acid. 
or U, 5)- Dihydride. 

o^oilacois S- -B at 25»; -2 at 

10°. Got by reducing phthalic acid (60 g.) with 
sodium-amalgam (1200 g.) (Baeyer, A. 269, 196 ; 
cf. Asti4, A. 268, 187). Lustrous triclinio crys- 
tals. 


Reactions,'— 1 . Not affected by evaporating 
with boiling NaOHAq, but by long warming with 
verv cone, aqueous or alcoholic KOH it is par- 
tially changed to the or (1,6)- dihydride.— 
2. Beduced by sodium-amalgam in a current of 
COf at 100° to A* or (1, 4,5,6)- and cis and trans 
A* or (l,2,3,6)-tetrahydride8.— 8. E&In 04 oxi- 
dises it to oxalic and phthalic acids (no sue- 
cinio acid).— 4. Alkaline K,FeCy, on boiling 
forms benzoic acid. Gold dilute H^SO^ and 
MnO« also form benzoic acid.— 5. FGlj gives 
phthalic anhydride.— 6. Br in the dark forms 
0JE[,3rs0| [186°].— 7. With HBr (2 mols.) it com- 
bines forming crystalline di-bromo-phthalic acid 
hexahydride (Baeyer, A. 269, 198), which is re- 


duced by sodium amalgam to phthalio lOid 
frans-hexahydride. AcGl converts the acid into 
an anhydride [167°]. The silver salt boiled with 
water is reconverted into the (4,6)- dihydride. 
Alcoholic potash converts dibromophtbalic acid 
hexahydride into the or (1,6)- dihydride. 

Methyl ether MeA'. (250°). 

Anhydride [84°]. Got by boiling the (4,5) 
acid with AcGl (Baeyer, A, 269, 196). The pro- 
duct is evaporated over soda-lime and HjSO, tw 
vacuo, when the anhydride separates in large 
tables or prisms, si. sol. ether, v. sol. chloroform. 
Hot water readiiy dissolves the anhydride, con- 
verting it into the parent acid. NaaCOjAq forms 
an orange-red solution, which bleaches litmus 
as long as any anhydride is undissolvcd, the blue 
colour afterwards returning when all is dissolved. 
On adding H^SO, to the solution a rosin is ppd. 
Heating on the water-bath resinifios the anhy- 
dridp, forming some phthalic anhydride. 

or(1.6).dihydridc. 

[180°]. Formed by boiling the di-hydro-di- 
bromide of the (4,5). dihydride of phthalio acid 
gH,.CHBr.CH.COJI 

GH.^.GHBr.CH.GOJi ^ solution of KOH 
(1 pt.) in MeOH (2 pts.) for 1<^ hours (Baeyer, A. 
269, 199). Formed also in small quantity by 
heating the (4,5)- acid with cone, aqueous or al- 
coholic KOH or NaOH. Rosettes of prisms 
(from water). More soluble in water than the 
(4,5)- dihydride. Hot cupric acetate forms a 
white pp. which dissolves on cooling. 

Reactions. -~1. KMnO^ and Na^COsAq form 
oxalic acid in the cold, and some phthalio acid. 
2. Ammoniacal AgNO, forms a white pp. turning 
brown on warming.— 3. Gold dilute H^SO^ and - 
MnO.^ form benzoic acid and COj.— 4. Boiling 
alkaline K^FeCy, also forms benzoic acid.— 6, 
Convertet\ by Ac.^0 in the cold into thq, anhy- 
dride which crystallises from chloroform in 
cubes [104°] and is reconverted into the acid by 
warm water. The anhydride dissolves in 
Na.^GO,Aq and bleaches litmus meanwhile. Tha 
anhydride is converted by heat into the anhy- 
dride of the (3,6)- dihydride. — 6. Sodium- 
amalgam reduces it in the cold (difference from 
isomeridos) to^the ct5-(l,2,3,6)- tetrahydride.— 

1 7. Gombines with HBr (2 mols.) when heated at 
100° with a solution of HBr in HOAc (Baeyer, 
A, 269, 200). The product [190°] crystallises 
from ether in plates, and is reduced by sodium- 
amalgam to the trans hexahy^do. 

am or dihydride 

[153°]. S. 1*7 at 6°. Formed by boiling the 
A*-* or (1,6)- dihydride (1 pt.) with Ao^O (2 pts.) 
for 6 minutes, and allowing the product to 
evaporate over soda-lime and H^SO^. The an- 
hydride which separates is boiled with water 
(Baeyer, A. 269, 204). Large crystals with many 
facets. The Pb salt is si. sol. HOAc. Gupric 
acetate gives a green pp., si. sol. HOAc. The Ag 
salt is not reduced by boiling, even in presence 
of ammonia (unlike any of its isomerides). 

Reactions.— 1, When heated at 100° for « 
lo*hg time it is partially converted into anhy- 
dride. Evaporation of its aqueous solution 
also partially converts it into anhydride. The 
anhydride [186°] is also got byhehting the 
acid with Ac^O. It ciystallises In plates. 
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also by distilling 


lUidOj sablimet in fentiiery pUtei. Do«s not 
bloaoh litmus.— 2. SodiuiMmalgam does not 
reduce it even when gently warmed (Baeyer, A, 
269, 205).— 8. Dilute H^Oi and MnO. oxidise it 
to phthalio acid. Boiling alkaline K^eCy. also 
forms phthalic acid.— 4. EMnOf is at once de< 
oolourised.— 5. Boiling (10 p.c.) NaOHAq forms 

(4.5) and (1,G)« isornerides. 

A‘ or (SA,5,Q)-Tetrahydride 

CHrCH'icO^lr [120°]. Formed by dissolving 
its anhydride in boiling water 
A. 258, 203 ; 260, 176). Got al 
the tetrahydride of pyroincllitio acid (Baeyer, A. 
106, 340). Monoclinic leaflets (containing nq). 
When heated at 100° for some time it melts, 
forming the anhydride. KMnO, oxidises it to 
adipic acid. Boiling cone. KOIlAq changes it 
to the acid. Oxidised by Br and alkalis to 
di*oxy-phthalio acid hexahydride (tartrophthhlio 
acid).— BaA" aq : cry.stalline pp. 

Methyl ether Me.^A". Combines with Br, 
forming two dibromidcs [84"] and [124°]. 

Anhydride ChH^Oj. [74°J. Formed by heat- 
ing the A- acid or its anhydride at 215° for some 
time. Plates (from ether), v. sol. ether. 

A* or (1,4,5,0)- 

Ctt;;cl:o'*CO:;a S..88atlOMI.C.p. 

881,600. H.F. 215,400 (Stohmann, J. pr. [2] 43, 
540). Got by reducing a boiling solution of ■ 
sodium phthalate with sodium-amalgam (Baeyer, | 

258, 175). Formed also, together with the ; 
tram A^ isomeride, by reducing the (4,5)-dihy« | 
dride in the same way. Prisms (from water), i 
IJromine vapour yields a dibromide [225°]. | 
MeOH and HCl form an oily methyl ether, which : 
yields a crystalline dihromido [74°1. KMnOi | 
oxidises it to oxalic and succinic acids. j 

Anhydride CgH^Oj,. [79°]. Formed from 
the acid and AcCl. Prisms. Changed by heat 
into the anhydride of the A' acid. 

Trans-A* or (1,2,3,6) -Tcfrahpdride 
CH.CH.^.CH.CO.JB r 2 l&°] S '145 at 6°. 

Formed, together with the (1,4, 5,6) -tetrahy- 
dride, by reducing the (4,6)-dihydrido in boiling 
solution by sodium-amalgam (Baeyer, A. 258, 
210; 269, 161). Leaflets (from water). De- 
colourises KMnO^ at once. Yields a methyl . 
ether Me2A"[40°j,which forms a dibromide [117°]. 
Anhydride C„HgO,. [140°]. Got from the acid j 
and AcCl. Needles (from ether). Changed by ; 
heat into the cis- isomeride. | 

Cw-A^ or (1,2,3,6) -!r<; fra Ay dride | 

[174°]. S. -9 at 6°. Formed by adding sodium- j 
amalgam at 0° to a solution of theNa salt of the | 

(1.6) -dihydride in a current of CO, (Baeyer, A, 
269, 202). Formed also by boiling the frans A* 
tetrahydride with ACjO for 15 minutes. Large 
prisma. Boiling Ao^D forms the anhydride, 
which crystallises from ether in tables [59°]. 

Trans- (or fumaroid) hexahydride 
C^„(CO^)a. [221°]. 8. *23 at 20°. Formed 
by reaucing the hydrobromides of the di- and 
tetra- hydrides with sodium-amalgam or with 
lino-dust and HOAc (Baeyer, A, 166, 850 ; 258, 
214 ; 269, 161 ; 4;/. Mizersid, 4, 5^). By re- 
ducing Um (3,4,5,6)-tetrahy^ide in a hot solu- 
Hon I i^tare of from* ind ots- heiahydridea 
If stained, (from water). May ba 


distilled unchanged if quickly heated, but yields 
the eis- anhydride when slowly heated. Not 
oxidised by cold aqueous KMn 04 . Yields a di- 
methyl ether [83°], m. sol. ligroin.— PbA" aq : 
plates. 

Anhydride, [140°]. Formed from the 
acid and AcCl. Long needles (from ether). 
Changes when heated into the cf£-isomeride. 

Cis- (or malcoid) hexahydride. [o. 192°]. 
Got from its anhydride, which is formed by 
heating thg anhydride of the isomeride at 
220° for eight ho^rs. Short four-sided prisms, 
n»ore soluble than the trans- isomeride. Not 
attacked by cold aijuoous KMnO,. Cone. HClAq 
at 180° changes it to the trans- variety. The Ba 
and Zu salts are less sol. hot than cold water. 

Anhydride, [32°]. 

Isophthalic acid [1;.3] C,n,(C(),ll),. [o. 

300°]. S. ‘013 at 25°; '22 at 100°. H.O.v. 
769,100. Jl.C.p. 768,800. ll.F. 190,200 (Stoh- 
mann, J. pr. [2] 40* 138). 

Foivuilum.—l. By oxidising w-xylone with 
K .Cr,0, and H,SO^ (Fittig a. Vedguth, Z. [2] 8, 
526 ; A. 148, 11 ; 153, 268).— 2. By fusing sodium 
formate with potassium ru-snlpho-benzoate (V. 
Meyer, A. 156, 265; 159, 1).— 3. The ether is 
formed 63^ the action of ClCO.Jit and sodium- 
amalgam on ju-di-bromo-benzene (Wurster, ^4. 
176, 149).— 4. By fusing potassium formate with 
potassium benzoate (Uichter, if. 6, 876), m- 
broino benzouto (Ador a. Meyer, A. 159, 16), or 
di-sulpho-benzoate (Barth a. Sonhofer, A. 159, 
228). — 5. By oxidation of m-toluio acid (Weith 
a. Landolt, if. 8, 715).— 6. By saponification of 
its nitrile. — 7. By heating the hvdridcB of prehn- 
itio and pyromellitic acids with II^SOi (Baeyer, 

A. 166, 334; Suppl. 7, 4).— 8. By strongly heat- 
ing NaOBz (Conrad, B. 6, 1395). — 9. By oxida- 
tion of colophony with dilute nitric aoid 
(Schredcr, A. 172, 93).— 10. By the action of a 
liot aqueous solution of cuprous potassium cyan- 
ide upon 7a-dia'zo-hcnzoio chloride, and saponifi- 
cation of the resulting nitrile (Sandmeyer, B, 
18, 1498). 

Preparation.— vi-Xy](ino is converted, by 
beating with bromine at 125°, into CaIl4(CH«Br)j, 
which is boiled with alcoholic potash, and the 
^ resulting CJl<(CIipKt), oxidised with chromic 
acid mixture (Kipping, B. 21, 46). 

Properties. — Long slender needles (from 
water), m. sol. alcohol. May be sublimed. 

Salt s.— KyA".-^BaA" 6aq. Triolinio crystals 
(by spontaneous evaporation) (Lossen, A, 266, 
30). V. sol. water.— BaA" 4aq ? Needles (by 
cooling hot saturated solutions).— CaA" 2^aq : 
needles.— AgjA" : amorphous pp. 

Methyl ether Me,^". [65°]. Needles 
(from dilute alcoliol). H.F. 173, .300 (StohmanUi 
J. pr. [2] 40, 353). 

Di-ethyl ether Et.,A'^ [O*’]- (285^. 

Di-phenyl ether [120°> Grot by 

boiling the chloride with phenol. Long needles. 

Chloride CJldCOCBj. [41°]. (276°), 
Formed by heating the acid with PCI* at 200® 
(Schreder, B, 7 708 ; Miinchmeyer, B* 19, 1849). 

Amide C.HdCO.NH,)^ [265°] (B. Beyer, 
/.pr. [2] 22, 351); [above 270^ (Luckenbaoh, 

B. 17, 1431). Got from the chlonde and NHr 
Plates, si. sol. water and alcohol. 

Nitrile O^HfCy,. [158°]. Formed by dis- 
tilling potassinm qyanioe with potauioia bens- 
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ene w-disulphonate (Barth a. Senhofer, A. 174, j 
236; Meyer a. Michler, B, 8, 672 ; Ndlting, B. 
'8, 1112 ; Luckenbach, B. 17, 1428), or with ! 
potassium w-chloro- or biomo- benzene sulphon- i 
ate (Meyer a. Stiiber, A. 105, 165; Linipricht, ' 

A. 180, 02). Formed also by lieating the oxiru 
of isophthalic aldehyde C^H4(CH:NOH)., with I 
excess of AcCl at 100” for a long time (Munch- 1 
meyor, B. 20, 508), by the dry distillation of , 
calcium m-cyano-benzoate (Brornme, B. 20,521), ' 
and by boiling an alcoholic soilution of 
CuH 4(CS.NH.J2 with an aqueous solution of lead 
acetate (Luckenbach). Small needles (from 
alcohol), insol. water, m. sol. ether. Converted 
by alcohol and dry IICl into phthalimido-cthyl 
ether OaH^(C(NH).OEt)2 [6G°J. MeOH and TlCl 
yield C«H,(C(NH).OMe)2 [c. 62”J ; while inor- 
captan and IICl form C,iH,(C(NH).SKt).j, which, 
like the two preceding bodies, forms a crystalline 
hydrochloride (Luckenbach).^ 

8evii'7iitrila ?a-CyANo-BKN/-oic acid. 
Tetrahydrido tof Isophthalic acid ‘ 
C,nH(COil)2. [190”]. Formed by reduction of 
isophthalic acid by boiling its alkaline solution 
with sodium-amalgam (Baeyer, B. 19, IHO(J). 
Needles, v. sol. hot water. — Ag.A"; white pp. 
Methyl ether MoA". Oil. 

Isomeride v. Tf.ukphtjialio acid. 

References . — Amido-, Buomo-, Buomo-nitro-, 
CULORO-, loDO-, NiTRO-, OxY-, aiul O.XY-AM1DO- 
PlITHALIO ACIDS. 

Homo-phthalic acid v. Carboxy-phknyl- 

ACETIC ACID. 

Diphthalic acid v. DimniATiYLio acid. 
PHTHALIC ALCOHOL v. Di-oxy-xylknf. 
PHTHALIC ALDEHYDE CA1«0.. i.e. 
0«HdCH0)2[l:2]. Mol. w. 134. [52”J. Formed 
by boiling 0,11, (CHCl,),^ (1 mol.) with NaOHAq 
(4 mols.) (Colson a. (lauticr, TU. [2] 45, 509 ; 

A. Ch. [6] 11, 29). Formed also by oxidising 

0, H,(CH2.0I1), (lljelt, B. 19, 411). Solid, v. si. , 

sol. water. Coloured blue by NlI.Aq- Slowly j 
oxidised by air. ! 

Oxim C,lI,(CII:NOni,. [215”]. Small i 
needles (Munclimeyor, B. 20, 509). 1 

Isophthalic aldehyde C,, II ,(CifO)..[l:3]. [90”]. 
Formed by boiling C,1I,(CI1C1J._.| 1 :3J with water 
(Colson a. Gautier, Bl. [2] 45, 509 ; V. Meyer,, 

B. 20, 2005). Needles. lieduces silver .solu- 
tion with diiliculty. Gives a violet-red tint with 
rosaniline reduced by SO.. Oxidised by KMnO, 
to isophthalic acid. 

Oxivi C,H.(CH:NOII),. [212”] (Munch- 
moycr) ; [180”J (Moyer). Plates (from hut alco- 
hol). Converted by AoCl at 100” into C,;H,Cy... 
Yields the ethers C.Il.tClLNOMe)., [77”] and 

C. H,(CH:NOEt)., [1G5”J. 

Bc/ercncc.— OxY-isoi>HTHALio aldehyde. 
Isomerides. — Teuei’HTiialic aldehyde and 

Pui'HALIDE. 

PHTHALIC ALDEHYDE ACID v. Aldeiiydo- 
BBNZoic ACID and Phtitalaldeuydic acid. 

PHTHALIDE O.H^Oj i.e. C,H,<;^^^>0. 

Lactone of oa-Oxy-o-toluic acid. [73®]. (290® 

1. V.). 

Formation. —1. By reducing phtlialyl chlor- 
ide with zinc and IIClAq (Kolbe a. Wischin, 
C. J. 19, 339), or with Mg and HO Ac (Baoycr, 
Z. [2] 6, 399 ; 10, 123, 1445 ; 11, 637). -2. Occurs 
among the proilucls of reduction of phthalic an- 


hydride by zinc-dust and HOAc (Wislicenurf, 
B. 17, 2178).— 3. By passing bromine-vapouf 
over o-toluic acid at 140® (Hjelt. B. 19, 412). 

Prepnratkm.— Phthalimide (1 pt.) is reduced 
to phthalidene by means of tin (1^ jits.) and HCl. 
The tin is i)pd. by zinc, and sodium nitrate 
added to the filtrate. The yellow pp. of the 
nitrosaminc of phthalidine is Hltered oIT, washed, 
and healed with dilute NaOH. The phthalido 
is ppd. by HCl and distilled. Yield on the 
phthalic anhydride -70 p.c. of the theoretical 
(Graebc, B. 17,^V.)9). 

Properties. *NVA‘dles (from hot water), si. sol. 
cold water, v. sol. alonhol and ether. Docs not 
combine with NallSO-, (Hesso.rt, B. 11, 238), or 
reduce ammoniacal AgNOj. Docs not react with 
I hydroxylamine. 

I Reactions. — 1. Oxidised by alkaline KMnO, 

' to phthalic acid. — 2. Alkalis and alkalina 
I carbonates form cu-oxy-o-toluic acid, v. vol. iii. 
ip. 781. — 3. Sodiuni-aiualgani forms hydro- 
, phthalide C^H^O,, a viscid mass, v. sol. alcohol 
and ether, and also ‘ phthalylpinacone’ C,,.II,hO, 
[197®]. — 4. Ammonia on heating forms phtlial- 
: imidine. — 5. Aniline at 210^ forms phenyl- 
phthalimidine. — 6. Phthalic anhydride on heat- 
ing forms diphthalyl.— 7. KCy at 185” forma 
C„H,(CH..CN).COJi [116”], which forms 
CaA'2 2a(i, and yields carboxy-phenyl-acctic acid 
on saponification (Wisliceniis, Z>. 18, 172; 233, 
112). KCy at 200” yields C„II,,N.03 (?) [240*- 
215”].— 8. Boiling Jl[A(i forms o-foluic acid. 
9. Br at 140” forms e.ru-bromo-phtlialide. Cl 
at 160° yields phtlialyl chloride (Uacino, A. 239, 
79). — 10. NaOEt acting on an etliereal .solution 
of oxalic ether and phthalide forms an ether 
Cj.Hi^Os [122°] crystallising from alcohol in 
needles, and forming with phenyl-hydrazine the 
compound CiJIi.jN.O, [159®] (Wislicenus, B. 20, 
2062; ^1:2 U), 342). ‘ 

Phenyl 'hydrazine compound 
CHll,,NAie.CH,(01I).C,H,.CO.N.,H.,Ph. [174®]. 
lloadily formed by warming phthalide with 
phenyl- hydrazine for a few hours (Meyer a. 
Miinchmeyer, B. 19, 1707, 2132 ; Wislicenus, B. 
20, 401). Sol. hot water and alcohol, si. sol. 
ether. Silvery needles. Partially resolved into 
the parent su'bstances by fusion. Very unstable 
towards acids and alkalis. H.,SO^ forms a colour- 
less solution, turned rjddisli-violet by FeClj. 

Bufcrences. - Amido-, Bromo-, Chloro-, 
Nirno-, and OxY-ruTitALiDE. 

PHTHALIDE CARBOXYLIC ACID v. Oxy- 

CAUllOXVL-rHENYL- ACETIC ACID. 

PHTHALIDE SDLPHONIC ACID 

I S03 H.CJI^<^qq-^ 0. Formed by warming 

phthalide with fuming H.SO, (20 p.o. SO3 extra) 
(lloonig, B. 18, 3153), Needles, v. sol. alcohol, 
insol. ether. — BaA'^. — CuA'. 2aq : light-blue 
prisms. 

PHTHALIDINE is Phthalimidine. 

PHTHALIMIDINE CJI^NO i.e. 

C«II.<gQ '>NH. [150®]. (337®) at 730 mm. 

Formed by reducing phthalimide with tin and 
HCl, and by heating phthalide in a current of 
NH, (Gracbe, B. 17, 2598 ; 18, 1408 ; A. 247, 
290; Barbicr, G. B. 107, 918). N^eedles or 
prisms, si. sol. cold water« v« eu soL aicohol and 
ether. Not volatile with steam. Oxidised bj 
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ltMnO« to phthalimide. Bromine forms 
[160^. Distillation over zinc- 
dust forms phenyl-isoquinoline. Yields a nitro- 

derivative [210^], con- 

verted by oxidation into’phtlialide. Yields also 
a di-nitro- derivative [105 . 

Salts. — iniCl. [150°]. Tliin whito 
needles, v. sol. water.- BMI.rtCl,.— B'^HAuClj. 
[176°1. - B'C.II,(NOJjOH.* [1 ia°].-C,U,A!.'N(). 

Acetijl derivat ire CJI^,AcNO. 

Needles (from dilute IIOAe). 

Nitrosainiiic C,U..(N(^XO. [1.50]. 

Yellow needles (from water or alcohol). Con- 
verted by Na01I.\q into w-oxy-o toluic acid, and 
by NaSH into thio-j»hthalide C\H,^(.)S [tUV j. 
liefercncc. — Di-chi.ouo-phtjialimiiuni:. 
2)seafA)-Phtlialiniidine CJI^NO probably 

This compound is fonnytl, us 

hydrochloride, by heatiuj^ t4i-chloroo-toluvlaiiiido 
C,H.(CIIjCl).CO.Nl[, to 1.50M0tC. The pi- 
crate B'C.lI.ANOJaOn forms a crystalline yel- 
low pp. ; the salt IVJlX’d J’tCl, 2a(i forms Hat 
oran<^e-vellow needles (Gabrul, //, 20, 221)1). 

ISO-PHTHALIMIDO-ETHYL ETHER 
C,H,(C(NH).OEt), [1:3]. The hydro- 

chloride is got by passing dry IICl into a mix- 
ture of isophthalic nitrile (1 mol.) and ahsoluto 
alcohol (2 mols.) dissolved in ben/.cnc (Lucken- 
baeh, D. 17, 1131). The free base cry.<talllses 
in small needles, v. col. alcohol and ether. It 
decomposes on heating into alcoliol and iso- 
phthalic nitrile.- 'I.,. [27U-J. Crystallino. 
PHTHALIMIDYL-BENZYL u. Bknzylidknb- 

PHTH.VLimniNK. 

PHTHAHMIDYL PROPIONIC ACID 

n u vn V. p n / — C:(:H.014C0,H 

CjiHgNOj t.e. 

[22r)'’].* Formed by dissolving the flilactonc of 
phenyl ethyl ketone dicarboxylic acid in NlI.Aq 
{Ro.ser, B. 18, 3110). Long yi.dlowi.sb needles, v. 
sol. hot alcohol.— 15aA',»—Ca A laq. ■ AjiA'. 

Lactone C,,H„N 03 . [c. 20.5°]. Formed by 
evaporating the di’actone mentioned above witli 
cone. NHjAq on the water- bath. Small tables, 
v. sol. alcohol, si. sol. cold water, lloconvertod 
by boiling HOl.Aq into the dilaotone. Dissolves 
easily in cold aqueous alkalis, forming salts of a 
dibasic acid C,,H,,NOt. 

PHTHALONITRILE v. Nitrile of Pjitiialio 

ACID. 

PHTHALOPHENONE v. Di -iUK.NYL-lTITllAI.- 

IDK. 

o-Phthalophenone CbH^Bzj[ 1:2J. [140°]. (lot 
by oxidising o-di-bcnzyl-bcnzene (Zincke, JJ. 0, 
31). Tables (from alcohol). 

Isophthalophenone C„H^Bz,[l:3]. Phenylcne 
di'phcnyl diketone. [100°]. Formed by the 
action of benzene and AlClj on isopVrthalyl 
chloride (Ador, B. 13, 320). Plates (from alco- 
hol). Yields two dinitro- derivatives [200'] and 
[100°]? 

MonO‘Oxim C,H,.C(NOn).C.H,Bz. [201°] 
(Nolting, B. 19, 110). Nodules, v. sol. alcohol. 

Di‘Oxim {C,Hj.C(NOH)),C,H,. [70°-y5°] 

(Munchmeyer, B, 19, 1849). Small crystals. 

o-Phthalophenone CgH^Bz.. [1:4]. Tere- 
^Bialrmlienone. {a^-Di-bem^l-hemene, [160^]. 
Formed by oxidising p-di-benzyl-benzene with 
CrO, and H(^ (Zincke, B, 9, 31 ; Wehnen, B. 


9, 309). Out also from terephtbalyl ohloride, 
benzene, and A1C1_, (N.). Plates (from benzene). 
PClj yields CouH,,Cl, [92°J. Sodium- amalgam 
forms di-oxy-di-benzyl-bcnzene [171°]. 

MonO'Oxim. [213°], Nodules. 

Di-oxim. 1235°]. Crystal'. 

PHTHALOXYL-AMIDO-ACETIC ACID 
C,JI,NO. U\ CO,Il.CJI,. GO.NIl.cn,. CO, H. 

G Irroi'oll-phthaloyl ic acid, [100°]. p'ortned by 
the action of alkalis on phthalyl-umido-acetio 
ueid (llei-sc, .1. 212, !» ; (labriul a. Kroseberg, D, 

' 22. 420). Six-i^di'd plati’S (containing aq). — 
Na A". K A" : hy'-Uoscopic needles. - BnA'A — 
Ag.A'i plates, si. sol. hot water. 

■PHTHALOXYL-AMIDO BENZOIC ACID 
1 CO,ll.C.H,.CO.Nll.CJl,.C() 11. [277°]. Formed 
j by oxidation of the />-tolylimiilo of phthalicacid 
with KMiiO, (Miih.aol, Ji. 1(1, 57<*). 

I PHTHALOXYL-AMIDO HEXOIC ACID 
! COJl.C,ll,.CO.NlI.CJI,M..COJI. Oc«urs in 
two variftir.o, active [132 ] atid inactive 
j 1JI3 ], which are got by hoiling tlie correspond- 
iiig phthalyl-amido'hexoic a^ids with NaOlIAq 
(llcc.se, A. 2t2, 20). Both acids are decomposed 
l)y boiling water into leucine and phtluilic acid. 

! PHTHALURIC ACID v. U ramie acid of 
' PiiuiAtac .vein. 

I DIPHTHALYL C,JI,0, U. 

\ 6.co>f'-"r 

J''onn<ili'))i. 1, By h< iiting phthalyl ohlorido 
witli reduced silver at 1.50° (.\dor, A. 104, 229). 

I 2. By fusing phthalic anliydrido with zino- 
, dust; and, togidhcr with othur [)roducts, by re* 

[ dui'iug phthalic anhydride with zinc-dust and 
j HOAc (Wisliccnus, B. 17, 217B). • 3. By heating 
[ phthalide with NaOAc and phlhalio anliydride 
! or ihlo'phtlnilic anhvdrido ((liachc a. Guve, B, 

1 17, 2M.51 ; .4.228, 120 ; 233, 211). - 4. By boiling 
phtlmlaldchydic etlitir with alcoholic KCN (Oold- 
, Schmidt a. Kgger, M. 12, 00). 

/Vo 2 )<rL’c.s.— Needles, insol. water, v. si. boI. 

! alcohol and ether. May be Bublimcd in a cur- 
rent of CO... Combines with Br forming 
, C,..H,l3r,0, [c. 225]. p(;i, at 100° forms tlio 
chloride C,JI,Cip^ [21.5'']. Bromine and water 
at 100° form bromo-diplithalyl, which cryBtal- 
i lise.s from benzene. Alkalis form diphthalyl- 
laetonic acid. * 
j Jfo-lride CAO.i.e, 

i ‘^-'‘■<00.0 ‘'acro>c.ii, [iiii'.n(W.)i rasoT 
(Flassell.'o'h, A. 243, 2 19), a product of the action 
of zinc-dust and IlOAc on phthalic anhydride 
(Wislicenus). Needles (from alcohol), v. sol. 
HOAc. Puhish forms di-oxy-di-phenyl-ethane 
, dicarboxylic acid. 

/fc/''rc'/ice5.---Ti:iiu-CHix)K0-, Nrrno-, and 
Oxv- Dii’jnnAi.YL. 

PHTHALYL-ACETIC ACID C.^H.O* i.e. 

2G0°j (Roser, B. 17, 2020). Formed by boiling 
phthalic anhydride (lOpts.) with Ac,0 (20ptB.) 
and NaOAc f2 pts.) (Michael a. Gabriel, B. 10, 
391, 1551, 2199). Formed also by dissolving 
acetophenone ow-dicarboxylic acid in H.,SO, 
(Gabriel, B. 17, 2521). Needles (from nitro- 
benzene), insol. water, v. b 1. sol. hot alcohol 

BcaciioTi$,—l. Aqueous NaOH (1 mol.) forms 
! a BolutioD of its Na salt, but excess o/ alkali coa* 
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verts it into acetophenone otf-dicarboxylio acid. 
9 . DUtillation in vacuo splits it up into GOg 
k and metbylene-phthalide.— 3. Bromine mROka 
dves 0Brg.C0.CeH,.C03H [1G0°]. Dry Br gives 
0,H40g:CBr.C0gH [o. 235^.— d.C^Zontw acting 
on the HOAc solution forms CCl3.C0.C^H,.C02H 
[144®], — 5. HjSO* at 100® forms tri-benzoyleno- 
benzene {v. vol. i. p. 485).— 6. Ammonia gives 
rise to phthalimidyl-acctic acid GiqH^NOj i.e. 

(?) which crystallises 

from water in needles [c. 2IJ0°] and yields 
GaA'gaq, BaA'3 4aq, and AgA' (Roscr, A 17, 
2623 ; Gabriel. B. 18, 2451).— 7. NMeH^Aq at 0® 
forms NHMe.C0.C„Il4.C0.CH,.C03H [14,5®], 
which is converted by concentrated II3SO4 into 

from alcohol in silky needles, split up by heat 
into COg and a cjystallino 

mass which is converted by bromine-wator ipto 
0,oH,oBrNOg [120®^ (Gabriel, B. 18, 2453). -8. 
Aqueous ethijlamine forms C3.,Ho40jN2 crystal- 
lising from ether in needles [129°], converted by 

cold H,SO, into [ISO’J 

and by heat into liquid (Mcr- 

tens, B. 19, 2368). — 9. PropylcCniinc forms, in 
the cold, Caillg^NgO, [103°], crystallising in 
prisms (M.). •— 10. Aniline at 100° forms 
OijHisNOg [192°], crystallising from benzene in 
cubes, converted by cold H3804 into C„lI„NO 
[265°] and by heating at 204°-230° into the iso- 

mono [100'’] (Mortens, B. 19, 

2871).~-11. Secondary and tertiai'y amines have 
no action. — 12. Sodixm-amalgam forms the 
lactone of oxy-carboxy-phcnyl*propionio acid 
(q.v.). 

Salt.— AgCjoH^O^ ; amorphous pp. 

PHTHALYL DIACETIC ACID 

[158»]. Formed by 

saponifying phthalyl • di • malonic ether with 
KOHAq (Wislicenus, A. 242, 80). Prisms. — 
BaA"2aq ; prisms, v. sol. water.— Ag . A". 

PHTHALYL-ACETOACETIC ETHEB C, iH,.A 

»,». [12r]. Formed from 

sodium acotoacetic ether and phthalyl chloride 
(Fischer a. Koch, B. 16, 651 ; Biilow, A. 236, 
185). Prisms (from alcohol). Decomposed by 
HgS04 at 65° into HOAc and phthalyl-acetic acid. 
Alcol^lic KOH forms deliquescent crystalline 
KgOiSinOj* Phenyl - hydrazine acetate forms 
0j,H„NgO4 [238°], which is reduced by zinc-dust 
and HOAo to carboxy-benzyl-acetoacetic ether 
[92°]. 

PHTHALYL ALCOHOL v. Di-w-oxt-o- 

ZIIANB. 

PHTHALYL-AMIDO-ACETIC ACID 
0,oHyN04 %,e. C«H4:OgO,:N.OH3.CO,H. Phthalyl 
glycocoU. [192°]. Formed by heating phthalic 
anhydride (2 pts.) with glycocoU (1 pt.) (Drechsel, 
J,pr, [3] 27,418; llcese, A. 242, 1). Crystals 
(fifom water), decomposed by boiling HGlAqinto 
phthalic acid and glycocoU. Gold NaOHAq forms 
phthalozy-amido-acetio acid (o. v.). — NaA'aq.— 
HHgA'. [206°J.-CaAV2aq.-CuA',3aq.-AgA'. 


— Pt{N,4H,A')a* Colourless prisms ; got by eva- 
porating a solution of the acid with oxide ol 
plato-diammonium. 

Ethyl ether Eik'. [105°] (R.) ; [113°] (G.). 
(above 800°). Formed from Ag-^A" and EtI (R.), 
and also by heating potassium phthalimide with 
CH2Cl.CO,^Et (Goedeckemeyer, B. 21, 2688 ; 
Gabriel, B. 22, 426). Needles, v. sol. benzene. 

PHTHALYL - p - AHIDO - BENZENE SUL- 
PHONIC ACID C«H,:C203:N.C4H..S0 H. The 
Na salt, got by heating phthalic anhydride with 
sodium 2)-amido benzene sulphonic acid at 250°, 
crystallises from^aterin silky needles (Pellizzari, 
A. 248, 153 ; G. 18, 314). It is converted by 
boiling ammonia into phthalimide and sodium 
2)-amido-benzene sulphonate. TheBaandNH4 
salts are also crystalline. 

PHTHALYL - o - AMIDO - BENZOIC ACID 
C,H,:CA:NC„H4.C02H. [217°]. Formed by 

heathig anthranilic acid with phthalic anhydride 
j (Gabriel, B. 11, 2261). Prisms, sol. HOAc. 

I Phthalyl-JM-amido-benzoic acid. [276°] (G.) ; 

I [282°] (P.J. Formed from phthalic anhydride 
j andjn-amido-benzoic acid, and also by saponify- 
ing its ether [152°], which is formed by heating 
phthalic ether with m-amido-bonzoic acid (Pelliz- 
zari, B. 18, 216; A. 232, 147). Needles. The 
amide is described in vol. i. p. 158. 

Anilide. [209°]. Prisms (Piutti, B. 16, 
1322). 

PHTHALYL-AMIDO-ETHANE SULPHONIC 
ACID C,H40,:N.C,H,.S0;JI. Salt. — KA'^aq. 
i Formed by heating potassium amido- ethane 
' sulphonate with phthalic anhydride (Pellizzari, 
0. 18, 324). Monoclinio crystals ; a:b:c 
** 7*908: l;2-694 ; j8 = 60° 42'. Decomposed by 
alcoholic NH, into phthalimide and taurine. 

PHTHALYL - AMIDO - HEXOIC ACID 
C.JI.iNO^ i.e. 0Jl402;N.ClI(C4Hp).C03n. ,[116°]. 
[a]„=: -21*87° in a 5 p.c. alcoholic solution at 
22°. Formed by fusing leucine with phthalic 
anhydride (Reese, A. 242, 9). Needles, v. si. sol. 

^ hot water. Lrovorotatory. Converted by dis- 
; tillation into an inactive variety [142®], which 
I yields PtN2H,,A'j3;^aq. Cone. HClAq at 150® 
forms leucine and phthalic acid. NaOHAq 
forms phthaloxy-araido-hexoic acid (q.v.).— 
NaA'.— NII.A'. -[160°-165®].— PtN.HaA'23aq. 

PHTHALYL-AMIDO-NAPHTHALENE SUL- 
j PHONIC ACID 04n,:020g:N.C,„H4.S03H. The 
' salt KA'3aq is got by heating sodium (a)- 
I naphthylamine sulphonate with phthalic anhy- 
^ dride (Pellizzari a. Matteuoi, 0. 18, 321). It 
: crystallises in needles, sol. water, 

PHTHALYL-y-AMIDO.?^PEOPYL-MALONIC 
ETHER C4H4:C.303:N.CH3.CH2.CH2.CH(C0.,Et).3. 
[48°], Formed by the action of sodium malonic 
ether on the y-bromo-propyl-imide of phthalic 
acid (Gabriel, B. 23, 1767). Monoclinic plates 
(from ligroin) ; a:6;c = 3*260 11:1*644 ; j8 =» 81° 4', 
Converted into 8-amido-valerio acid by heating 
with HClAq at 190°. 

Phthalyl - amido - di • propyl - malonic other 
C3H403:N.CH3.CH3.CHj.CPr(C0.3Et).3. [67°]. 

Formed in like manner from propyl-malonio 
ethSr (Asohan, B. 23, 8698). Prisms, insol. 
water, v. sol. alcohol and ether. « 

DI ■ PHTHALYL - DI - AMIDO - QlIINOHS 
0„H„N,Og 4.0. 0gH.0,(N:0,0^0JHJ|t5:2;4i6J. 
[S77^. Prepared by heating tri-anudo-pheiio’ 
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hydrodiloridtf with phibidic a&hydrida, dia- 
Bolfii^ the resulting C«H,,( 0 H](N: 0 j 0 «: 0 «H 4 ), 
[above 800®] in potash, and ti-eatmg the product 
OA(OH)(NH.CO.O.HvCO,H), [above 300®] with 
nitric acid (S.G. 1-48) (Piutti, G. 1C. 254). 
Yellow needles (from HNO,). Forms a com- 
pound [174®] with phenyl-hydrazine. lIjS passed 
into its solution in dilute HOAo forms crystal- 
line CJl.,(OH),(N:C.^Oj:CgH,)^, not melted at 310®. 

FHT^YL-AMIDO-SUCCINIG ACID j 
0, ANO, i.e. C..H^O,:N.CH(CO,H).CII, CO.,n. ' 
[225^. Formed by heating aspartic acid with I 
phthalio anhydride for 1 houiwat 180® (Piutti, 
G. 14, 473; IG, 2). Tufts of prisms (from 
water). Decomposed into phthalio and aspartio 
acids by heating with HGlAq. Boiling aniline 
forms aspartio acid and the phony limides of 
phthalio and phthalyl-amido-succinic acids. 
Diphcnylamine forms three di-phenyl-amio 
acids C,H,0.,:N.C.,H3(C0NPh,){C0,H) [180®], 
[204®], and [194°] ; the first and third crys- 
tallises with aq, and all three yield a salt AgA' 
and are decomposed by potash-fusion into ; 
aspartic acid, phthalio acid, and diphenylamine. 

S a 1 1.-- Cu A' j 4aq ; blue prisms. 

Phenylimide ! 

[*264°], Formed from the acid and aniline, j 
Small needles (from HOAc), nearly insol. alco- j 
hoi. 


DI.PHTHALTU0 ACID OuH„0, m. 
CO^.C,H,.CO.CO.C,H,.CO,H (?) Dipfuhalio 

acid, [272®]. Formed by oxidation of diphthalyl 
(Ador, A, 164, 286), of (j9)-dinaphtliyl-diquinone 
(Koi-n, B. 17, 3021), and of di phenyl- 
ethane dicarboxylio acid (Dobreff, A. 239, 68). 
Formed also by the action of alcoholic potash 
on diphthalyl dibromide (Graebe, A, 228, 182 ; 
242, 221). Minute tables, almost insol. water, 
alcohol, and ether. Converted by boiling cone. 
KOHAq into phtlialio acid. Dilute NaOHAq at 
110® fornf^ di-pl^nyl-carbinol tricarboxylic acid. 
Iteduced by HI to (CO.^H.C„H 4 ).^CnH 4 . Alcoholic 
hydroxylamino hydrochloride forms, on heating, 
C,,U„NO, [ir.2®] and C,JI,N.,0, [286®]. 

Salts: BaA''2aq: plates.- Ag.A". 

Methyl ether Me.^A". [192®]. Formed 

from Ag..A" and McI. Lemon-yellow plates. 
By passing llCl into a hot solution of tlie acid 
in MeOli thero is formed a colourless isomerio 
body [278®], partially converted into the methyl 
eth#r by heating with MeOJI at 200®, and split 
up by IIClAq at 150® into dijdithalylic acid and 
MeCl. 

Ethyl ether Et^A". [155°]. Got from 
Ag^A" and EtI. licmon-yollow needles. The 
colourle.ss i sorn e ri d e [174®] is formed by ethyla- 
tion with alcohol and IICI. 

Anhydride C,„H«0,,. [1G5®]. Formed by 
heating the acid with Ac.O at 200®. Crystals 


Telra^plienyl'diaviide 
CHH,0./N.C.jU3;C.pj(NPhJj. Two isoincrldcs, 
[273®] and [280®], are got by Iiouting the acid ' 
with diphenylamine for 5 liours at 190^. Both 
are split up by HClAq at 200® into phthalio 
acid, diphcnylamine, and aspartic acid. 

PHTHALYL CHLORIDE v. Chloride of 
Phthalio acid. 

PHTHALYL -ETHANE v. Anhydride of 
PhENYLSETIIYL ketone O-CAUnOXYLIC tCID. 

Di-phihalyl -ethane CjJIipO, i.e. 

CbH4<^C0.0 ^ 

phtluilyl. [above 350®]. 

Formation.— 1. Together with other pro- 
ducts by the condensation of phthalio anhydride 
>vith succinic acid (Gabriel, B. 10, 1559; 19, 
837). — 2. By the action of cong. upon 

di-phenyl ethylene diketone di-o caiboxvlic acid*i 
C,H,(COjH).CO.CH,,.CH,.CO.C,II,(CO,II), or its j 
ether.— 3. By further elimination of H.p from j 
the (a) or (&) anhydrides of the latter 

acid (Roser, B. 17, 2770 ; 18, 3115). 

Properties . — Yellow needles (from nitro- 
benzene), insol. water and alcohol. By boiling 
with alkalis it is converted into di-phenyl ethyl- 
cue diketone di-o-carboxylio acid. Nitrous acid 


(from HOAc), v. sol. chloroform. 

DIPHTHALYLIMIDE C„lI„NO, i.e, 

C‘”<C(NH):OO.CO>C.«.? 8C0^. 

Got by warming di-phthalyl-lactonio acid with 
NlIjAq and by heating phthalirnidino with 
NiiOAc and plithalic anhydride or phtbalimido 
at 220® (Graebe, A. 228, 137; 233, 246). 
Needles (from HOAc) forming a yellow solutioa 
in NaOHAq. 

DIPHTHALYL-LACTONIC ACID 

aldchydic acid. Formed by warming diphthalyh 
in an atmosphere of H, with alcoholic potash 
[ (Graebe a. Schmiilzigang, A. 228, 126; cf. Ador, 
A. 164, 229). Crystals (from alcohol). When 
heated for some time at 220® it splits up into 
water and diphthalyl, which then melts above 
300®. When quickly heated it decomposes at 
235°-240® with partial fusion. Cone. HjSO, 
converts it into diphthalyl. Its alkaline solu- 
tion is yellow, but becomes colourless through 
absorption of atmospberio oxygen, yielding di- 
plithalic acid. 

PHTHALYL-MALONIC ETHER ia. 


fonn'a C„H,oNjO« a crystalline body decomposing j p « ^CO.Q r, 7 -oi 

at 160®, and converted by boiling HOAc into ! “ C:C(C02Et)2* *■ ■*' 


S. (ether) 71 


C„H,NO« [c. 240®]. 

Isomeride C,sH,^,. Formed as a by-pro- 
duct in preparing the preceding body by heating 
phthalio anhydride with succinic acid and 
NaOAo. Bed needles with green lustre, not 
melted at 280®. lns<)). water and alcohol, v. 
8 oL hot aniline and nitrobenzene. Weak ac^d, 
fonning unstable violet salts. 

PHTHALYL.ETHYL.HYDBOXTLAMINE v. 
vol. ii. p. 740. 

FBtmTLdnDEOXTLAlUn «. voL ii. 


at 9® ; 58'8 at 35®. One of the products of the 
action of phthalyl chloride on sodium malonio 
ether (Wislicenus, A. 242, 23). Triclinio prisms 
(from ether), v. sol. aLohoL 

lteactions,—l. Decomposed by long boiling 
I with water iaio phthalio acid and mabnio ether. 
I 2. Hot potash forms malonio and phthalio 
I acids. A solution of caustic potash at 0® forms 

^•^«<^2.’c(OH).CK(COaEt), acids 

Dberate oily * pbthalyloxymalonic * ether, which 
^niokiy deeon^poses into phthalic anl^drtde and 
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nialonic ether. — 8. NaOEt fonns the compound 

‘’f*<^C(OEt).CNa(CO^t)/ *» 

prisms, V. e. sol. water, yielding the cupric salt 
Cu(C,|Hj, 07 )a 2 aq and, on adding an acid, oily 
C,jHo„0,. The dry salt, NaO^HjgO, is converted 
by ^ EtI at 100*^ into oily CuHipEtO,, upon 
which alcoholic potash reacts forming the salt 
C FT j -1 

— C(OK).CEt(CO,K)j 

liquescent plates on adding alcohol to its aqUeous 
solution, yielding amorphous* Ag,C„'HsO„ and 
splitting up on acidification into ethyl -malonic 
acid and phthalic acid.— 4. Zinc-dust and HOAc 
yield o-carboxy-benzyl-malonic ether (u. vol. i. 
p. 705). — 6. Alcoholic NHj forms the diamides of 
malonic and phthalic acids. — 6. Sodium-malonic 
eih^ forms yellow C.^ JI-nNajOu, decomposed by 
boiling water into phthalyl-dimalonic ether, 
malonic ether, and phthalic acid. 

SeminitriU 

[c. 176°]. Formed from phtlialyl chloride and 
sodium cyano-acetic ether in dry Et.O (Muller, 
C, R. 112, 1140). White substance, sol. benzene. 

fhtbalyl-di.malonic ether i,e. 

^•®4<^‘c(CH(CO,Et),).; P'^rmed from 

sodium-malonic ether and phtlialyl chloride 
(Wislioenus, A. 242, 23, 80), Prisms (from 
alcohol), insol. water. 

Reactio7ts.—-l. Potash forma a yellow solution 
containing Co. which separates as orange 

needles (containing 2aq) when Et.^O is added to 
a solution of the other in alcoholic potash. 
Boiling aqueous potash forms phthalyl-diacetio 
acid C,.,H,oOJ158°].— 2. Alcoholic NaOH forms, 
in like manner, lemon-yellow C,^.^H,.^Na.p,a 2uq, 
decomposed by hot water into malonic and 
phthalyl-dimalonic ethers and sodium phthalate. 
EtI at 100° converts the Na derivative into 
O.^.^^Et.p,g, which yields ethyl-malonic ether on 
boiling with water.— 3. The di-sodium derivative 
0,^jH.j,Na,;0,o is converted by treatment with 
ACjO, phthalic anhydride, or phtlialyl chloride 
into ‘phthaloxy-dimalonic ether’ or 

“ 

14°, which crystallises from ether in needles 
melting at 117° when slowly heated and at 106° 
when quickly heated. * Phthaloxy-dimalonio 
ether ’ is also one of the products of the action 
of phtlialyl chloride on sodium malonic ether 
(Wislicenus, A. 242, 28, 61). It forms a yellow 
solution with aqueous KXO, and KOH. Alco- 
holic potash forms which is the mono- 

potassium derivative of phthalyl-dimalonic ether. 
Zino-dust and HOAc reduce * phaloxy-dimalonio 
ether ’ to oily O.^JIo80„. 

PHTHALYL-PKOPIONIC ACID 0„H,O, «.«. 

^A<f^C;CH.CH,.CO.,H- [245°-248°]. 

Formed by boiling phthalic anhydride (6 pts.) 
with propionic anhydride (10 pts.) and sodium 
propionate (1 pt.) for 46 minutes (Gabriel a. 
Michael, B. 11, 1013, 1679). Slender needles. 
Converted by boiling KOHAq into phenyl ethyl 
ketone o-oarboxylic acid. lieduoed by sodium- 

to lun 

which yields BaA'g and AgA' and is converted by ' 


boiling baryta-water into oxy-carboxy-plipnyl* 
butyric acid CO,H.O«H^.CH(OH).C^,.CO,H. 
H 2 SO 4 at 100° forms lO, [237°]. 

Salt. — AgA' : white powtler. 

Amide C„H,OaNH^. [195°]. Leaflets. 

PHYCITE V. Erytiikitb. 

PHYLLIC ACID C,,H„0,e (?). [170°]. S.G. 
P014. Extracted by alcohol from the leaves of 
the cherry-laurel, apple, almond, and elder (Bou- 
garel, Dl. [2] 28, 148). Crystalline granules, 
decomposing at 180°. The K salt crystallises in 
needles, si. sol.cvater, sol. alcohol. 

PHYLLOCYAKlN v. Chlohophyll. 

FHYSALIN C,,H,„Oj. Occurs in the leaves 
of the winter cherry [Physalis Alkekmgi), from 
which it may be extracted by chloroform (De- 
saignes a. Chautard, J. Ph. [3J 21, 24). Yellow- 
isli amorphous powder, with bitter taste, v. si. 
sol. T!old water and ether, v. sol. alcohol. Softens 
at 180^, and decomposes at a higher tempera 
ture. SI. sol. acids, ra. sol. NHjAq. Salt.— 
Bbj(C,,II,j,OJ.,0.i: white pp., got by adding 
rb(OAc)._, and Nn.,Aq to the alcoholic solution. 

PHYSETOLEICACIDC„H 3 oO,. [30°]. Occurs 
in sperm oil, and is perhaps identical with hypo- 
gjcic a'.id (Hofstiidter, A. 91, 177). Stellate 
groups of needles. Not alTcctcd by nitrous acid, 
■-BaA' 2 : crystals, sol. hot alcohol. 

PHYSICAL METHODS USED IN CHE- 
MISTRY. The object of this article is to pre- 
sent a general account of the chief physical 
methods of inquiry which are made use of in 
attacking chemical questions. In each section 
of the article it lias been sought to lay down tho 
principles of the method discussed, and to pre- • 
sent, in a general way, the more important re- 
sults that have been obtained. No section 
claims to give a complete account of thg subject 
with which it deals. The following articles, 
which are not specially referred to in their 
alphabetical positions in the present article, 
should be consulted ; Agotieoation, States of, 
vol. i. p. 87 ; Atomic and moleculaii weights, 
vol. i. p. 336 ; Chemical and physical pro- 
perties OF BODIES, CONNECTIONS BE TWEEN, VOl. i. 
p. 730; Densities, relative, vol. ii. p. 370; 
tfDissocuTioN, v^ol. ii. p. 385; Molecular con- 
stitution OF BODIES, vol. iii. p. 410. 
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I. CAPILLARITY, METHODS BASED ON. 
The term ‘ capillarity ’ is given to that property of 
bodies which is the cause of the rise of liquids 
in narrow tubes, the spherical shape ‘of rain- 
drops and soap-bubblos, the spreading of oil 
on the surface of water, and many other pheno- 
mena. 

The generally accepted theory by wliich these 
phenomena are connected and explained is duo 
mainly to Laplace, and resti^o^ the assumption 
that the parts of a body are held together by 
attractive forces which arc insensible except at 
very small distances. We have evidence of the 
existence of those forces in the cohesion of 
bodies, in the latent heat of evaporation, which 
is merely the energy that has to be supplied to 
separate the parts from each other, and in the 
fact that at liigh pressures, when the parts of 
w'hich a gas is composed are so near togetln r 
that they nev<'r get altogether away from each 
other’s inlliicnce, the com})ressibility is found ; 
to bo greater than is required by Boyle’s law. 
Thougli Laplace made no reference to mohrnit s 
it is now usually supposed that the attractions 
in quo.stion are the forces acting between the 
molecules, j 

Imagine a molecule of a li(iuid surrournhMl ! 
by a sphere, whoso radius is the distance at 
which the force ceases to bo sensible. If the 
molecule is so far from the surface of tin; liquid 
that this sphere is entirely immersed, it will bo 
on an average equally attracted all round, and 
no work will have to be expended to move it, 
but if it be so moved that part of the sphere is 
outside the surface, there will bo a resultant force 
tending to draw it back again, so that to hring 
a, molefhilc into the surface requires !!n expendi- 
ture of work. Now if we distort a given volume 
of liquid so as to increase it.i surface we bring 
iuore molecules into the surface, and we increase 
the ))otcntial energy of the li<iuid by an amount 
proportional to tlie increase of surface, or the 
total potential energy arising from this .source is 
proportional to the extent of surface. Hence, 
since in the position of equilibrium of any .system 
the potential energy is a minimum, the liiiuirt 
will of itself assume such a shape that the i ur- 
face is as small as possible consistently with 
other conditions, such as the action of gravity. 

It is plain that what has been said is not 
restricted to litpiids, but apjilics equally to solids 
and to the surface separating two dilTirent 
media. In the latter case a molecule at the 
surface of separation is acted on by both media, 
but unless the attractions are equal there will 
be a resultant force acting on it, and it will have 
potential energy by virtue of its position. 

Capillary phendhieni arc often regarded as 
due to the external film of the substance being 
in a state of tension. It is not easy to imagine 
a tension at the surface of a solid, but the con- 
ception leads mathematically to the same re- 
sults as the assumption of the existence of sur- 
face energy, and is practically only another way 
of stating the same thing, for we have seen that 
on the hypothesis of molecular attractions wo 
arrive m the resolt that the inrface tends to 
become a miiumnm, and thii U equally well 


described by saying that it behaves as thougli it 
were in a state of tension. Further, the mea- ^ 
sure of the tension— that is, the total force acting 
across a line of unit length— is numerically equal 
' to the potential energy per unit area, which is 
; easily proved as follows. Imagine a rectangular 
' piece of the surface a cm. long and b cm. wide — 
increase it to a rectangle a' cm. long and b cm. 
j wide. Then we hjiv«< produced (a'-a)b sq. cm. 

! of new surface, and if B is the potential energy 
per sq. cm. we shall have done E(ri''-a)6 units 
of work.* On Hid other hand, if T is the surface 
tension, tlie force a(‘ling on the side b will bo 
T6, and we have moved it through a' ~ a cm., and 
hence have done TV»((i' - a) units of work. These 
two measures of the work rnn.st he eipial, and 
hence K ^T; and since the reetaiigle can be 
taken anywhere on the surface and with its 
sides in any dircetion, it follows that the sur- 
face tension is the same at every point and in 
any direfuion. • 

• It is to b(; observed that this tension differs 
from that of a stretehed pifvo. of indiarubber, 
for instance, in the fact that it does not depend 
on the aiuount of .slr<‘tehing. No matter how 
much a soaji film is extended, tlje tension re- 
mains the same until the film becomes so thin 
that there are only a few molecules in the thick- 
ness. 

The surface leu.sion, then, is a consequence 
of the molecular attractions which tend to draw 
the molecules as close togetlior as possible. In 
order to balance this tendency and to allow the 
Buhstiinee to bo in e<inilibrium, Laplace imagined 
the cxi.steiiee of an internal hydrostatic pressure, 
which, from the value of the latent heat, ib cal- 
culated by Stefan to be about 1300 atmospheres 
ill the ease of water. The potential energy duo 
to this pressure is proportional to the volume, 
which is constant in most capillary pheno- 
mena, and hence has no effect on the equilibrium 
position. 

The forms of crystals are probably conditioned 
to .some e.xtent by capillary forces. Most of tho 
properties of crystals being different in different 
directions, tho potential energy of a surface may 
be expected to depend on its direction, and those 
faces will be formed which have least energy. 
Further, as a large crystal has less surface in 
proportion to il.s \olume than a small one, the 
familiar phenomenon of tho largo crystals ab- 
sorbing the small ones is explained by the loss 
of potential energy resulting from the opera- 
tion (u. Livcing, Camb. Phil. Trans, 14, 370). 

If two immiscible fluids are in contact with 
a solid, the surface separating them meets that 
of the solid at a constant angle, called the angle 
of contact. The most important cate is where 
one of the fluids is air and the solid is glass. 
Many experiments have been made to determine 
this angle, the conclusion being that in most 
cases it is probably zero, but on this point see 
Magie (TV. 25, 429), Quincke (W, 27, 219), and 
Worthington (P. M. [5] 20, 05). 

The constant which is most commonly used 
is the surface tension as defined above, bui 
Quincke and some others use another called 
the specific cohesion, denoted by a*, which is 
twice the surface tension divided bv the density 
of the liquid, or the height to whico the liquid 
would rise in a tube of radius. 
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The followiug are the principal methods that 
have been used in determining these constants: 

1. By determining the rise of liquids in capillary 
tubes (Quincke, P, 139, 8 ; Frankenheim, J.pr, 
28, 40i).«-2. By weighing or measuring the drops 
from a rod or pipette (Quincke, P. 135, 621; 
Doclauz,^. Ch. [5] 13, 76 ; Linebarger, Am. S. 44, 
88 ).— 3. By measurement of large drops or 
bubbles (Quincke, P.M. [4] 41, 245 ; Eotvos, W. 
27, 448 ; Worthington, P. M. [Sy 20, 61).-4. By de- 
termining the force required to detach a disc or 
ring from the surface of a liquid (Weinberg, 

2. P. C. 10, 34). 

Mendel^eff states as one of the characteristics 
of a perfect liquid that its surface tension should 
be a linear function of its temperature, and Selby 
(P. M. [6] 81, 430) has given thermodynamical 
reasons for this relation. The subject has been 
investigated experimentally by Frankenheim, 
Weinberg, and others, and it is found that the 
equation 7 « a ~ bt holds approximately, ^here 7 i 8 
the surface tension, t the temperature, and a acid 
h are constants; hence by determination of 7 at 
two temperatures we can calculate roughly the 


temperature ^ at which the surface tension is 

6 


zero— that is, the critical temperature. Eotvos 
extends this result by showing that the rate of | 
change with temperature of 7 V*, where t; is the j 
molecular volume of the liquid (and hence yv^ 
is proportional to the energy of the amount 
of surface which contains a given number of 
molecules), has a constant value which is the 
some for all liquids. 

The only measurements of the surface ten- 
sions of pure liquids which have been carried out 
extensively are those of Schiff (A. 223, 47 ; and 
0, 14, 368). Schiff determined the surface ten- 
sions of a large number of organic substances at 
their boiling-points, and divided the observed 
values by the molecular weights, denoting the 
quotient by N. This quantity was found to be 
in general unchanged by the substitution of one 
ca^on atom for two hydrogen atoms, of one 
oxygen for three hydrogens, and similarly for 
other elements, so that each atom had its hydro- 
gen equivalent, and compounds with the same 
total of hydrogen equivalents gave the same 
value for N. Taking N for ordinate, and x, the 
total hydrogen equivalent, for abscissa, Schiff 
plotted a curve from which he obtained the rela- 
tion 

log N - 2*8165 - * 007280 ; - log x. 

This equation enables us to calculate the surface 
tension of a liquid compound from its formula. 

There are many exceptions to the law that 
each atom has a fixed hydrogen equivalent. For 
instance, 0 must be put equal to 3H in the free 
fatty acids instead of 2 H as in most compounds ; 
01 generally has the value 7H, but when seve- 
ral chlorine atoms are attached to different car- 
bons in a compound it has the value 6 H ; Br is 
usually equivalent to 13H, but sometimes to IIH, 
and 'so on. 

A few preliminary measurements of the capil- 
lary constants of the surface separating water 
ana organic liquids which do not mix with it, 
have bMn made by Linebarger (Am, 8. 44, 83), 
by allowing the liquid to drop through the water, 
npwards or downwards, according to its specific 


gravity, and counting the drops from a giTeii 
volume. The results already published show 
that the introduction of two methyl groups in 
the meta- position into a benzene ring does not 
affect the surface tension, while if they are in 
the para- position the surface tension is greatly 
diminished. 

' The surface tension of an aqueous solution 0 / 
a salt is greater than that of water, and increases 
proportionately to the amount of salt present. 
Quincke (P. 160, 337, 660) found that for solu-. 
tions of chlorides of equivalent concentrations— 
thatis, containing*ehe same amount of chlorine per 
C.C.— the constant of proportionality is the same ; 
but Volckmann [W. 17, 363), on repeating the 
work, concluded that the agreement is not within 
the errors of experiment. Traube (J.pr. [2] 31, 
192) showed that the capillary constant of a 
10 p.c. solution of water in alcohol is not raised, 
like that of water, but is lowered, by the presence 
of a dissolved salt. 

Determinations of the surface tensions of 
solutions of organic substances in water have not 
hitherto led to any important general laws. Such 
substances lower the surface tension but not 
proportionally to the concentration, as appears 
from the work of Duclaux (A. Ch. [6] 13, 76), and 
of Traube [B. 17, 2294 ; J. pr. [2] 31, 177 ; 34, 
292). The former gives the law that if aqueous 
solutions of two alcohols, or of two acids, have 
the same surface tension, the percentage compo- 
sitions of the two solutions will have a constant 
ratio. Traube’s work confirms this result, but 
loads to nothing farther of interest beyond the 
fact that solutions of isomerides have not gene- 
rally the same surface tensions. J. W. 0. 

II. CKYSTALLOGKAPHIO METHODS; v. 
Crystallisation, vol. i. p. 278 ; and Isomorphism, 
vol. iii. p. 88. 

III. DIALYSIS AND DIFFUSION, ME- 
THODS BASED ON. When a solid is dissolved 
in a solvent a movement of the particles occurs 
from the places where the solution is more con- 
centrated to the places where it is less concen- 
trated, and continues until the concentration is 
uniform throughout. Similarly when gases which 
do not react chemically are mixed, movements 
of the particles, take place until the gases are 
dl^ually distributed throughout the space. The 
mixing of gases or liquids, by reason of the 
movements of their particles, is called difftisiofi. 
When the diffusion of a liquid is accompanied 
by a total or partial separation into unlike bodies, 
the process is generally called dialysis ; this pro- 
cess is usually effected by allowing the diffusion 
to take place through an animal or vegetable 
membrane. The chemical applications of diffu- 
sion are chiefly connected with the diffusion of 
substances in solution, and generally in solution 
in water. 

Graham (T. 1850. 1, 805 ;• 1861. 483) was the 
first to measure the rates of diffusion of different 
compounds, in aqueous solution, without a sepa- 
rating membrane. He nearly filled glass jars 
with the various solutions, carefully poured water 
on Qie top of the solutions, placed me jars n glass 
dishes, and filled these with water until the 
water extended in the dishes about 8 0 . above the 
tops of the jars. The dishes were set ^de for 
some time ; when the process was to be ftopped, 
glass plates were slid over the moa^ ol the jarib 
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wliieh w(»n then romoYodf and the quoniitiei of | 
substance in the liquids outside the jarsi called 
the diffusates by Graham, were determined. 

Graham found that the quantities which 
diffused varied much according to the com- 
positions of the dilTusing substances. The | 
quantity of a specihed substance which diffused j 
in a determinate time was found to bo nearly ! 
proportional to the concentration of the original | 
solution. Graham also found that diffusion was j 
able to effect a tolerably complete separation of 
two salts whose rates of diffusion dillered con- 
siderably. He looked on his itsults as showing 
that nearly equal quantities of chemically i 
similar salts diffused in equal times. j 

A few years after Graham’s fundamental ex- j 
periments, Fick, reasoning from Fourier’s theory 
of the conduction of beat, came to the tentative 
conclusion that the quantity of a salt which 
diffuses through a stated area is proportioju.il to 
the difference between the concentrations of two 
areas infinitely near one another. Assuming the 
truth of this statement, a definition was obtained 
for the diffusion-constant of a salt as the quantity 
of a salt which diffuses through unit area in 
unit time, when unit difference of concentration 
prevails throughout unit distance. A long series 
of researches by Beilstein (-4. 99, 105), Simmler 
a. Wild (P. 100, 217), Stefan {W. A. B. 79, 101), 
and especially by Weber ( \V. 7, 409, 530) and 
Graham {T. 1801. 183), has fully confirmed 
Fick’s law, and has given measurements of the 
diffusion-constants of many substances. Atten- 
tion should be drawn, in this connection, es- 
peciallj to Graham’s method of allowing salts to 
diffuse in water gelatinised by starch, gum, tfec. 

’ {T. 1801. 183 ; u. also Voigtliinder, P. C. 3, 
316). In 1880, Long (IF. 9, 013) made a number 
of determinations of rates of diffusion *, ho divided : 
the numbers obtained by the molecuiar weights | 
of the salts used, and thus obtained figures 
which represented the number of molecules of 
each salt which diffused under the same con- 
ditions. The results showed somewhat regular 
arrangements of the molecular diffusion-values. 
For instance. Long found that *he haloid com- 
pounds of K bad nearly the same value, that the ! 
sulphates of Mg, Zn, Mn, Co, ^i, and Cu had 
approximately equal values, and so on. * 

Marignao (A. Ch. [6] 2, 540 [1874]) followed 
up Graham’s observations on the simultaneous 
diffusion of pairs of salts, and anived at the im- 
portant result that the order of the rates of | 
diffusion of the salts of any acid is independent j 
of the nature of the acid, and that the order of | 
the rates of diffusion of the salts of a metal | 
is independent of the nature of the metal. 
Marignao was thus able to construct a table ' 
showintf the order of the diffusion-coefficients of 
acid ^ioUs, on the one hand, and of metals, on 
the other hand. The table is as follows : — 

Cl, Br, I H 

NO, K, NH, 

CIO,, CIO^, MnO, Ag 
P Na 

CrO, Ca, Sr, Ba, Pb, Hg 

SO. Mn, Mg, Zn 

CO, Ca 

A1 

Crysttilloids and colloids. Graham observed 
that the ratet of diffueion of different sabstances 


differ maoh. He found certain labotancos which 
diffused in water with very great slowness ; these ^ 
substances included gums, tannin, albumen, 
caramel, <feo. Inasmaoh as the substances 
which diffused comparatively rapidly generallv 
assumed crystalline forms when they solidified, 
while substances which diffused very slowly 
solidified in amorphous forms, Graham called 
the former crystalloids and the latter colloids. 
The solution in water of crystalloids is usually 
accompanied by thermal changes ; the solation i 
boil and freeze sat temperatures different from 
the boiling- and free?.ing-])oints of water, and the 
properties of the solutions differ considerably 
from those of the solvent. On the other band, the 
solution in water of a colloidal substance is not 
attended with any marked clianges. 

The solution of a colloidal substance allows 
the diffusion through it of a crystalloid, in solu- 
tion, but scarcely permits the diffusion of 
another Alioid. df, then, a solution containing 
a crystalloid and a colloid is separated from 
water by a colloidal mcnibraite, such as animal 
or vegetable parchment, the crystalloid will 
diffuse through this membrane into the water 
outside, but the colloid will bo retained in the 
interior liquid ; in this way colloids can be 
separated from crystalloids by diffusion ; this ^ 
process was called dialysis by Graham. " 

By means of dialysis, Graham prepared 
many compounds in a colloidal, or jelly-like form 
{T. 1801. 183). Most inorganic colloidal com- 
pounds were found to exist in two forms ; one 
soluble in much water, and the other gelatipous 
and insoluble in water. For instance, an aqueous 
solution of silicic acid, containing 14 p.c. of this 
acid, was obtained by adding a solution of 
sodium silicate to excess of dilute HClAq, and 
dialysing (by pouring into a fiat saucer formed 
of parchment paper which was floated on pure 
water) for some days, until the li«iuid inside the 
dialyser ceased to give a reaction with AgNO,Aq; 
the liquid in the dialyser was then concentrated 
by boiling in a flask. The solution of silicic 
acid gelatinises after a few days, or at once by 
addition of a trace of an alkaline or earthy car- 
bonate, or by a few bubbles of CO^, or by certain 
soluble colloids, such as gelatin or soluble 
alumina. The gelatinised colloidal siliclo acid 
is insoluble in water. 

Graham prepared soluble and gelatinised 
colloidal forms of Al.p„ Fo,0„ CuaFeCy,, Cr,0„ 
stannic acid, &c. Other soluble inorganic col- 
loidal compounds bavo bcon obtained in recent 
years. 

Graham looked on colloids as very different 
in their constitution from crystalloids. He re- 
garded colloids as prone to undergo changes 
which take place very slowly ; he thought it 
possible that the molecule, or molecular aggre- 
gate, of a colloid is formed ‘ by the grouping 
together of a number of smaller crystalloid mole- 
cules.’ Colloids, according to Graham, are 
capable of loosely combining with various pro- 
portions of water; this process of * gelatinous 
hydration* was regarded by Graham as being 
*as truly chemical as that of crystalline 
hydration.* 

Graham’s views on the nature of colloids 
have been confirmed, on the whole, by more 
recent work. J. M. van Bemmelen has espeoiall/ 
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studied the hydration of colloids. He gives the 
name hydrogM to those gelatinous hydrates 
which contain varying quantities of water jiot 
agreeing with any dehnlto formula ; he describes 
the reactions of hydrogels with gases and liquids 
to form what he calls absorption-compounds^ and 
discusses the part played by such compounds in 
the soil (L. V. 35, (i9 ; Abstract in C. J. 64, 985). 
For van B.’s work on various individual colloids 
V. B, T. C. 7, 37. 69, 75, 87, 106, 114; Abstracts 
in a/. 54, 1157-1102. 

Picton (C. J. 61, 137) and /Picton *a. Linder 
(C. J, 61, 114, 148) have recently prepared a 
number of soluble colloidal forms of metallic 
sulphides, such as CuS, IlgS, As^S^. The 
colloidal solutions were obtained (1) by pouring 
solutions of the metallic salts into ILSAq, into 
which HjS was continuously passed, and dialys- 
ing, after removal of excess of IIj,S by a current 
of H ; (2) by passing H.^S into water with metallic 
hydrates in suspension ; by suspending 
freshly ppd. metallic sulphides in water Mid 
passing in H.^S. * All the solutions contained 
combined H.^S, and were therefore solutions of 
hydrosulphides. The solution of ASjjS., contaiiuid 
about 6 g. AaBj per litre, and that of IlgS about 
10 g. per litre. These colloidal solutions were 
shown to contain solid particles. In some cases 
the particles were visible through a powerful 
microscope; in other cases the particles were 
proved to be present by passing a ray of bright 
light through the liquids, and showing the 
scattering of polarised light which thus oc- 
curred. Solutions of ‘colloidal molybdic acid,* 
and colloidal silicic acid containing free HCl, 
seemed to be free from solid particles. Solution 
of colloidal antimony sulphide showed no par- 
ticles under the microscope, but the presence of 
particles was revealed by the passage of a beam 
of light ; after keeping for about ten days, par- 
ticles had formed suliicicntly large to be seen 
by the help of the microscope ; and after some 
weeks the Sb was all ppd. as Sb.^Sj. In this 
case the passage could be followed from a liquid 
containing very minute particles, whose presence 
was detected only by the fact tliat they scattered 
light, to a liquid containing particles suOiciently 
large to be seen under the microscope. On the 
other hand, a solution of CrCls in water contain- 
ing a little chromous acetate was able to scatter 
U^t, and therefore contained solid particles; 
but after a few days the particles were no longer 
present. In this case the passage could be traced 
from a liquid containing very minute particles 
to a liquid free from such particles. 

The colloidal solutions did not diffuse, with 
one exception —namely, arsenious sulphide. The 
diffusible solution was obtained by running 
ASyOiAq into H,SAq, into which H^S was con- 
tinuously passed, and removing excess of by 
a current of H. This solution showed no par- 
ticles under the microscope, but as it scattered 
polarised light particles were present in it. The 
liquid was put into a small wide-mouthed bottle, 
which was placed in a beaker and covered with 
water ; a distinct amount of had diffused 
in one day, and after eleven days about 12| p.o. 
of the Ab^S^ was found in the diffusate. This 
colloidal solution therefore presented the in- 
teresting phenomenon of a liquid containing 
solid particles capable of scattering polarised 


light from a beam passed through, and yet able 
to diffuse in exactly the same way as true sola- 
tions undergo diffusion. 

Picton a. Linder consider that their expert 
ments establish ‘ a good prima facie case for the 
belief that there is a continuous series of grades 
of solution passing without break from suspen- 
sion to crystallisable solution.’ They look on 
the very small particles in some of these colloidal 
solutions as large molecular aggregates, and they 
think that these aggregates become verysjnall in 
the solutions which can diffuse, and that the 
forces by which ^he aggregates are lield in solu- 
tion ‘ become more definit(^ly those of chemical 
attraction.’ (In connection with colloidal solu- 
tions V. I'uterno, Z. P. G. 4, 457 ; and Barus a. 
Sell tickler, Z. P. 0. 8, 278.) 

Diffusion of gases. The fact was observed 
by Dalton (P. M. 24, 8) that if a heavier gas is 
placed in a bottle which is connected with 
another bottle containing a lighter gas, and 
placed beneath the first bottle, after some days 
the gases will be etjiially mixed in both bottles. 
The same fact was observed, .and some measure- 
ments were made, by Berthollet [MiUn. S. d'A. 
2, 463). Graham {Q. J. S. 1829. 74 ; P. M. 1833. 
175, 260, 351) m.ade a great many measurements 
of the rates of diffusion of different gasc.s. For 
most of these ho ounAoyod a, diJfusio7neler, which 
consisted of a glass tube ab^out 20 cm. long 
and about 11 cm. diameter, having a plug of 
plaster of Paris in one end extending inwards 
about -J cm., and graduated from tbi.s end 
downwards. The tube was filled with the gas 
under examination and placed in water ; when 
the level of the water in the tube had become 
constant, the total volume of gas now in the 
tube was measured, and the amounts of air and 
original gas contained in the tube were deter- 
mined. With gases lighter than air there was a 
decrease in the contents of the tube, as the 
lighter gas passed out through the porous plate 
more quickly than air passed in ; with gase.s 
heavier than air there was an increase in the 
gaseous contents of the tube, as air passed in 
more quickly than the heavier gas passed out. 

The conclusion which Graham arrived at was 
^hat ‘the diffusKjn or spontaneous intermixture 
of twe gases in contact is effected by an inter- 
change in position of indefinitely minute volumes 
of the gases, which volumes are not necessarily 
of equal magnitude, being, in the case of each 
gas, inversely proportional to the square root of 
the density of that gas.’ 

Modifications in Graham’s apparatus have 
been made, and many determinations of the 
rates of diffusion of gases have been conducted ; 
the results have fully confirmed Graham’s law, 
which maybe stated in the formc;c'=» v'd*! v'd, 
where c and c' are the dififusion-rates of two 
gases whose relative densities are d and d'. 

It is evident that Graham’s law of diffusion 
gives a means for finding the molecular weights 
of gases; inasmuch as the law enables measure* 
ments to be made of the relative densities of 
gases, and the density of a gas, referred to 
hydrogen, multiplied by 2 is (approximately) 
molecular weight of that gas. For a description 
of an instrument for this application ofathe law 
of diffusion V. Bunsen’s Oasomet. Methodm, p. 
160. M.M.F.M, 
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IV. DYMAMIOAL METHODS. Several 
methods used in attacking chemical problems 
may be put together under this general title : v. 
Chemical change, vol. i. p. 731 ; Affinity, vol. 

1. p. 67 ; Aooreqation, States op, vol. i. p. 87 ; 
PrssociAnoN, vol. ii. p. 385 ; Equilibmom, Che- j 
MTC.vL, vol. ii. p. 434 ; Molecular constitution J 
OF noniEs, TiiEoniEs of, vol. iii. p. 410. 

V. ELECTKICAL METHODS. 

Historical . — The history of the science of 

electricity divides itself into two well-defined 
periods, the boundary between which lies at the 
close of the last century, and is Riarkod by Volta’s 
discoveries concerning the production of elec- 
tricity when different substances are brought 
into contact. The investigations in the older [ 
period, when only the phenomena of frictional 
clcctrioity, characterised by small quantity and 
high tension, were known, showed no connection 


present into acids and bases, and of accumulating 
these at the poles, where they could be detected » 
easily. Only vessels of gold proved to possess 
the necessary resistance, and when these were 
used not tlie least quantity of either acid or base 
was obtained from pure water. 

After Davy had thus become acquainted with 
the great power of decomposing compounds 
possessed by tlie electric current, he proceeded 
at once to submit the most diverse substances 
to its influence. Dy means of the largo batteries 
of the Kb^al li)^titution, which had been con- 
Btrueled according to his plans, he succeeded 
in obtaining great effects ; he decomposed the 
alkalis, and isolated the metals potassium and 
sodium. 

At the present day it is diHicult to imagine 
the impression which this discovery made on his 
contemporaries. It was not scientific circles 


with chemical problems. It is true, Deiipaun 
and Pacts van Trostvijk had decomjioscd water 
by means of the eUclrical machine ; this effect 
was, however, assigned as duo more to the high 
temperature of the electric spark than to a specific 
property of electricity. 

It is only with Galvani’s discovery of the 
electricity which appears when ditrerent sub- 
stances are brought into contact, and with the 
Bcientific investigation of this discovery by Volta, 
that the period of elcctro-chroiistry begins. Tins 
branch of science is thus of nearly exactly the j 
same ago as the current century. It was by 
means of the pile as constructed by Volta that j 


j only that were full of it ; the public at large and 
the dail^press o«;upied themselvcB most dili- 
geijtly with this fact. Everyone who could pro- 
cure some dozens of copper aitd zinc plates tried 
to repeat the experiment, and gave an account of 
it. Napoleon, who then bad just nearly reached 
the zenith of his power, proceeded at once to have 
larger batteries construeted in order to smooth 
tlie w.ay for similar diseoverics by the French ^ 
j L'cicntists. lie also offered groat prizes for scien- 
tific works dealing with voltaic electricity. 

Davy’s discovery wa's of great importance 
for the development of the Kcienco of chemistry, 
because it enabled the alkalis to be classed with 


chemical changes were recognised to be essential , other basic metallic oxides. Chemical olassifica- 


phenomena concurrent with the i)assage of an 
electric current through certain substances, j 
Directly this apparatus became known, Nichol- 
son and Carlisle (1800) used it for the decompo- , 
sition of water, and since then the fact that ' 
tliere is^ close connection between chamical and : 
electrical phenomena has always been present ! 


lion was thus simplified considerably. The in- 
vestigations of Davy were, however, without 
influence on the knowledge of chemical affinity, 
sound as were the views hold by this man of 
genius concerning the relation between chemical 
and electrical processes. 

It was at this same time that the two Swedish 


to the mind of investigators. The mysterious naturalists Derzelius and Ilisinger curried out 
and unexpected mode of action of this apparatus work which then, it is true, did not attract any- 
soon revived tlie hope that by means of it the thing like the same attention as had justly been 
jirobicm of vital activity might be fathomed, aroused by Davy’s investigations, but which had 
Consequently, the electric currer.t was made to an even more lasting influence on the later 
pass through various animal fluids, such as blood, development of scienti fio chemistry. Davy’s ox- 
protcin, Ac., with the object oj following the periments dealt chiefly with the fact that the 
changes produced by this influence, and thu3< electric current split compounds into their con- 
obtaining infonnation concerning the processes stituents, and aimed at the isolation of these 


taking place in tlie organism. It was found that, constituents. Berzelius and Hisinger wont a step 
along with other clTccts, a basic reaction was farther ; they tried to grasp the laws underlying 
always observed at one pole, and an acid reaction this decomposition, and from these they de- 
al the other. On further investigation it was veloped a theory conccrningchemical compounds* 
found that the acid and the base still appeared. The generalisations under which Berzelius and 
even when water was taken instead of the animal Hisinger comprised their results were as follows: 


fluids, and thus the electric current seemed to (a) Chemical compounds are decomposed by 
be a means for producing acids and bases from the electric current, and tlieir components collect 
pure water. This is the point at which the at the poles. 

classical researches of Humphry Davy began. (b) The combustible substances, the alkalis, 
In order to decide whether acids and ba.scs were and earths go to the negative pole ; oxygen, the 
really produced from pure water by means of acids, and oxidised substances go to the positive 
electricity, be repeated the experiments. He soon pole. 

recognised that the vessels in which the water The fact that Berzelius had experimented 
was contained exerted a determinant influence chiefly on the salts of the alkalis determined the 
on the results ; be proved that very small quan- theoretical conception of electrolysis. Since acids 
titles of the snbstance of the vessels were always and bases appeared at the poles when alkali salts 
dissolved by the water, and that vessels of glass, were electrolysed, acids and bases were consider^ 
clay, basalt, Ac., were subject to this influence, to be the components of salts. Berzelius assumed 
The electMo current had the power of decom- further that a similar binary division prevailed 
posing the very small quantities of saline matter thronghoat tho whole domain of chemi^ com* 
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ponnds. He conceived every atom se endowed 
with, a definite quantity of positive or negative 
electricity, and this led him to distinguish be- 
tween positive and negative elements, and to 
arrange the elements in a series, beginning with 
the most positive down to the most negative. 
It was thus that for Berzolius the combination 
of elements with each other was simply an act of 
electrical attraction ; according to him the thermal 
and optical effects which are produced along 
with chemical combination are due t(;> the same 
cause as the corresponding phenomena which 
accompany the electric spark. It is true that 
at this point Berzelius, with the caution peculiar 
to him, himself brings forward the objection that 
when the opposite electricities have neutralised 
each other a further cause of their keeping 
together is no longer present. It seems, how- 
ever, that ho did not consider this difficulty of 
sufficient importance to give up his theory for it. 

When a positive and a ne'gative atom inter- 
act, their electricities, according to Berzelius, 
are in general not completely neutralised, as the 
quantities of electricity present differ according 
to the nature of the atoms. The compound 
formed thus retains a surplus of positive or of 
negative electricity, and acts therefore similarly 
to an element, but less intensely. It is in this 
way that compounds can again combine with 
each other to form compounds of a higher order, 
and BO on, and thus is brought about a binary 
constitution of all compounds. 

This electro-chemical theory of Berzelius, 
which he developed more fully at a later time, 
has exerted a very marked influence on the pro- 
gress of chemistry, since it has impressed on this 
science the form which was the only one recog- 
nised from 1810 to 1840. It was characteristic 
of this phase that after this first investigation 
Berzelius did not again undertake any experi- 
mental work on the action of electricity on 
chemical compounds. The places wherein the 
Berzelian theory was weak from the physical 
point of view were not considered at all, as the 
theory was used only for the purposes of chemical 
classification; no attempt was made to explain 
by means of it the problems of chemical aflinity. 

After an almost unoontested reign of twenty 
years* duration the theory of Berzelius proved 
itself insufficient to follow the progress of the 
science. Since it was deduced from the pheno- 
mena of the- decomposition of compounds by 
electricity, it was not surprising that it could 
not represent the chemical relations of organic 
compounds, which, as a rule, are not decomposed 
by deotrioity. Investigations on this subject 
proved more and more conclusively that in 
ohemical compounds individual atoms could bo 
sabstituted by other atoms or groups of atoms, 
quite independently of the ‘electro-chemical* 
nature of the elements; in the most conspicuous 
and best-known examples it was a question of 
the substitution of ‘positive ' hydrogen by ‘nega- 
tive* chlorine. Such a process Berzelius con- 
sidered to be quite impossible in the light of his 
theory. 

But it was not this proposition of the elec- 
tro-chemical theory alone, but the whole founda- 
tion of BerzeliuB*s system, which was made 
doubtful and proved to be untenable by the 
newer development of organic chemistry. The 


theory of the Unary constitution of chemical 
compounds was no longer capable of being ^ 
brought into accord with facts, which rather led 
to the unitary conception of substances. Olosely 
connected with this development is the esta- 
blishment of the conception of the chemical 
molecule, a conception which assigned a sharply- 
defined existence to the combinations of the ele- 
mentary atoms, and which led to the view that 
these structures would split up in the most 
diverse ways, according to the nature of the in- 
fluences to whi(jli they were subjected, although 
no such division appeared pre-existing in the 
molecule. 

At the same time (after 1840) at which 
purely chemical facts had proved Berzelius’s 
system insufficient for the domain of organic 
chemistry, the insufficiency of its physical 
foundations was also made apparent. This 
happened in consequence of Faraday’s funda- 
mental work. 

A lively discussion concerning the cause of 
the production of electricity in the galvanic pile 
had been carried on ever since the days of 
Volta. While Volta and his successors sought 
for the cause of the electric tension at the ex- 
tremities of the pile in the contact of the metals, 
a number of other workers held to the opinion, 
as first expressed by Fabbroni, that the cause of 
galvanic electricity was to bo found in the 
chemical processes which take place in the pile. 
It is not possible to enter here into the history 
of the contest which has lasted up to the pre- 
sent day. Faraday attempted to solve the pro- 
blem, and in so doing he discovered the electro- 
lytic law (1834) which goes by his name. 

This law affirms, firstly, that when electricity 
passes through a body which is decomposed by 
it— that is, through an elccirolyte~i\\Q quantity 
of substance decomposed is proportional to the 
quantity of electricity that has passed through. 
Secondly, the law affirms that when the same 
quantity of electricity passes through different 
electrolytes, the quantities of the different sub- 
stances which are thereby decomposed are to 
each other in the ratio of their chemical equiva- 
lents. 

These two” generalisations primarily sup- 
ported the chemical theory of galvanic electricity, 
as according to them a galvanic current is never 
possible without a corresponding chemical pro- 
I cess. At the same time, however, they were in 
I unresolvable contradiction to the foundations of 
the theory of Berzelius as conceived by him; 
since, if one and the same quantity of electricity 
is always necessary in order to decompose 
chemically equivalent quantities of any sub- 
stances, it cannot be true that diffeient quantities 
of electricity cause their combination, in which 
act they neutralise each other. Berzelius was 
keenly alive to this contradiction, but as he did 
not wish to doubt his own theory he preferred 
to doubt the laws of Faraday, and he continually 
argued against them. 

It was through the work of Daniell IT, 1839. 
i.67, and 1840. i. 209), which followed up the 
researches of Faraday, that the electro-ohemioal 
theory was fought on the very ground from 
whion it had sprang. The results ofUhe elec- 
trolysis of neutral salts, such as potassium sul- 
phate or sodium chloride. whei^,the two eleo- 



KLSiCrrRIOAL METHODS. 177 


trodw o( IIm d«oteoMo mU wen lepartfled by 
a porous diaphragm, wowed that detonating gas 
’ (or hydrogen) was formed in the same quantity 
as in a voltameter with dilute sulphurio acid 
inserted in the circuit, and besides this anequiva* 
lent quantity of the salt was decomposed into 
acid and base. This phenomenon cannot be 
brought'into accordance with the law of Faraday 
otherwise than by assuming that electrolysis does 
not split up the salts into base and acid, but 
rather into the metals and into the elements 
(such as Cl) or radicles (such as SOJ combined 
with these. Thus, whenj^potasymn sulphate is 
electrolysed, hydrogen and oxygen are only se- 
condary products, just as the free acid and the 
base are only secondary products; the salt K.^SO, 
splits up rather into free potassium which 
acts on the water, forming potash (Kj-f- 2 Hp 
~Hj + 2KOH), and into the radicle SO 4 , which 
with water gives sulphurio acid and oxygen 
(.SO 4 + Hp =» HjS 04 4- 0). Correspondingly, wlien 
copper sulphate is electrolysed we obtain, not 
copper oxide and sulphuric acid, but on the one 
side metallic copper, and on the other side SO 4 
which gives sulphuric acid and oxygen. Thus 
Daniell arrived at the conclusion that the con- 
ception of salts as consisting of base and acid 
would have to bp given up, and that they rather 
consist of a metal and a simple radicle (Cl, S, 
dro.),or a compound radicle (SO,, NO,, Ac.), aiid 
he further pointed out that Davy had already 
expressed similar ideas. 

The same result to which the application of 
Faraday’s law led in this case had meanwhile 
been arrived at by chemical methods. After 
Graham (T. 18:13. ii. 253) had reducM the differ- 
.ences exhibited by the salts of phosphoric acid 
to differences in the amounts of water held by 
the acid, and had thus founded the theory of the 
polybasio acids, Liebig (1838), in his celebrated 
paper (A.*26, 113), enunciated the theorem that 
all acids must be looked on as hydrogen com- 
pounds, and that the formation of salts consists 
in the replacement of this hydrogen by metals 
or metallic radicles. By means of this conception 
the unnatural division between the salts of oxy- 
acids on the one hand, and the halogen com- 
pounds of metals on the other, was again put 
aside. The necessity for such af division bad 
been felt by Berzelius to be a great trouble, and 
to do away with it he had for long clung tena- 
ciously to the assumption that the halogens were 
oxygen compounds. 

The first attempt to utilise the facts of gal- 
vanism for chemistry had failed. In 1850 Bor- 
selius’s electrochemical theory had but few 
supporters left. Still the consciousness survived 
that the mistake had lain in the form in which 
the relation between chemical and electrical pro- 
perties had been represented ; and it continued 
to be recognised that this relation actually did 
exist, and that it was of the greatest importance. 
A sign of this recognition is found in the fact 
that althongh Berzelius's theory had been re- 
jected, the elements which form bases were still 
called positive and those which form acids were 
called Tiegative, In fact, the electrochemical 
contrast of the two oonstitnents of salts is a fact 
which becomes obvious with each electrolysis, 
and whicbi^erefore, cannot be doubted. It was . 
only necessary to modify the view of ^neiius 
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and to say that it is not the acids and bases (or 
more correctly their anhydrides) which are the 
constituents of salis, but rather it is the metal 
and the acid radicle. This modification oi tlie 
electrochemical theory has, however, soaroaljr 
left any traces in the development of the che- 
mistry of that time. The reason of this is that 
compounds of the nature of salts receded quite 
out of the foreground of interest. Organic che- 
mistry, which at that time developed brilliantlv, 
dealt with substances very few of which could 
be dooomia) 8 ed (ly the olectrio current, which 
were not electrolytes, and for which, therefore, 
the eleotrochemical contrast did not exist. The 
unitary conception was consequently involun- 
tarily extended to the salts, and the important 
distinction between electrolytes and non-electro- 
lytes was not at all taken into account by che- 
mists. It is true that Faraday attempted to 
account for these two classt's of bodies by sup- 
posing th«t in tli^ one case the number of 
positive and negative atoms was the same, but 
in the other case these numbovs were different ; 
but this rule proved to be incorrect, and for a 
long tiino these relations wore neglected because 
they could not be grasped scientifically. After 
the refutation of the erroneous views of Berzelius, 
people thought themselves justified in altogether 
ignoring the electrochemical relations. 

This was the condition of elootroohem.siry 
till quite rcoently. The only attention it received 
was from the hands of some physicists, and it is 
only natural that purely chemical problems did 
not fare particularly well under these oiroum- 
stances, the more so as even up to tho present 
day it often happens that from this side th ) 
electrolysis of dilute sulphuric acid is represented 
as electrolysis of water ' which has been mado 
conductive by an addition of sulphurio acid. 
Although tho direct furtherance thus given to 
chemistry was insignificant, yet the indirect 
effects wore important. If it is possible to speak 
to-day of the development of a new electroche- 
mical theory, it is almost exclusively to these 
physicists that wo owe tho means for so dding. 

The first investigator to be mentioned at this 
point is Hittorf. He connected his work with 
the experiments of Daniell, and took up the 
consideration of a plienomenon which had re- 
mained incomprcheiiRiblo to the latter. When 
Daniell experimented with sulphurio acid in his 
apparatus, he found that bosidcs the electrolysis 
of the acid a change in the concentration had 
occurred ; at tho negative pole the acid solution 
bad become more dilute, at tho positive pole it 
had become more oonoentrated. It occurred to 
Hittorf that this phenomenon must be due to the 
different velooiiies with which the two consti- 
tuents or ions of sulphurio acid— that is, 2H and 
HO 4— travel through the liquid. If, for instance^ 
the hydr(^en remained at rest and the group 
BO 4 alone moved, it would follow that after the 
electrolysis of one molecular weight of tulphorio 
acid, tjiere must be an increase, by that amount, 
in the oonoentration at the positive pole towards 
which SO 4 had travelled. If, on the other hand, 
the hydrogen alone travelled, the concentration 
would remain unchanged. Now, it had been found 
by Daniell that the increase in concentration at 
the positive pole was equal to less than a quartet 
of the quantity of acid electrolysed ; the necessary 
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wnclurfonwa*, therefore, that bothionatravelled, rausolT (TT, li; 668) iiidieaied 8 twAdtidat 
but that SO* moved much more slowly than 2H. and accurate method. As soon as the values of 
Hittorf proved by a great number of careful ex- the electrical conductivities of electrolytes could 
perimcnts {P. 89, 177 ; 98, 1 ; 103, 1; 106, 337) be determined easiljf, by Kohlrausch’s method, 
that this conclusion always agreed with observed important relations soon came to be recognised 
facts. He then used the knowledge thus gained between the conductivities and the chemical pro- 
to answer chemical questions, for the solution of j perties of electrolytes. The most important of 
which no other means existed at the time. But I these relations, the discovery of which was made 
in spite of their great importance, Hittorf ’s by Arrhenius {Bigh. Swensk. Ak. 8, Nos. 13 and 
results have been all but completely ignored by 14, 1884), lies on the path opened up by Hittorf. 
chemists. ^ ^ ^ The fact that substances capable of conducting 

These experiments afforded verific«,tion of the the current and of being electrolysed are also 
conclusion that the more immediate components specially capable of entering into chemical re- 
of salts— or what is the same, the ions of salts — actions, which was emphasised by Hittorf, can 
really are the metal and the acid radicle. At now be made definite by saying that both powers 
the same time electrolysis furnished Ilittqjf with i are nearly proportional for different electrolytes,* 
the means of solving certain old problems. Thus, From this discovery there* has grown anew 
for instance, opinion was divided as to whether electrochemical theory, which, in its entirety, 
potassium plalinichloridoandsimilarsalts should will be expounded later on. 
be considered as double salts— -for example, as The other problem concerning the connec- 
2KC1 and rtCl,— or as sal/s of chAoroplatiiiic tioh between the electromotive force of galvanic 
acid H^PtCl,. Hittorf submitted sodium platini- cells and the chemical processes within them 
chloride to electrolysis. If it consisted of was solved by Helmholtz {Die Erhallung dcr 
2NaCl + PtCl„it followed that sodium and plati- Kraft, 1847), and later on also by Sir William 
num were the positive ions juul chlorine the Thomson (P. M. December, 1858), and this was 
negative ; if, on the other hand, it was Na.l*tGltt> ‘l*^*'^* primarily on the basis of a hypothetical 
the ions would be 2Na and PtCI,;. In the first assumption. According to Faraday’s law, when 
case, therefore, the platinum must travel to the equivalent quantities of different substances are 
negative pole, in the other case to the positive, used in the galvanic cell, equal quantities of 
Experiment decided for the latter view ; the electricity are always put into motion. This 
platinum did not go to the negative pole, as the being so, the intensity of the motion, or the 
metals generally do, but travelled with the electromotive force of the galvanic cells, must 
chlorine to the positive pole, thus proving itself bo proportional to the quantity of heat produced 
to be a constituent of the acid radicle. In a like by the chemical processes within the cell. The 
manner Hittorf decided quite a number of similar supposition is made hero that all heat is used 
questions. ... electricakwork — a supposition which Thom- 

Dui'ing these investigations, Hittorf drew at- son found verified by an experiment of Joule, 
tention to another point, which at a later time Meanwhile it has been proved, however, that the’ 
proved to bo of the utmost importance. The heat produced in chemical changes is not gene- 
fact that electrolysis can be started by the rally completely transformed into electrical work, 
weakest cunrents is in contradiction to the usual and Helmholtz (B, B. 1882) himself his worked 
chemical views, according to which the consti- out the formula representing the general relation 
tuents of salts, such as KCl, NaBO„ Ac., are between these two quantities, 
hold together by very strong alliiiitics. At the To these problems are joined those concern- 
samoAirao, Hittorf emphasised the fact that those ing the nature and the value of galvanic polari- 
Bubstanccs which conduct clcctroly tically are the sation. In this province investigation has, how- 
most ready to interchange their constituents, ever, made so little way as yet that it sulfices to 
This fact also is against the assumption of a point out that most important problems here 
specially firm binding togetlier of the consti- await their solution. 

tuents of salts. Occasion will bo found later to Ttie foumlalions of the scie? 7 cc of electricity. 
refer to this remark. General considerations.— If a bar of per- 

There are other parts of the science of elec-, fcctly pure or amalgamated zinc is placed in 
tricity, besides the phenomena of electrolysis, dilute sulphuric acid, no chemical action takee 
in which the chemical nature of substances has place, nor is there any such action if a bar of 
to be considered. These are the electrical con- platinum be introduced into the acid. But as 
ductivities of electrolytes, the electromotive force soon as the two metals are made to touch each 
of galvanic cells, and galvanic polarisation, other an action occurs ; the zinc is transformed 
These fields have been cultivated till quite lately into zinc sulphate by expelling the hydrogen 
only by physicists to whom purely chemical from the sulphuric acid, which hydrogen, how- 
questions were foreign. ever, is evolved at the surface of the platinum 

The electrical conductivity of an electrolyte is bar. 
ft quantity the determination of which was Direct contact of the two metals is not 
formerly attended with great difficulties. These necessary. If, for instance, the zinc is touched 
diffiodlties occur because the ions which sepa- with the end of a copper wire and the platinum 
rate where the electric current enters orfeaves is touched with the other end, the same effect is 
the liquid ‘polarise’ the electrodes, and thus produced. On the other hand, there is no effect 
p^uce new and unknown electromotive forces. the connection is made through glass, wood, 
Details of the various attempts which have been or such like sabstances. 
made to overcome this difficulty will be given The copper wire which connects two 
later. It was, however, only in 1880 that, after long metals has acquired special propertieswhicb 
and. varied preliminary investigations, F. Kohl- remain as long fts the chemic^ a^on of tho 
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htila parallel to a movable magnetic needle at a 
abort distance above it, the needle will be de- 
flected ; farther, the wire ^comcs heated ; and 
finally, if the wire is cut in one place, and the two 
ends are placed close to each other on a paper 
moistened with solution of potassium iodide and 
starch, it can be perceived that a chemical de- 
compdsition of the potassium iodide has occurred, 
since a blue spot of iodide of starch appears under 
one end of the wire. 

iror^-, or, speaking generally, energy, is gained 
by the chemical action between iho zinc and the 
sulphuric acid; the energy usually appears in the 
form of heat. The arrangement described shows 
that it is possible to conduct this energy away 
from the place where it is sot free— that is, from 
the point of contact between zinc and sulphuric 
acid— and to make it effective at any i>oint of 
the connecting wire wo please. And furtjjer, we 
can obtain this energy at will in the foriA of 
thermal energy, chemical energy, or mechanical 
energy. 

The sole difference that can bo perceived be- 
tween the metals in their usual Btiite and when 
dipped into tlie acid is that they have becorno 
electric ; the platinum shows itself charged with 
positiye, and the zinc with negative, electricity, 
liy means of a suitable olcclrometcr this clcctrio 
charge can be measured. It appears to be de- 
pendent on the nature of the metals, as \iull as 
on that of the acid. 

UencQ we oonoliule tliat the chemical action 
between the zinc and the acid does not, as usual, 
give out its energy in the form of heat, but in 
that of electrical energy. As to wliether the 
transformation from chemical to electrical energy 
'is complete or partial, and, if the latter, by what 
this partial amount is determined, these arc 
questions with wliieh we can occupy ourselves 
only at tf later stage. • 

As is generally the case with al! forms of 
energy, electrical "Energy allows itself to be re- 
solved into two factors,oneof which is a capacity, 
and the other is an inieiisity. Tor these factors 
the general law holds, that a system can he in a 
state of rest only if the intensity ol the energy is 
the same throughout the whole. An exception 
to this occurs only if different kinds of energy 
are present sirnultancDUsly in one system ; then 
there can exist a difference of (me intensity, if a 
compensation is produced by a corresponding 
difference of the c^hcr intensity. 

The two factors of electrical energy are 
called quantity of electricity and electromotive 
force or potential ; the first ia tlic capacity, the 
second the intensity. In accordance with the 
above-mentioned law, we shall therefore say that 
in a system in which electrical forces alone act 
there is equilibrium if the electromotive force 
or the potentiaf is the same throughout. This 
is the well-known law for conductors of elec- 
iricity. 

With sabstances which do not allow of any 
motion of the electricity— that is, with non- 
conductors— the potential can, it is true, be 
different in different places. But then, owing 
to the striving for equalisation on the part ox 
|hei||||teDtial, small displacements are produced 
tn reacting forces of elastioiij 

wliieh tedimpany these form the compeosetion 


for the insqaality of the eleotrie intensity oe 
potential. 

When oontaot between two different sub- 
stances occurs, a mutual action at the surface 
of contact is generally set up, and a displacement 
of energy is tbuB brought about. The changes 
in the surface-energy which thus occur Mem to 
be generally compensated by corresponding dif- 
ferences in the electric intensity, i,e. the suiiaoea 
of different substances in contact attain different 
puteniiuls. If the substances are oonduotora 
ol electricity, each of them must be at a uniform 
potential at every point within it; hence a dif- 
ference of potential exists at the surfaces of con- 
tact only.* 

Electrical mcasuremonta. In order to 
examine systematically the nature of electrical 
I phenomena we are at the very lieginning obliged 
j to find a measure for them. We generally start 
! from a definition of quantity of eleetrieity, since 
I the historical devel^ipinent of the science has led 
; to the notion that this is one of the most im- 
I porfant factors in the plienoinqtia. And yet we 
j have no proof that such things as thehyi>othetical 
1 electric Ihiids actually exist. Wliat we do know 
of electrical phenonieiia are the meohanioal, 

! thermal, and chemical effects, i.e. the mani- 
! festations of the electrical eyiergy, and it is this 
I which is the real thing underlying the electrical 
i phenomena. Quantity of electricity is a mag- 
nitude of the same ordiu' as perhaps a volume, 

I and one which can bo increased or decreased at 
will. But electrical energy cannot be destroyed, 

I nor can it bo produced; it can only be changed 
\ into, or obtained from, other forms of energy, 
j Electrical energy is then to be measured by 
j the same units as other .forms of energy, me- 
■ chanical energy especially. The unit used for 
kinetic energy, which is represented by the for- 

! mula’%’ (whore ‘771 stands for the mass, v (or 

; the velocity), is double that energy which the 
i mass of one gram possesses when moving with 
, the velocity of one centimetre in one second. 

I This being so, tlie unit accepted for electrical 
I energy is that quantity of energy which is ob- 
I tained by the transformation of the above-defined 
' quantity of kinetic energy into elc(!trioal energy. 

I* And furl her, since, as has been already inontionM, 

I electrical energy lias to bo looked upon as the 
! product of two factors, the quantity of electricity 
j Q and the potential £, the unit by which the 
; product QE must be measured is thus also fixed, 
j The units of the two factors Q and £ are still 
arbitrary, in so far as wc oan oboose one of them 
at will, that tor the other being then fixed. In . 
fact, different units have been chosen for different 
purposes, and accordingly different systems of 
; electrical magnitudes have been obtained. Fara- 
day’s law, that equal quantities of eleotrioity 
travel with equivalent quantities of separate 
iqjts, supplies the chemist with a natural unit 
for quantity of electricity. Hence that quantity 
of electricity which is combined with one gram 
of hydrogen as ion will serve as unit of quantity 
of electricity. Then the unit of potential would 
have to be the potential at which above- 
defined quantity of electricity must be in order to 
! produce unit of work. 

1 This system of units has not become general \ 
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it has been displaced by a system which is de- 
rived in a somewhat complicated manner from 
the action of current electricity on magnets. 
This system also has not been retained un- 
obanged, but another one has been deduced from 
it, in which instead of the unit of length of 1 cm. 
a lO’-fold value has been introduced, while 
instead of the unit of mass of 1 g. a value 
10 " times as small is accepted ; the second has 
been retained as the unit of time. Hereby the 
unit of electrical energy has been changed also ; 
it no longer coincides with the> mechanical unit, 
but is 10^ times greater. 

In this system the unit of potential is called 
a voU\ in order to get a conception of«its magni- 
tude it is to be remembered that the difference 
of potential at the ends of a Daniell cell is about 
1*1 volt. 

The unit of quantity of electricity has been 
called a coiilonib. When a coulomb is forced 
through a volt a quantity qf work equal to 10’ 
mechanical units is done. 

In order to fix the relations of these units to 
other unite of energy, we must first remember 
that the work necessary to move 1 g. through 
1 cm. against gravity is equal to 980 mechanical 
units, approximately. The above-delined unit 
of electrical energy would therefore be equal to 
io» 

980* or approximately to 10200 gravitation-units. 

Further, the unit of thermal energy is the quan- 
tity of heat which raises the temperature of 1 g. 
of water by 1°C., and which, according to the 
measurements of Joule, is equal to 42350 gra- 
vitation-units, i.e. 42350 g. would on falling 
through 1 cm. give up 1 calorie of heat, or would 
heat 1 g. of water by 1*^0. Hence this magnitude 
is equal to 4*15 x 10’ mechanical units. Since the 
unit of electrical energy amounts to 10’ me- 
chanical units, it follows that 1 calorie is equal 
to 4*16 electric energy units, or 1 volt x coulomb is 
equal to 0*241 calories. A number obtained more 
recently by Dieterici by direct measurements is 
probably more accurate. According to him, the 
energy of 1 volt x coulomb is equal to 0’235C cal.; 
the unit of quantity of heat here used is of 
the quantity of heat given out by 1 g. of water in 
cooling from 100° to 0°. This factor is import- , 
ant for the relations between the heat produced in 
chemical changes and the corresponding electri- 
cal phenomena. Finally, we know from measure- 
ments by F. Kohlrausch and Lord Bayleigh that 
1 g. of hydrogen as ion carries with it 06540 
coulombs. The same quantity of electricity is 
carried by each equivalent of any other ion, for 
instance, by 107 g. of silver, ^ x 63*4 g. of copper, 
^ X 27 g. of aluminium, <&o. 

Electric currents. If the potential of 
electricity is different at different places of a 
conductor, a movement of the electricity is pro- 
duced in the same way as motion is produced in 
a mass capable of moving freely when it is a4 a 
higher level than its surroundings. If the dif- 
ference of potential is maintained, the movement 
is maintained also. 

* The compensation of a difference in electric 
potential necessitates a decrease in the electric 
energy, which in this process changes into an- 
other form. The form most easily produced is 
thermal energy, but, as has been mentioned 


above, it it potsible alto to obtain* ihechahical 
or chemical work. 

The measure oL the quantity of energy 
changed into anothenorm is given by the pro- 
duct of the quantity of electricity moved into 
the decrease of the potential. If the differences 
of potential are distributed over measurable 
distances the process is called an electric current 
The term has been taken from the analogy which 
in fact does exist between currents of water and 
currents of electricity. The level of the water 
corresponds to the potential of the electricity, 
and the quantify of water corresponds to the 
quantity of electricity. In both cases the trans- 
formable energy, or the available work, is equal 
to the product of the quantity (of electricity or of 
water) into the difference of level or of potential, 
and a current sets in when at difference of level 
exists. It must only be borne in mind that the 
phenomena which are brought about by the 
kinetic energy of the moving masses in water 
currents have no analogy in the domain of electri- 
city. The electricity behaves as if it possessed 
only an inappreciably Small velocity or mass. 
Therefore, when the electricity has sustained a 
definite decrease in potential, it has lost the whole 
corresponding quantity of energy, while the water 
can retain a part of it in the form of velocity- 
energy. 

Electric currents are measured by their in- 
te7isi9y. By this is understood the quantity of 
electricity which flows in the unit of time through 
a cross-section of the current-path; hence the 

intensity I has to be put as where t stands for 

the time. Since electricity moves only when 
using energy, a loss of electrical energy cor- 
responds to every current, the lost energy gene- 
rally reappearing as heat. When heat is the 
only forpi into which electric energy is trans- 
formed, the following equation must hold ; 

W = EQ, and ^ = EI, where^ stands for the 


loss of potential between the two ends of the 
path of the current considered. 

Experience has further shown that different 
conductors when introduced into a circuit cause 
different lossep of potential along their lengths. 
This property has been ascribed to a resistance 
of the conductor to the motion of the electricity, 
in a way similar to that wherein tubes of different 
bore offer different resistances to the motion of 
water within them. In accordance with this, the 
resistance 11 is defined as the ratio between the 
difference of potential E and the quantity of electri- 
city forced by means of it, in unit time, through 
the conductor, or, what is the same, the intensity 

I. Here we have R » 5 or I * 5 . This is the 
I R 

celebrated law of Ohm, that the intensity or the 
strength of the current is equal to the ratio be- 
tween electromotive force and resistance. 

Combining this law with the preceding one, 
W 

it follows that » I^. This expression is the 

|aw arrived at experimentally by Joule, accord- 
ing to which, for currents of equal strength, the 
heat evolved in unit of time is proporticmal to 
the resistance, and for equal resistauMS it is pny 
portional to. the square of the currein s^ngtL 
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It if easy to deduce from the units already I In a oircuit oonsisting ezoluiively of an 
gjlvon the values for the units of the two new eleetrolyte, a motion of electricity can t^e pl^e • 
terms introduced when dedning electric currents, I without the corresponding chemical action being 
namely, the strength of the current S and the re- | apparent. But if a conductor of the first class 
sistanceR. The unitof intensity I is that strength ' directly touches an electrolyte, whenever there is 
of current at which, in every second, one coulomb j a movement of electricity Ibere is alsoaproduo- 
tlows through the cross-section of the conductor; . tion of the ions at the surface of contact, and the 
theunitof intensity is called an The unit ‘ chemical effects become apparent. As proposed 

of resistance is that resistance by means of which • by I'araday, the surfaces of metallic conductors, 
a current of unit intensity (1 amp^^fn) produces in ’ where they touch the electrolytes, are called 
unit of time the unit of heat. As we have seen : eU'ctrodfs. The surface at which the anions ap- 
obove, this last is equal to 10^ mechanical units, ' pear is cflllcd the aiiod^, and that whereat the 
or to 0*2350 calories. An alterri|)t has been made ' cations appear is called the rothotie. 
to represent this re.sistance with the utmost Faraday also formulated the general law to 
possible accuracy, and ifrha^ieen found that it which all movement of electricity in eleotrolytee 
equals the resistance of a column of mercury is subject. In evrry electrolyte the quantity of 
of 1 sq. mm. section and 106*3 cm. in length, at ion separated out is proportional to the quantity* 
the temperature of melting ice. This unit of of electricity which has jmssed through, and 
resi.stancc has the name ohm. Slightly different same quantity of electricity passing through dif- 
to this is the legal o/jm, which has beenJixed ferent electrolytes separates quantities of the dif^ 
arbitrarily as equal to the resistance of a column ferent that aitt in the ratio of tJte chemical 
of mercury 100 cm. long and 1 sq. ram. section, the equivalents of those lows. In these propositions 
exact determination of the true ohm being u very it has been a.ssumed for siraplfeity’s sake that the 
ditlicult operation. The commercial resistances ions are actually separated out at the electrodes, 
are graduated according to the legal ohm, and but this is not essential for the truth of Fara- 
in scientific works in which the absolute value of day’s law. The following wording completely 
the ohm comes into consideration, this difference expresses the actual meaning of Faraday’s law : 
of 3 per thou.sand must be tivken into account. Electricity can move in electrolytes only simuU 
In most cases this is not necessary, just as in taneously with the ions, and so that cliemically 
most cases it is immaterial whether or not a set equivalent quantities of the different ions carry 
of weights is made according to exact grams, as xcith them equal qxiantities of positive or of 
long as it is only made exact in its proportions, negative electricity. 

The Law of Faraday. Those substances We arrive at a perfectly appropriate conoep- 
v/hich allow a movement of electricity through tion of the nature of electrolytic conduction it 
them, i.c. condiu tors of electricity, are divided we assume that each equivalent of the different 
into two classes. lu the cases considered so far, ions possesses an equally large capacity for 
the assumption has been made th.at the only form electricity, or, to use the words of HelmholU, 
of energy into which the electric energy of the ‘ the electricity in electrolytes behavei as if it 
current is trunsfor.ncd is heat. Conductors were divided into equal atoms.’ 
which undergo no change other thaa that they In applying Faraday’s law, it is important 
get heated when the current passes through that we should keep in mind the difference 
them are called conductors of the first class or between the equivalent and the atom; the 
metoUic conductors. To this class belong the equivalent weight is equal to the atomic weight 
metals, their alloys, carbon, and certain com- divided by the valency. Thus the same quantity 
pounds. of electricity travels with 107 g.of silver, J x 66*5 g. 

Now, there are many substances which permit of zinc, and | x 27 g. of aluminium ; also with 
a movement of electricity through them, but in 36*6 g. of chlorine there travels only half as 
so doing themselves suffer chemical change. To much electricity as with 96 g. of SO 4 . As an 
ilicse belong aqueous solutions* of acids, basesf amplification of the illustration used above, we 
and salts, as also salts in the molten state, and must assign to each atom as many equal 
a few other compounds. Such substances are capacities fur electricity as the number of 
called conductors of the second class or electro- valencies it possesses. Perhap-s this is the path 
Irjtes. by which in the future we may arrive at aa 

The movement of electricity in electrolytes elucidation of the nature of chemical valency, 
takes place in such a manner that the com- The truth of Faraday’s law was tested by its 
ponents of the electrolyte move fridependeiitly discoverer himself in many ways (Exp. Ess, 
of each hthcr. Hydrogen, the metals, and the vii. ser.). He convinced himself that tne same 
metallic radicles move with the positive elec* i quantity of dilute sulphurio- acid was always de- 
tricity, or, according to the usual designation, j composed by the same current, whether the 
from places of higher to places of lower potential. ; electrodes, or the E.M.F., were large or small* 
The halogens, the acid radicles, and hydroxyl. Nor did the strength of the acid exert any influ- 
on the other hand, travel with the negative elec- | ence. Finally, he introduced into the same 
tricity, or from places of lower to places of higher circuit dilute sulphuric acid and tin chloride, 
potential. lead chloride, or lead borate, or he led the same' 

According to Faraday’s nomenclature the com- current through different beakers with dilute sul« 
ponents of electrolytes— that is, on the one hand phurio acid, using electrodes of different metals; 
the metals, hydrogen, on the other hand the In all oases he found his law verified* Later on, 
halogens, the acid ra^cles, &e.— are called ions, other investigators have tested whether part of 
■ The first named, which travel down with the the electricity is not perhaps conducted through 
current, #re oall^ eaUons, those which travel up electrolytes in the same way as thtongh metals, 
aniont, * but no trace of this has boen discovered ; Uk 
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every case the electricity passed through has 
been strictly proportional to the quantity of ion 
separated out. And the law of equivalency has 
also proved itself so correct that it has been 
used lately as a moans for determining equivalent 
weights, and hence atomic weights. 

The cases in which the same element exhibits 
different valencies according to circumstances are 
of special interest. Many such cases have been 
examined by Begnauld (A. Ch. [4] 11), who 
formed cells by taking platinum and different 
metals, along with the correspoiMing electrolytes, 
and then determined the quantities of metal 
dissolved when equal quantities of electricity had 
been allowed to pass. Thus it was found that 
mercury in dilute nitric acid has the equivalent 
200, since it is changed into HgNO,, a compound 
of mono valent mercury ; in a solution of potas- 
sium cyanide it has tlie equivalent 100, because 
it becomes Hg(CN)j, in which the mercury is di- 
valent. Similarly, copper in hydrocliloric acid 
forms CuCl and has the equivalent C3-4; in 
nitric acid it forms Cu(NOs)o, and has the equiva- 
lent 31*7. Tin scarcely ever passes into solution 
except as a di-valent element; it is only in 
alkaline polyaulphidcs and in a solution of caustic 
potash containing nitre that it acts as a tetra- 
valent element. Tellurium also can he made to 
act as a di-valent and a tetra-vulent element. It 
is known that the elements mentioned show quite 
different reactions in their solutions, according 
as they are present as mercurous or mercuric, as 
stannous or stannic compounds, d'C. Hence in 
these cases the nature of the chemical reactions 
depends on the quantity of electricity with which 
the ions are combined. • 

This is the place to refer back to a mis- 
understanding concerning the law of Faraday 
into whioh Berzelius first fell, and which has 
recurred many times since. As has been men- 
tioned, Berzelius saw in this law a contradic- 
tion to his theory, and tried to refute it by the 
following argument: if equal quantities of 
electricity wore required for the decomposition 
of equivalent quantities of the most diverse 
compounds, it would follow that these could be 
decomposed by equal forces; this, however, is 
not possible, since the different substances are 
evidently held together by quite different forces 
of affinity. From the illustration given above it 
can be seen that, contrary to the assumption of 
Berzelius (which, however, was very excusable, 
considering the state of electrical science at 
that time), Faraday’s law does not in any way 
deal with forces, but rather with quantities of 
electricity. Comparing electrical decomposition 
to the raising of water out of wells by means of 
buckets, Faraday’s law asserts that in spite of 
the differences in the depths of the wells, the 
size of the buckets is always the same. We would 
fall into an error similar to that of Berzelius if 
we oonoluded from the equal size of tiie buckets 
that the work necessary for raising the water out 
of all the wells of different depths was the same. 
The illustration also shows directly wherein the 
differences in chemical work, corresponding to 
the different depths of the wells, assert them- 
selves, namely not in the quantities of electricity 
required, but in the differences of potential. 

Electrolytes and ions. It follows from 
the natnre of an electrolyte that it must be a 
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compound suWahoS, Sincb oth<fi:wfse its^perts 
or ions could not transport the electricity in both 
directions. Tet all compounds do not possese 
the power of conducting electricity. In particu- 
lar, we do not know of any substance liquid at 
the ordinary temperature which is an electrolyte ; 
amongst pure substances it is only the salts 
melted at a higher temperature which conduct 
at all appreciably. 

On the other hand, all substances having the 
character of salts, acids, and bases possess electric 
conductivity when in aqueous solution. In these 
cases the water Ixerts a specific influence, since 
solutions of the same substances in alcohol con- 
duct much less if St all ; and solutions in ether, 
carbon disulphide, and similar solvents are 
scarcely conductive. • 

There are two factors, therefore, whioh are 
necessary for the production of electric conduc* 
tivit y, i.e. the nature of the substance and the 
condition in which it is. 

In electrolysis the molecule of the conducting 
compound appears to be split into two parts. 
There can be no doubt as to what these parts 
arc with substances such as chloride of silver 
' or potassium' iodide ; since they consist of two 
elements only, the metal must be one ion and the 
halogen the other. The question gets more 
doubtful with ternary compounds, such as nitric 
acid, sodium acetate NaCO.^CH.,, or ammonium 
chloride NH,C1. Since, however, no important 
distinction manifests itself in the behaviour of 
these substances and those mentioned above, it 
is simplest and most obvious to assume tliat their 
ions correspond to those of the substances first 
named. Hence the ions of nitric acid are H and 
NO,, those of sodium acetate Na and CO,CH„ 
and those of ammonium chloride NH, and Cl. 

It is possible to examine this assumption on 
the basis ef Faraday's law. In the electrolysis 
of potassium sulphate as much oxygen and 
hydrogen are obtained as from the electrolysis of 
dilute sulphuric acid by means of the same cur- 
rent, but in addition to this there is found at the 
anode an equivalent quantity of free sulphuric 
acid, at the cathode a corresponding quantity of 
free caustic potash. If we assume with Berzelius 
that the current has decomposed the potassium 
'sulphate into potassium oxide and sulphur tri- 
oxide, KjO and SO,, which combine with the 
water to form 2KOn and H.^SO^, we should have 
to assume further that the same current had in 
the same electrolyte simultaneously decomposed 
an equivalent quantity of water. But this is in 
contradiction to the law of Faraday. If we as- 
sume, howevir, that the ions arc K, and SO4, it is 
comprehensible that the potassium separated out 
should act on the water of solution, evolving 
hydrogen, according to the^quation 2K + 2H,0 
= 2KOH + Ho; in like manner the ion SO4 acts 
on the water and forms sulphurio acid and 
free oxygen, according to the equation HjO + SO4 
= H.,S04 + 0. With those metals which do not 
decompose water, such as zinc, copper, and 
silver, wo actually obtain the metal only at the 
cathode; and similarly, solutions of chlorides, 
bromides, and iodides do not generally give free 
oxygen, but free halogen. 

It is necessary, therefore, to distinguish care- 
fully between the primary ai^ the ceoondaTj 
effects of electrolysis. The primary effects consist 
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ife the eleotrodea. 

Bat ainee the ions do not oontinne to exist as 
such after having given up their electricity, they 
undergo further changes according to circum- 
stances. The simplest case is that of the metallic 
ions, when these cannot act on the water ; they 
simply become solid or liquid metals. So also 
the separated atoms of the halogens pass on, com- 
bining into gaseous chlorine, CL, or into the 
molecules of the dissolved bromine or iodine. 

The metals which decompose water can still 
be obtained in the metallic state when water is 
excluded or reduced to as smali a quantity ns is 
possible. A classical example of tliis is furnished 
by the electrolysis of sliglitly moistened potash, 
by means of which H. Davy discovered potassinm. 
The electrolysis of molten salts, that of the 
chlorides especially, furnishes a nieJins for pre- 
venting the secondary reaction of the metals; 
such electrolyses, which had first been used by 
Bunsen for scientific investigations, have ob- 
tained at the present time great technical im- 
portance in the production of magnesium and 
aluminium. 

Complex cations of the type of ammonium, 
ate very unstable, and until recently it 
was doubtful wliether the so-called ammonium 
amalgam, which is obtained on using a mer- 
cury cathode in the electrolysis of animouinra 
chloride, really contained the compound radicle 
Nil,. By mcasun ments of another kind (viz. of 
the electromotive force) the existence of am- 
monium in the amalgam has now been placed 
beyond a doubt. 

' The compound anions as such are all of them 
very unstable. Many of them, such as the anions j 
of the nitrates, phosphates, sulphates, Ax., .sim- ; 
ply act on the water by taking up from it the 
hydrogen required to produce acids, and liberate : 
the oxjgen. The latter, whicli appears in the 
nasoent state, is callable of bringing anout power- 
ful oxidising elTects. If, for instance, lead or 
iiianganeso' salts are electrolysed, the oxygen 
acts on the dissolved metal and separates it 
at tlie anode as i)eroxide. In otlier cases the 
anion splits up i?ito more stable conipounils. 
Thus in the electrolysis of formates wc obtain 
carbon dioxide and hydrogen from the ion HCthJ, 
according to the equation 211(^00 = H,j + 2COo, 
The acetates give c.arbon dioxide and ethane 
2CH^C0,. s-.CjlI^ -I 200,, and similarly the sails 
of the higher fatty acids give the corresimnding 
paraffins. 

In some cases the secondary action can take 
place in another direction ; in this manner the 
formates can produce— instead of hydrogen and 
carbdnic acid— water, carbon dioxide, and carbon 
monoxide, as is shown in the following equation, 
2H'^/02 = li;0 + CO + CO.;. In most cases such 
secondary processes take place along with the 
primary actions, and the proportion between the 
two depends on external circumstances, tem- 
perature, concentration, current-density, Ac. 

In a few cases it is somewhat difficult to I 
racognise the primary or secondary character | 
of a product of electrolysis. On electrolysing ; 
potassium silver cyanide or sodium platinich^pr- ! 
ide, silver or platinum separates, at the cathode, 
so that it seems as if the silver cyanide or the 
platinic|||loride were decomposed primarily. This, 
upweverT would be an erroneous view, since the 


iontf# tin salts are K and Ag(CN)<, and Na„ and 
i PtOl, respectively, and the heavy metals are only 
' soeondarHy reduced from the eclutions by the 
alkali metals. We can convince ourselves of this 
by using small electrodes and strong currents, 
when the salt near the cathode is soon used up, 
and pota.ssium (or sodium), or, more correctly, 
hydrogen which has been formed secondarily, 
separates. More distinct proof of the nature of 
the ions is, however, obtained by studying the 
migration of the ions, to be discussed later. 

- So faathe nssum]>tinM has been made that 
the ions cx<*rt ifo netion on the metal of the 
electrode; this, however, is not always oorreot. 
Only a few metals when used as anodes offer re- 
sistance to the chemical attack of the anions. If 
the motal can conihino with the anion it forms 
the corresponding salt, which either dissolves in 
the water of solution, or, if insoluble, remains 
attached to the electrode and often interrupts 
the ciirnud. But also when used as oathodei 
the metals often combine with the cation ; thus 
ini'lcnry fonns amalgams, lyid the hydrogen 
stqisirated at the ealho«le is occluded in greatei 
or smaller quantities, especially by palladium 
and platinum, and also by iron. In other oasea 
tlic cathode sinqily hecomes coated with a layei 
of the corresponding metal, which separates mors 
or less uniformly according to its nature and tlial 
of the electrolyte. These processes are used foi 
coating substances which arc conductors, or il 
non-conductors, whose surfaces at least bavs 
been made conductivo; such processes have also 

' been employed for gnlvanoplastio coating with 
gold, silver, copper, Ac. 

The constitution of electrolytes- 
It has alreatly been remarked that all compound! 
arc nut electrolytes, and that some substance! 
which do not conduct olectrolytically by them- 
selves obtain this power when dissolved inoertair 
solventa, esj»ecially in water. Prom this it foUowi 
that electrolytes have a special constitution witi 
wliich their special property is connected. Thi 
question as to what this constitution is hai 
scarcely been raised yet, much less has it beei 
answered. This is because most of the com 
pounds known in the days of the e|eotrochemioa 
system of Berzelius were electrolytes, and late 
! on, when many organic compounds, wliiob ar 
! mostly non-elcctrolyles, were discovered, th 
electrochemical tlieury had been given up, am 
the interest in it had disappeared. The ftn 
investigator who proposed the question olearl; 

- and who, as far as he could, answered it— wa 
llittorf. lie. it was who established tlie proposi 
lion 'electrolytes are salts.’ Under the nam 
of 'salt’ llittorf comprised all those compound 
which are capable of exchanging their const! 
tuents within the shortest time. Hence alon 
with the suits proper must be classed acids an 
bases. 

By enunciating this law, Hittorf was the fini 
to draw attention to a most important relaUon 
which has become the starting-point for tibe dna • 
comprehension of the constitution of electrolytes. 
The power to conduct electricity and the powei 
to exert chemical reactions are so closely paraJ^) 
that both must be considered as the outcome cl 
the same cause. This cause, however! hA« to he 
looked for in the cousUtution of the eleotrolytef 
themselves. 



184 


PHYSICAL &IETHOPS IK 


Electroljrtie oondaotion is brought aftut hj 
tbs positive and negative electricities moving 
through the conductor bound to their ponder- 
able carriers, the ions ; it is necessary, therefore, 
to assume a considerable mobility of the ions. 

And, further, electrolytic conduction occurs in 
consequence of any difference in potential, how- 
ever small. It is necessary, therefore, as was 
already pointed out by Clausius (P. 101, 338), 
that in every electrolyte there should be present 
a certain number of ions capable of moving 
freely, i.e. in every electrolyte a portion of the 
salt-like compound which prodhces the conduc- 
tion mtist be partly split up into ions. Clausius 
left undecided how great this portion is, as he 
possessed no means to determine it. To the 
chemists who, in consequence of a peculiar 
shifting of judgment, considered electrolytes 
generally as specially stable compounds, he made 
the concession.that this portion might be very 
small. In the imagery of the kinetic hypothesis 
be conceived that, omng to Ine collision of the 
molecules of the electrolytb with each other Und 
with those of the solvent, one or other occa- 
sionally splits into its constituents, and so gives 
the necessary free ions. 

It is now possible te urge similar considera- 
tions from the chemical side. While gaseous 
substances at the ordinary temperature react 
but seldom, acids, bases, and salts dissolved in 
water do so instantaneously. A mixture of 
oxvgen and hydrogen does not form water until 
it nas been heated to between 400^ and 500® ; a 
miiture of hydrochloric acid and potash, how- 
ever, when in aqueous solution, passes so quickly 
into potassium chloride that it has been found 
impossible as yet to determine the time required 
tor the change, and yet in the first case 68,000 cal. 
of heat are produced, while in the second the 
heat produced, or the energy liberated, is only 
18,700 cal.— that is, five times less. In general, 
non-eleotrolytio solutions also react with each 
other extremely slowly. An example of this is 
afforded by the means which must be taken to 
hasten the reactions of non-electrolytes, and 
especially of organic compounds ; this has to be 
dene by heating the reacting mixtures, often 
under increased pressure. For the formation of 
acetic ether from a mixture of alcohol and acetic 
acid — ^that is, for a process intimately connected 
with that of the formation of salts—at least ten 
vearsore needed, at the temperature of the room, 
before it has approximately attained the end 
which under these conditions it can reach. From 
the chemical point of view, therefore, it is neces- 
sary to suppose that compounds which react in- 
stantaneously— that is, electrolytes— possess a 
special mobility of their parts or ions; and that 
it is the constituents of • salts ’—the term being 
used in the widest sense —which are the ultimate 
causes of electrolyses as well as of chemical re- 
actions. These constituents of salts are, on the 
one hand, the metals, the metallic radicles, and 
hydrogen ; on the other hand, the halogens, tbs 
acid radicles, and hydroxyl. It is possible, there- 
fore, to apply to substances which react rapidly 
—that is, to salts, as this term was use^ by 
Hittorf- the same kinetic considerations as were 
made use of by Clausius to show the presence of 
(pQi in electrolytes. 

We are now confronted on both sides by the 


question of how great !i the proportitm of free 
ions, or of decomposed molecules, in solution of 
electrolytes. The fact that a maximum reacting 
power exists for a given class of substances is in 
contradiction to the assumption that this propor- 
tion is inappreciably small. It has already l^n 
explained (compare the article Affinity) how the 
substances which have been most carefully ex- 
amined from this point of view— the acids— exert 
their chemical reactions according to a definite 
co-efficient which is characteristic of each acid. 
This co-efficient— which can be determined, for 
instance, by me^ns of the velocity of inversion 
of cane sugar— cannot be increased at will, and 
does not exceed a definite maximum value, which 
maximum is possessed by hydrochloric acid, nitrie 
acid, benzenesulphonio acid, &o. All the condi- 
tions— such, for instance, as the introduction of 
oxygen, sulphur, or halogen into the molecule — 
which increase the velocity of reaction of weak 
acids are without any measurable effect on tho 
strongest acids. From this it follows that the 
circumstance which is the cause of the velocity 
• of reaction that is, the unimpeded mobility of 
the ions — has in these substances already 
reached its highest degree, or is at least very 
near to it, since, in opposition to Clausius and 
to the views current till now, we must assume 
that in aqueous solutions of these strong acids it 
is not, perhaps, a fow hundredths or thousandths 
of the molecules present which are split into 
their iona, but rattier that by far the greater 
part of the electrolyte is split into ions. 

A similar conclusion can be drawn from the 
degree in which electrolytes conduct the current. 
The more detailed consideration of this subjeci 
will be taken up presently. Here it will only be 
mentioned that the results oi these investigationa 
agree completely with those on the velocities of 
reactions. 

Athird entirely independent verification of the 
unexpected conclusion that aqueous solutions of 
the strong acids are nearly completely disso* 
dated can be gained from a study of the pro- 
perties of these solutions. 

Only BO much of van't Hoff’s theory of solu- 
tions {Z. P. C. 1, 481) as is necessary for under- 
standing the constitution of electrolytes will be 
/jxplained here, *■ 

The fundamental idea of van’t Hoff’s theory 
is as follows. The physical properties of gases, 
and especially the relations between pressure, 
volume, and temperature, are practically inde- 
pendent of the special nature of the substance, 
while such an independence does not exist with 
liquid and solid substances. The cause of this 
phenomenon may be sought in the fact that the 
smallest parts or molecules of gases are always 
at such a distance apart that they are not capable 
of exerting an action on each other. In liquid 
and solid substances, however, the molecules are 
in close proximity, and exert, therefore, their 
specific reciprocal actions. But there is another 
condition in which the molecules of a substance 
are relatively distant from each other, namely, 
when the substance is present in a solvent in the 
8ta|e of a dilute solution. 

We should expect, therefore, that in this state 
matter would be subject to laws analogous to 
those which hold for gases. p 

The first property characteristic of gases ti 
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tk«it pow«r o! iiztoQdiiig unifonnly through onj which %e do not yet know very exactly, but of 
given space. Solutions exhibit the same peeu- which we can assert that it has to be measured 
liarity. When the pure solvent is placed ovejr^ by thousands of atmospheres (in the case of 
the solution of any substance, the substance water it is approximately 20,000 atmospheres), 
begins directly to enter into the solvent (the pure Hence this pressure is under all oircumstanocs 
solvent playing the part of a vacuum), and the quite suflicient to maintain equilibrium with the 
movement does not cease until, as with gases, osmotic pressure, and the only effect of the 
the snbstance is uniformly distributed through latter is to slightly increase the volume of the 
the whole space. The only apparent difference solution. 

ft that in the case of gases this process is com* It has been shown by van’t Hoff that the 
pleied in a very short time, while with solutions laws of osmotic pressure exactly coincide with 
months, and even years, are needed in order to those of gases. Hoyle’s law enunciates that 
bring it, practically speaking, an ervd. This pressure and volume are inversely proportional, 
movement can bo impeded by introducing between IMeffer’s law says that prespure and ooncentra* 
the solution and the pure solvent a partition tiou (or density) are proportional; this agrees 
which allows the passage of the latter but not of with Boyle’s law. Further, the law of Gay- 
tbe former. Such a * scmi-pcrmeable * partition Lussac tells us that at constant volume (or at 
can be produced by saturating a porous clay coll, constant density) the pressure of a gas increases 
for instance, with a solution of copper sulphate, with the temperature, and that for each degree 
washing the cell, and hlliug it with a solution of it docs so by of the value at 0^ A similar 
potassium ferrocyanide. A pp. of amorphous thing has-been proved by van’t Hoff from 
copper ferrocyanide is thus formed in the pores the numbers obtained by Ffeffer. And finally 
of the clay, and this pp. allows the passage of for leases we have the law of^Avogadro, that, 
w’ater through it, but does not allow various uther temperature and volume being the same, equi- 
substanccs to pass. In order to arrive at a con* molecular quantities of different gases exert the 
ception of the cause of such a property wo can same pressure. Taking the moleculaibweights 
imagine that the pp. of copper ferrocyanide acts iq grama, and taking for the common volume 
as a filter which allows the passage of the smaller 1 litre, then at 0^ this pressure is equal to 22*37 
water molecules, while it retains the largpr mole- atmospheres. Now, it has been observed by • 
culea of tlie dissolved substance. PftdTcr that the osmotic pressure of a one per 

W. PfefTer, who has studied such cells very cent, solution of cane sugar, which therefore oon« 
thorouglily, found that if the cells are closed a tains 10 g. in one litre, is 0*049 atmospheres at 0^. 
very considerable amount of pressure is produced The molecular weight of sugar is 342 ; 

in their interior. A 1 p.c. solution of sugar pro* a solution containing this quantity in graips in 
duces a pressure of more than 50 cm. of mercury ; one litre would exert a pressure ^ times as great 
a solution of nitre of equal strength gives pres* — that is, a pressure of 22*2 atmospheres. This 
.Bures of between three and four atmospheres, number agrees within the limits of exporimeutal 
Pfeffer also found that the pressures increased, error with that which holds good for gases; and 
at constant temperature, to maximum values, hence Avogadro’s law holds also for solutions, or, 
which remained constant as long as the partition ' more correctly, so far, for solutions of cane sugar, 
remained intact. These pressures proved to be 1 The question whether the law holds for other 
proportional to the concentrations, and further, ; dissolved substanocB must be answered, in the 
they increased with a rise of temperature. | affirmative. It is true that only very few 
Aecording to van’t Hoff, this pressure, the ^ measurements of osmotic pressures have been 
‘osmotic pressure,’ is to be looked on as ana- j made, but these phenomena are so closely con- 
logouB to tlio gaseous pressure. It is possible to j nected with others to bo consirlered shortly, that 
form a similar conception of iis cause as is it has been possible to place the general validity 
formed of the cause of gaseous pressure ; the of the law beyond doubt, 
molecules of liquids, like the moltculcs of gases, L Let us imagine a SDlution poured into a 
possess a quantity of kinetic energy which is pro- i vessel of the form of an inverted funnel, the 
portional to the temperature. The solvent-for | opening of which is closed by a semi -permeable 
instance, the water— can pass through the semi- | wall in contact with which is a quantity of 
permeable wall, and since it is present on both j the pure solvent. Then the solution will rise 
sides its pressure is the same on both. The sub* in the tube, because of the greater internal 
stance dissolved, however, bombards the wall pressure, and equilibrium will be established only 
from one side only, and thus a pre.ssurc is set up. when the pressure of the liquid column in the 
This view— which, however, is only hypothetical, I tube has become equal to the osmotic pressure, 
aud which can be accepted or rejected without | Let this arrangement be covered by a bell- jar, 
the ‘^heory itself being called in question -has i from whiclethe air has been completely expelled ; 
been objected to oi\ the ground that if it were the solution will then be surrounded by the vapour 
true a weak-walled vessel must needs be broken of the solvent only. But the pressure of the 
by a solution placed in it. But this assertion j vapour is slightly smaller in the upper part of the 
overlooks the important point that the osmotic : bell-jar, at the level of the solution, than below 
pressure can exert itself only within the solution. I at the level of the pur>. solven)^ and it is smaller 
If we imagine for simplicity’s sake a drop of a ! by an amount which is equal to the pressure of 
■olution floating in space, it is true that a pres- | the weight of the vapour present between the two 
sure due to the substance dissolved wiU 1^ levels. Moreow, it is by this amount that the 
exerted on the internal surface of the drop, whi^ I vapour-pressure of the solution must fall short 
pressure may easily amount to 100 atmospheres. | of that of the solvent, because, if this were not 
But to thu pressure there is opposed the normal the case, liquid would either continually evapo- 
eapillaryjnresBore of the liquid, the magnitude of I rate, or condense, at the surface of the solution; 
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in eoiisaqtience of the osmotic pressure, the 
obanges in level produced would always equalise ^ 
themselves *again, and we should have a per- 
petuum mobile^ which is impossible. 

It follows, therefore, that in general the 
vapour-pressure of a liquid must decrease when 
a substance is dissolved in it, and that this takes 
^lace according to laws which run parallel with 
those of osmotic pressure. 

Tliis theoretical conclusion is in accordance 
with observation. It has been found by" 
Wiillner (P. 103, 629) that, qt a constant tem- 
perature, the decrease of the vapour-pressure of 
an aqueous solution is proportional to the con- 
centration of the solution. Babo on his part had 
established that the ratio between the vapour- 
pressures of the pure solvent and the solution is 
independent of the tcnipGr.aturo. Both results 
have been confirmed, on the whole, by later in- 
vestigations. Baoult espcflijilly has occupied 
himself with this question*^ he hasishown that 
this behaviour is gcn(!ral, and ho has also found 
thatequimolecular weights of different substances 
dissolved in the same solvent produce equal di- 
minutions of the vapour-pressure, and finally 
that oiwusing equimolocular quantities of dif- 
ferent solvents the relative diminution in the 
vapour- pressures is the same. If / stands for tlie 
vapour-pressure of the solvent,/' for that of the 
solution, and if further N stands for the number 
t)f molecules of the solvent (in gram-units), n 
for the number of molecules of the substance 
dissolved, the general expression holds 

f N + 

While Baoult discovered tliis law empirically, 
van’t Hoff has deduced it theoretically from the 
laws of osmotic pressure {Z, P. C. 1, 494). 

This formula can be used for determining 
the molecular weight of a substance in solution. 
Let p grams of a substance with unknown 
molecular weight vi be contained in 100 g.of the 
solvent, the molecular weight of which is M; 

then grams of substance dissolved in one 

molecular weight of the solvent; let this =s; 
then putting n « , and N - 1, and solving the 

VI • 

equation for m, it follows that m- 

Finally, a third set of phcnomcmi is known, 
governed by similar laws. It has long been 
known that salt water freezes at a low'cr tem- 
perature than pure water.’ As far back as 17iS8 
Blagdcn {T. 1788) established the fact that the 
lowering of the freezing-point of a solution, of 
salt in water is proportional to the amount of 
salt dissolved. Later on, Budorff {P#I 14, 63) re- 
discovered this fact, which had been forgotten, 
and de Coppet found that eqiiimolecular solu- 
tions of salts having analogous constitutions 
exhibited equal lowerings of the freezing-points 
(A. Oh. [4j 2.3, 3Q^). Baoult discovered that the 
saine law held for the most diverse solvents. 
This law states that equimolecular quantities of 
whatever substances wo take, added to a constant 
quantity of the solvent, lower the freezing-point by 
the same amount (C. R. 1882). Baoult thought 
for a time that the lowering of freezing-point was 
the same for equimolecular quantities of different 


solvents, but this prov^ to be erroneous. Yau’t 
,Hoff has deduced this important relation from 
the laws of osmotic pressure, and his formula 
agrees well with experiment (Z. P, C. 1, 481). 

We can convince ourselves of the necessity 
of these relations by an argument similar to 
that used in prder to prove the connection 
between osmotic pressure and change of vapour- 
pressure. As the mechanical theory of heat tel^ 
us, below 0°the vapour-pressure of ice decreases 
more rapidly than that of over-cooled water. A 
temperature must therefore exist whereat a salt- 
solution, which* has a vapour-pressure less than 
that of water, exhibits the same vapour-pressure 
ar, ice. This is the only temperature at which 
the solution can exist side by side with ice, as 
otherwise a perpetnum mobile would be possible. 
Since, therefore, this temperature, which is the 
freezing-point of the solution, is in inseparable 
connection with its vapour-pressure, the laws 
holding for the one must also hold for the other, 
and from this the laws already stated follow di- 
rectly. Formulating these laws, we get 

ml 

where A is the lowering of the freezing-point, I 
the weight of the solvent, p that of the substance 
dissolved, and vi the molecular weight of the 
substance, wdiile r is a constant dependent on 
the nature of the liquid. From the formula it 

follows: Having, therefore, once fbr 

a; 

all determined the constant for a solvent, it 
is possible to find the molecular weight pi a 
substance by determining the lowering of the 
freezing-point of its solution in that solvent. 
Van’t Hoff has shown that the constant can be 
deduced thermo-dynamically from the heat of 
fusion of the substance. 

• If we now apply these methods for determin- 
ing the molecular weights of dissolved sub.gtances 
to solutions of electrolytes, wo find that the 
molecular weights appear smaller, and hence the 
number of mobeiiles in solution are greater, than 
correspond wiCA the forrauhe. In many ca.se8 the 
amount of this dev iation is very considerable, and 
its existence at first proved a great obstacle in 
the way of van’t Hoff’s theory of solutions. To 
Arrhenius {Zi P. C. 1) we owe the means, of 
accounting for the deviation. 'The views pro- 
pounded by this inves+igator have shed such a 
Hood of light over difficult questions in chemistry 
and physics that we must consider the work of 
Arrhenius to be one of the most important ad- 
vances ever made in this and in allied domains. 

Arrhenius’ idea consists in ascribing the de- 
viations of the observed from the calculated 
molecular weights, to a dissociation of the 
electrolytes into their ions. From the mag- 
nitude of this deviation a conclusion can be 
drawn as to the number of molecules which are 
dissociated ; the problem which was left unsedved 
by Clausius thus receives its solution. 

Beserving the numerical proofs of the truth 
of this view till later on, it is proposed to de^ 
first with some possible objections and difii- 
ciplties of a general nature. 

The application of the b}'pothesis leads to 
the conclusion that in moderately dilute solu- 
tions of strong acids and bases, a^ also of 
normal salts, as much as 60 to 90 per cent, of 
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the inbBtanoe in boIqUoq is dissociated into its 
ions. Hence a solution of potassium chloride 
contains little else than ions of chlorine and 
potassium. How is it that the chlorine docs not 
escape into the air as a greenish yellow gas, and 
the potassium does not act on the water ? 

The answer lies in the consITlerution that the 
chlorine which wo know as a greenish yellow 

S as is the electrically neutral molecule Clj, and 
oes not consist of the separate atoms of Cl 
which are charged with a large amount of nega- 
tive electricity.* The potassium again is not 
present as the compact metal, hut in the form 
of strongly positively cliarged ions. Considering 
the great dilferencea exhibited by allotropic forms 
of the same element (oxygen and ozone, rod 
and yellow phosphorus, etc.), wo cannot wonder 
that in these cases also considerable ditleroiiccs 
appear. 

And it is further possible to produce solu- 
tions in which such ions -as, for insUince, i)o*taH- 
sium - are present in excess, and therefore cer- 
tainly in the free state. For this purpose, let us 
imagine two vessels filled with potassiinn chloride 
Bolution and placed on an insulating stand, and 
then connected condiudively byiiieansof asyphon 
filled with the solution. Let uswiow bring n<‘ar 
to the one vessel a body cliarged with negative 
electricity. The vessel becomes charged posi- 
tively by induction, and an equivalent quantity of 
negative electricity moves through the syphon 
into the second vessel. If we now remove the 
Byphon, and then the body charged, the first 
vessel remains charged positively, the second 
vessel negatively. So far the experiment con- 
tains nothing that is now; it is the elementary 
experiment used for proving the inductive elTeet 
of electricity. If, however, wo pay attention to 
the fact that, according 4o the law of Faraday, 
electricity can move in electrolytes o^ily simul- 
taneously with the ions, the conclusion is in- 
evitable that an excess of potassium ions must 
be present in the vessel charged positively, and 
the same excess of chlorine ions must be present 
in the vessel charged negatively. These excesses 
of ions are maintained as long as the electric 
charge of the vessels exists. On discharging the 
vessels the ions give up their electricity, and the 
substances appear at the point <Jf discharge en-, 
dowed with their usual properties. 

Owing to the magnitude of the quantities of 
clectrioity contained iu the ions, the question may 
be raised whether the experiment which has just 
been indicated really can be carried out. Ostwald 
and Nemst have shown {Z. P. C. 3) that this is 
actually possible. By means of a mercury elec- 
trode contained in a capillary tube, such small 
quantities of hydrogen can be observed that the 
experiment becomes quite feasible. Since under 
ordinary conditions one gram of hydrog<m occu- 
pies a space of about 12,000 o.c., a small bubble 
of 0*1 mm. diameter, which one can still see with 
the naked eye, has a weight of only 10"^” g., and 
one of 0*01 mm. diameter, which can be seen 
* From the , number, already given, of 06,840 oouloraba, 
which are oomblned with 1 g. of hydrogen and which are 
aleo present in one litre of normal potaRslum cldoride solu- 
tion— as positive electricity on the potassium, or negative 
electrieity on the chlorine— It is possible to calculate that 
this quantity of eleotriolty would suffice to charge a sphere 
of an approximate diameter of 10'* onu— which, therefore, 
would be liVger than tta« whole solar system— to a potential 
of one ^It. 


under a microscope, has a weight of only 10* '*g. 
This is as small a quantity of matter as can be 
recognised in any way, and the electricity com- 
bined with it can be detected in an apparatus of 
very moderate dimensions. 

Thus the experiment described above is not 
only conceivable, but feasible; and thu8.it is 
proved that free ions, such as those of potassium, 
can be present in aqueous solutions without acting 
on the water. 

The assumption that some of the molecules 
of electroi^’tcs ay) s]>lit into ions in solutions 
explains many properties of these solutions. In 
tlu) following paragraph we will assume for sim- 
plicity’s s:ike that tlie splitting up is complete— 
an assumption which is nearly correct in the 
cases of salts, strong acids, and bases ; the modi- 
fications which mnst be introduced into these 
cousiderutions by taking into account the portions 
not split up, will be considered afterwards. 

Let us^onsider^l’rBt, the chemical reactions 
of electrolytes. As is well known, certain reac- 
tions are used in analytic^jl chemistry for 
indicating definite substances. These reactions 
must take place quickly, as otherwise they would 
be of no practical use ; hence they must be reac- 
tions between ions. If asked what it is that the 
ordinary analytical reactions allow us to recog- 
nise, we are inclined to answer, the different 
chemical elements. But this is not at all appro* 
)>riate. A solution of a salt of silver is called a 
reagent for chlorine, and in fact by its help 
chlorine can b'b detected in metallic chlorides. 
But the chlorine in potassium clilorate^or in 
monochloracelic acid cannot bo detected by 
means of silver solution. In the same way chlor- 
ides indicate silver ; but the silver in potassium 
sih’cr cyanide cannot be recognised by means of 
chlorides. The different oxyacids of sulplyir 
also give quite different reactions, though they 
all contain the same elements ; similarly, the 
reactions of iron, copper, mercury, tin, Ac., are 
quite dilTcrent, according to the degree of oxida- 
tion of the metal. 

These examples prove that it is not the ele- 
ments which are indicated by analytical reactions. 
A more careful consideration shows that since it 
is the ions which react, the ions are indicated by 
the analytical tests. 

This simple proposition removes all the diffi- 
culties which confronted us. If a solution of 
silver is a reagent for chlorine ions, naturally 
it cannot indicate the chlorine in potassium 
chlorate, whose ions are K and ClOj, ; nor in mono- 
ohloraccticacid, whoso ions are H and CHjClCO,. 
And, conversely, silver is indicated by chlorides 
only where it appears as tlie ion ; but the ions 
of potassium silver cyanide are K and Ag(CN) 2 . The 
behaviour of chloroplatinic acid IL^PtClo to- 
wards silver solutions is specially remarkable, 
a behaviour about which an incredible oonfusion 
has reigned in chemistry, because it has always 
been believed that its chlorine must be precipi- 
tated by silver solution as silyer chloride. The 
matter was first cleared up by Jdrgensen j/. pr, 
[2] 16), who found that ncr silver ohlond* is 
formed at all, but rather the silver salt of ohloro- 
platinic acid Ag-^tCl,; sodium platimchloride 
IS completely precipitated by two equivalents of 
silver solution only, instead of iyy six, which 
correspond to the proportion of chlorine. 
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Thui the sO'Called anomalies of analytical 
reactions are fully explained. It is further ex- 
plained why, for instance, all the different 
snlphates give the same reaction with barium 
chloride. The nature of the metal is of no ac- 
count, because the reacting ion SO, is not com- 
bined with the metal at all, but exists by itself. 

It is a remarkable fact that similarly con- 
stituted ions give, under certain conditions, dif- 
ferent reactions. According to this view, the 
iron in a solution of FeCl„and also in a solution 
of FeClj, is contained as an ion ; jet the two 
act differently. In like maftner, solutions of 
K,Fe(CN)B, as well as those of K.,Fe(CN)s, con- 
tain the same negative ion Fc(CN)^, and these 
two substances give quite different reactions. 
The explanation lies in recognising that these 
similarly composed ions are endowed with dif- 
ferent quantities of electricity according to their 
valency. Thus iron appears divalent and tri- 
valent, mercury and copper monojalent and 
divalent, the atomic group ^’g(CN), tetravalent 
and trivalent, in that they contain corres^ibnd- 
ing numbers of positive oy negative electric units 
or ‘ atoms.’ 

If the theory developed so far is correct, then 
all properties of salt solutions must be of an 
additive nature with regard to the two ions — 
t.e. their properties must be made up of two 
parts, one of which depends only on the posi- 
tive ion, and the other only on the negative ion. 
This fact was recognised before it found an 
explanation in terms of the h^^fiothesis of the 
independent existence of ions in solutions. 
Arrhenius drew attention to this fact [Z. P. C. 1) 
when ho was establishing his theory. Some 
examples will make the point clearer. 

In 1874 Valson enunciated a law concerning 
the specific gravities of salt solutions (C. R. 73), 
which he called the law of the moduli. By 
means of it the specific gravity of a ‘ normal ’ 
solution— that is, of a solution containing one 
equivalent of the salt in grams in one litre— of 
any salt can be found by adding to the specific 
gravity of a sclution of ammonium chloride 
f chosen as the standard) two values, one of which 
oepends on the metal only, and the other on the 
acid radicle only. According to Valson, these 
moduli are (NH,CIAqof specific gravity 1016 being 
taken as the standard);— K = 30,Na = 25, iCa= 20, 
IMg-20, iSr = 66. ^Ba -73,iMn = 37, iFe = 37, 
£Zn - 41, JCu = 42, Cr « 61, A Pb = 103, Ag - 105 ; 
Br-84, 1-64, p6,-20, NO, = 16, -^CO,= 14, 
HOO, - 16. To these are added the value zero 
for NH, and Cl. These values allow us to cal- 
culate the specific gravities of solutions of 
14 X 7 — 98 salts, and the calculations agree very 
well with experiment. LatCr on (1883), the law 
was confirmed by C. Bender ( W. 20, 660), and 
by Nicol (P. M. [6] 18, 179), and was also ex- 
tended by the first named. 

A similar law was established by Gladstone 
(Pr. 16, 439) for the refraction-equivalents of 
salts. Gladstone expressed his generalisation in 
the form that the difference between the refrac- 
tioiirequivalents of the salts of two metals with 
tlie same acid is always the same, and is inde- 
pendent of the composition of the acid. The 
following table shows how the values agree in 
the cases of salts of potassium and sodium wHh 
•Olds of different compositions 


• 

Potassium 

Sodium 

Differs^ 

Chloride • • 

18*44 

1611 

8*8 

Bromide • • 

25<34 

21*70 

8*6 

Iodide • • 

35-33 

31*59 

8*7 

Nitrate . • 

21-80 

18*66 

8*1 

Hydrate . . 

12-82 

9*21 

.3*6 

Alcohol ate . • 

27-68 

24*28 

3*4 

Formate 

19*93 

! 16*03 

8*9 

Acetate . • 

27*65 

24*03 

3*6 

Tartrate , . 

57*60 

. 60*39 

8*6 

Carbonate . . 

81*93 

1 28*55 

2x3*2 

Bichromate ^ , 

79*9 

1 72*9 

2 X 3*6 

Hyfophosphite . 

26*94 

20*93 

2 X 3*0 


A similar law exists for the salts of strong 
acids, but with the weak acids the differences 
are much greater. We are now in a position 
to account for this discrepancy, which was left 
unexplained by Gladstone. Since the weak 
acids are only very partially split into their 
ions, it cannot be expected that hydrogen as an 
ion should have the same refraction-equivalent 
as it has in the undecomposed compound. 

Gladstone also enunciated the general law 
that the coloqy of the solutions of salts whose 
acid or whose metal form coloured compounds 
is independent of that of the other constituent 
(P. M. [4] 14, 418). If we consider how de- 
pendent colour is on constitution in other cases, 
this fact must bo considered as a specially weighty 
proof of the mutual independence of the ions. 

The knowledge of the fact that the character- 
istic colours of salts are dependent on the nature 
of theeolouied ion only, and are independent of 
that of the other ion, has existed for a very long 
time, almost, as one might say, unconsciously. 
In green liquids we should always expect nickel, 
in red ones cobalt, in pale blue ones copper, <feb. 
Some exceptions to this can easily be explained. 
One such exception is that most copper salts 
show the blue colour of the copper ions, while 
concentrated solutions of copper chloride appear 
green. * The cause of this is that in concentrated 
solutions a considerable number of undecomposed 
molecules CuCl.j are present, which molecules are 
coloured a deep yellow, as can bo seen in dry 
copper ch]orid3, which looks almost reddish 
"brown. This yellow colour mixes with the blue 
colour of the copper ions, and produces the green 
oolouration. From the fact that as the tempera- 
ture is raised the green colour becomes more 
intense, it must be concluded that with rise of 
temperature more molecules CuClj form at the 
cost of the ions (v, Ostwald, Z. P. C. 9, 679). 

Another additive property has been found 
by Marignao (A. Ch. [5J 8, 410) in the specific 
heats of salt solutions. This property is, how- 
ever, partly hidden by small deviations which, 
though capable of explanation, require the know- 
ledge of some quantities the measurement of 
which has not yet been undertaken. 

And, further, Ostwald (/.or. [2] 18, 863) has 
proved such relations to hold in a fairly exten- 
sive manner for the volume-changes accompany- 
ing neutralisation. On saturating solutions of 
potash, soda, and ammonia by the same acid th« 
total volume changes in a very different manner. 
These volume-changes are, however, governed 
by the law that on saturating two bases by tho 
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flame eeid the difference of tbe volume-changes 
is independent of the nature of the acid ; and in 
like manner the difference in the volume-change 
on saturating two different acids by the same 
base is uninfluenced by the nature of the base. 
Hence the volume-change always depends on two 
constants, one of which is determined by the acid 
only, and the other by the base only ; the specific 
nature of the salt formed has no influence. The 
following table shows these relations : — 



rotasslum 

S<xlium 

Amniouia 

Nitric acid . 

200 

19-8 

- 6-4 

Hydrochloric acid . 

19-6 

19-2 

- G-6 

Hydrobromic acid . 

19-6 

19-3 

- C-6 

Hydriodio acid 

19-8 

19*6 

- 6-4 

Formic acid . 

12*4 

121 

-13*6 

Acetic acid . 

9-6 

9-3 

-16*3 

Monoohloracetic acid 

10-9 

10-6 

-15.1 

Dichloracqjio acid . 

13-0 

12-7 

-13*0 

Trichloracetic acid . 

17-4 

17*1 

- 8-7 

Isopropionio acid . 

7-8 

7-7 

-17*8 

Butyric acid . 

70 

6*8 ■ 

-18*6 

Isobutyric acid • 

6*3 

6*1 

-19-3 

(ilycollio acid. 

9*6 

9*8 

- 16*6 

Lactic acid . . i 

8-3 

8-1 

-17-7 

Sulphuric acid 

11-9 

11-6 

-14-4 

Oxalic acid . . 

9-9 

9-7 

-161 

Succinic acid . . 

8-2 

7-9 

-17-6 

Malic acid . • 

8-6 

8-6 

-17*4 

Tartaric acid . • 

9'4 

9*2 

-17*0 


The differences between the corresponding 
members of two horizontal or of two vertical 
columns in this table are seen to be constant 
within the limits of error. The all but complete 
equality of the values for the four first-named 
acids, which are almost completely split up into 
their ions, is remarkable.;# • 

The most striking case of the additive pro- 
perties of salt solutions is, however, given by 
their thermal relations. Hess long ago esta- 
blished the law of the thermo-neutrality of salts; 
this law declares that there is no thermal effect 
on mixing tbe solutions of two salts provided that 
everything remains in solution. This fact is dif- 
fioult to understand aa long as eve assume the 
existence in an undecomposed state of normal 
salts in solutions, since the mutual changes of 
the salts would have to proceed without any 
energy-change, and this is a behaviour without 
analogy. If we assume, however, that the solu- 
tions of the salts contain chiefly the ions of the 
salts, the fact becomes explicable, because on 
mixing the eolations, the ions remain unchanged, 
they do not influence each other, and hence there 
is nothing to cause thermal effects. 

More remarkable still is the explanation 
which the theory gives concerning the beats of 
neutralisation of acids and bases. At first sight 
it se^^ms as if no action could take place between 
s ch compounds, if we consider the strong acids 
and phases to be almost wholly separated into 
ions. Because if the solution of the acid, of the 
base, and of the salt contains ions only, no 
change ought to occur when the acid and the 
base are mixed. If, however, we consider the 
reaction £ore^ carefully, we aryve at different 
results. Tor instance, let there be given soda 


and hydroohlorio acid ; the reaction wUl be 

Na-i-oi[ + H + ci-Na + ci + H,0 
The ions sodium and chlorine remain unchanged; 
but since water conducts very badly, only a very 
slight separation of H^ into the ions OH and 
H can occur, hence when the ions OH and H 
meet they must combine to form H.fi. 

Hence the process of tieutralisatum in aqueoua 
solutions ts not a combviation of the consti- 
tuents of the salt, hut only a cofnbination of the 
constituent of water. 

It is true tli%t this remarkable result is 
somewhat contradictory of the usual views on the 
subject, but it is in complete agreement with the 
facts. If the process of neutralisation between 
acids and bases decomposed into their ions really 
consists only in a formation of water from 
hydrogen and hydroxyl, then concomitant 
phenomena must be independent of the nature of 
the acids o^d the bases. 

The most impirtant of these concomitant 
phenomena is the heat of neutralisation. This 
value has been determined by different observerst 
with special exactness by Thomsen (Th. 1). A 
number of measurements are collected in the 
following table, calculated for one diquivalent ; 
the unit used is the rational calorie, K*100 
gram-units of heat : — 



Ntton 

KOH 

Lion 


lOaO.U. 

HCi. 

137 

137 

187 

139 

139 

HBr 

137 

137 

— 




HI . 

137 

136 

— 





HNO, . 

137 

138 

— 

140 

139 

HCIO, . 

138 

138 

— 

140 



HBrO, . 

138 

138 

— 

— 

— 

HK), . 

138 

138 

— 

’ 


HCIO, . 

141 

143 

i — 




AII..S..O„ . 

135 

— 


139 


iH.>tCl,. 

136 

— 


— 

— 


And, similarly, tetramethylammonium hy- 
droxide, platinodiainine hydroxide, and triethyl- 
Bulphine hydroxide give with hydrochloric acid 
138, 137, and 137 K respectively. 

From this table, which could easily be en- 
larged, it follows that the heat gt neutralisation 
of the strong acids and bases is a constant, and 
is approximately equal to 13,700 oal. This num- 
ber must be looked on as very nearly equal to 
the heat of formation of water from the ions 
'+• — 

H and OH. (A more exact calculation gives 
13,500 cal.) The small deviations which are still 
present originate in the fact that the splitting 
up of the acids and bases referred to, though very 
considerable, is yet not quite complete ; it is in 
this undccomposcd remnant that the individual 
nature of the two substances still asserts itself 
a little. 

The conditions become quite changed when 
we consider the weax acids and bases. Here 
the constancy of the heat of neutralisation ceases 
completely, and values are observed which fluc- 
tuate between 163K and lOE. In these oases the 
quantities of heat which are concerned in the 
splitting up of the acid and the base into their 
ions must be taken into account, besides the heat 
of formation of water from its ions, and the beat 
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of neatroliMiion may be represented bj an ex- 
pression of the fom N *» 13,500 + A -i- 13, where 
A T B is the quantity of heat necessary for decom- 
posing the acid and the base into ions. As ex- 
periment has shown that the salts when in dilute 
solution are uniformly and nearly completely 
decomposed, their heats of decomposition need not 
be taken into account meanwhile. This formula 
also expresses a law which, discovered some time 
back by Favre and Silbcrniann {A. Ch. [3J 37, 
480), has been confirmed by the younger school of 
thermo-chemists. This law is, that thj difference 
between the heats of neutralHation of any two 
bases is always the same whatever acid is taken, 
and that likewise the dilTcrcnce betsveen the heats 
of neutralisation of any two acids is independent 
of the base. This is only armther expression for 
the proposition tliat the acid and the base each 
contributes towards the lioat of neutralisation a 
definite portion, which is independent of the 
nature of the substance with which ^he acid or 
the base reacts. • 

Very similar facts may bo noticed conccrtiing 
^he other phen<Jmcna which accompany neu- 
tralisation. A table has already been given 
(p. 189) showing that the same relations hold 
good for the changes of volume that accompany 
neutralisation ; the strong acids and bases give, 
on neutralisation, very nearly the same change 
of volume, 20o.c. per litre of normal solutions 
of acid and base. The same holds good for the 
changes in the refractive indices. 

The electrical conductivity of elec- 
E 

trolytos.-— Ohm’s law gives a definition 

of R, the resistance of a conductor. It has been 
shown that the resistance is dependent on the 
nature <^f the conductor, and on its dimensions, 
in that it varies directly as the length and in- 
versely as the cross-section. It has been agreed 
^to call the resistance of a conductor of cross- 
section 1 sq. millim. and length 100 contim. its 
specific resistance ; this depends on the nature 
of the material of which the conductor consists, 
and on its temperuturo. 

If we define a quantity 0 and call it the 

tondiictivity, Olim’s formula becomes I = EC. 
We may best regard C as the power of the con- 
ductor to allow the electricity to pass through, 
or the power to transport the electricity. In tlio 
illustration of a current of water in a tube, 0 
would be comparable to the cross-section of the 
tube. The conductivity is tlie reciprocal of the 
resistance. In coloulatingthe strength of currents 
it is more convenient to work with resistances; 
if these ore connected end to end, the total re- 
sistance is the sum of tlie individual resistances ; 
but if the resistances are connected side by side, 
the conductivities must be summed up. For 
electro-chemical purposes the idea of conductivity 
has always proved more useful than that of re- 
sistance. 

Measurements of resistances or of conduc- 
tivities are made according to different methods, 
1^11 of which rest on the application of the for- 
mula above given. For instance, we can measure 
the current strength, I, using the same electro- 
motive force B (from a constant cell, as, for in 
Itaoce, a Daniell), there being included in the 


circuit at one time the resistance R, which is to 
be determined, and at another time a resistance of 
known magnitude R„. We then get the equations 

I, = f- and = ^, and from these R^ = R„k It 
R, R„ Ifl 

is not necessary to discuss here the various 
methods of measuring resistances. 

As mentioned before, the unit of resistance 
used is the ohm— i.e. the resistaucc of a mercury 
column of 1 sq. mm. section, and lOi) or 100*3 cm. 
length at O’’. The unit of conductivity is given 
by the .same qiyintity ; since this represents the 
reciprocal value of tlie resistance, it has been 
proposed to designate it by Mho, which is the 
name Ohm rever.-ied, and for wliich Mo might be 
put shortly. . 

While so far the different powers for con- 
ducting electricity possessed by the metals have 
remained more a (lueslion of practical than of 
theoretical iniporlance, the study of the elec- 
trical conductivity of electrolytes #ias led to 
most important and suggestive views as to their 
nature. These have only Ijcen arrived at quite 
lately, chiefly because until recently there existed 
no convenient and good molliod for determining 
the conductivities of electrolytes in solution. 

Tl>e diHieuity to bo sui niounled consists in 
the fact that the current must be conducted 
through the electrolyte by moans of electrodes, 
and that these get coated with the ions wliich 
separate— f.c. they become lyolariml. In con- 
sequence of this the electrodes become the seat 
of now electromotive forces, the magnitude of 
which is variable, and therefore not capable of 
being determined exactly. One method only has 
been brought forward as yet in which this dilii- , 
culty is completely obviated ; it is due to Guthrie 
and Boys (i\ M. 1880. 328), and consists in 
allowing a system of strong niagnet.s to rotate 
rapidly remind the a cylindrical vessel filled 
with the electrolyte ana suspended by a long thin 
wire. By this means currents are produced in 
tho electrolyte (as would ho jiroduccd in every 
conductor), the clectrodynainic effect of which 
temls to rotate the vessel in tiie same direction. 
The strength of these currents is proportional to 
tho conductivity of the liquivi, and the vessel is 
rotated until tl^e torsion tlie susjionding wire 
’becoinossunicionttomaintainequilibrium against 

this rotatory effect. We are tlierefore justified 
in putting the deviation as proporiional to the 
conductivity,the velocity of the miignels remain- 
ing the same. As tho currents produced in tlie 
electrolyte occur exclusively within it, no polar- 
isation is possible. The method has not been 
applied, because the apparatus required is ex- 
pensive and dttlicult to handle. 

Becquorel and Horsford tried to bring up 
polarisation to its highest value by using strong 
currents. In this method' the .current is led 
through the electrolyte, then through an adjust- 
able resistance, and finally through an instru- 
ment for measuring currents (galvanometer, t&c.), 
and its strength is determined. The distjjnce 
between tlie electrodes is next decreased by an 
accurately measured amount, and resistances 
are inserted until tlie strength of the current has 
regained its value; then the resistance inserted 
, is equal to that possessed by the porti^ of the 
I liquid taken out The method sulTenrfrom tho 
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*«lMitroiaotive force of polarisation constant as 
presupposed; and, further, the liquid is changed 
at the electrodes by the use of the stronger 
currents required, so that what we measure is 
the resistance of the changed, and not that of 
the original, liquid. 

By using electrodes of zinc, which in solutions 
of sine salts give no polarisation, Beetz (P.l 17, 1) 
was able to determine the conductivities of such 
solutions by the methods used for metals. 
Paalzoff showed {P. 13(1, 480) that the method 
can be iwplied to other solutions also if we 
bring the two zinc electrodes infb two separate 
vessels, and establish conduction through a 
syphon filled with the liquid to be investigated. 
The process is based on the fact that no polarisa- 
tion is produced when a current is passed through 
the surface of contact of different liquids. 

But this method is again far surpassed in con- 
venience by one given by F. Kohlrausch 
653), -in which polarisation is made harmless 
by using alternating currents. Such currents, 
in wliich equal quantities of electricity flow 
alternately in opposite dtuections, are produced 
most easily by means of an ordinary induction 
apparatus, It is true that by such currents the 
electrodes are also polarised, but the polarisa- 
tions occur rapidly in opposite directions, bo« 
that the polarisation produced by the first cur- 
rent-impact increases tlin strength of tlio second | 
current-impact which has the opposite direction, 
and the polarisation resulting from the latter 
adds itself on to the third current-impact, and 
80 on. Kohlrauscli has shown that by using 
platinum ele(!trodoa of ten sq, cm. surface 
coated with platinum black, the effect of polar- 
■ isation may be reduced to less than 0"1 p.c. of 
the resistance. Kohlrausch uses for his method 
'Wheatstone’s bridge in Kirchhoff’s arrangement. 
For details reference is made to Kohhausch’s 
memoir.* 

Tho definition of specific conductivity as 
given above, and as employed in physics, is not 
of practical use in considering electrical con- 
ductivity from tho point of view of the chemist, 
fciinco, according to the law of Faraday, the ions 
alone conduct, and since each ion carries tho 
same quantity of electricity, it is evident that 
the conductivities of different solutions must bo 
referred to the same number of ions in onler lo 
obtain comparable numbers. That we may 
form a conception of equivalent conductivity fol- 
lowing from this, let us imagine two electrodes 
of indefinite extension placed at a distance of 
1 cm. apart, and let th(.‘re be brought between 
them so much of a solution as contains the 
equivalent weight in grams of the dissolved 
clecliolyte; the conductivity of such a system 
is the equivalent conductivity of the electrolyte. 
In order to find the relation between the specific 
and the equivalent conductivity, we bear in 
mind that the length of the solution of the 
electrolyte is 106 times less than 106 cm., which 
was the length of tho conductor assumed in the 
definition of specific conductivity. When the 
solution ia normal — i.e, contains one g. equivalent 
per litre— the cross-section is 1,000 sq. cm. ; when 
the same weight is dissolved in v litres it is l,000i; 

* A detaUni dcsorlption of the method for oarrylug out 
snob meaedNmente ii to be found In Z. F. C S, MS. | 


iq. cm. ; this if 100, OOOt; times greater than the 
orosB-seotion for the speoifio conductivity, which 
is *01 sq. om. Hence from the speoifio conduc- 
tivity I we obtain the equivalent conductivity \ 
by the equation X-1-06 x lO’lv. It should be 
remembered that the specific conductivity of an 
electrolyte is not usually referred to ohms, but to 
the unit of Siemens, formerly commonly em- 
ployed, which is equal to the resistance of a 
I column of mercury 100 cm. in length ; hence 
1 instead of 100 wo must put only 100, and the 
j equivalent conductivity becojnos \ =s 10‘ft). 

I In addttion t% tiio equivalent conductivity 
I we can calculate the molecular conductivityt 
j which is as many times greater than the equiva- 
! lent condwelivity as tho jnolecular weight con- 
tains the equivalent weight. So tho molecular 
conductivity of sulphuric acid is Uvico as groat 
as the equivalent conductivity, that of aluminium 
chloride three times as great. 

For the gcieral facts which have been esta- 
blished regarding aqiil valent conductivities W'e 
are specially indebted to Kohlrausch, and to 
several investigatorf} wlio succeeded him. The 
most simple relations are exhibited by dilute 
solutions in which v is greater than 1 lit., and 
j those will be considered first, 

I l.-Tho equivalent conductivities of normal 
I salts arc of the same order of magnitude, but are 
not the same (Kohlrausch), 

2. The conductivities of all salts increase 
slowly with increase ol dilution, and generally 
reach a maximum value, which is not surpassed 
after dilutions of 20,000 to 60,000 litres per 
gram-equivalent (Kohlrausch). 

3. Tho increase of conductivity is least for 
s.aU3 which consist of two monovalent ions ; it 

j is about twice as great for salts which contain 
j one divalent and one monovalent ion; and about 
four times as great for salts whose ions are 
J both divalent (Ostwahl). 
j 4. The equivalent conductivities of equally 
concentrated solutions of the most different 
salts can be represented as the sum of two con- 
j stunts, one of which is determined solely by the 
posilive ion, the other solely by the negative ion 
! (Kohlrausch). Tfiis law agrees the better with 
j experience tho more dilute the solutions are. 

In order to give an illustration of these laws, 
j I append tlio equivalent conductivities of several 
! normal s.ults as measured by Kohlrausch. The 
j values are for ly'-*. 


Dilution 

KCl 

N.'vCI 

I.lCl 


iMO. 

iMgS0« 

U 

91-9 

09-5 

.19-1 

G5 8 


27-0 

101 

101-7 

8«-6 

TT'S 

86-1 

H9-7 

47*4 

1<H)l 

1M7 

9f;-2 

87-5 

100-0 

109-8 

71-6 


119-3 

lO'i-S 

»2l 

1092 

120-7 

935 

lO.'MM)/ 

120-9 

102-9 ' 

91-3 

112-G 

121-9 

1 103-4 

60,0007 

121-7 


9.1 

lH-4 

12(i-0 

105-2 

100,OU07 

121-6 

102-4 

00-5 

lM-2« 

127-5 

105-S 


If we attempt to form a picture of the pro- 
cesses occurring in eloci roly tic conduction, we 
must first bear in moid that, according to the 
statements of Kirchhoff (P. 78, 606), free elec- 
tricity must be present along the surface of each 
current-path ; and the fall of this potential 
causes the motion of the electricity inside the 
conductor. Hittorf pointed out that the theories 
of electrolysis hitherto held could not satisfy this 
requirement. Assuming the preseq^e of free ionSf 
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it il evident at once that the surface charge is 
formed bjr these. Owing to the fall of potential 
which exists, the positive electricity is now driven 
to the one side, the negative to the other. Both 
are bound to the ions; which are, therefore, 
moved in the same way by forces that are of 
equal magnitudes on both sides. 

The velocities acquired by the ions under the 
fnfluence of these equal and opposite forces will 
not generally be the same, since it cannot be 
assumed that the resistances to motion encoun* 
tcred by the ions in the solution will be the same. 
But in dilute solutions, anyla^w, the nature of 
the second ion, travelling in the opposite direc- 
tion, will have no influence on the velocity of 
any definite ion'-such as, for iiftfbnce, Cl. 
Hence the conductivities of salts, when referred 
to equal quantities of ions, can be represented 
as the sum of the migration-velocities of the 
positive and negative ions. Calling these migra- 
tion-velocities u and V, we get ^ 

\-U+VA 

But this is exactly the relation discovered by 
Kohlrausch (p. 191), to whom also the argument 
just given is due. 

Viewed thus, the phenomena of electrical 
conductivity are brought into connection with 
another group of facts, the comprehension of 
which had presented great dilficulties to the older 
naturalists. These are the phenomena of the 
* migration of the ions.' It has been mentioned 
that Danicll observed the corresponding mani- 
festations, but they were not explained till Hit* 
torf did so. 

From the table already given it follows that 
the dilfereut ions must possess very different 
migration-velocities. On comparing, for instance, 
KCl and LiCl, we find differences of 27 to 30 
units. Since the chlorine must possess the same 
velocity in both cases, and hence participate to 
the same amount in the conductivity, the dif- 
ference is due solely to the ions K aud Li. In 
the same manner we can convince ourselves that 
different negative ions migrate with different 
velocities. 

On electrolysing a substance whose ions 
travel with different velocities, different quanti- 
ties of the ions will collect at the electrodes, 
and, in addition to decomposition, the liquid will 
undergo an unequal change of concentration at 
the electrodes. In order to get as good a repre- 
sentation as is possible for those relations, let 
the ions be represented in the figure in the next 
column by black and white circles. The different 
borizontin rows represent different phases of the 
electrolysis, *these being such that between them 
there is a distance equal to the mean distance of 
the ions. It is assumed that the block ions mi* 
grate twice as quickly to the left as the white 
ones do to thb right. At first there are seven 
ions on each side of the central line. At the end 
of the process six ions have been liberated at each 
end, and, in addition, five out of the seven pairs 
have remained behind at the left side, and two 
have disappeared; while of the equal quantity 
at the right side three have remained behind and 
four have disappeared. Hence the proportion of 
salt has decreased at the right side twice as much 
os at the left— that is, in the same ratio as that 
in which the two ions migrate. 

Therefore^ in order to determine the ratio of 
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the migratioTi- velocities of tiie two ions of a rati 
it is only necessary to determine the proportioi 
of undocomposed salt at each electrode befon 
and after electrolysis ; the ratio of the deoreast 
of this proportion at each side is equal to the 
ratio of the migration-velocities, or is the ' mi- 
gration-measure.’ 

This representation holds good on the sup- 
position that the ions which separate at the 
electrodes do not again go into the solution. If, 
however, we electrolyse a solution of copper sul- 
phate between copper electrodes, the copper, it 
is true, will les^e the solution at thp cathode, 
but the ion SO 4 will not separate out at the 
anode, but will combine with the copper of the 
anode to form copper sulphate, which will go 
into solution. The solution will, therefore, be- 
come, not more dilute, but more concentrated. It 
is, however, easy to take this circumstance into 
account. It is only necessary to determine the 
tottfl quantity of electricity passed through the 
solution (for instance, by means of a silver 
' voltameter) ; from this wo can calculate how 
much copper has gone into solution, and we need 
then only deduct this quantity from the total 
quantity of copper at the anode, as determined 
by analysis. It is simpler still to weigh the 
cathode before and after the experiment: the 



increase of weight is equal to the weight of 
copper which has dissolved at the anode. 

Hittorf examined (P. 89 to 100) a great many 
salts and acids with respect to their ‘ migration- 
measures,’ and established the fact that the 
current-strength has no influence on the ratio of 
the migration-\^locities, the temperature has an 
•inappreciably small influence, but the concen- 
tration exerts a changeable effect—in some cases 
it is inappreciably small, while in others it is 
fairly important. 

Hittorf found, for instance, that the concen- 
tration of EClAq at the electrodes . scarcely 
changes at all ; hence chlorine aud potassium 
must migrate with very nearly equal velocities. 
If we consider the solution v = 1,000/ in the table 
given on p. 191, it follows that of tbell9'.'l units of 
I conductivity of potassium chloride, 59 (55 belong 
to the chlorine and the same number to the potas- 
sium. Knowing these numbers, we can calculate 
the velocities of migration of all the other ions 
in the table. NaCl has lOO'S; on subtracting 
from this 59‘7 for the chlorine, the velocity of 
the sodium ion becomes41’l. Similarly, Li = 32-4, 
iBa = 49*6. As K « 59 7, and as « 120-7, 
it follows that ^S 04 « 61 ‘ 0 ; hence ^Mg=:d2’5. 

From these numbers we can again calculate 
the migration-measures, or the ohangra uf con- 
centration at the electrodes, of oiffer ahKa- 
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Tbns i h lor N«a - - 0-69^ lor UOl ^ 

t; 69*7 697 

-0-54; for BaCL - 0-83, &o. It is evident 
69-7 

that when one migration-measure is known, the 
migration -measures of all corresponding salts can 
be calculated from the measured conductivities. 
And since, on the other hand, the conductivities 
of salts represent the sums of the velocities of 
their ions, we can realise the very great simpli- 
ficatiou which these considerations, duo to 
¥» Kohlrausch, have produced in tlm relations of 
electrical conductivity which formerly appeared 
BO complicated. If, for instance, we know the 
conductivities of ten salts with the negative ion 
A and the positive ions B, to B,o, and of other 
ten salts with the ion B, and the ions A, to 
and in addition to these the raigration-mea- 
Bure of one salt, we can calculate from tlics^ 
21 measurements the conductivities and the 
migration-measures of 100 salts - that is, we can 
deduce 200 data. 

An extensive examination of these relations, 
undertaken by Kohlrausch (IT. C, 104), and later 
by Ostwald {Z. P. C. 1, 74), as well as by Loeb 
and Nernst (ib. 2, 948), has proved that they 
hold good with very sufficient accuracy for very 
dilute solutions. But deviations from these rela- 
tions become apparent in concentrated solutions, 
and these ieviations are greater the more con- 
centrated the solutions. And, further, dilTercnt 
salts behave differently, inasmuch as salts con- 
Bisting of two monovalent ions show the smallest 
deviations, salts with one monovalent and one 
divalent ion show greater deviations, and salts 
with two divalent ions show the greatest devia- 
tions. Now these are the classes of salts which 
exhibit differences in the changes of conductivity 
accompanying dilution (p. 191), and we are,j.hcre- 
fore, led to the conclusion that the same cause 
underlies both phenomena. 

The free acids and bases only partially con- 
form to Kohlrausch’s law. The following data, 
taken from Kohlrausch’s determinatious, exem- 
plify this statement. Temp. = 18° 


preserving very dilute solations of alkalis per- 
fectly pure. 

Prom these measurements it follows primarily 
that hydrogen and hydroxyl possess much greater 
migration velocities than the other ions —namely, 
284 and about 150, rospectively. It follows, there- 
fore, that if the law of^Kohlrausoh were generally 
valid, theconductivitiesof all acids would be > 2H4, 
and the conductivities of all bases would be > 160. 
On looking at the numbers in the table, we find 
that phosphoric acid and acetic acid, as well as 
ammonia, ardat a quite hopelet^s distance from 
these values. Sulphuric acid, also, does not obey 
the law. For ISO, the value Gl-0 was found above ; 
on dedncting'this number from 331’0, 

there remains 11-270 0 , and the difference of 
this value from the one found before, 284, oxcecdS 
the limits of experimental error. 

On carefully studying the table wo now see 
that the acids and bases whioli form exceptions 
to the law exhibit tl)« satno peculiarity as tlie 
exccptl^mal salts; they change their oonductivi- 
very markedly upon dilutiofi. While the 
substances which follow the law have nearly 
readied the maximum of llie equivalent con- 
ductivity at 1000/, the numbers show tliat this 
is far from being the case in the exceptional 
substances. We are thus led to inquire as to 
the cause which brings about the change in 
conductivity that accompanies dilution. 

The arguments used so far liavo tacitly as- 
sumed that all the molecules of tlie electrolyte 
participate in the electrical conductivity, and 
that the electrolyte is therefore completely split 
into ions. This assumption is evidently arbi- 
trary; and when we reniombor that aqueous 
solutions of ammonia and acetic acid exhibit 
nearly normal lowerings of the freezing-points, 
and that, therefore, dissociation occurs only to a 
small extent, if at all, wo see that the assumption 
is completely erroneous in these cases. The 
former equation X - « f v, estj|,blished without 
reference to the dcgri'o of decomposition, must 
be changed into \=-x (ri + v) where x represents 
the degree of decomposition— t.c. the ratio be- 
tween the molecules decompose*! and Che total 


Dilution 1 

lia 1 

UNO, 

^ri,so. 



KUII 

NaOII 

NII.OIl 

12 

278*0 

277-0 

188*9 

200 

1*2 

171-8 

M90 

084 

102 

324*4 

322*6 

208*4 

43*0 

4 3 1 


170-0 

8*1 

1002 

341*6 

330*5 

285-5 

79*0 

132 i 

212 i 1 

187*0 

9*3 

10002 

345*6 

842*7 

831*6 

96*8 

880 

2140 

188-0 

26*0 


Among the substances quoted, TICl, UNO,, 
KOH, and NaOII follow the law of Kohlrausch. 
Thus, if 59’7, which is the migratiou- velocity of 
K, is deduct^ from 118, which represents the 
conductivity of KNO, as determined by Kolil- 
rausch, the difference, 58*3, is the velocity of 
NO,. On deducting this number from the con- 
ductivity of nitric acid at 10002 —that is, from 
842’7— it follows that tlie velocity of hydrogen 
is 284-4. From HC1« 345-6 it follows tiiat 
H « 286*9, since Cl ■» 59'7 ; these numbers agree 
to within less than one per cent. In the same 
way the difference between KOH and NaOH is 
equal 4o 26*0, thus approximating to equality with 
that between £01 and NaCl, which is 19*2. The 
larger differeifte proceeds from the difficulty of 
VOL. I?. 


number of molecules orginally present. In doing 
this we make the most obvious, and probably only 
possible, assumption, that, cceicris paribus, the 
conductivity is proportional to the number of 
conducting particles or ions. 

We may find a method for determining st 
in the deviations of electrolytes from the simple 
Jaws of solutions with resp ^ 2 t to vapour- pressure 
and freezing-point. We have another and much 
more accurate method, however, in the deter- 
mination of the electrical conductivity itself. As 
was found by Kohlrausch, the equivalent (and 
also the molecular) conductivity lucreases with 
rising dilution, reaching a maximum value in the 
case of salts within limits which are still prac- 
tically measurable. We cib interpret this 
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beharlonr from the standpoint now gained in the 
•ense that the number of molecules split into ions 
eontinually increases with increasing dilution, 
and that the maximum value of conductivity 
corresponds to a (practically speaking) complete 
splitting up. Then a; = l, and the formula A = 
x(u + v) changes into the former, A = i* + 1 >. Now, 
for most salts the maximum value is reached at 
a dilution of lOOOf, and the decomposition is 
nearly complete ; it follows from this, that the 
law of Kohlrausch \ -u + v holds ^ood for this 
maximum dilution. This^an be asserted for 
the strong acids and bases, such as HCl, HNO^, 
EOH, and NaOH. On the other hand, as can 
easily be seen from the course of the numbers, 

increase has not nearly reached its limit for 
acetic acid and ammonia at a dilution =1000Z; 
hence the value x is still very far removed from 
unity, and the law of Kohlrausch cannot hold in 
its simplest form. 

On the assumption tlfht the molecular con- 
ductivities of dilute solutions depend only on the 
number of iofls present, the values of x can bo 
easily calculated Irom a knowledge of the values 
of the conductivitifs at different dilutions, as 
well as of their maxinium values; designating 
the molecular condin tivity at the dilution of 
V litres by /i,., and the maximum value by 
fiQQ , then, according to the assumption made, 

Whether the above-mentioned assumption is 
strictly correct cannot bo as.Her(o«l a priori. It 
must be looked upon as probable, since the 
resistances to motion which the ions experience, 
and which determine the velocities u and v, 
depend on the nature of the solvent, which in 
these cases is water ; and considering the small 
differences which exist between the properties of 
very dilute solutions and those of water, no ap- 
preciable difference in the resistances to motion 
can be supposed to exist in those differently 
diluted solutions. But the admissibility of the 
assumption can also be put to experimental 
proof in»dotermining x on the one hand by the 
deviations from the laws of solution, and on the 
other hand by the equation just given. 

If is the theoretical molecular weight, and 
fn>the molecular weight determined from the 
laws of solution (for instance, from the lower- 
ing of the freezing-point), then for electrolytes 
m > mo; following van’t Hoff, we put the ratio of 

the two ^ = If, on the other hand, x is the 
m 

number of molecules split up, the total number 
of molecules being put equal to 1, and if nia the 
number of ions into which each molecule splits 
(for KCl n*»2, for BaCl, n = 3, itc.), the number 
of molecules in the solution will have increased 
in the ratio 1 : + nx^ that is, in the ratio | 

l;l + (n— !)«, and we have, therefore, 

Arrhenius, to whom wo owe this calculation, 
has shown {Z. P. C. 1, 634) that in the greatest 
number of oases investigated there is an excel- 
lent accordance between the values of » as 
calculated from the electrical conductivities and 
those deduced from the freezing-points. Indi- 
vidual cases whiclkat first seemed to be exceptions 
have» 01 } later investigation, also proved to be 
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subject to the law (Z. P. C. 2, 401), and thn 
apparent deviations have been shown to be due 
to incorrect observations. It is only at greater 
concentrations, where the suppositions made in 
determining molecular weights from the freezing- 
points, and those made in determining x from 
the electric conductivities, become uncertain, 
and not applicable, that marked deviation*) are 
apparent. • 

In addition to this confirmation of Arrhenius' 
assumption that in electrolytes a more or less 
considerable portion of the molecules is split up, 

I a further confirmation has been found by W. 

; Ostwald, which is based on the following con- 
I siderationa {Z. P. G. 2, 36, and 270). The 
^ spontaneous decomposition which the electro- 
! lytic molecules undergo in solutions is of the 
I nature of dissociation ; and since, according to 
I van’t Hoff, the substances in solution are subject 
i to the gaseous laws, it must bo possible to repre- 
, sent the process by the same formulas as hold 
for the dissociation of gases. Considering the 
sirniilcst case, that each molecule splits into two 
parts, there holds for gases (vol. ii. p. 406) the 

relation ^-constant, where p, is the partial 

pressure of the undecomposod portion, and p, 
that of the decomposed portion. 

In order to apply this equation to electrolytes, 

I we notice that the pressures are proportional to 
tlie numbers of the molecules, and inversely pro- 
portional to the volumes occupied by these. If 
X is the part dissociated, and v the volume, then 

p, = o and Pa = a * ; a represents a factor 
I dependent on the units chosen. Further, accord- 
ing to the former equation, we have in- 

I trodu^ing these values into the dissociatibn equa- 
j tion, wo get 1-^ « «* ft, where ft is a constant, 

X* 

; and from this * = fty. 

(“co )^co 

This equation represents a relation between 
the conductivity and the volume, or the dilution, 
which must be followed by all binary electro- 
lytes, if the assumptions made are correct. 

The equation cannot well be tested in the 
case of salts, as these very nearly reach com- 
plete decomposition; the value /loo -/tip thereby 
becomes very small, and the experimental errors 
exert a preponderating inlluence. Those electro- 
lytes which are only partially dissociated, such 
as acetic acid tfec., lend themselves much better 
to applying the test. Here also it seems as if a 
diiliculty met us, the quantity jUQo not lending 
itself to direct measurement because, with the 
very ^eat dilutions necessary, the inevitable 
impurities of the purest water make accurate 
measurements impossible. But the law of Kohl- 
rausch provides us with a means for making 
the measurements. It appears that the salts of 
weak acids are dissociated to just the same 
extent as those of strong acids ; it is possible, 
therefore, as was shown at pp. 192-8, to oaloi}^te 
the migration-velocity of the negative ion. On 
adding to this the migration-velocity of hyd^gen, 
which can also be determined (^p.^93), the sum 
represents the oonduotivity of oompletely 
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diBCooiaied teid—tbit If, >ia>, the quantity 
; foaibt (Oftwald, Z. P. 0. 3, 840). 

In thif manner, then, we obtain all the data 
lor testing the above equation, and it proves 
: itself to be in direct accordance with the facts. 
The examination is best carried out by calcu- 
lating the constant k for a number of values of 
M at different dilutions, and seeing whether it 
really is constant. In the following tables a few 
examples are given. The numbers hold for 25^, 
and are molecular conductivities referred to the 
mercury unit ; — 

Acetic acid, /Ajq =*36^ 


9 

M 

100 

Moo 

Jt 

8 

4-34 

1*193 

0-000180 

18 

6-10 

1*673 

179 

32 

8-65 

2-380 

182- 

64 

12-09 

3-33 

179 

128 

16-99 

4-08 

179 

2.56 

2.3-82 

6-56 

180 

512 

32-20 

9-14 

180 

1024 

4600 

12-66 

177 




0000180 


The values of k, calculated from eight differ- 
ent measurements, agree within the limits of 
experimental error. 

The osmotic pressure of acetic acid at v - 8 
corresponds to about three atmospheres, that at 
v«»1024 to about Jg atmosphere, or to 1*7 min. 
mercury pressure. The dissociation law 
has, therefore, proved correct within these 
wide limits ; no examination of the law so far- 
reaching as this has ever been possible in the 
case of gases. 

Further examples are : — • 


Cyanacetic acid, -362. 


9 


100 

Moo 

k 

16 

788-0 

21-7 

000376 

82 

105-3 

29*1 

373 

64 

139-1 

38-4 

• 374 

128 

176-4 

48-7 

861 

256 

219-1 

60-6 

302 • 

512 

260-9 

72-0 

,361 

1024 

297*8 

82-1 

368 




0-00370 


Here also the individual values of the con- 
stant vary irregularly about the mean value, so 
that the disorepanciqs haver to be ascribed to 
experimental errors. 

In the accompanying tables, which have been 
taken at random from a great number, the dis- 
sociation law proves itself everywhere to be ac- 
curate. It has, in fact, been verified in every case 
In the coarse of an investigation which, for 
reasons to be discussed later, has been carried out 
^th more than 400 acids, and it can be looked 
upon as generally valid. 

We must not otnit to remark, however, that,, 
as observed Ibove in the cases of the very strong 


Oxyisobntyrlo add, ^oo 


t0 


100 'i- 

Mao 

k 

33 

20*06 

5*65 

0-000106 

64 

28-05 

7*91 

106 

128 

38-80 

10-95 

105 

256 

53-91 

16-20 

106 

512 

73-49 

20-70 

106 

1024 

99-52 

2806 

106 


• • 






0*000106 

Oxysalioylic acid, «»356. 

V 

9’ 

100 

i 



Mao 


(54 

0 84-1 . 

23-0 

0-00114 

128 

112-5 

81-C 

114 

2.')6 

1470 

41-3 , 

113 

512 

187-0 

62-6 

114 

1024 

230-0 

64-7 

116 

2048 

270-4 

76-0 - 

117 




0-00116 

* Orthochlorobenzoic acid, Mqo 

«366. 

tf 

M 


k 



M» 


64 

89-2 

25-1 

0-00131 

128 

119-4 

33-5 

131 

250 

150-1 

43-8 

133 

612 

197-0 . 

55-3 

133 

1024 

238-7 

67-1 

184 




0-00132 


acids, and the neutral salts, which are very nearly 
completely dissociated, the calculation of the 
constants becomes very uncertain, and that 
greater deviations exist between the observations 
and the formula than can be ascribed to experi- 
mental errors. Which of the assumptions already 
made will have to be modified in order to explain 
these small discrepancies cannot as yet be deter- 
mined; but anyhow the discrepancies are so 
inconsiderable, and there are so many cases of 
agreement, that the deviations must be looked 
upon as of a secondary nature, and undoubtedly 
they will receive their explanation later on. It is 
well not to pass over in silence, nor to attempt to 
hide, such deviations from a law which is other- 
wise generally valid, since in most oases theo- 
retical progress is connected with the investiga- 
tion of the causes of deviations from general 
laws. Examples of this are found in the devia* 
tionsof gases from the sin-de laws, and the theory 
connected with ibis by van der Waals, and in the 
deviations of some substances from the law of 
Avogadro and tl e elucidation thereof by the 
theory of dissociation. 

Chemical a^lications . — The laws of eleo- 
trical conductivity, as developed in the prece- 
ding pages, give ns the means for solving many 
ohemical problems. This they do, because they 
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ive a deeper inslf^ht into the oonstitotion of Whether diseooiation ooours or not when 
issolved subetances than is afforded by the gaits are dissolved depends in a marked way on 
[sual ohemioal methods. A series of such appli- the nature of the solvent. Hydrooblorio acid, 
ations is already contained in the preceding which when liquid is not dissociated, dissociates 
tages; others are considered in the following at once when dissolved in water. But on using 
laragrapha. ^ ^ as solvent benzene, xylene, hexane, or ether, no 

The first of these applications is connected dissociation ensues ; these solutions are non- 
vith the question as to the nature and composi- conductors (Kablukofl, Z. P. C. 4, 430). On 
ion of the current-conducting particles or ions using alcohols as solvent, methyl alconol is 
>f salts. The conception of Berzelius that these found to behave almost like water; the solutions 
ire the ‘anhydrous’ acid and base has, in the of hydrochloric acid in irhave a molecular oon- 
ight of Faraday’s law, bcemrecogrflsed as erro- ductivity about three times smaller than aqueous 
leous. Afterwards, in analogy with the com- solutions. Tfte conductivities of the solutions 
lounds of organic chemistry, the sal is were looked become less and less as wo use ethyl alcohol, 
ipon as having a unitary composition, and this isobiityl alcohol, and isoamyl alcohol, 
new is still generally held. But this conception It is still quite unknown what the condition 
iannot be regarded as quite correct, since it does is which determines the property of different 
lot take into account the fundamental difference solvents to cause dissociation to a different degree, 
ivhich undoubtedly exists between salt like com- and it is not known whether, as is soEkewhat 
pounds and indifferent compounds, a difference probable, these effects remain proportional in the 
which manifests itself chiefly in the capacities cases of all salts. Here it seems, however, as if 
for reaction of the two groups. The conqpption the capability of the solvent itself to separate into 
of Berzelius rested on the correct recognition ions, even if to a small degree oinly, determined 
that salts are dual compounds ; he had only mis- its power to cause the dissociation of substances 
conceived their constituents. dissolved in it. 

The new electro-chemical theory of Arrhe- Although the questions just mentioned still 
nius avoids both errors, and retains what is cor- await solution, partly for lack of experimental 
rect in each conception. The solid salts, and, researches in this domain, yet the new concep- 
aocording to concentration, a greater or 8maJ[ie'ir | tion of the binary character ol salts allows us to 
portion of the salts dissolved in water, ‘salt’ bmg distinguish more sharply between the different 
understood to include acids and bases, have, it classes of these compounds than was possible 
is true, a unitary oomposition ; but that portion before. This is especially so in the case of the 
of them which is capable of reacting chemically, so-called donlle salts. This name is at present 
and which therefore is of preponderating interest somewhat uncertain in its application. Potas- 
to the chemist, is split binarily. slum copper sulpliate K.^SO,.CuSO, is called a 

‘ Salts,’ in the general moaning, are there- double salt, but sodium platinichloride is also 
fore substances which very readily undergo such j formulated as su oh, 2NaCl.Pt01, ; the first fot- 
a binary splitting, and herein lies their binary mula Is correct, but the latter is wrong. This is 
character, correctly recognised by Berzelius. so because potassium copper sulphate gives all 
It is a most remarkable fact that in the the reactions of potassium sulphate as well as 
splitting up of ‘ salts ’ their constituents appear those of copper sulphat e, but from sodium platini- 
in oppositely charged electrical conditions. This j chloride silver solutions do not precipitate silver 
indicates that probably both phenomena stand I chloride as from sodium chloride, but silver 
in the closest connection. It may be asked ' platinichloride Ag^PtClg (Jorgenson, J. pr, 
whether the salts split up so easily because [2] 16, 345). It is probable, therefore, that 
their parts readily acipiire opposite electrio sodium platinichloride is a salt of chloro- 
charges, or, conversely, whether the parts are platinio acid H^PtCl,,. If this is correct, the 
easily charged electrically because they are ions of the sodium salt are 2Na and FtClg, and in 
readily separated. Not less remarkable is the electrolysis fhe platinum must not, like the other 
fact that whenever a salt molecule is split up metals, go to the cathode, but as a constituent of 
an equal quantity of electricity is produced (or the acid radicle to the anode. And, in fact, 
separated), independently of the nature of the Hittori has proved (P, 106, 520) that this is 
parts. It is beyond doubt that this fact is of the case. 

decisive importance for the recognition of the Similarly with other salts; for instance, 
nature of electricity, as well as of that of chemical that which is obtained from chromium oxide and 
afllnity ; when the one is elucidated, the other potassium binoxalato, and which has the eni- 
will be so also. But which of the two will first pirical formula 3K^Cp,.Cr (CP,) ,. Since this 
be thus advanced cannot as yet be foreseen. salt gives no pp. with calcium salts it cannot bo 
A further remarkable fact is, that pure salts regarded as an oxalate. In fact, in electrolysis 
at ordinary temperatures do not conduct appre- I the chromium goes to the anode; the chromium 
oiably; the ordinary solid salts do so as littU^ as is, therefore, a constituent of the acid radicle, 
pure sulphurio acid, acetic acid, &c. Even the . and the salt must be looked upon as the potas. 
halogen acids HF, HCl, IllBr, and HI, when , sium compound of a tribasic chromoxalio acid 
liquefied by pressure or cold, axe all non-con- ! (HGPJjCr — thatis, as KjC^Oi-iCr (Kistiakowsky, 
duotors. According to the dissociation theory Z. P. C. 6, 107). 

of electrolytes this is quite conprehensiblo; the! Such salts, therefore, are not double salts, but 
pure substances do not conduct because they are i are salts of complex acids ; it is possible to test, 
not dissociated, and they are not dissociated 1 in the way already indicated, in everv case 
because their molecules have no space wherein whether a definite salt is a true double salt 
io dissociate, or because they do rot possess ' or the salt of a complex acid. Onioxaraination 
Miflicient mobility. | we find that, not a double salt, but a salt of a 
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aomptex aoid !• present whenever the reactions 
oil the salt in question are not those of its con* 
stituents. This decision is specially convenient 
when the solution of the salt is coloured. Be- 
oaosoi since the properties of the positive ionsi 
and therefore their colour also, are independent 
of the negative ions, it will always bo possible to 
conclude that the positive ions are no longer 
present when their colouration disappears. In 
the easily decomposable salt 2KCN.Ni(CN), we 
must not see a double salt, but the potassium 
salt of cjano-nickelic acid lI.^Ni(GN)^, because its 
solution is yellow, and not greei| as solutions of 
the nickel salts are which contain nickel as an 
ion. 

The line of demarcation between the two 
groups of salts, however, is dot absolute, as 
many salts exist which in aqueous solutions are 
both double salts and also complex ones. This 
is the case with potassium ferri-oxalate, for in- 
stance. Since this salt is green, while all true 
ferric salts are yellow or brown, it may be con- 
cluded that it is a complex salt, the compound 
of a ferri-oxnlic acid H 3 CjO,.,Fe analogous to 
the above-mentioned chromo-oxalic acitl. The 
solution of this salt gives, however, a precipitate 
with calcium solutions, which proves it to be an 
ordinary oxalate, but on the other hand the iron 
goes to the anode. From this it is seen that the 
aqueous solution contains chiefly the ions 
3K -f CeOi.^Fe, hut that a portion of the salt has 
split in the manner of a double salt into 
potassium oxalate and ferric oxalate, which on 
their part form the corresponding ions. 

The study of such cases has as yet scafcely 
been begun, because until now we possessed 
neither theoretical nor experimental means for 
answering the questions which arise. The elec- 
trical methods, in conjunction with the methods 
for the determination of molecular weights 
arising out of the theory of solutions, rfhw afford 
easy access to these hitherto closed and uncul- 
tivated domains. 

The dissociation-constants of organic 
acids. The only province of chemistry which 
lias been studied somewhat thoroughly in the 
light of the new electro-chemical theory is that of 
the organic acids. We have seen above that 
the molecular conductivity of •these can be 

represented by the formula-jjj — -ilvjM “ 

This formula contains only the single constant 
k, which constant depends on the, nature of the 
acid, the temperature, and the solvent, but is in- 
dependent of the dilution. At a given tempera- 
ture, and in the same solvent, the quantity k is 
therefore a measure of the electrical conductivity, 
and hence it is the capacity for reaction of the 
acid ; for the substance considered, k therefore 
represents the long sought for numerical value 
of tJie chemical afjUnity. 

It is remarkable that the two conflicting 
views concerning the nature of chemical affinity, 
M represented by Bergmann and Berthollet {cf. 
vol. i. 68) hete coincide. Berthollet, who re- 
presented the afSnity as dependent on the mass, 
was right, and so was Bergmann, who desired to 
represent it by a constant. By accurately formu- 
lating the idea of the influence of mass as given 
by Bertlioaet, we obtain in the equation for the 


ohemioal effects a oo-effloient independent of the 
quantity— that is, one referred to the ohemionl 
unit of quantity, which is Bergmann’s measure 
of chemical affinity. 

It has already been shown (vol. i. 81) 
that the electrical conductivities bear a definite 
liilation to the composition and ooustitution of 
the acids. But the law of dissociation of elec- 
trolytes had not been discovered at the time 
when the article referred to was written, and the 
observed relations could not be represented nu- 
merically. • This has now become possible, by 
means of the vallies of the constant fc, which 
have been measured for about 400 acids (Ost- 
wald, Z. P. C. 3, 170 ; Bothmann, ib. 6 , 886 ; 
Bader, ib. 6, 289). 

Before exiiounding these relations, it will first 
be shown how the laws which have been found 
empirically for the electrical conductivities follow 
directly from the above dissociation-formula. 
In order make the consideration easier, the 
formula will first be*Boniewhat simplified by sub- 
stitifting for the molecular conductivity /iv its 

value referred to the maximum — ■■ m. 

hoc 

The equation then assumes the simple form 


In the first place, we see that as the dilution 
V increases infinitely, the quantity 1-m must 
approach zero. Hence m must approach unity ; 
hence the electrical conductivity increases with 
dilution up to a maximum, as has been shown by 
experience. 

Further, it was found that when at any dilu- 
tions, V, and Vj, two different acids have the 
same (relative) conductivity, they also have the 
same at other dilutions v/ and v.J, as long as the 
new dilutions are in the same ratio as the old 
ones — that is, when V, : = I v.J. This follows 

from the formula in this way : on the supposi- 
tion that the relative conductivities are the sam^, 

we have first of all 2 “,^ =* • 

therefore And in the same way for 

the other dilutions, /c/v/ = from which it 
follows directly that v, : Vj = v,' ; v./. 

In addition, F. Kohlrausch had already pointed 
out that in the cases of acids which conduct badly 
(which, therefore, are but little dissociated), the 
molecular conductivity increases nearly as the 
square root of the dilution. If in the equation 

i B kv. m is very small, l — m differs little 

from unity, and can be looked upon as constant ; 
then approximately, m'^ kv, or m=» ^kv. 

Finally, on taking the logarithms of the dilu- 
tions as abscissa} and the values of m as ordinates, 
we also get from the formula a curve resembling 
a tangent-function (vol. i. page. 82); the inter- 
polation-fonnula given in vol. i. must be replaced 
by the present rational formula. 

As regards the meaning of the constant k, we 
recognise what this is on putting m 0*6, when 

we get 2A ^ 2/c is therefore the reciprocal 

value of the volume, or the concentration at 
which the electrolyte is just half dissociated. 
This number is extremely characteristic for * 
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toent aeidfl, since its value may vary according to 
the nature of the substance between the limits 1 
and 1,000,000. 

The measurement of the quantity Zr for differ- 
ent acids has led to the following general law 
The constant k is approximately the product of 
a number of factors, each of which depends on the 
nature of the constituents of the acid and on their, 
position relatively to the carboxyl group. 

In order to realise what this law implies, and 
in what manner it is applied, we will proceed to 
discuss in the following pages the mpst impor- 
tant groups of the organic acids. The relations, 
the main features only of which could formerly 
(vol. i. page 82) be investigated, can now be 
represented numerically with perfect exactitude. 
The numerical values for k have been multiplied 
by 100 in order to get rid of ciphers ; they all 
hold for aqueous solutions at 25°. 

The fatty a^ids. The following constants 
were measured:— ^ 

Formic acid H.CO^H . * . . 0 00214 

Acetic acid CHjf.C02H . . . O OOlffO 

Propionic aoid^.^H^.CO ,!! . . 0 00134 

Butyric acid C,H,. CO, H . . 0 00149 

Isobutyric acid (CIIJ-.CH.COJI . 0*00144 
Isovaleric acid (CH,),C.J[Ij,.c6.,H . 0 0*0161 
Gaproic acid G^HipCO.^H . . 0*00145 

Formic acid has the highest constant ; the re- 
placement of its hydrogen by methyl reduces 
the constant to half its value. Bui on again 
replacing one hydrogen atom in acetic acid by 

methyl the constant only decreases to ~ of 

* • 

its value, and further similar substitutions no 

longer produce a weakening of the acid, but some 
of them even bring about a slight strengthening. I 
These changes are, however, but small, so that 
the constants of acids of this series having more | 
than three carbon atoms vary irregularly about 
the mean value 0*0014. | 

It is evident, then, that the substitution of i 
hydrogen by methyl acts quite differently, ac- j 
cording as* it occurs next to the carboxyl or at 
a greater distance from it. This is a result 
which will afterwards be shown to hold good in 
all oases ; on the whole, the effect of each sub- 
stituent is the smaller the more distant it is 
from the carboxyl. The inference that the*! 
interposition of even two carbon atoms nearly 
counteracts the effect is correct for methyl, for . 
which it is relatively small. Other constituents i 
of greater energy extend their action further, but | 
yet not over more than three or four atoms of 
the * open chains ’ ; in the case of * closed chains ’ 
other relations hold good. 

Halogen derivatives of the fatty acids. The 
entrance of chlorine in the place of hydrogen in 
the fatty acids exerts very considerable inffuence. 
The constants are— 

Acetic acid 0]3,.C0.jH . .. . 0*0018 

Monoohloracetio acid GH.,Gl.GO^ 0*155 

3)ichloracetio acid CHC4.CO.,H . 6*1 

Trichloracetic acid CCI,.CO,H . 121 
The oonetants are in the ratio of 
1 : 86 : 2840 : 67200. The ratio of the values of 
the constants for the different acids, referred to 
the entrance of each separate chlorine atom, is 
84, 83, and 24. It is onl^ the ratios of the 
constants, and not their differences, which are 


important; the ratios, though not equal, are 
yet of the same order of magnitude, while the 
differences between 0*155, 5, and 121 are quite 
incomparable. Further, it follows that the re- 
lative change of the constants for the entrance 
of each chlorine atom is not of the same 
value *, the first chlorine atom acts more intensely 
than the second, and the second more intensely 
than the third. We shall again meet with a 
similar relation when dealing with substitution 
in connection with the same carbon atom. From 
this it may bo concluded that the first chlorine 
atom which en^rs into acetic acid exerts its in- 
fluence under more favourable conditions, there- 
fore probably from a less distance, than the 
second and third, and it becomes evident how 
well such measurements lend themselves to in- 
vestigations and examinations of the relations 
in space of the atoms within the 'molecules. 
The action of other elements and radicles is. very 
similar to that of chlorine. 

Monobromacetio acid CKjBr.COjjH . 0*138 
Cyanacetic acid CHj.CN.COJI . . 0*370 

Thiooyanaoetio acid GHj-SCN-COaH . 0*265 
So-called * carbamine thioglycollic 
acid » GHj(SCONHo)C02H . . 0*0246 

Isothiocyanacetic acid CjHjOjS.N . 0*0000246 
Thiacetic acid CH,.COSH . . . 0*0469 

The constant of monobromacetio acid does 
not differ much from 0*155, tha’t of monochlor- 
acetic acid, hence both halogens exert about 
the same influence. Cyanogen acts much more 
intensely. The ratio of cyanacetic acid to acetic 
acid has risen to 205 (from 86). Thiocyanaoetio 
acid also is stronger tnan monochloracetic acid, 
but not so strong as cyanacetic acid,* though sul- 
phur is generally a negative substituent— that is, 
one which augments the acid properties. The 
idea of relations in space at once suggests itself; 
by the ifltroduction of sulphur there has, in 
fact, taken place, on the one hand, an increase 
in the acid properties, but on the other hand, 
since the cyanogen is removed to a greater dis- 
tance from the carboxyl, there has been a 
weakening, and the latter effect preponderates 
over the former. By taking up water, thio- 
cyanacetio acid easily passes into the acid 
CHj-SCONH^^jH, the group CN changing into 
CO.NHy This transformation is accompanied 
by a marked decrease in the cftiductivity, the 
constant falling to less than a tenth of its 
former value* The change can be conveniently 
studied in an aqueous solution of thiocyanacetio 
acid, by determining its electrical conductivity ; 
the conductivity decreases continuously, and 
after even a few days the greater part of the 
thiocyanaoetio acid is found to be changed. 
Finally, there is a compound isomeric with thio- 
cyanacetic acid, which Volhard [J. pr. [2J 9, 6) 
obtained by the action of hydrochloric acid on 
aulphohydantoin, and which is isothiocyanacetic 
acid. The constant for this compound is 10,000 
times smaller than that for thiocyanacetio acid ; 
it is also smaller than that of any other carbon 
acid, so that the inference must be drawn that 
the substance is not a carbon acid at all. This 
confirms the view expressed by Liebermann, and 
the reasons for which were ^ven by Hantzach 
{B. 20, 3129), that the compound is a dioxy* 
thiazole— * 
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The feebly acid properties are ascribed to the 
hydrogen of the imide group. The thiacetio acid 
mentioned at the end of the last table contains 
sulphur in the place of oxygen in the hydroxyl 
of the carboxyl. In accordance with the nega- 
tive nature of sulphur, this acid proves to be 
twenty-six times stronger than acetic acid, and 
this factor may be looked upon as the greatest 
to which sulphur can give rise |;rhen replacing 
oxygen, because in this case the sulphur atom 
acts from the most favourable position which is 
ever possible. 

Oxyacetic acid and its derivatives, 
OlycolUo acid CH,.OII.CO,H . . . 0 01 52 j 

Methoxy -acetic acid CH.^.(OCH,)COjH . 0*0335 ! 
Kthoxy-aoetic aciij CH,(OC,H,)CO,H . 0*0234 j 
Phenoxy-acetio acid CHdOC^HJCOjII . 0 0750 i 
^llyoxylio acid CH(OH),COaH . . 0*0474 

The replacement of hydrogen by hydroxyl in 
acetic acid produces a rise in the constant of 
9 times its former value ; hydroxyl, therefore, 
acta much less intensely than the halogens. 
By introducing a second hydroxyl the constant 
again becomes greater, bdt only 3*1 times greater. 
Ilere we find quite the same elTects as in the cases 
of mono- and di-chloracetio acid, the second 
substitution of the same substance acting less 
strongly than the first. In the numerical values, 
even, we cannot overlook a certain oorrespoQo 
dence ; in the case of chlorine the ratios are 
1 ; 86 and 1 ; 33 ; in the case of hydroxyl they 
are 1 : 9, and 1 : 3*1. It may therefore be said 
that, using round numbers, in the derivatives of 
acetic acid chlorine acts ten times as intensely 
as hydroxyl. When the hydroxylio hydrogen of 
glycollio acid is replaced by radicles, the constant 
changes, and, strange to say, methyl acts in this 
case in a strengthening manner, the constant 
rising to a little more than twice its former 
value. The substitution of hydrogen in this 
methyl by methyl again has a weakening effect, 
as is the case with the fatty acids ; cthoxy-acetic 
acid is 1*4 times weaker than raethoxy-acetio 
acid. Finally, by the introduefion of phenyl, 
the constant becomes appreciably greater ; it is 
about five times as great as that of glycollic acid, 
and is 2*3 times greater than that of meth- 
oxy-acetio acid. The ratio is smaller than that I 
between acetic acid and benzoic acid, which is 
1 : 3*3, an indication that the exchange of methyl 
lor phenyl has in the latter case taken place in 
greater proximity to the COOH group, a con- 
olusmn which follows also directly from the 
lormulas. 

A number of other substances related to 
glycollio acid have given the following numerical 
Values : — 

Thioglycollio acidl3H,(SH)COaH . • 0*0225 

Thiodiglycollio acid S[CH,CO^), , 0*048 

DittiodiglycoUic acid Sa(CH,CO^, . 0*005 

acid 0 (GH 2 C 0 ^J. . . 0*11 

As the constant of glycollic acid is *0162, we 
ice that the snbstitntioii of S for 0 in hydroxyl 
has caused the constant to increase 1*6 times ; 
BOW, as flibstitution of S for 0 in OOOH of acetic^ 


acid increased Jc from 1 to 26, we see here also 
the great influence of the position occupied by 
the replacing atom. 

The three otlier acids quoted in the last table 
are dibasic, and the question at once arises 
bow their constants must be calculated, since 
the dfSsociation-formula has been developed for 
binary electrolytes— -that is, for monobasic acids 
only, and not for ternary ones, to which class the 
dibasic acids belong. It can, however, easily be 
sliown that, as lung as the dissociation is not 
great, the weaker dibasic acids are not eieotro- 
lysed accoiAling the fonimla 211 + 11", but 
according to the formula H+HIi. In other 
words, at first one hydrogen atom only is Sj^lit 
olT, and the dissociation takes place according 
to the binary scheme of tlft monobasic acids. 
This follows from the fact that the change in 
the molecular conductivity of such acids con be 

represented by the same formula so 

1— trt 

that k remains coniltant. But the formula cal- 
culiiled on the assumption of a dissociation 
according to the scheme Hjlt"«2H + R does 
not represent the change in the conductivity of 
these acids as determined by experiment. 

Malonic acid CH^fCOOH), may serve as an 
example of dibasic acids. It gives : — 


V 


m 

100* 

16 

53*1 

0*149 

0*169 

32 

72*3 

0*202 

0*169 

64 

97*1 

0*272 

0*158 

128 

128*6 

0*359 

0*167 

256 

166*9 

0*464 

0*167 

612 1 

208-8 

0*586 

0*162 

1024 ! 

253*2 

0-708 

• 0*168 

2048 

294*2 

0*823 

0*187 


The constant does not change till the value 

0*586 is reached— that is, till, about half 
the acid has been dissociated according to the 
binary scheme; then it becomes greater - a sign 
that henceforward the formula loses its validity, 
and that the decomposition according to Uie 
ternary scheme 2H + 1V' begins to assume an 
appreciable value. 

If, on the other hand, we attempt to calculate 
the conductivity according to the formula corre- 
sponding to ternary dissociation 

the values of k decrease very rapidly and are far 
from being constant. 

The values for the constants of dibasic acids 
given in tlie table preceding the last one have 
been calculated on this principle, and refer, 
therefore, to the flmt stage of binary dissociation 
a^t-HIl + H. 

•Comparing thioglycollio acid with thiodigly- 
collie acid and dithiodiglycolUc acid, we And that 
the constants do increase distinctly, though only 
slightly ; they are 0 o255, 0*048, and 0'C%5, and 
are in the ratio of 1 : 2*1 : 2*9. When, therefore, 
the residue of acetic acid, CH^COxH, enters thio* 
glycollic acid, this process has no appreciable in- 
fluence on the constant. On the other hand, the 
constant of diglycollio %cid is 7*2 times greater 
than that of glycollic acid. From the fact that 
the same substituent produces such different 
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effects in glyoollio acid and in thioglyooUio acid, 
it may be presumed that in the first case the 
oxygen brings the negative substituent nearer to 
the carboxyl than the sulphur does in the second 
case, and this presumption may be further utilised 
for hypotheses concerning the oonfiguratipn of 
the sulphur atom, and the arrangement of the 
allinity points on it. It has, however, not yet 
been established with certainty that the greater 
or less distance of the groups is the only cause 
of their different actions, and there are some 
circumstances which allow us to ooijcludo that 
other conditions are effective also ; therefore, 
until these have been oleiared up, conclusions 
such as the above hold only hypothetically. 

Derivatives^/ amido-acetic acid. 
Phenylamido-acetio 

acidCH,(NHO,H,)CO^. . . 00039 

Hippurio acid CH..(NH.C0.C^H,)C02n . 0*0222 
Aceturio acid CH.^(NH.CO.Cn,)CO^ . 0*0230 
Phthalylamido- acetic acid ^ • 

ch,(nOjOah.)co.^ . . . o-;oo 

Amido-acetic «.cid has not the character of an 
acid ; the basic NHj group completely removes 
the acid properties of acetic acid. But if nega- 
tive radicles are introduced into NH.^, well defined 
acids are again obtained. Phenyl has this effect ; 
the constant of phenylglycocoll is 2*2 times as 
groat as that of acetic acid. The constants of 
the acids obtained by introducihg CO.C^Hj and 
GO.CHj for H in NH,^ are 12 to 13 times greater 
than that of acetic acid. The substitution of 
the divalent residue of phthalio acid for the two 
hydrogen atoms in the NH, group raises the 
constant of acetic acid 55 times. 


Derivatives of propionic acid. 
Propionic acid CHa.CH.^.CO.JI , . 0*00134 

Lactic acid CH,.CH(OH)COaH . . 0*0138 

jS-Oxypropionio acid CH ,(OH).CHo.CO.^H 0*00311 
Glyceric acid CIL^.OH.Cil.OH.CO.^H . 0*0228 
/3-Iodopropionic acid ClIal.CIL^.CO.^H . 0*0090 
Triohlorlactio acid CCl;,.CH.OH.CO^H . 0*465 

The constant of d-oxypropionio or lactic 
acid is 10 times greater than that of propionic 
acid, but the constant of /3-oxypropionio acid is 
only 2*3 times ^eator than that of propionic 
acid. The difference in the action of the same 
substituent, according to its nearer or more 
distant position relatively to COOH, asserts itself 
most clearly. The ratio between propionic 
acid and lactio acid is slightly greater than that 
between the analo’gbiis Substances acetic acid 
and glyoollio acid (1:9); it "is, 
quite immaterial whether the 8ubstitu'{ron 
or does not take place in the group CH,. The 
influence of the more distant position of the 
substituent can be recognised in )8-iodopropionio 
acid and triohlorolactio acid. The first is only 
6*6 times stronger than the parent substance. 
NO measurement of a-iodopropioniolaoid has yet 
^on made, but there is little doubt that iodine 
in the a. position must act very similarly to chlor- 
me or bromme, and must, therefore, increase the 
mstant by 70 or 80 tiraes. The effect in the 
^ position IS 10 to 12 times loss than this. In 
is "nnAJfy sw^Btitution of 3C1 for 3H in 
>44, .COOH increases k -about 67,000 times; but 
Jie mtr^uction of 8C1 into CH,.CHOH.COOH 
D the position increases k only about 33*7 


times. The ratio of these effects is about 
1:2000 ; calculated for each 01 atom the ratio is 
.^2000-12*6; this ratio comes very near that 
estimated for a- and /S-iodopropionic acids. 

Derivatives of higher fatty acids. 
Oxyisobutyric acid (CHJjCH.OH.COjH 0*0106 
Mononitrocaproic acid 04 H,o(N 0,J .CO,H 0*0123 
Dinitrocaproio acid OjHefNOJ^COjH . 0*069 
Laevulinic acid CH8.CO.CH5.C;^.C02H 0*00255 

Since the constant of isobutyric acid is 0*00144, 
the hydroxyl in the a- position here causes the 
factor 7*4, whyh is somewhat smaller than 9, 
the corresponding ratio between acetic acid and 
glycollic acid. 

The ratio between caproio acid and its mono- 
nitro- derivative is 1 : 8*5. Since, as will soon be 
shown, the nitro- group has a more strongly nega- 
tive action than chlorine, NO, must, in the pre- 
sent case, be in the $- position. The same holds 
for the dinitro- compound ; it is 5*6 times stronger 
than the mononitro- compound ; it is again 
evident that the second negative group has less, 
effect than the first. 

Lrevulinio acid, or jS-acetyl-propionic acid, 
allows us to recognise the smaller influence to 
be expected of the acetyl in the )8- position ; the 
constant is only 1*9 times larger than that of 
propionic acid. 

Benzoic acid and its derivat ives. The largest 
and most varied group of allied substances that 
has been investigated so far, is that of benzoic 
acid and its derivatives, and consequently it has 
been possible to trace here many and striking 
regularities. 

Benzoic acid 0,H,CO.,H . . , 0*0060 

Salicylic acid 08H,(0H)C02H . . 0*102 

w-Oxybenzoic acid C„H 4 (OH)CO.,n . 0*0087 
p-Oxybenzoic acid OaH^jOHlCO. H . 0*00286 
Oxysalioylio acid [1:2:3] 0,H3(OH),CO.,H 0*114 
Oxysalicyiic acid [1:2:5] C„H 3 (OH.j.,CO,H 0*108 
/S-Uesoroylic acid [1:2:4] C«H,(OH);CO..H 0*052 
a-Resorcylio acid [1:2:6] aaH,{OH),CO;H 5*0 
Protocatochuio 

acid [1:3:4] CeH 3 (OH),CO.;EI . . 0*0033 

m-Dioxybenzoic acid OrtH 3 (OH) 2 CO,H . 0*0091 
Gallic acid [1:3:4:5] C„H., (OH), COji . 0*0040 
Pyrogallio aoid[l:2:3:4] 0,H,(OH),COj^ 0*055 
Phlorogluoin c^boxylic 

acid [1:2:4;6] 08H,(OH),CO.,H . 2*1 

The numbers indicate the positions of the 
OH groups relatively to COOH supposed to be 
in position 1. 

This table contains the constants of* all 
hydroxyl-benzoic acids known up to the present 
These show such close connections with 
^‘‘j^vdier that, knowing the constants of benzoic 
acid and monoxybenzoic acids, those 

nf all ° be calculated approximately. 

Tt ia TB^B’^^Btion is not quite exact, but 

it io fBo to enable us to deduce the 

oonBtilut°on“ «?>™»P»ding substonoe. 

ai-tly a aVtntofbfnzorSL it. 
nrihn j ratio is 1:17- ralu. 

ia ^^on OH IS introduccd 

i*n fatty acid, in which oases 

10; in the position. 

^ B^BB'ihe oonsdtution of salioylio 



it appears that the ortho- position inToWes aihuoh 
closer relation in the benzene naoleas than even 
the a- position in the open ohain, a fact which 
later on will be confirmed in many ways, and 
which seems to be of great importance in dealing 
with the question concerning the constitution 
of benzene. 

The constant is increased but slightly by OH 
in the meta- position. But in the para- position 
the hydroxyl even produces a diminution of the 
constant to rather loss than half the value. We 
deal in this case, therefore, not only as usual 
with a greater or smaller value the infiuenoo 
exerted by a substituent according to its position, 
but with a reversal of the direction in which the 
influence is exerted. This fact, which has already 
become evident in the case of methyl, recurs with 
other feebly negative substituents in the para- 
position of the benzene nucleus. This j)rom isos 
to become very important in the construction of 
a theory to explain these phenomena. 

We have then the following factors for the 
influence of the hydroxyl ; — 

Ortho- 1:2 or 1:0 = 17 
Meta- 1:3 „ 1:6= 1*4 

• Para- 1:4 « 0 5 

By their help we are able to calculate the 
constants of the di- and tri oxybenzoio acids by 
multiplying the constant of benzoic acid by the 
corresponding factor for every hydroxyl intro- 
duced. It must be remembered that such a calcu- 
lation can only give approximate results *, for we 
have seen that substituents already present some- 
what influence the magnitude of the factor of a 
newly entering substituent, and that, generally, 
by decreasing it. It is, therefore, only the order 
of magnitude of the constants, and not their 
exact value, that we shall be able to find in the 
manner indicated. 

Four dioxybenzoic acids can be derived from 
salicylic acid ; the constants of ^thesc four acids 
are calculated thus : — * 

1:2:3 gives -0060 x 17 x 1*4 = 0-143 

1:2:4 „ *0000 x 17 x 0-5 = 0-051 

1:2:5 „ 0000 x 17 x 1-4 = 0-143 

1:2:6 „ -0060x 17x17 *=1-73 

The numbers observed are 0-114, 0-052, 0-108, 
and 5 0. In the case of the flrst^nd the third 
acid which both contain a hydroxyl in the 
m- position, a diminution of the combined effect 
therefore makes itself felt as usual. In the 
second acid 1:2:4, calculation and experiment 
completely agree; while the fourth acid 1:2:6, 
which contains two ortho- hydroxyls, shows a 
value about three times greater than is furnished 
by the estimation. We shall see later that this 
behaviour is common ; two substituents in the 
orthc- position do not, as is otherwise usual, 
weaken one another, but reinforce each other's 
effect. 

For the two dioxybenzoic acids still remaining 
we must expect the following constants : 

1:3:4 gives *006 x 1-4 x 0-6 - 0-0042 
1:3:6 „ -006 x 1-4 x 1-4 = 0 012 

Measurement gives -0033 and -009, both con- 
atants being therefore as usual somewhat smaller, 
a consequence of the combined effect, yet being 
quite of the expected order of magnituae. 

The siz^ssible triozybenzoic acids allow us 
to estimate ue following constants : 


MGTUObS. Mi 

l':9:S:4 gWei 0080 x 17 x 1-4 x O S - 0-07 
1:2:4:8 „ -0060 x 17 x 0-6 x 17 - 09 

1;3;4:6 „ -0060 x 1-4 x 0-5 x 1-4 - 0008 

1:2:3:5 „ *0060 x 17 x 1-4 x 1-4 = 0-8 

1:2:4:6 „ *0060 x 17 x 0*5 x 1*4 - 0 07 

1:2:3:6 „ *0060 x 17 x 1-4 x 17 = 2-4 

Of the six possible triozybenzoic acids three 
I are known and measured. The comparison be- 
! tween the observed and estimated constants 
t gives 0*066 instead of 0 07; 0-004 instead of 0 006, 
where as u^al the observed value is smaller than 
the estimated valifb ; and in the case of the acid 
with two hydroxyls in the ortho- position wo have 
2-1 observed instead of 0*9 estimated, which there- 
fore, as before, is about twice as great. In the 
same w-ay we may expect in the cases of the 
three trioxybenzoio acids still- unknown, that 
the real constants of the acids l:2:3:7i and 1:2:4:5 
will be somewhat smaller than the estimated 
values, andjihereforj about 015 and 0*06, while 
the third acid 1:2:3ft with two ortho- hydroxyls 
will probably have a constant from 6 to 5*6. In 
spite of the uncertainty of thd estimation, the 
differences are so considerable that when in 
future one of these acids is prepared the de- 
termination of the conductivity of an aqueous 
solution will suffice to decide its constitution. 

The constitutional rolationsof the oxybenzoio 
acids, as indicated by the dissociation-constants, 
are therefore in complete agreement with those 
deduced from chemical relations. 

The methods just expounded may bo directly 
utilised for elucidating constitutional relations. 
On heating orcin 0,H,(OH),CH, with KHCO, 
there is formed ‘ paraorsellio acid,’ wliose con- 
stitution must correspond either to that of 
o- or ^-resorcylio acid. On measurement, the 
constant appeared to bo 4*1 ; the acid has, there- 
fore, a constitution analogous to tliut of a-resor- 
cylic acid, corr<tsponding to tho arrangement 
CO,H:OH:OH:CHj = 1:2:6:4. 

Further substitution products of benzoio 
acid gave the following numbers : — 


o-Chlorobcnzoic acid CaH^Cl.COil . 0132 
m-Chlorobenzoic acid CgH 431.00.^11 . 0 0155 

P'Ghlorobenzoio acid O.HjCl.COjlI • 0-00'J3 
o-Bromobenzoic acid C,H,Br.CO.^II , 0145 
w-Bromobenzoic acid C.H^Br.COaH • 0 0137 
Monobromgallio 

acid C,HBr(OH),CO,H . . . 0069 

Dibromgallio acid C«Br.^(OII) 3 CO.^H . 1*21 
w Fluobonzoic acid Cb1I,P.CO,H . • 0 0130 

w-Cyanobenzoic acid C„IIjON.CO^II . 0 020 
o-Nitrobenzoic acid CgH,NO^.COjII . 0-616 
m-Nitrobenzoic acid C„H^N(),^COaH . 0-0345 
p-Nitrobenzoic acid C^H^NO-^COaH , 0 040 
Bromonitrobenzoio 

acid [1:2:5] C«n,BrNO,CO.,H . . 1-4 

O'Amidobenzoic acid C,H,NII.^CO.^H , 0*0010 
p-Amidobenzoio acid C,H^NH.^CO.jlI . 0’0012 


o-Acetamidobenzoio 

acid 0,H,(NHCOCIT,)CO^ . , 0 024 

m-Acetamidobenzoic 

acid C«H,(NHCOCH,)CO„H . . 0*0086 

p-Acetamidobcnzoic 

acid C,H 4 (NHCOCHj)COjH • . 0*0052 

o-Acetoxybenzoio 

acid CaH 4 (OCOCH,)CO^ • • 0*033 - 

pAcetoxybenzoio 

acid C,H,(OCOCH,)CO,H 


0-0048 



SOS 


PHYSICAL METHODS 


M-AcetoiTbenzoio ^ 

aoidOAiOCOOHJCO^ . . 0*0099 

o^Metbozy-oenzoio 

acid C,H,(OCH,)CO:^ . • . 0*0082 

p-Methozy-benzoio 

acid 0.H4(0CH,)C0,H . . . 0*0032 

The same conclusion may be drawn from 

these numbers as to the influence of the halogens 
as had been deduced for hydroxyl— namely, that 
the ortho- position is that of greatest influence. 
The constant of benzoic acid rises to 22 times 
its value on the introduction of chljjrine in the 
ortho- position, to 2 6 times its value when Cl is 
put in the meta- position, and to 1*5 times its 
value when Cl is put in the para- position. But 
along with this there is a remarlible difference 
between the behaviour of OH and that of Cl; 
hydroxyl acts much more strongly in the ortho- 
position of*th6 benzene nucleus than in the 
a- position of the open chain, while chlorine, 
which in the a- position of the op^ chain in- 
creases the constant to md'e than 80 times its 
value, does so only 22 times when in the oltho- 
position in the*benzene nucleus. For this dis- 
crepancy the explanation offers itself, on the 
one hand, that the system of carbon atoms 
which constitutes the benzene nucleus is not 
rigid, but alters its form according to the atoms 
present in it, and that if so, the difference in 
form must be especially -great according as 
hydroxyl or chlorine enters near the carboxyl. 
On the other hand, the following possibility 
strikes us. According to the hypothesis of 
JCekul4, there are two sorts of ortho- positions, 
the one being represented by a double, the other 
by a single, linkage. Now it is quite possible 
that in benzene itself the change of the double 
or single linking to the right or the left takes 
place easily, but that when two adjoining car- 
bon atoms have fixed different atoms or groups 
of atoms, only one sort of linkage, cither a single 
one or a double one, is stable. Assuming that 
— in salicylic acid, for instance— double linkage 
exists between the carbon atoms, combined with 

COOH 


oarbotyl and hydroxyl respectively, 




COH 

I i 

while in o-chlorobcnzoic acid the single linkage 
COOH 

only is stable, ^ CCI * difference empha- 

•| 

sised above can be understood, since in the first 
case the ortho- relation is a much more intimate 
one than in the second. 

The small changes which the constant of 
benzoic acid undergoes in m- and ^-chloro- 
benzoic acid correspond to the greater distance 
of the chlorine from the carboxyl. According 
to the usual representation of benzene, the in- 
fluence df the para- position proves to be the 
smallest. But this behaviour is by no means 
general. 

Bromine behaves very similarly to chlorine. 
The effect for the ortho- position is somewhat 
larger than for chlorine— i.c. 24 instead of 22 ; 
that for the meta* position somewhat smaller 
instead of 2*6. 


eis» 

When hydrogen in gallic acid is replaced by 
bromine in the ortho- position, the constant in* 
creases to 15 times its value, therefore less 
than in the case of benzoic acid. This corre- 
sponds to the general rule that several substi- 
tuents simultaneously present diminish each 
other’s action. Only when two substituents, 
which arc the same, occupy the ortho- position 
is an increase in the simuJtaneous effect to bo 
observed ; in fact, a second bromine atom which 
occupies the ortho- position brings about a 
greater rise of the constant than does the first 
— 21 instead o^l5. 

Hydrofluoric acid being much weaker than 
hydrochloric acid, it was to be expected that 
the fluobenzoic acids would be weaker than the 
chlorobenzoic acids. In case of the meta- com- 
pound this occur8> however, only to a small ex- 
tent ; the constants differ but little, and are nearly 
the same for the bromo- and lino- compounds. 
It would be of interest to determine whether in 
the ortho- position also fluorine acts as strongly 
as chlorine, but o-fluobenzoic acid has not yet 
been examined; w-cyanobenzoio acid is 
! markedly stronger than m-chlorobcnzoic acid. 
This completely corresponds to the fact that 
cyanacetio acid is much stronger than chlor- 
ncctic acid. 

i From measurements of the nitrobenzoio 
I acids, the group NOj appears to be the most 
I effective negative substituent. The ortho- com- 
j pound exhibits a 10.‘)-fold increase of the con- 
stant, the meta- compound an increase equal to 
6'8-fold, and the para- compound a 6*7 fold in- 
crease. With regard to the influence of posi- 
tion, the numbers agree with those found for the 
chloro- and bromo- compounds, in so far as the 
ortho- position is again that of greatest influ- 
ence; but, on the other hand, the influence of 
: the nitro- group makes itself more felt from the 
i para- position than from the meta- position, in 
I opposition to the relations found in the case of 
chlorine. 

1 Bromonitrobenzoio acid contains the sub- 
I stituonts in the order CO..,H:NO./Br = 1:2:5. 

I The constant is made up of that of benzoic 
acid, and of the factor of the o-nitro- group 103, 
and that of the m-bromine 2-3, and is therefore 
calculated to 1*38, which agrees well with 1*4, 

’ the value found by experiment. In this case, 

I therefore, the mutual influence of the simul- 
I tancously present substituents is practically 
1 zero, 

I The constants of o- and p- amidobenzoic acid 
I show that the amido- group considerably re- 
. duces the strength of the acid. But the values 
quoted can only be looked upon as approxima- 
j tions, since poculiarirtes appear in the determi- 
nations which are not yet elucidated, ^ 

! But the numbers become regular when the 
' basic properties of thp amido- residue are com- 
pensated by the introduction of acetyl. Of the 
three acetamidobenzoio acids the ortho- com- 
: pound is the strongest, it surpasses benzoic acid^ 
j by four times its value. The meta- compound is* 
only 1‘4 times as strong as benzoic acid, and in 
I the para- position the atomic group NHGOCH, 

' acts similarly to hydroxyl— that is, it exerts a 
weakening effect— the constant is only 0*86 of 
that of ^nzoio acid. The acetyl-oxybenzoio 
acids behave quite similarly ; theiz^Mtors re- 
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Utifdj tobensoio Mid ure 5*5, 1*6 and 0*76. On 
comparing with these and the former numbers 
the factors of the oxybenzoic acids— namely, 
17, 1*4, and 0*5— it follows that the substituent 
which in the ortho> position acts most strongly 
also exerts the greatest weakening influence in 
the para- position. 

But this relation again is not universal. 
Beplacement of hydroxy lie hydiogen by methyl 
in salicylic acid produces a quite extraordinary 
weakening of the acid ; instead of 17 times, the 
constant is only 1’4 times, as great as that of 
benzoic acid. In the para- portion, however, 
the same change produces scarcely any ellect ; 
the constants of p-oxybenzoio acid and of j 
p-methoxy-benzoic acid or anisic acid are nearly j 
the same, and the decreasing effect of the group | 
OCH, is much greater in the para- than in the 
ortho- position. | 

It is further remarkable that ocetosalioylio 
acid is weaker than salicylic acid, in spittf of 
acetyl being a negative radicle. It may be that 
the cause of this curious behaviour is to be found 
in a change of linkage similar to tiiat mentioned 
above. 

Homologues of benzoic acid. 
o-Toluic acid C«H,{CH,)COJI , . 0 012 

m-Toluic acid OgH,(ClI,)COaH . • ODOol 

p-Toluic acid C„H,(CH3)C0,H . . 0 0052 

Phenylacetic acid C<Hj.CH.3.C03n • O'OOoG 

Phenylpropionio 

acid CH3.CH(C,n4)CO,H . . . 0 0013 

p-Phenylpropionic 

acid CR,(C,H,)CH,.C02n . . . 0 0023 

Cuminic acid C,H,(CjU,)C03H . . 0*0U50 

A comparison of the constant of benzoic acid 
with those of the toluic acids shows that a 
doubling of value has occurred by the introduc- 
tion of methyl into the ortho- position, but that, 
as usual, the methyl group in the inet% oj para- 
position has a slightly weakening effect. The 
isomeric phenylacetic acid also has a very similar 
constant. This constant is 3*1 times greater than 
that of acetic acid — an indication that phenyl is 
a negative radicle - but it does not attain to the 
value of benzoic acid. 

The constants for the two phenylpropionic 
acids show that, as in the case of a- and 3- oxy- 
propionio acids, the acid in whicl! the plienyl is 
at a greater distance from the carboxyl is the 
weaker. The other relations to be expected are 
also found; between propionic acid and o-phenyl- 
propionic acid there is the same ratio of the con- 
stants, 3*1, as between acetic and phenylacetic 
acid. 

Cuminic acid differs from p-toluic acid only 
in that it contains isopropyl instead of methyl. 
To this small difference in constitution corre- 
sponds as small a difference in the constants. 

Hydroxylised homolog lies of benzoic acid. 
Mandelio acid OJB[4.CH(OH)CO,H . 0 0117 
Phenoxy-acetio acid C.H,O.CKa.CO^ . 0 0756 
O-NitrophenylglycoUio 

Mid 0,H,(NO,)O.CH,.CO,H . . 0158 

• p-NitrophenylglycoUio 

add OA(NOffO.Ca^CO,H . . 0*153 

Tropic Mid CHJ0H).0H(0,HJC0,H . . 0*0075 
Phloretio add 0H,0H(0;a4.0H)C0,H 0 0020 
fiydroparMOittnario 

MidOTSo^?I!oH)OHyCO^. . . 0*0017 


I Mandelio add is phenylated oxyaoetio Mid ; 
the ntio of its constant to that of glycollic acid 
is 2*7, while that between acetic acid and 
phenylacetic acid is 8*1 ; both values approxi- 
mate closely to each other. 

On introducing into the phenyl of phenoxy- 
acetic acid a nitro- group in the ortho- position, 
the constant rises to double its value. The in- 
troduction of NOj in the ortho- position into 
benzoic acid raises the constant to 103 times its 
former value. This enormous difference exem- 
pliiies mos^prominently the influence exerted by 
the varying distarifte of the substituent from the 
carboxyl. The same thing is made evident by 
the constant of p-nitrophenylglycolllc acid, which 
is scarcely different from that of the ortho- com- 
pound ; the change from the ortho- to para- 
position, which is generally so influential, is of 
scarcely any account at this dietance from the 
carboxyl. 

Tropic qipid is o-phenyl-3'Oxypropionio acid. 
It is ‘2*5 times strorft'er than oxypropionic acid. 
For the hiiluonce of phenyl in the a- position we 
have before found tlio factors 2*1 and 3*1. 

Phloretio acid is phenylpropionio acid whose 
phenyl contains a hydroxyl in tlie para- position ; 
its constant is half as groat as that of phenyl- 
propionio acid ; hence the para- hydroxyl here 
exerts its charactoristio weakening effect. • 

In the same way hydroparacoumario is 
hydrocinnaraio acid which contains a para- 
1 hydroxyl in the phenyl. This also has a de- 
I creasing action on the constant, but owing to 
! the greater distance of the phenyl this effect is 
I not 80 great as in the preceding case. 

Unsaturated acids. ThealHnity oo-effioj«mts 
of these substances present a special interest 
owing to their isomeric relations, which cannot 
be represented by the ordinary chemical 
formulae. Following up an idea of van’t Hoff, 
an explanation of these phenomena has lately 
been given by Wislicenus {Abh. KUnig, Siichs, 

I Qes. dcr IFiss. 1887). In this explanation the 
I cause of the chemical differences is supposed 
; to lie in differences in tho relative positions in 
I space of tho radicles linked to tho carbon. Since 
the results so *far obtained from a oonsidera- 
tiou of the alfinity-conslants invariably point to 
relations in space, it becomes possible to subject 
this hypothesis to an experimental examination. 

; Acrylic acid CH,:CH.CO,H . . 0 0056 

I Crotonio acid CJilClIjilrCH.COjH , 0*00204 
Isocrotonic acid 011(011, ):CH.CO,^ . 0*0036 
Tiglic acid 0H(0H,):0(CH,)0O3H . 0*00096 

Angelic acid 011(011, );0(0H,)0O3H . 0*0050 
a-Ohloroorotonic acid 

CII(0H,):0C1.00,H . . . . 0*0720 

aWo-a-Ohloroerotonic acid 
CH(CH,):00).00,H . . . . 0*158 

3-Ohlorocrotonio acid 

C01.(0H3):0H.00,1I ... 0*0144 

affo-3*Ohlorocrotonic acid 
C01.(OH,):OH.OO,H . . . 0*0095 

A consideration of these numbers shows that 
the unsaturated acids have in general greater 
constants than the saturated ones. We must, 
therefore, ascribe to hydrogen a strongly basic 
character. And, further, as in the case of the 
saturated fatty acids, the constants on the whole 
decrease as the carbon increases. And, finally, 
we see that the isomeric acids for w^oh, acooxd* 
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ing to the views hitherto held, no difference of 
constitution could be formulated are in fact dis* 
tinctly different. 

Now Wisliconus represents the difference be- 
tween crotonio acid and isocrotonic acid by the 
following formulte : — 

Orofconlo acid Isocrotonic acid 

H>0=C<CO:H 

In crotonio acid the methyl group stands 
nearer to the carboxyl, in isocrotonic acid the 
hydrogen. Since, in accorihince with present 
experience, a methyl group linked to carbon 
which is also directly linked to CO.^I decreases 
the constant, a smaller constant must be ex- 
pected for crotonio acid than for isocrotonic, 
this difference being more pronounced owing to 
greater proximity in space. Experiment con- 
firms this conclusion, and thus proves the ap- 
propriateness of Wislicenus* assumption. 

It may be asked whether we a^e not here 
dealing with one of the cases of which some 
were mentioned*beforo, in which, as an excep- 
tional case, the methyl acts by -increasing the 
strength. But this view is excluded, since both 
acids are weaker than acrylic acid. Methyl has, 
therefore, in both cases reduced the strength, 
buj to a greater degree in crotonio than in the 
iso- acid. 

V/ialicenus assumes similar differences in 
constitution for angelic and tiglic acids. Wo get 

Aiigelio acid Tiglio acid I 

«p>c-0<S>-" ^ 5"'>0-0<S,"l 

Hence angelic acid again would have to be 
stronger than tiglio, as has been verified by 
experience. But it is remarkable that in this 
case the difference has been found to be much 
greater than in the first one. Angelic acid has 
a greater constant than isocrotonic acid, which 
contains GH.j less than angelic acid, a fact as 
unusual as that tiglic acid exhibits a smaller 
constant than the corresponding saturated acid, 
valeric, which has for constant O OOIGI. 

In the same way the values found for the 
a-chlorocrotonic acids agree With experience. 
The constants are \ cry nearly in the same ratio 
as that of those of the two crotonic acids thom- 
Belves, and the rise effected by the chlorine in- 
troduced into the a- position is represented by 
the factors SG and 44, which, though markedly 
smaller, are of the same order of magnitude as 
the factor for monochloracctic acid. 

In opposition to the agreement holding 
hitherto between theory and experiment, in the 
case of the /3-chlorocrotonio acids, the alio- com- 
pound proves distinctly weaker than the deriva- 
tive of crotonio acid. The cause of this dis- 
crepancy cannot yet be established. The ratio 
of the constants for crotonio acid and /9-ohloro- 
crotonio acid is 1:7, which is nearly the same as 
the corresponding factor for propionic acid and 
jB-iodopropionio acid, viz. G’G. On the other 
hand, the ratio for the factors of isocrotonic acid 
and the aZfo-^-chloro- derivative is 1:2-6, and is, 
therefore, much smaller. 

Tetrolio acid is formed from both /3-chloro- 
crotonio acids by splitting off hydrochloric acid ; 
the constant is 

Tetrolic acid CH,.C:C.CO,H . . . 0*246 


Though hydrochloric acid is oha ol tha 
strongest acids, yet the splitting off of its 
elements from the /9-chlorocrotonic acids not Only 
has not lowered the constant, but has raised it 
considerably. This result makes evident the 
strongly acid nature of carbon and the basio 
nature of hydrogen ; the removal of four hydro- 
gen atoms from butyric acid, whose constant is 
0-00149, has produced a rise in the constant of 
160 times its value. 

Of other unsaturated acids the following havs 
been measured— 

Ilydrosorbio acid CjHg.COjH • « 0*00241 

Sorbic acid 0,H,.CO.^ . . . 0 00173 

Parasorbic acid C5H7.CO2H . • 0-00173 

Ethyl-methacrylic acid CsHg.COall • 0-00111 
Atropio acid CH.:C(C,H5)C02H . . 0-0143 

Cinnamic acid CH(C„H5)-.CH.C02H . 0-00355 

IsocinnamioacidCH(C4HJ:CH.C02H . 0‘0166 
p-Coumaric 

' acidCH(C,H,.OH):CH.C02n . 0-0022 

o-Coumario 

acid CH(CflH,.OH):CH.CO,H . 0 0021 

XJmbellic acid 

CH(C,H,(0H),):CH.C02H . . 000188 

a-Bromo-cinnamio 

acid CH(C«HJ:CBr.C02H . . 1*44 

iS-Bromo-cinnamio 

acid CH(C,H,):CBr.C02H . . 0*093 

Phenylpropiolic acid C^Hj.C-O.COjH . 0*59 
o-Nitro-pbenylpropiolio 

acid C«H,N02.C:C.C02H * . 1*06 

In accordance with the general rule, hydros 
sorbic acid is stronger than the correspond- 
ing saturated compound, which is caproic acid 
(A; = 0-00145), while sorbic acid, which contains 
2H less, is not stronger but weaker than hydro- 
sorbic acid. It is, therefore, probable that sorbio 
acid has not one treble linkage, but two double 
ones, or«it may have an altogether different 
constitution, perhaps one with a closed chain 
arrangement of the carbon atoms. 

Sorbic acid is sometimes obtained in the form 
of an oil which only when treated with acids or 
alkalis passes into the crystalline acid. Since it 
did not seem impossible that this was a case of 
isomerism, such as that of crotonic and isocro- 
tonic acid, th^ constant of the liquid parasorbio 
acid was also measured. It proved identical 
w'ith that of sorbic acid, and hence, with Fittig 
and Baringer {A. IGl, 325 [1871]), these sub- 
stances must be considered, not as isomerlo, but 
as chemically identical. 

The constant of methylethylocrylic acid is 
remarkably small ; it is bmaller than that of 
the saturated fatty acid, and approaches^ that 
of tiglio acid. The acids a-phenylacrylic, or 
atropic, and j8-phenylacrylio or cinnamic, behave 
as we should expect ; the phenyl group causes 
I a muoh higher value of the constant when it is 
I in the a- than when it is in the jS- position. But 
it is remarkable that cinnamio acid is not only 
weaker than atropio acid, but even weaker than 
acrylic acid ; in this case, then, the phenyl 
group lowers the constant. 

In the case of cinnamic acid, two ‘ geometri- 
cally isomerio* compounds may bo expected, 
namely — 

c.^>c=o<H 





Quite reeentlj there has been diseovered bj 
Liebermann a second dnnamto acid which 
must be regarded as geometrically isomeric 
with the or^nary one; it has a much higher 
constant than the latter, and hence we may 
conclude that in the new isooinnamio acid).he 
negative phenyl has a closer connexion with the 
carboxyl than in the old one, and that the new 
acid may have the second of the above formula). 

Similarly, there are known two isomeric 
bromocinnamio acids, which are produced from 
cinnamic acid dibromide by splitting off hy- 
drobromic acid, and for which the same kind 
of isomerism holds. Nor can ’there be any 
doubt as to which acid corresponds to each for- 
mula, the differences iiT the constants being 
very great, and in fact it has been made known 
quite recently by Erlenineyer that he has ob- 
tained Liebermaun’s isocinnamic acid from the 
stronger a-broinocinnamic acid. 

The phenylpropiolic acid formed from Uie 
broracinnamic acids by splitting off hy drobromic 
acid, is stronger than the jS- compodnd, but 
weaker than the isomeric a- compound. The 
constant is also, as was to be expected, greater 
than that of tetrolic acid. In o-nitro-phenyl- 
propiolio acid the nitro- group in the ortho- 
position has again been able to exert but a slightly 
strengthening action, owing to its being at a 
groat distance from the carboxyl. 

On comparing cinnamic acid withp-coumaric 
acid, we find that the hydroxyl introduced into 
the p- position again lowers the constant. But, * 
strange to say, a similar effect is produced in the 
derivatives of cinnamic acid by hydroxyl in the 
ortho- position ; o-coumario acid is also weaker 
than cinnamic acid. It is in accordance with 
this that umbellio acid, which contains one 
hydroxyl in the ortho- position and a second one 
in the para- position, is weaker than all these 
acids. It is to be expected that these gelations 
will prove of importance for the complete elu- 
cidation of the constitution of these remarkable 
oomponnds. 

Dibasic acids. The acids of the oxalic scries 


gave the following constants : 

Uxalie acid (CO,H), . • • • 10(?) 

Malonio acid C]^(C02H)j • • . Ol.^S 

Buooinio acid CjH,{COjH), . • . 0 00G6 

Pyrooirtario acid C»H„(CO.^), *. . 0 0043 

Adipic acid C 4 H 8 (CO.,H), . • . 0 0037 

1‘iraelio acid C4H„(Cb,U)a . . .*0 00:16 

Hub eric acid CgH, ,100.^11), . . . 0 0026 

Hebaoic acid 0„H,„(C02H), . . . 0 0023 


It has already been explained that the weaker 
dibasic acids split electrolytically accord- 
ing to the scheme H + HR", and that therefore 
constants may be calculated for these acids in a 
manner analogous to that adopted for the mono- 
basic acids. In the case of oxalic acid, however, 
this is not possible, since the dissociation has 
proceeded too* far; the constant is only esti- 
mated approximately, but beginning from ma- 
lonie acid, the values of the constants can be very 
well determined. 

We see that at first the constants decrease 
very rapidly ; that of malonio acid is about 60 
times smaller than that of oxalic acid. From 
malonio to succinic acid the step is much 
smaller, 24 : 1, and much smaller from the latter 
to pyrotai^ric acid, 1*4 ; I, and henceforward 


the numbers vary only by small amounts. The 
influence which one carboxyl group exerts on the 
hydrogen of the other decreases, therefore, very 
rapidly in eonsequenoe of the interposition of 
the carbon atoms; sebaoio acid does not sur- 
pass by more than twice the fatty acids richer in 
carbon. Of the numerous isomerides with side 
carbon chains, the following have been mea- 


sured : 

Methylmalonic acid CH(CHs)C02H • 0*087 

Ethylmalonio acid CH(0,H,)C0.,H . 0*127 

Dimethylmalonic acid C(CH,)2C02H . 0*077 

Methylsuccftiic acid C2n,(CH,)C02H , 0*0086 

o-Dimethylsuccinio 

acid C,iL(CH,)2C02H .... 0*0343 
/3-DimetliylBuccinio 

acid C2H2(CH,)2C02H .... 0*0245 


The three first acids appear at once to be 
derivatives of malonio acid ; their constants do 
not differ much from that of their parent sub- 
stance, but all are somewhat smaller. Similarly, 
the constants of the derivatives of sucoinio acid 
approach to the value of the latter, but are all 
greater. The alcoholic groupi») have therefore 
acted in these cases in the ordinary way : an 
explanation of this has been attempted by Beth- 
maim(^.P. C. 6, 407). 

Derivatives of oxalic and ofmalonic acid : — 


Oxamio acid C0.NH.,.C02H . . . 0*80 

Oxalurio acid CO(NH.CO.NIL)C02n . 4*5 

Oxanilio acid COJnHC.HJCO^H . . 1*21 

o-Chloro-oxanilio 

acid C0(NHC,H,C1)C02H . . . 2*03 

p-Chloro-oxanilic 

acid CO(NHC,H,Cl)CO,H . . . 1*40 

jp-Tolyl-oxamic acid C0(NIIC,II,)C02H . 0*88 


The amido- group entering into one of the 
carboxyls of oxalic acid causes a weakening of the 
acid to one-twelfth its value; the much more 
wetBcly basic urea residue produces a much 
smaller weakening effect, viz. to about half the 
value. The decrease caused by the residue of 
aniline is smaller also, to about the eighth part ; 
when chlorine enters into the phenyl of the 
latter, there again occurs an increase in the acid 
properties, which increase, however, in conse- 
quence of the greater distance, is much smaller 
than in benzoic acid. But a distinct difference 
between the ortho- and the para- position still 
asserts itself. Methyl in the para- position exerts 
a distinctly weakening effect. 

Tartronic acid CH(0U)(C02H)2 , . 0*107 

Phenyiraalonicacid (CgHjljCclCOjII), , 0*408 

MalonanilicacidCH2CO(NnC,HJC02H . 0*0196 
Strange to say, in spite of the hydroxyl, 
tartronic acid is weaker than malonio acid 
(k » 0*158). The replacement of both hydrogen 
atoms of raalonic acid by benzylic radicles raises 
the constant. Finally, malonanilio acid is about 
eight times weaker than the parent substance. 

Derivatives of succinic acid. 


Malic acid C2H2(0H)(i.02H)2 . . 0*0395 

Inactive malic acid CjH;,{OH)(COjn)| 0*0399 
Dextrotartaric acid C;,Hj(OH).^(C02H), 0*097 

Leevotartaric acid CvH2{0H)2(C02H), 0*097 

Raceraio acid CjHjfOHjjICOjH), . 0*097 

Mesotartario acid C 2 H 2 (OH) 2 (COan)a . 0*060 

rhenyl-succinamic 

acid C 2 H,(C 0 N 1 IC.HJC 02 H . . 0 0020 
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o^Ghlorophenjlsnocinamio 
acid 0,H^((X)NHq,H,CI)CO,H 
m-ChlorophenjIsuccinamic 
acid 0.;EI,(C0NH0JI,C1)C0^ 
p*Chlorophenyl8Uccinaraic 
acid C,H,(CONHCf,H,Cl)COaH 
o-Tolyl'Succinamic 
acid C,H,(CONHO,H,)CO,H . 
p-Tolyl-succinamio 

acid 0,^^(C0NHC,H,)C0^ . 
Sticcinuric 

acid 0.;H,(C0NHC0NHj)C0aH 
Thio-suooinuric * 


• 00021 
: 0 0021 
. 0 0021 
. 0-0021 
. 0-0020 
0-00311 


acid 0;H^(C0 NHCSNHj)C0.;h: . 0 00333 

Oxysuccinic, or malic, acid has a constant 
BIX times as great as succinic acid. The factor 
is somewhat smaller than for the monobasio 
acids, which may be because a negative radicle 
carboxyl is already present. The natural opti- 
cally active acid has exactly the same constant 
as the inactive acid got from monobromsuccinic 
acid. The same relation raturs in tartaric acid 
and racemic acid, lloth the dextrorotator^and 
tlie lievorotatory^cid, as also the inactive racemic 
acid formed by a combination of these two, are 
all of exactly the same strength. This result is 
in accordance with the present views concerning 
the constitution of these compounds. The 
dextrorotatory and Imvorotatory acids contain 
their constituents in a perfectly symmetrical 
arrangement, and must, therefore, have equal 
co*eilicients of aihuity. It has been assumed 
that the optically inactive acids produced from the 
optically rotating ones consist each of two mole- 
cules of the active acids. This is probably cor- 
rect for the solid crystallised substances, but not 
for solutions ; in these, both compounds are pre- 
sent side by side, uncombined, a conclusion 
which has also been arrived at in another way 
by Perkin (0. J* 62, 302). The undccomposable 
inactive mesotartaric acid has, however, another, 
and that a smaller, constant ; theory also as- 
cribes to it a different constitution. 

In the preceding table are further contained 
a number of derivatives of pheuylsuccinamic 
or succinanilic acid. This acid itself is only 3-3 
times weaker than succinic acid, while the in- 
troduction of the aniline residue into CO.H of 
malonic acid decreased the strength 8 times; 
this indicates that the position of the substituent 
at a greater distance weakens the effect. The 
almost complete equality of the constants for 
all substitution products of succinanilic acid is 
of great interest ; the distance of the benzylio 
residue from the carboxyl is hero too great to 
allow the substituepts to exert their effect over 
it. The usual assumption, that the molecular 
forces cease to act at even very small distances, 
is thereby made more deffnite, in that such 
distances are already given by the molecular 
dimensions. 

As already found, the introduction of the 
urea residue produces a smaller decrease than 
that due to aniline. Smaller still is the effect 
of the thio-urea residue. 

Dicarboxylic acids of benzene, 
d-Phthalio acid 0,H,{CO,m, . . 0-121 

fn-Pbthalio acid C,H,(CO^), . . 0-0287 

Oxyterephthalio acid CrfH,.OH.(C02H), 0-25 
Phthalamio acid 0,H^(C0NHj)C02H . 0-0160 

Plithalurio acid OgHJCON^,CO)CO;^ 0-0290 


As we were led to ex^t, the entry el i 
carboxyl in the ortho- position produces a some- 
what considerable rise in the constant-~in«. to 
twenty times the former value. For the meta- 
position the factor is only 4-8. p Phthalio acid 
is too insoluble to be measured. But assuming 
that in oxy-p-phthalic acid the hydroxyl acts 
as strongly as in salicylic acid, the constant 
of p-phthalic acid would be estimated as 0'014 to 
0*015, and it would follow that, in .accordance 
with the usual result, carboxyl in the para- posi- 
tion — i.e. in the distant one— exerts the least 
action. A weq/ccning effect, such as is exerted 
by hydroxyl in the para- position, seems to be 
excluded. 

The amide residue*in phthalamio acid has 
lowered the constant to one-eighth its valhe, but 
the acid is yet stronger than benzoic acid, and 
the group CONRj must be looked upon as nega- 
tive. The urea residue exerts, as it always does, 
a much less marked weakening effect. 

^ Unsaturated dibasic acids. The dicarboxylic 
acids CH,„.2(C00H)2 exhibit very similar iso- 
meric relations to those of the compounds of 
the acrylic acid series. The following were 
measured : — 

Maleic acid CjHjfCOjH), . . , 0-17 

Fumaric acid C2tt^(C02H)2 . • , 0-093 

Citraconic acid 02114(00211)2 . • • 0-340 

Mesaconio aoid O3H, (00211), , . 0 079 

Itaconic acid 02^(00211)2 . . . 0-0120 

The isomerio compounds avo seen to have 
‘widely different constants. Those results agree 
very well with the views of van’t Hoff and \Vis- 
licenus. For fumaric and maleic acids the fol- 
lowing formulas have been adopted ; 

Maleic acid Fumaric add 


* According to this, the two carboxyl groups 
are much nearer to each other in maleic than in 
fumaric acid, and the first must be stronger, as 
is actually the case. Similarly, according to 
Wislicenus, the formulas 


Citractiniu aoid Mesaoouio acid 

hold, and forrthe same reason citraconic acid 
must be stronger than mesaconio acid, which 
conclusion again agrees with experiment. 

CH.2:0-C02H 

Itaconic acid has the formula | 

BLO— CO2H* 

and therefore no donble linkage between the 
carbon atoms combined with carboxyl. Accord- 
ingly, its constant is much smaller ; it is only " 
twice as great as that of succinic acid. 

It may be mentioned tbai acetylene di- 

n rjA TT 

carboxylic aoid is so strong that a 

constant cannot be determined for the ffrst stage 
of dissociation. The acid is but little inferior to 
sulphuric acid. 


Thiophene and pyridine group. 
a-Thiophenio acid C,H,S,C02H . . 0*030 

Pyromucio aoid O^HjO.COjH , , 0*071 

Pioolinio acid (a) O^.N.COjH • • 0 0003 

Nicotinic acid (iS) , . 0*00137 

Isonicotinic acid (7) CiH^N.COiH .* 0-00109 
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tiiitiaixiioaaa(n) o<(B^<oo,H)s . o eo 

Cinohomeronio 

•dd ()87) 0»H,N.(00;a), . . 0-21 

Isoomchomeronio 

acid (ojS) C,H,N.(COjH), . . 0*43 

Cbinolinio acid (ajS) CtHsN.CGO^H), . 0 30 
^/3-Pyridine dicarboxylio 
acid 0,H,N.(C0,H), . . 0*16 

The replacement of the group CjHj in benzoic 
acid by sulphur raj^es the constant to live ; 
times its value, provided the carboxyl is placed 
next to the sulphur. In 1*io /S- position the 
carboxyl is without doubt influeimed less, but we 
have yet no measurement of the constant. 

It is remarkable that a similar replacement 
of C-iH, by oxygen, forming pyromucio acid, acts 
much more strongly than a replacement by sul- 
phur. On account of the magnitude of the con- 
stant it is very probable that in pyromucic acid 
the carboxyl is in a position next to the oxygen. 

Differently from sulphur and oxygen, tlio re- 
placement of OjIIj by CNH has a strongly 
weakening effect on the constant The values 
found for the monocarboxylio acids of pyridine 
correspond fairly with the assumptions which 
might bo made on the basis of the constitutions of 
these substances ; picolinic acid, which contains 
the carboxyl next to the nitrogen, is by far the 
weakest ; but the /3. acid is stronger than the 
•y- compound, so that in pyridine tlio /3. position 
proves the place of smallest inlluenco. 

The behaviour of the dicarboxylio acids of 
pyridine is very unexpected. While all mono- 
carboxylic acids of pyridine are weaker than 
benzoic acid, all dicarboxylio acids are stronger 
than the strongest dicarboxylio acid of benzene 
— that is, o-phthalic acid, whose constant is 
0'12. A further difference is that the strongest 
dicarboxylio acids are those which contain carb- 
oxyl in the o- position— that is, next to the 
nitrogen. Then follow the acids whicli contain 
carboxyl in the 7- position, and lastly those 
with carboxyl in the /3- position. These rela- 
tions are the exact reverse of those observed 
for the monocarboxylio acids ; wliero a decrease 
of the constant had been observed there, an 
increase is found here. No plausible hypothesis 
concerning the cause of these "peculiar pheno- 
mena has yet been brought forward, 
Oxyciifchomeronio 

acid C,H2 (OH)*N.(COjH), . . . 107 

Methyl p3nridine dicarboxylio 
acid , . , 0-20 

Dimethyl pyridine dicarboxylio 
acid C»H(CH3),“N(C0,H)/«« . . 0"31 

Dimethyl pyridine dicarboxylio . • 

. acid 0*H(ClI,)/»'N.(CO,H)/^‘ , . 0-55 

Owing to the entry of hydroxyl in the ortho- 
position, cinchomeronio acid has had its con- 
stant increased to eight times its value. The 
methyl groups increase the strength of the /3/3- 
dicarboxylio acid, and they do so to a greater 
extent in the y- position than in the a- position. 

Further, several poly-carboxylic acids of pjnrl- 
dine were examined ; the constants cannot, how- 
ever, be calculated, because the dissociation 
assumes a somewhat complicated character. 
But it is evident that the relations found in 
the ease of the dicarboxylio acids concerning 
the inflnence of the position of the carboxyl bold 
good in ^lese oases also. The roles foond for 


the dioarboxylio teidf troro also confirmed in 
the case of methyl derivatives of the trioarb- 
oxylio acids. On the other band, phenyl on 
entering into lutidine dioarboxylio acid, whose 
constant is 0*34, has a weakening effect, the con- 
stant for the ooiffpound formed being only 0*012. 
The action here is tho reverse of that observed 


in the case of the fatty acids. 

Qninaldinic acid C„lI„N.CO;Jl • • 0*0012 

Cinchonic acid OhH^jN.CO.^H. • , 0*0013 

Dii)yridyl monocarboxylio 
acid C„lJLN,.CO,H .... 0*002 
Dipyridyl dToarboxylio 
acid C.oH.NdCO,!!), .... 0*082 
o-Pyridine benzoic acid C,,HgN.OOjH . O'OOOfi 
Phenyl pyridine dicarboxylio 
acid C„H;N.{COJl), . . . . 0*011 


Tljo quinoline carboxylic acids, which have 
a constitution analogous to that of the pyridine 
carboxylic acids, are somewhat stronger than 
these, as the naphthoic acids are stronger than 
the benzoic*acida. £Joncerning the other acids 
but Vttle can be generalised. 

Aviidobenzcne sidphonic ocufk and similar 
compounds* 
o-Amidobenzeno sulphonio 
acid OaH^.NU^.SOjH . , , 0*880 

?»-Amidobenzene sulphonio 
acid CJI,.NIIj.SO,H . , . 0*0185 

jp-Amidobenzene sulphonio 
acid aU4.NH,.SOJI . . . 0*0581 

The results obtained from measurements of the 
amidobeuzene sulphonio acids are somewhat r»> 
markable. While benzene sulphonio acid itself 
is so strong an acid that its dissociation constant 
cannot be determined, its amido- derivatives can 
be measured with ease ; the amido- group has, 
Ihereh'ro, as it usually does, exerted a weaken- 
ing effect/ But in the case of the carboxylic 
acids tho ortho- position was always that of 
greatest infliienco ; here it appears as the posi- 
tion of least influence. The weakest of the 
three acids is tho meta- compound, then follows 
tho para- compound, and then the ortho- com- 
pound, which comes nearest to tho parent sub- 
stance. The assumption is thus suggested that, 
by tho agency of the group BO.^, the hydrogen 
is brongl»t to such a distance from the benzene 
nucleus that it is more influenced by the radicles 
in the meta- position than by those in the ortho- 
j)Osition. 

Diaiuidobenzcne sulphonio 
acid (2,3) C„H,{NH,),S03H . . 0*0050 

Bromamidobenzeno sulphonio 
acid (2,5) C«II,BrNH,S03H . . 7*9 

Bromamidobenzeno sulphonio 

acid (3,6) C^H.BrNH^SO^H ^ • , 0 072 

Dibromamidobenzene sulphonio 
acid (3,4,6) C,U,Br,NH, BO, H . . 2*5 

Toluidine snlphonic 

acid (3,4) C,H,(Cn,)NH.,SO,H . , * 0*024 

Xylidene sulphonio 

acid (4,2,5) C,H,(CH,),NH,SO,H . 0*044 
In indicating the constitution, the sulpho- group 
is put - 1. then follows amide, and then bromine 
or methyl. 

These acids exhibit the usual relations to be 
expected from the nature of the substituents 
and their position, and thus do not call for any 
detailed discussion. 
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Q$n4ral comiderations. . The proper* 
tiea of chemical compounds, which can be ex- 
pressed numerically, may be divided into three 
groups— the additive, the cumulative, and the 
constitutive. The first are of such a nature 
that in chemical compounds their value is the 
sum of the corresponding values of the consti- 
tuents ; these values have led to the conception 
of the atomic theory— f.s. to the assumption 
tliat the components continue to exist in the 
compounds as such. 

Tile cumulative properties exhibit the pecu- 
liarity that, independently o| the number and 
nature of the constituents^ thefr numerioal 
value is the same for certain complex systems. 
Those have led to the conception of the mole- 
cular theory — i,e. to the assumption that the 
components of chemical compounds primarily 
form similar groups or systems, which have an 
individual existence, and out of which the visible 
and ponderable substances are built up. 

And, finally, there exists a thiid group of 
properties, which are neither additive nor cipnu- 
lativo, since even in the case of substances 
having the same composition they can assume 
different values. Those have led to the assump- 
tion that, in addition to the nature and number 
of the composing atoms, the properties of sub- 
stances are infiuenced by still another condition. 
This condition has, from the time of Berzelius, 
been considered to lie in the different arrange- 
ment of the atoms within the molecule — t.e. in 
the constitution. 

Of all the constitutive properties hitherto 
known— such as boiling-point, melting-point, 
colour, crystalline form, &o . — not one affords 
a clear insight into the determining cause, 
the chemical constitution. It is possible, when 
the latter has been found, more or less approxi- 
mately, by purely chemical methods, to establish 
empirical relations ; but these lie on the surface 
only, and lack generality. The cause of this is 
the defective development of our conceptions 
concerning the kind and the amount of the in- 
fluence which the arrangement of the elementary 
atoms in the molecule exerts on the properties 
mentioned. 

I believe I am not deluding myself when I 
affirm that the affinity constants, which repre- 
sent a property of eminently constitutive nature, 
are far superior to all others with respect to their 
theoretical applicability. The result that one and 
the same atom exerts quite different effects, ac- 
cording to the ' position ’ which it occupies in the 
molecule, and that these effects are the greater 
the more close is the relation of the atom to that 
of the acid hydrogen, leads to the general infer- 
ence that these effects are functions of the dis- 
tance in space of the atoms in question. But 
thereby, for the first time, is gained a means of 
taking measurements in space of molecular 
structures. There is no doubt that long and 
laborious work is needed before such measure- 
ments will lead to results which will give an all- 
Buflioient representation of the form of molecules. 
But it already seems certain that this goal can 
be reached. 

, It has been mentioned, to start with, that fc, 
the affinity oo-effioient of acids, appears, generally 
speaking, as a product whose factors are given 
by the nature and position of the elementary 


atoms composing the acid. This follows from 
the fact that with analogons changes in ana- 
logous substances the constants change in the 
same ratio — i.e. that in consequence of thesd 
changes the constants of the original substances 
must be multiplied by the same factor. Bat 
these factors are never exactly the same, just 
because two analogous changes are never exactly 
the same. If, for instance, we change acetic 
acid into glycollio acid, an j propionic acid into 
lactic acid, the two changes are, it is true, very 
much alike ; but im the first case the hydroxyl 
takes up a position next to two hydrogen atoms, 
in the second case next to one hydrogen atom 
and one methyl ; the hydroxyl is therefore sub- 
ject to a different influence, and will in con- 
sequence necessarily act differently on the carb- 
oxyl. The same holds for all corresponding 
cases. The approximate character of the general 
relation follows, therefore, as a necessity; the 
deviations from the type are caused by the 
nature of the subject, and themselves afford a 
means for bringing to light their cause, which 
is the secondary influence mentioned above. 
What has been said concerning the constitutive 
properties generally — tliat they can never be 
completely represented by a general scheme, 
because this is contradictory to their nature — 
holds particularly for the affinity co-efficients. 
In them the whole variety of nature assorts itself, 
and within the framework of groat and general 
regularities produces the finest individualisation. 

The form of the dissociation-constant as tlio 

product of factors has a deeper 

significance, which is recognised on going back 
to the dissociation-formula itself. This formula 
is obtained from the mechanical theory of heat 
in the following form : 


p,Pi Rt 


where p^ and p.^ are the partial pressures of the 
products of decomposition, p the pressure of the 
undccomposed substance, p the heat of dissocia- 
tion, T the absolute temperature, R the gaseous 
constant, and C is a value which is a function of 
the temperature only, and which, therefore, at 
constant temperature can* be looked upon as a 
constant. 

In the casein point p, and since-p, and 


p must be put proportional to 

V 

follows that and thence 

p,^ w* 


and 


log. -"‘I- 

O /I 


(l-m)v Rt 
N ow the affinity co- efficient is k 




; and 


(1 -m)v 

since, on the other hand, quite generally k 
.... it follows that 


log.fej + log.k„ + log.ft, +. . . . + 


The constant C’ depends only on the unit adopted 
and on the point chosen as zero ; if, therefore, 
there appears on the left side of the equation a 
sum of terms represented by log.k, there must 
correspond to each of these on rigiit side a 
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ttm of the form - 'l. m that f. also resolves tW» con<»rf«nce,tI.a{eheroioal prooesseBbetwea 
Hr Rt electrolytes take place only by the agency of th 

itself into a sum of corresponding terms chemical afllnity, whiol 

2 to I have been established empirically, pan be deduce 

. • . . ) in which one R„ and ; so as to bo in accordance with experiment. T( 
I do this we only further need van’t Hoff’s theor; 
one pn always correspond to each other. j of solutions, and the theory of the laws of dis 

This means : The natural io;»arithm of the | sociation as deduced for gases (u. Dissociation ir 
dissociation-constant or allinity-constant is (save j vol. ii.), which laws, thanks lovan’t Hoff’s theory 
for a constant) proportional to tho heat of dis- . can also be applied to substances in solution. 
Bociation of the acid in sifliiting into ions. Since; Tlie general Uw of cln>inical aflinity Aral 

the value of tho dissociation- or aiVmity-constant ' ■ ■ - ' ' ' '' ' -•‘- 

is known from experiment to bo the sum of 


series of terms which depend on tho nature and 
on tho position of tlie constituent atoms, it 
follows that tho electrolytic heat of dissociation 
also is the sum of a corresponding numher of 
terms each of wliich is fixed hy the nature ami 
position of each individual atom. 


on tho jiart of a dofiiiito suhstance are ex* 
prossiblo hy a dcliiiito co-elhciout, dependent on 
the temperature and dilution, but iudopondent 
of tho nature of tho chemical reaction in which 
the suhstance participates. 

Now, if tho reacting power of a substance in 
solution doji* rids on the number of dissociated 


Now in this case the lieats of dissociation ' ions which \Xro present, it cun bo seen at once 
are the exact measures of the quantities of : that j,he above-mentioned law must of necessity 
work which are (lone in the separation of the acid ; hold good. So, for instance, tJio state of dis- 
liydrogen atom fi’om tlio negative ion. Tliis is sociation of an acid determines the velocity with 
so because no external work lias to be taken into j which it must act on methylactdato, acetamide, 
account, and because the condition of the sub- j marhlc, «fec. The nature of the otlier substance 
stances dealt with very closely approaches that i ‘determines a factor only, which in analogous 
of ideal gases. Hence the heat of dissociation ! cases is the same. 

measures the potential or tho force-function of i Hence wo must conclude that all acids, for 
the atomic system at tho corresponding jioint, ■ instance, when completely dissociated are 
ind wo M.‘e that this force-function is tlie sum equally strong. The strong inorganic acids 
of the values wliich, according to their naturo | ilCl, JIBr, JII, HNO 3 , IICIO, must bo classed 


and position, the individual atoms contribute j liore, as also the sulpho- acids and similar organic 
to the total value. And thus elements wliich, like ; acids. No one of these substances exhibits any 
chlorine, 8 ul]thnr, A'C., raise the constant cause ■ of the specific dilforenccs discussed in former 
a dcere.'ise of the h<!at of dissociation, since log.fc ! paragraphs for acids of niediuin strength. They 
and p inive dilTerent si'^ns. The amide group, i all exert a nearly equal effect when used in equi- 
on the otlicr hand, which (lccrea.ses the constant, j valent quantities, and approach tlie maximum 
raise.s tho heat of di.-isociation — i.e, it increases ! conductivity even at moderate dilutions. At a 
the amount of work necessary for splitting oil . lime when the dissociation theory of electrolytes 
the acid hydrogen. ^ did not exist, tho author of this article vainly 

It is hy tliese considerations that tlie long- ! tried to obtain from benzene-sulphonio acid, by 
mooted question concerning tho connection he- I all the means which make weak acids stronger — 
tween chemical aflinity and the thermal values ; sifch as tho introduction of halogens, nitro- 
of reactions has been decided in principle. In ; groups, A'C. — acids stronger tlian tho parent sub* 
this result we see tho^ eminently constitutive j stance, which may itself be ranged side by side 
pioperty of aflinity-quantities brought back j with hydrochloric acid. This was not possible ; 
again to the additive form. This has been effected : all ‘ .strengtheners ’ remained in this case in- 
by introducing tho inlluenco of constitution, or ; effective. This remarkable fact shows that it 
of position in space, into the terms themselves, is not its special nature, but its electrical con- 
A similar development awaits the theory of all dition, which is determinant for the chemical 
constitutive properties, as, in fact, we are forced effect of a sub.slanco, especially if that substance 


to conceive tho combined action of different 
clemauts as tho sum of various effects. 

Electrical theory of chemical affinity. 
Elsewhere (Affixity, vol. i. p. fi?) the laws of 
chemical aflinity have already been exjilainod, 


bo iin acid. 

Tho greater tho number of the molecules 
wliich aro split into their positivtdy and nega- 
tively charged parts, tho stronger is the acid; 
but any ion, when once present in tho separated, 


Nothing definite could be stated concerning their , electrically cliargcd, condition, is as effective ai 
cause ; but it followed from the close connection j any other. Hero, then, wo sec that Jierxelius* 
which was shown to exist between tho co-efli- j conclusion drawn from false premisses, by means 
cients of chemical reacting power of electrolytes, | of which he attempted to demonstrate the ab- 
and the values of the electrical conductivities, I surdity of Earaday’s la'” — lliat then the chemi- 
that an intimate relation exists between theso \ cal aflinity between tho ions of all electro- 
two properties. The pro.spect is thus opened of 1 lytes would have to be tho same—is perfectly 
carrying out in an exact form the electro-chemical . correct. The a'liiiity of tho most diverse ions is 
theory of aflinity which was rather conjectured | really tho same, because it does not depend on 
than worked out by Davy and Berzelius. | their naturo but on their electrical charge, and 

The new view which affords such a possi- j this, according to Faraday's law, is everywhere 
bility is the common cause underlying electro- \ the same. What does depend on the nature of 
lytic oondudlion and chemical reactions as recog- ■ the ions is tho degree to which they dissociate, 
nised by Arrhenius, uta. the existence of free ions, j and herein alone lies the cause of the differenoes 
On maku^the aafumption, which is justified by J in the affinity-quantities. 
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In the arguments used so far, it has been as- 
Ipmed that the state of dissociation of the react- 
ing substances is dotormined by the volume and 
the temperature, and that the presence of other 
substances does not alter the state of the one 
considered. This case, however, only occurs 
■when there are present either one dissociated 
substance and nothing but non-electrolytes 
besides, or when all the dissociated substances 
present are for all practical purposes completely 
split up. But as soon ns several, partly dis- 
sociated substances are pre?:ent, the relations 
become much more complicated. 

It is known from the theory of dissociation 
that when two gaseous substances are present, 
and the quantities of these substances vary, the 
product of their p,ctive quantities, or of their con- 
centrations, must bo constant, constant tempera- 
ture being jpresupposed. If, for instance, a given 
space is filled with the gaseous products of de- 
composition of ammonimn hydrosulpliidc, the 
addition of sulphurettird hydrogen wdll caftso a 
decrease in the quantity of liydrosulphido disso- 
ciated, because on increasing the one factor the 
other must decrease in the same ratio. The same 
must evidently hold for electrolytes ; on adding 
to a solution which contains the ions A + B an 
excess of ions A, the quantity of ions B must 
decrease until the product of the two quantities 
has again become equal to its original valub. 
Now, it is not very well possiblo to add ions A 
only, but an electrolyte can bo added which is 
also dissociated, and which contains the ions 
A + B' ; if B' is different from B, the two do not 
influence each other. 

We may now ask liow two solutions must be 
constituted in order tliat their state of dissocia- 
tion shall not vary when the solutions are 
mixed. Wo have the solutions of the electro- 
lytes A-l-B and A + B', which contain a common 
ion A ; let their volumes be v and v'. Then, in 
accordance with the general law of the equili- 
brium of dissociation, the following equations 
will hold : 

ki . i 

V v' V 

V V v' 

in which the quantities of the electrolytes origi- 
nally present are put as equal to 1, and the dis- 
sociated portions equal to f and respectively. 
On mixing the solutions, the volume becomes 
v + v', the dissociation ratios | and remaining 
unchanged, as supposed. The quantities of the 
nndissooiated portions are 1-f and but 
the products and change into {({ + {') 
and {'({' + (), since the ion A common to both 
substances participates in the equilibrium con- 
dition of both. We have, therefore, 

_L. (jJ: 

v+v' V + v' v + v' 

t) + v' v + v'‘ v + v'* 

On dividing each of these equations into each 
of the corresponding equations given above, it 

follows that ^ Therefore, in order that 

the B^te of dissociation should not alter on mixing 
■(dutions of two electrolytes which ^ave one ion 


in common (for instance, two acids), the portioDi 
dissociated must be in the ratio of the volames. 

t t' 

Writing the equation in the form A3 the 

law can also bo expressed in this form : when 
the concentration of the common ion is the 
same in both solutions, these do not influence 
each other. 

Arrhenius, to whom we owe these considera- 
tions, calls solutions which do not influence each 
other in the ^enso just mentioned isohydric 
solutions. Since, in accordance with the above 
formula, it is only necessary for this that the 
concentration of the common ion in the two 
solutions should bo the same, the ratio of the 
quantities of the two solutions docs not enter 
into consideration ; isohydric solutions can be 
mixed in all proportions without mutually 
chTinging their condition. 

If, however, two non-isohydrio solutions 
which contain a common ion are mixed, the pro- 
cess can bo reprosouted by saying that the one 
solution withdraws water from the other until 
both have become isohydric ; then they leave 
each other unintlucnced. This withdrawal of 
water occurs in the following manner. First, 
the total concentration of the solution which 
loses water increases, and thereby tho concen- 
tration of the ions increases also. But, owing 
to this, tho state of dissociation changes di- 
rectly, since, in consequence of the smaller 
volume, the dissociation decreases, and, there- 
fore, the concentration of tho ions increases 
more slowly than the total concentration. Con- 
versely, tho concentration becomes less in the 
portion which takes up water ; but, owing to the 
increase in dissociation, it doe.s so to a smaller 
degree than corresponds to tho volume change. 

Since the relation between the volume and 
tho state of dissociation is known for binary 
electrolytes (p. 11)4), a formula can easily be 
deduced wliich allows us to calculate the 
characteristic quantities for a mixture of several 
electrolytes. But it is generally simpler to pro- 
ceed by way of successive approximation. 

Two solutions which are isohydrio with a 
third must be*isohydric with each other; because, 
in order to bo isohydrio with the third, there 
must be in both the same concentration of the 
common ion as is in the third solution. 

These laws were all established empirically 
by Arrhenius (W, 30, 51), and it was only lately 
that he deduced them theoretically from his 
theory of dissociation {Z. P. C. 2, 284 [1888j). 
The examination of these relations is best con- 
ducted by making measurements of electrical 
conductivities. Since the conductivity of a com- 
pound in solution is proportional to the number 
of free ions, it oan easily be recognised whether 
two^ substances with a common ion — two acids, 
for instance —are isohydric ; if tho conductivity 
of the mixture is equal to the sum of the con- 
ductivities of the components, the solutions aro 
isohydrio ; if this is not the case, the two numbers 
differ from each other more or less. To quote 
an example : with a phosphorio acid solution, of 
speoifio conductivity I 225*6, was mixed an equal 
volume of hydrooUorio acid soluti^ 2 « 225*9; 
the mixture gave 22 >>469*0, while the sum of 
the two values is 451*5 ; the pbserved eondttw 
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ivitj m too cnroftt bj 17*5. Farthori the same 
)ho8phorio acid solution mixed with an equal 
folume of a more dilute hydrochloric acid, 
1-185’1, gave for the conductivity of the mix- 
iure 21 = 407'4 ; this is smaller by 3-3 than the 
lum 410*7. Finally, hydrochloric apid of Z » 16S*8 
javo for the mixture 2Z = 394*4, the sura being 
194*4 ; both solutions were isohydrio. By such 
jxperiraents as this Arrhenius arrived at the 
:aw 8 stated above. 

It need scarcely be mentioned that any other 
property of solutions whioli depends on tho 
molecular condition of the dissdlved substance 
30uld likewise have been used for determining 
the relations of isohydricity. The best of 
those properties would be measurements of the 
Felocities of reaction for instance, those of tho 
inversion of sugar - these being proportional to 
the state of dissociation ; but tho freezing- 
points, vapour pressures, Ac., could also have 
been used. 

yo far the only case considered has been 
that in which tho mixed electrolytes contain a 
3ommon ion. If this is not tho case, new 
phenomena appear, which we will now consider 
in greater detail. It has already been pointed 
out that the theory of free ions leads to a 
view of the processes of tlie formation and 
mutual decomposition of salts w'hich is very dif- 
ferent from that generally accepted. It has been 
shown that, neglecting the small undissociateJ 
portions, the process of neutralisation between 
the strong acids and bases consists exclusively 
in the formation of water from the ions H and 
OH. The cause why these ions coalesce to 
form uudissociated water lies in tho fact that 
water is au extremely stable compound, which, 
under ordinary circumstances, is only very 
slightly split into ions. If, tlierefore, such ions 
anywhere appear simultaneously, they<Combine 
directly to form uudissociated water. 

The phenomena take a quite similar course 
when a strong acid— hydrochluric, for instance- 
acts on the salt of a weak acid — sodium acetate, 
tor instance. Tho former solution is almost ex- 
clusively composed of ions H and Cl, tho latter 
of ions Na and CHa.CO^. Since tho sodium 
chloride also is almost completoJy dissociated 
when in dilute solution, the ions Na and Cl are 
already present in the same conditionas in sodium 
chloride solution, and there exists no tendency 
to tho formation of this compound. But, in 
addition, there are present the ions H and 
CH,CO^ and these cannot exist side by side 
without for the most part combining. Hence a 
corresponding quantity of undissocialed acotic 
acid will be formed, as is actually shown by 
experiment. But while formerly this fact was 
oscri^d to a specially great affinity between the 
chlorine and the sodium, and the acetic acid 
was allowed to play a passive part, being sup- 
posed to be * expelled * by the hydrochlorio 
acid, we now see that the entire cause of the 
process lies in the action of the acetic acid. 
Owing to the great affinity of its ions, it is 
formed whenever its ions meet, while the com- 
ponents of the ‘strong’ reagents, chlorine 
and sodium, remain perfectly indifferent in the 
process. • 

^ The eoodiiionf under which chemical equili- 
hrium U establiihed between four substanceft 


formed by a combination in pairs of two positive 
and two negative electrolytes, must now be 
established in a general manner. We assume 
we have produced four solutions of the sub- 
stances A,B„ AiBj, Aj^B,, and A^ 2 > so that 
those solutions which contain a common ion are 
isohydric. When this is the case we can, it is 
true, mix the isohydric solutions in all propor- 
tions ; but if wo mix all four solutions tho simple 
law stated above evidently no more holds, and we 
must ask iu what proportion the mixture must 
be made in*order ^luit no change in the state 
of dissociation should occur. Let o, 6 , c, and d 
be tho relative volumes of tho four solutions in 
which this occurs, and let a, y, and 5 bo tho 
uudissociated quantities of the four substances. 
We can represent tho diss«»cialcd quantities by 
Jia, lib, lie, and lul, since, in coireequenco of the 
assumi)tion made, there must in all cases bo 
ciiual concentration o" tho ions. Tho equa- 
tions of dissociation cf the solutions thus become 



or, a =s ^ = h.Ji% y = 5 =* 

If we suppose the h)ur volumes to bo mixed, 
new equations will make their appearance which 



and which can be brought to the form 
a =» + f be) 

rt + 6 + c + i * 

3 ^ + hd -k- ad) 

a + 6 H c f d ’ 

The quantities a, / 8 , y, and 5 are to remain un- 
changed, according to the assumption, Now, 
by dividing the corresponding equations by each 
other, the same equation follows from each pair 
ad ^ be, 

i.e. the volumes a, b, c, d of the four solutions 
must be such that tho products of tho volumes 
of such pairs of solutions as contain no oommou 
ion must be equal to each otlier. 

Now, tho volumes a, b, c, and d are propor- 
tional to tlio active or dissociated portions of 
tho four substances present. Calling the total 
quantities of tho latter, 2 ?, 2 >,, g, and 3 ,, the 
values a, 6 , c, and d are proportional to w,jp, * 
m.p,, vv^q, and 1 n^q^, and hence wo get from 
ad=bc the equilibrium formula 

m,p.wy7 = m, 2 >,.wt, 7 , 

This equation represents not only Guldberg 
and Waage’s formula for chemical equilibrium, 
but it also contains the extension, made by Ost- 
wald, that every co-efficient of the Guldberg and 
Waage equation, is made up of 

two factors each of which depends only on the 
nature of the ions. 

But the equation goes still further than this 
extension. In the theory of affinity the co-effi- 
cients m|, m.^, &c. have been considered as con- 
stant to a first approximation. But from what 
has been said it follows that they are not con-" 
.stant; they depend on the state of dissociation ^ 
of the four substances, and are rather com* ‘ 
plicated functions of the dissociation-oonstantSf 
of the quantities, and of the total volume. Tho 
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various deviations from the simple laws which 
were brou/fht to light by experiment find here 
their appropriate explanation. Thus it follows 
that in the case of slightly dissociated acids 
the degree of dissociation must be considerably 
lowered by the presence of the normal salts of 
these acids, which salts arc themselves consider- 
ably dissociated. The corresponding fact, that 
such mixtures act much less strongly than the 
quantity of free acid present in them would do, 
was known long before theory explained it. 

Arrhenius has subjected^his investigations 
on the saponification of ethyl acetate by means 
of ammonia in the presence of dilTcrent salts 
(2^. P. C. 1, 110) to an examination from the 
standpoint of these newly-established ideas {ib. 
2, 289), and has everywhere found them to bo 
in complete agreement with experiment. He 
has also re-examined a great number of older 
investigations on conditions of chemical equili- 
brium in the light of hia tticory (io. 5, 1), and 
here also the discrepancies found when Con- 
sidered from the^ioint of view of the older theory 
have for tlie most part disappeared (p. also 
Z. P. C. 9, 487). 

IClcctromotive forces. Contact theory or 
chemical theory ? ‘ 

The laws of electromotive force, or of dif- 
ferences in potential produced on the contact of 
dilTerent substances, arc not nearly so well known 
as those of electrical conductivity. It is true 
the knowledge of the phenomenon itself is as 
old as that of galvanic electricity, since Volta 
had already carried out the first approximate 
measurement of it, but up to the present day 
no agreement has been arrived at between the 
different investigators concerning even the chief 
phenomena. 

Volta screwed a disc of zinc coated with iso- 
lating varnish on to his slraw-elcctromcter ; on 
the top of this he placed a similar disc of copper, 
connected the two discs metallically, and after 
the connection had been broken he took off the 
copper disc by moans of an insulating handle. 
The electrometer then proved to be charged; 
examination showed that the straws were charged 
with positive electricity. 

This phenomenon indicates that the sub- 
stances used— that is zinc, copper, and the 
Isolating coating-charge each other electrically 
•Cn contact. Volta assumed that, of the three 
contacts, only the one between copper and zinc 
Was clectromotively active ; the contact between 
the metals and the isolating layer of resin was 
regarded by him as indifferent. Though neither 
then, nor up to the present day, has a proof of 
this assumption been brought forward, it has yet 
mot with fairly universal acceptance, and it often 
passes as a fact not to be doubted. 

On the further assumption, which certainly is 
incorrect, that liquids also— such as water or ! 
salt solutions— show no differences of potential 
with the metals, Volta constructed his electric 
pile by superposing alternately two metals and 
a moist card disc. By this he expected an in- 
tensification of the electrical effects, since the 
electricity of the metal lying underneath was to 
communicate itself through the moist discs to 
the one lying above, without any change, and so 

‘ A wmplete dltcuBsion of this qoetUoa by 0. Lodge 
ts to be found in P. IT. [5] la • 
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the effects of the individual pairs of metals wen 
to be added together. Volta did, in fact, obtain 
the expected intensification- a proof that great 
discoveries may be made on the basis of quite 
false hypotheses. 

Fabbroni first refused to accept the assump- 
tion that the tension of the voltaic pile has 
its seat only at the point of contact of the 
metals, and numerous other investigators have 
taken the same line. Faraday especially, whose 
work in electrochemistry ranks with the most 
important done in this subject, was an opponent 
of Volta’s vic\v%. He attributed the production 
of the electric current solely to the chemical 
processes present, and transferred the cause of 
the production of electricity to the places at 
which these processes occur— i.c. the point of 
contact between the metals and the electrolytes. 

I The contention thus aroused between the 
' contact theory and the chemical theory of the 
galvanic cell has lasted to the present day, and 
oven now it is not completely decided. But most 
of the discussions raised have certainly originated 
in the insufiicient lucidity with which the ques- 
tions have been stated. 

In so far as a galvanic current can be pro- 
duced only by using electrical energy, it can bo 
maintained, to begin with, that in order to cause 
a galvanic current there must be present a cor- 
responding source of energy. If other kinds of 
energy arc excluded, as is the case in an ordinary 
galvanic cell, it can further be said that chemical 
energy changes into electrical energy, and that, 
therefore, a theory of the electric currents pro- 
duced by the voltaic cell must in any case be a 
chemical one. 

But to an electric current there appertain two 
factors : a quantity of electricity, and a difference 
of potential. The first is given by the law of 
Faraday. Since in electrolytes the motion of 
electricity takes place only simultaneously with 
the motion of the ions, equivalent quantities of 
the different ions carrying equal quantities of 
electricity, a current in a galvanic cell can 
again not bo produced without a corresponding 
chemical process. From this point of view, also, 
the theory must be a chemical one. As regards 
the other facior of the current energy — t.c, the 
difference of potential — an unequivocal decision, 
as in the preceding cases, can certainly not be 
pronounced easily. The experiments on this sub- 
ject, taken alone, have proved that all substances, 
when separatf'il from each other after close con- 
tact, show themselves to be electrically charged. 
The smallest differences suffice for this. It has 
been long known, for instance, that black and 
white silk stockings which have been palled over 
each other are electrically charged after separa- 
tion. Even in such homogeneous materials as 
crystals of mica or caloite, the two parts obtained 
by cleavage of the layers are found to be in dif- 
ferent electrical conditions at the original point 
of contact. 

It is imperative, therefore, to accede to the 
proposition of the ‘ contact theory,’ in so far as 
to admit thal a process occurs at the surface of 
contact when two surfaces touch, in oonsequenoe 
of which the surfaces are at different potentiMs 
after separation. We do not kno^ what the 
nature of this process is. Helmholti supposes 
the different sabstances to possess a different 
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•ttraoticn for«leotricitj, in ooDseqnence of which 
there is brought about a separation of the eleo* 
tricity at the planes of contact ; then when the 
bodies are separated they appear electrically 
charged. A dilliculty with respect to this theory 
is found in the electrical phenomena attending 
the cleavage of crystals, where a difference in 
attraction seems excluded. 

In order that the equilibrium of electricity 
may be changed when two bodies charge them- 
selves oppositely on contact, the expenditure of 
a certain quantity of energy is*rcquircd. The 
source of this energy has to be sought in the 
change which the surfaces of the bodies undergo 
owing to their mutual contact. 

In order that this difference of potential 
may cause an electric current, tw’o things are , 
needed. Firstly, the bodies touching must be 


number 212,600 (volt x coulomb), we get 1*10 
volts for the electromotive force of the Daniell 
element, a number which agrees well with the 
observed value. 

This calculation w^as first carried out by W. 
Thomson with the help of numbers due to Joule. 
From the agreement between observation and 
calculation, tlio inference was drawn that the 
assumption made in thiscase—namely, that the 
chemical energy transforms itself completely into 
cloetrical epergy — was universally correct. From 
this was deduced ^he possibility of calculating, 
on tlio basis of thermocheinical data, the 
electromotive force of all constant cloincuts, and 
further, tho elcctrdmotivo force of nil elements 
ill which tho chemical process is known. It 
was only necessary to multiply tlio heat of the 
reaction referred to one aiuivalcnl (not molecular 


conductors, as otherwise the electricity cannot 
move ; and secondly, a cause must be present 
which will maintain uiu;liang»;d the condition of 
the surfaces in contact, in consequence of wliich 
condition the urrungcinent of the electricity is 
changed; otherwiso a charging motion of the 
electricity could take place once only, but not a ^ 
continuous current. The current can bo pro- , 
duced by mechanical action, and then the 
phenomena of frictional electricity appear, or 
the renewal of tlie surfaces occurs by chemical 
action, and we deal with galvanic cells. 

When considered from this point of view also, 
the chemical processes appear as tho causes of 
galvanic currents, and a liiial theory of Iheso 
currents will doubtless be much more a ‘ chemi- , 
cal ’ than a ‘ contact ’ theory. ^ ^ | 

Qalvanic cells. The simplest conditions for , 
examining the relaticna between chemical and 
electrical energy are found in the so-called con- 
stant galvanic ccllst of which the Dan^dl coll is 
a type. This cell consists of a copp<!r plate in a 
solution of copper sulphate, and a zinc plate 
in a solution of zinc sulpliate ; both solutions 
aro in contact with each other. Such a galvanic 
cell has an electromotive force of about 1*00 
volts, which does not change appreciably when ! 
the metals are connected by a conductor, and tho j 

f ;alvaniu current is thus allowed, to pass for a j 
onger or a shorter time. ' | 

The chemical process in such an element is 
also of the simplest kind : zinc dissolves to zinc 
sulphate, while copper is separated from the 
copper sulphate. Hence the same process takes 
place as when a piece of zinc is brought into 
a copper sulphate solution. 

The chemical energy which is available in 
this process can easily bo measured by experi- 
ment ; it proves to be 50,100 cal. for the 
reaction 

Zn + CuSO^Aq a Cu + ZnS 04 Aq. 

Now, since (p. 180) the unit of electrical 
energy, volt x coulomb, is equal to O ^ll^O cal., 
this quantity of heat corresponds to 212,600 
electrical units. 

Now, of the two factors making up the elec- 
trical energy of the voltaic cell, one is given by 
Faraday’s law. One gram-equivalent of a metal 
tarries (p. 180) 96,540 coolomba. Since copper 
and zinc ye divalent, the above equation refers 
to 2 gram-equivalents ; when, therefore, 65 g. of 
line dissolve in the Daniell cell, 193,080 coul. 
are transfeiTeds Dividing this valnc into me 


weight) by = 0*00000211. It would also 

^ 06510 • 

follow that the electromotive Jorce of all cells 
would be proportional to tho heat of tho chemical 
reaction. 

This theory could not, however, be main- 
tained. On the one hand, theoretical doubts 
were raised, and that specially by Draun (W. 5, 
188), against tho premisses that tlie chemical 
energy of the galvanic crdl was always com- 
pletely transformed into electrical energy ; and, 
on tho other hand, experience proved that as a 
rule tlie assumed proportionality between heat 
of reaction and electromotive force did not 
exist, llaoult (A, Ch. [Ij 4, 302) discovered a 
number of colls, some of which produced less, 
and some produced more, energy than corre- 
sponded to the heat of reaction of their chemical 
changes ; and at a later time it was proved— 
chieliy Ly F. Braun and Alder Wright (P. M. [5] 
lU, 1), by means of direct measurement - that 
only in rare cases do the cliemical and electrical 
energy exactly coivespond to each other. 

The simple theory must, therefore, bo aban- 
doned, and without assuming that the chemical 
energy is wholly transformed into electrical 
energy, wo must seek to discover a relation 
between the two. Such a formula lias been found 
by W. Gibbs and II. von Ilelmlioltz {/i. B. 1882). 
The following statement is a simple way of 
deducing this equation. Let thc^re be given 
a galvanic cell wlio.ae lioat of reaction calcu- 
lated for one equivalent is W. Let its electro- 
motive force at the absolute temperature t be 
€. On raising tho temperature by dr the 
electromotive force is changed by dt. 

Now let us carry out tho following cycle. The 
cell is heated from t to t + dr. Tlien let the 
quantity of electricity q, by means of which one 
! equivalent of the reacting substance undergoes 
chemical decomposition, j»as3 through tho cell, 
the electromotive fore * remaining « dt, and 
the temperature being kept constant. Now lei 
the temperature bo brought to r and, the electro- 
I motive force being e, and the temperature being 
; constant, let the same quantity of electricity q 
! be passed through the element in the opposite 
; direction. Thereby the element returns exactly 
! to its initial condition. 

According to the mechanical theory of heat, 
the portion of heat transformable into work, in 
a reversible cycle taking place in the temperature* 
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interval dr^ is ^ of the total quantity of heat 

produced. Now, the work is given by and 
the total heat which has been communicated to 
and taken from the cell is fq — W. If an electric 
current alone were produced, the quantity of heat 
would be €q. 13ut since a chemical process also 
takes place, which yields a portion of the heat 
— namely, the heat of reaction, W— it is only 
necessary to communicate the difference — W. 

Wo have then the equation — • 

dr = qdi 
T" eg - W 

q T dr 

W 

The former equation was < = ; wo see, thero- 

fore, that a correcting term must bemadded, and 
that this term is dependent on that ij, on 
the change of electromotive force with change 
of temperature. In the case that the 

(/7 

now equation is the same as the old one ; in the 
Daniell cell the temperature co-cHicient is, in 
fact, nearly equal to zero, and thus it is explained 
that in this case the chejiiical energy is equal to 
the electrical energy. 

The equation has been examined in many 
ways. At first it gave only partially correct 
results, and in some cases observation and cal- 
culation differed from each other. The differences 
occurred, however, only in cells which contained 
mercury compounds, and the cause was the use 
of a wrong number for the heats of formation 
of these compounds. When this error was cor- 
rected by Nernst {Z, P. C. 2, 23) the discrepancies 
disappeared; and a very careful investigation 
by H. Jahu (IK. 34, 756), in which the thermal 
and electrical quantities were measured simul- 
taneously, has fully confirmed the correctness of 
the Gibbs-llelmholtz formula. 

The formula -has been deduced primarily for 
constant galvanic cells, and when deducing it 
the conditions assumed havo been expressed ; 
the chemical process resulting from the passage 
of the quantity of electricity q (which, however, 
con be as small as we will) must be reversible, 
by allowing the same quantity of electricity q to 
pass through the element in the opposite direc- 
tion. In order that a galvanic cell should fulfil 
this condition, it is generally requisite that each 
metal should be surrounded by its corresponding 
salt. Therefore, when the salt is soluble, the 
metal must stand in a solution of the salt. In 
the case of insoluble salts it generally suffices to 
cover the metallic surface with the solid salt ; 
in this case, either the salt of another metal with 
the same acid (which salt is not precipitated by 
thq first metal), or the free acid itself, serves as 
the electrolyte. 

The action in a Daniell cell is as follows. 
Individual atoms of the metal pass from the zino 
as positively charged ions into the solution of the 
Bulphate. Since no free electricity can exist 
within the solution, the copper ions of the copper 
jnlphate must go to the copper plate, where 
they give up their positive dectricity, passing 
ioto ordinary metalUc copper. Owing to this 


action, a motion of the positive electricity from 
the zino to the copper t^es place in the solu- 
tion ; on connecting both metals by a wire the 
current passes continually through it, corre- 
sponding quantities of zinc and copper being 
dissolved, and precipitated, respectively. If the . 
cell is not closed, the zinc becomes charged nega- 
tively, owing to the exit of positive ions, and the 
copper positively, owing to their entrance ; and 
this goes on until the attraction of the zinc for 
tho- positive ions, and their repulsion by the 
copper, is so great that neither can zino pass 
into solution nor can copper separate out. The 
capacity of the ions being enormous, this is 
brought about by even extremely small numbers 
of them. 

Nernst, who has studied these changes in 
detail {Z. P. C. 4, 12‘J), assigns to the metals 
which are in contact with electrolytes definite 
sulhtion prer,sures , as volatile liquids or solids 
have definite vapour pressures. This pressure is 
the cause of zinc tending to pass into solution. 
The solution pressure of copper is very much 
sinaller than that of zinc, licneo when the 
Daniell cell is newly set up, both metals will at 
first send positive ions into tho solution. But, 
since no free electricity can exist in the interior 
of the solution, that metal which has tho greater 
pressure will maintain the preponderance ; its 
ions will pass into solution, and, in order that no 
free electricity luay accumulate in tho liquid, an 
equal number of copper ions must leave the solu- 
tion, and be precipitated in the metallic state. 

Similar arguments hold for all reversible 
elements. By their help, and with the help 
of tho theories of electrolytic solutions ex- 
pounded above, a great number of special cases 
referring to galvanic cells can bo deduced theo- 
retically, The results thus obtained have, on 
tho whole, been confirmed by experiment ; but 
details caunot bo entered into here. 

Besides tho constant galvanic cells of the 
typo just described, which are reversible, there 
still exists a great number of cells which, though 
practically constant, are not reversible. The 
constancy of these cells rests on the fact that 
the nature of tho surfaces in contact is not 
altered by the‘'chcmical processes. When metal 
dissolves at the surfac'. of the zinc, and when 
metal deposits at the surface of tho copper, tho 
nature of tho bounding surfaces is not thereby 
infiucnced ; this cell is also reversible, because 
on sending a current through in the opposite 
direction zinc is precipitated and copper dis- 
solved, but the surface again undergoes no 
alteration. 

Cells of the type of that of Grove, which 
consists of zinc in sulphuric acid and platinum 
in nitric acid, are also constant. On working this 
cell, zino dissolves, expelling thq hydrogen ions 
from the sulphuric acid ; these hydrogen ions 
go to the nitric acid, whose own hydrogen ions 
go to the platinum ; at the moment when they 
give up their positive electricity there, and pass 
into ordinary hydrogen (which, however, is in 
the nascent state), they are oxidised by the 
nitrio acid to water, and the platinom sarfaoe 
remains unaltered. But such elemei^s are not 
reversible. When an opposite ourrenl is passed 
through the cell, since the platinum ions cannot 
pass Into solotion, the ions of the nitrie 
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•aid nparftte oal tA iha platintini, while hydro- 
gen appears at the zino; both these actions 
change the condition of the bounding surfaces, 
and thereby simultaneously change the electro- 
motive force also. 

Finally, there still remains the large group 
of the non-constant cells. Those are distin- 
guished by the fact that even when the current 
passes through them in tlio direct way, the ions 
separated out produce an alteration in the 
bounding surfaces, or in one of them at least. 
To these belongs Volta’s cell, which consists of 
zino and copper in salt water, (nid all the other 
similar combinations. A type still in use is 
Smee’scell, which consists of zinc and platinum 
in dilute sulphuric acid. On closing tlio circuit, 
zinc ions enter into the solution, expelling tho 
hydrogen, which gives up its electricity at tlic 
platinum, whereby it first combines with or 
dissolves in the metal, and when that is saturated 
escapes in the gaseous form. In conaequetic.o 
of this, the surface of contact between the acid 
and the platinum is altered, and the electro- 
motive force also changes, until saturation with 
hydrogen has taken place ; after this point has 
been reached the electromotive force of Smee’s 
cell remains practically constant. If the cell is 
left witli the circuit open, the hydrogen gradually 
disappears, partly through dilTusion into tlie air, 
partly through combination with the free oxygen 
of the air, induced by the catalytic action of the 
platinum. Thus, tlie cell again gradually resumes 
its original electromotive force. Such cells are, 
therefore, quite workable in cases where only 
small quantities of ' electricity are required at 
long intervals. 

The scat of the electromotive forces. Volta 
found that no galvanic pile, giving a current, 
could be produced from metals only. Wlmn 
considered from tlie point of view tlie prin- 
ciples of energy, such behaviour follows neces- 
sarily, because, no continuous source of energy 
being present in a circuit of metals alone, no 
current can be produced. 

The cause of this may be of a two-fold 
nature. Either there exist no dilTercnces of 
potential between metals, or these follow a deli- 
nite law, which involves that in a closed circuit 
these differences just neutralise each other. 
Witli Volta, we will assume the latter alter- 
native, of which the former is only a special 
case. If, then, we have several metals A, H, 
C. . , and if we call the differences in imtcri- 
tial between A and B, A and C, B and 0, 
Ac., in succession (a-t), (a-c), {b~c) . . . 
the law is that we must always have 
(<x - 6)-l-(6-c)-i-(c-d) -f- . . . +{y-z)^{a-p'). 
The iffcrence of potential of a series of metals 
depends only on the nature of the first and the 
last metal, and not on the nature of tho inter- 
vening metals. 

This result necessarily follows if the values 
a, 6, c . . . in the quantities (a-b) Ac. are 
considered as the potentials of the individual 
metals referred to a zero value which must be 
fixed arbitrarily. For the zero value of potential 
we generally use the potential of the earth, or, 
mor^ oorreotiy speaking, that of a large metallio 
mass wlyoh is in connection with the earth, as 
•re, lot instance, iron water-pipes. It can, 
therefore, be assumed that every metal con- 


nected with the * earth* assnmei • definite 
value of potential which depends only on tho 
nature of tho metal. These values of potential 
are the same for every metal, whether the dif- 
ferent metals are m contact with each other 
or not. • 

In order to measure these differences of po- 
tential, tho experiment of Volta mentioned before 
(p. 212) has been improved upon, in that instead 
of a dividing layer of re.siii one of air is used ; 
and, dating from the time tlmt li. Kohlrausch (P. 
75, S.S) thiifl carried out tho first experiments, a 
groat deal of siinnar work has been done.' But 
in this ease also wo are dealing, not with one, 
but with three separating surfaces— namely, 
copper-zinc, zinc-air, air-copper, and only when 
wo make tlio assumption that the differences 
of potential at tho last two surfaces are zero, 
aro wo enabled to judge from tho ineasurcmonts 
of tho total diffei't'nce of potontial as to the 
difference o'itwcen ^lio metals. 

^'he legitimacy of tliis assumption has formed 
the subject of much disciissioi^ Considering tlio 
universality of differences in potential between 
heterogeneous substances, tho absence of a dif- 
ference between metal and air would bo very 
strange, and wo aro qiiito entitled to demand a 
proof of it from the cliampions of tliia view. But, 
on the contrary, it scorns as if tlie following fact 
proved the existence of such differences of poten- 
tial. All tho investigators who liavo undertaken 
such measurements comi>hiin of the extraor- 
dinary inconstancy in the dilToroncesof potential 
observed. On placing two freshly-cleanod plates 
opposite to each otlier and measuring their 
dilTereneo, one is sure to find dilTereut values 
after a little time. If tho surfaces are again 
cle.incd, the original values approximately recur. 
Therefore, it is not the point of contact of the two 
metals (hesidi s, this can bo made unalterable by 
soldering), but their surfacoij with respect to air, 
which aro tho scat of tho changes. Ijet us now 
assume that at a definite moment tho difforenca 
of potcnti.al of both plates towards air is equal 
toze.ro; since another value is observed after 
some lime, tho difference of potential of the metals 
towards air cannot now be zero, i.e. between 
metals and air there exist differences of potential. 
How great tliese are cannot as yet be determined. 
There is nothing against the assumption that 
these make up the greatest part of the apparent 
differences of potential between the metals 
(measured in air). It is true an attempt has been 
made to eliminate the influence of the air by 
making tho experiment in vacuo. But since we 
have learned by observation of the electrical 
phenomena in vacuum tubes, how dillicult — 
how impossible, even -it is to withdraw from a 
substance tho last remnants of air condensed on 
it and in it, these experiments cannot be looked 
upon as affording any conclusive proof. 

Otlier methods lor solving the diHficultios 
must be sought. Unfortunately, there does not 
exist a single process quite free from objeotion. 
The following consideration still appears to be 
the best : — 

When a given quantity of electricity « is 
brought from a potential A to a higher potential 
A + a, a quantity of work a g is required. There- 


* Compart 0. Lodge, le. 
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fore, when we lead a current through two metals 
which touch in one place, and which there exhibit 
a difference of potential a, an absorption or a pro- 
duction of energy willioccur at the place of con- 
tact, according to the direction of the current; 
and, if there is no other source of energy, this 
energy-change will he produced from, or will be 
added to, the heat whicli is present, as the case 
may be. In the case of metals such a pheno- 
menon is actually known ; it is the effect dis- 
covered by Peltier (^4. Ch, 5G, 371 [1834]). If 
the strength of the current, tyid thef total heat 
produced, are measured, the corresponding dif- 
ference of potential can be calculated. Such 
experiments have been made by Lo Roux, and 
again quite recently, with great accuracy, by 
H. Jahn [W, 34, 735), and the results have 
shown the values to be very small; they are 
mostly only a few thousandths of a volt. 

It is true wo must not pass over in silence 
the following objection nuid( 4 agaiiist*thc validity 
of this argument. Since we know nothing (jofi- 
nite concerning tl^e nature of the electric current, 
the possibility is not excluded that it may be 
connected with movements of energy of other 
kinds. It has been especially assumed as pro- 
bable by several authors that, simultaneously | 
with the electric current, a heat-current flows | 
through the conductor. If so, the quantity of : 
heat flowing with the unit quantity of electricity j 
miglit be different in diiforent conductors; and j 
at the point of contact of the metals, in addition j 
to the thermal exchange resulting from tlie dif- j 
ference of potential, there might occur a further 1 
exchange of heat resulting from tlie difference 
in the ‘ thermal capacity of electricity.’ Since 
these two quantities need not have a necessary ; 
connection, it would not be permissible to draw ' 
any conclusion from the Peltier clToi-t— that is, ' 
from the sum of two independent effects as to 
the magnitude of the difference of potential. | 

Without attempting to decide this difficult 
question here, I should like to draw attention to 
a circumstance which makes it probable that the 
second effect, if present at all (whicli so far has 
not been proved), must probably be of the same 
order of magnitude as the difference of potential 
corresponding to the Peltier effect. According 
to the second law of the meclianieal tlicory of 
heat, the carrying of a delinite quantity of iieat 
Q from a lower to a higlior temperature involves 

work which is given by If, therefore, 

'*’1 

we pass an electric current through a wire whose 
temperature varies, it follows that, if heat is 
carried with the current, in places of rising tem- 
perature a corresponding quantity of work must 
be expended, i.e. an opposing electromotive 
force must there assert itself. Indications of 
such a force appear to manifest themselves in 
the so-called Tlionison effect (supposing that 
this effect does not And its explanation in 
differently heated portions of one metal having 
differences of potential to each other), but in 
any case the quantities of work, or tlie differences 
of potential, indicated by this phenomenon are 
extremely small (of the same or of a smaller 
order of magnitude as those corresponding to 
the Peltier effects), so that the assumption of an 
appreciable carrying of heat by moans of elec- 


tricity (for which, at any rate, we lack tlie pow« 
of forming a conception) seems excluded. 

From this it is evident that though nothing 
quite certain is known concerning the differences 
of potential between different metals, yet pre- 
ponderating reasons favour the assumption that 
such a thing does exist, but that its magnitude 
does not exceed a few thousandths of a volt, and 
particularly that it does not attain the order of 
magnitude of 1 volt. Rut, varying slightly with 
the nature of the metals, such a value has been 
observed by means of the air-condensor method. 

As regards 'differences of potential between 
various electrolytes, such differences certainly 
do exist. This can be inferred from the fact 
that there exist ‘liquid chains,’ i.e. combinations 
of different liquids, which produce an electric 
current. If, for instance, we put into a series of 
beakers water, concentrated hydroclilorio acid, 
coi\j(;entrated soda solution, and water, and if we 
connect these by small syphons or by moist 
threads, then the two quantities of water at the 
ends exliibit a difference of potential which may 
attain to 0*5 volt. 

In such liquid chains we have always to deal 
with three distinct differences of potential at 
least; designating the three li<iuid3 named above 
by A, B, and C, there exist in the chain the 
differences of potential {a- b), (6 — c), and (c—a), 
whoso sum is observed. There is no combina- 
tion of the liquids by which we could succeed in 
obtaining as many indet)endeut observations as 
there are differences of potential, so that it is 
impossible to determine by nieasurements on 
liquid chains only the individual differences of 
potential. 

Tiiis determination has, however, been 
achieved irv another way. Since in electrolytes 
the electricity moves only with the ions, differ- 
ences in potential between two liquids in contact 
can only be produced if the difftn'ent positive 
and negative ions distribute themselves un- 
equally. A cause for such an inequality lies in 
the different velocities of migration of the ions 
(p. 92), and, in an extensive investigation, W. 
i Nernst has shown {Z. P. C, 4, 129) how thereby 
; the actually observed differences of potential 
■ can bo theoretically calculated in a great number 
of cases. The fundamental idea of these calcu- 
lations is the following. AVhon any solution is 
brought into contact with pure water, forces 
make themselves apparent at tlic surface of sepa- 
ration, which forces can be calculated by van’t 
Hoff’s theory (pp. 184-5) ; for ‘ normal ’ solutions 
(which contain one gram-molecular weight per 
litre) they are etiiml to the pressure of about 
22 atmospheres, and they are proportional to 
the qliantity of substance in the solution. 
Owing to the osmotic pressure, the molecules 
of the substance are forced into the water. The 
velocity of their motion is determined by the 
resistance which they encounter, and this de- 
pends on their form as well as on the nature of 
the solvent. 

This statement contains a physical theory 
of hydro-diffusion (Nernst, Z. P. C. 2, 613), and 
I from it the law of Kick follows directly, that the 
I velocity of diffusion at any point is proportional 
I to the change in concentration at thal point. 
From this we see at once how a separation matt 
occur in the diffusion of dissolv^ auhstanotii^ 
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because those rooleoules which are endowed 
with greater mobility or sufTer less friction out- 
strip the slower ones. The same laws hold for 
each kind of molecules, only the constants are 
different. 

These arguments can only be applied im- 
mediately to electrolytes in solution if both ions 
have equal rates of motion. Tliis condition is 
very nearly fulfilled in the case of potassium 
chloride, and this substance conforms, therefore, 
to the simple law of diffusion. 

It is now possible, in the case^ of electrolytes, 
to determine the resistances which the ions en- 
counter, as well as to measure the impelling 
forces. If the ions are moved past each other 
by electrical ioxcv.s of separation, they encounter 
exactly the same resistance, and since in the 
electrical conJuclivity wc have a measure of the 
velocity of the curresponding motion of the ions, 
it is possible, us first shown by F. Kohlrausch 
(IV\G, 100), to calculate the magnitude of the 
resistances from a knowledge of the impelling 
.force and of the velocity attained. On intro- 
ducing this resistance (which, owing to the small- 
ness of the molecules, is enormously great) into 
the C(piation for the velocity of diffusion, indi- 
cated above, Nernst lias found (/.c.) that tlio 
velocities of diffusion agree very well with the , 
results of eaiierinient. 

In the case of electrolytes whose ions do not 
migrate with equal velocities the phemomena 
become much more complicated. If, for in- j 
stance, we imagine liydrochloric acid, in which ■ 
the hydrogen ion tiiucls about six times 
more quickly than tlie clilorino ion, to be 
brought into contact with water, the quicker 
hydrogen atoms will, to start with, pass into 
water, and the chlorine atoms will remain be- 
hind. Jiut since the hydrogen atoms are charged 
with positive electricity, tlie water wftl become 
positively electrified, while the acid, owing to 
the propoiidcranco of chlorine atoms, becomes 
charged negatively. But the further exit of 
liydrogcn atoms is tlius rendered more difficult, 
owing to the clcetro-static effect, while from a 
similar cause the chlorine atoms are subject in 
addition to the osmotic pressure, and also to an 
electric impelling force, and are thus driven into 
the water. The consequence is that both ions 
influence each other’s velocity until they again 
migrate at equal rates. 

At the same time, wo see that every electro- i 
lytic solution whose ions travel with unequal | 
velocities on contact with water— or, speaking 
more generally, on contact with a solution of 
different concentration— at once acts as the 
cause of difference of potential, and also that I 
the more dilute solution will always assume the 
sign of the ion which has the greater migration 
velocity. The exact expression which has been 
deduced by Nernst (he. p. 138) is 

€»-#, = 0 0000360 T 

it + v 

Where is the difference of potential (in 

volts) of two solutions in which the osmotio 
pressures of the (positive as well as negative) 
ions are p, and p, ; u is the velocity of the positive, 

9 that A the n^ative, ion ; r is the absolute 
temperstoze, while hg, atanda for the natural 
ksgariUuxL 


We see that for the electromotive force 
becomes zero, and it becomes the greater the 
greater the difference between the migration- 
velocities of the two ions.* Further, we see that 
as regards the electromotive force, only the ratio 

^ of the two pressures, and not their absolute 

I ft 

! values, enters into consideration. By increasing 
' the concentration n times in both solutions, the 
difference of potential does not change. If one 
of the solfltions ^ pure water, we get 
and the electromotive force becomes infinitely 
great. Since * pure water ’ in this sense does 
not exist, such values cannot come under our 
observation. But yet we see that liquiil chains 
with ‘ water ’ car» give very different values 
according to the degree of purity of this liquid. 

The preceding formula is tl»o fundamental 
expression for all kinds of liipiid chains, since 
in the. comiiination«of any solutions the corre- 
sponding differences of potential are superposed. 
It would take us too far aiieldtto etiter into the 
different cases; in the memoir of Nernst, a 
number of cases are discussed theoretically ns 
well as expcirimcntally. But on the whole it may 
be concluded that the diilovericoa in potential 
appanmt on coiUact of approximately equally 
concentrated solutions uf the most varied kind, 
vary within fairly small limits, which probably 
do not surpass O’Ol volt. 

Now, since wo cannot suppose that difforencea 
of potential of tlio onlcr of magnitude of thoso 
observed in galvanic cells exist either between 
metals alone, or electrolytes alone, wo are obliged 
: to regard the surfaces of contact betwoen the 
j metals and the electrolytes as the real scat of 
the electromotive forces. This result quite 
corresponds with what was to be expected from 
the relations between the chemical and electrical 
energies. This is so because thoso surfaces of 
contact are the only scat of the processes by 
, which energy becomes available in the chains, 
i.c. they are the result of the chemical changes. 

, Since, on the one hand, the cause of the gal- 
; vanic current of the chains has to be sought in 
the transformation of chemical into eleotrical 
energy, and since, on the otlier hand, a galvanic 
current can be produced only when a difference 
of potential exists, it docs not seem very logical 
I to wish to separate in space, and in their nature, 
the more approximate and the less approximate 
causes of the same phenomenon, as is done in 
the a.ssun)|)lion that the difference of potential 
is to be sought at the surface of contact of the 
metals. 

The question now arises again, whether some 
means does not exist for directly measuring the 
differences of potential between metalsand electro- 
lytes. The answer is that up to the present only 
one such means is known . A second independent 
way for arriving at these numbers does not ai 
yet exist, and hence it has hitherto been im- 
possible to p'lt to the proof the results obtained 
by that method. 

The method in question is based on the 
phenomena exhibited by mercury surfaces when 
in contact with electrolytes. Lippmonn (P, 149, 
561 ; A. Ch. [5] 6,494) has shown that there is 
a olose oonneotion between the condition of tha 
surface of maicoiy touching an elcctrolyto and 
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HhB eleotrioal state of the system. If, for in* 
stance, mercury is covered with dilute sulphuric 
acid, and the surface of contact between the two 
is then increased, a galvanic current is produced, 
becausethe mercury becomes less positive on ex* 
pension. This can bo observed most easily by 
allowing mercury to drop out of a funnel with a 
small orifice immersed in dilute sulphuric acid. 
On connecting the mercury in the funnel and that 
collected below the sulphuric acid by means of a 
galvanometer, a current passes from the lower 
mercury to the higher; in t^ie sulphuric acid 
the reverse occurs. 

This phenomenon is reciprocal. On leading 
a current through the surface of contact between 
mercury and sulphuric acid the surface tends 
to diminish or to increase, according to the 
direction of the current— x.c. the capillary ten- 
sion at this point changes. As is always the 
case, both phenomena are in such a relation 
that they oppose each othear-i.e. wften the sur- 
face is made larger the current has the direoinon 
such that if it iklone were active it would tend 
to make the surface smaller, and vice versd, 

Helmholtz (W. 16, ‘AB [1882j) has given a 
theory of these phenomena which is based on the 
following considerations. When a metal and an 
electrolyte are in contact, they generally possess 
a varying difference of potential. Owing to this 
circumstance, the opposite electricities must ac- 
cumulate on both sides of the bounding sur- 
faces, since they are prevented from combining 
by tho cause which produces tlie dilTerence of 
potential (and which, without making a definite 
assumption, can be designated as a different 
attraction of the substances for the electricity). 
Tho result is the formation of an ‘electric 
double layer,’ which will exhibit a similar 
arrangement to the charge of a Franklin plate. 

But such a double layer will have the pro- 
perty of tending to increase its surface as much as 
possible, since tho similarly electrified particles 
present at each side re[)ulsQ each other, and 
therefore tend to stretcli the surface. Hence 
the development of such a double layer A'ill act 
in opposition to the surface tensiou, wliich seeks 
to decrease the surface, and the actually ob- 
served surface tension is the dilferenee between 
the real tension and tho electric force. 

When a surface so constituted is made 
larger, the electric layers are thereby extended, 
and their dilferenee of potential decreases. 
But since, as is known from experience, a con- 
stant difference of potential is always formed at 
the boundary, which difference of potential 
does not depend on the size of tho surface of 
contact, electricity will flow from the mercury 
as well as from the electrolyte to replace the 
loss, and in this way the current is produced. 

If, on the other hand, the difference of poten- 
tial of the electric double layer is changed, the 
surface tension must change also. It must get 
smaUer when the difference of potential is made 
larger, and larger when it is made smaller. 

By leading electric currents of varying elec- 
tromotive force through a system consisting of 
two masses of mercury in sulphuric acid— -one 
of which had a very small, the other a very 
large, surface of contact with the acid-— Lipp- 
mann was able to follow the change of surface ten- 
aton at the small bounding surface which aooom- 
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I ponied the change In the difference of potential 
at that surface. Because, since the change in 
I the difference of potential between a metal and 
an electrolyte is proportional to the dmsity of 
the current (current strength divided by the 
cross-section), the resulting difference of poten- 
tial practically restricted itself to the small 
bounding surface, which was surpassed in ex- 
tension some thousand times by the large one. 
It was found that when tho mercury of the small 
surface was connected with the positive polo of 
tho external cell; the surface tension decreased. 
On tho other hand, when negative electromotive 
' forces acted, tho surface tension increased until 
the external force was D-9 to TO volt ; beyond 
that it again decreased. 

In accordance with Helmholtz’s theory, we 
must infer from this that tho diircrenco of 
potential between mercury and sulphuric acid 
is of such a kind that the former becomes 
charged positively —t.e. tliat the positive elec- 
tricity of the double layer is on tho side of the 
mercury, and the negative electricity is on the , 
side of the electrolyte. If tho dillerenco of po 
tential is increased by addition of positive eleo 
tricity to tho mercury, the eloctrio repulsion 
increases, and therefore tho surface tension 
decreases. If, however, negative electricity is 
adde<l, tho charge of the double lazier decreases 
and the surface tension increases. On making 
tlie .successive additions of negative electricity 
larger and larger, the difference of potential of 
I the double layer eventually becomes zero; the 
surface tension has reached its greatest value, 
and, beyond this, a new double layer of opposite 
sign is produced. When this state is reached, 
the surface tension must again decrease. 

According to the experiments of Lippmann, 
tho maximum of surface tension is reached 
when the^extcrnal electromotive force is 0-9 to 
1-0 volt. Then no more double layer is present 
at the small surface of the mercury, and the 
metal and electrolyte have the same potential. 
Since this condition is separated from the ordi- 
nary one by about 0*9 volt, it follows that the 
usual difference of potential between dilute sul- 
phuric acid and mercury is 0 9 volt. 

This result is continued by the following ex- 
periment of Pellat (C. B. 104, 1099). When the 
surface of contact between mercury and sul- 
phurio acid is increased, a motion of eleotricity 
is produced, owing, as has been mentioned 
above, to the stretching of the double layer. 
But this must disappear when, by the use of a 
difference of potential of about I'O volt, the 
double layer has been made to disappear ; and, 
in fact, under these conditions, Pellat, on 
dianging the surface, could observe no current. 

Another confirmation can be obtained in the 
following manner. W^hen mercury is dropped 
very quickly out of a fine point into an electro- 
lyte, it must, after a short time, as Hehnholta 
has shown, assume the potentid of the latter 
[W. 16, 35), because if, for instance, the mer- 
cury were at the beginning positive, every fall- 
ing drop would form a double layer at its sur- 
face, which would take positive eleotricity out 
of the mercury, and wbioii would make its posi- 
tive potential smaller' and smaller till it became 
equal to that of the liquid. 

Bat it ia to be remembered thi^ the memuy 
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ia eonUet with stilphario acid spontaneonsly 
becomes positively charged ; everything will de- 

S end, therefore, on allowing the formation of 
rops to take place as quickly as possible, in 
order that the discharge may preponderate over 
the charge. Experiments by W.Ostwald {Z. P. C, 
1, 683 [1887]) have shown that the discharge 
can be achieved to a great extent, but not com- 
pletely; there still remain over, even with the | 
best dropping electrodes which have yet been | 
made, diilerences of some hundredths of a volt. | 
But within these limits the experiment confirms 
tho conclusion which Helmholtz had drawn - 
the difference of potential between the drop- 
ping electrode and the mercury at rest in sul- 
phuric acid amounts in ‘normal’ sulphuric 
acid solution to 0-81 volt, while tlic maximum 
of surface tension (that is, the true dilTerence of 
potential) lies at 0 8(J volt. 

Finally, another inference, which musb bo 
drawn from the theory of Helmholtz, has been 
confirmed by tho same author. If the maxi- j 
mum of the surface tension of mercury, as i 
obtainable by means of suitable eleetroTuotivo { 
forces, actually is the real surface tension of 
mercury in contact with aqucou.s liquids, free j 
from auxiliary effects, then it must have tho 
same value whatever bo the nature of tho elec- 
trolyte, while experience siiows that the natural 
surface tension changes considerably with the j 
nature of tho electrolyte. Tliis also was con- 
firmed ; while tho natural surface tension in 
dillerCiit solutions varied between 485 and 5iH, 


the maximum values were 010 to Oil, and were, 
therefore, practiiially constant. I 

All these facts sixiak for the correctness of j 
Helmholtz’s theory of the electric double layers, 1 
and leave us, theroftU'o, with the final conclusion | 
that tho electromotive force require^ for pro- i 
ducing tho maximum of surface tension of mer- 
cury in contact with an electrolyte is equal to , 
the ordinary ditlerenco of potential at this j 
bounding surface {but with inverted sign). But j 
it must be ng;iia emphasised that this is the ; 
only group of phenomena from which the values 
considered can be deduced. An examination of 
the results by means of another entirely inde- 
pendent method has not yet been feasible. 

If, now, tho difference of potential betwoen 
mercury and sulphuric acid is known, tho differ- 
ence of potential between all other metals and j 
sulphuric acid can bo measured by experiments j 
which are easily carried out. For this purpose 
the electromotive force of the combination mcr- 
curt/, sulphuric acid, ayvd victal alone need be 
measured ; this is the sum of the dilTorenees of 
potential of mercury-sulphuric acid and sulphurio 
aoid-motal, and since the first of these is known 
the other follows by difference. But here it is 
supposed that no appreciable difference of poten- 
tial exists between the metals. Again, if the dif- 
ference of potential between mercury and any 
other electrolyte is determined, either by the 
maximum surface tension or by means of the 
meronry-dropping electrode, the difference of 
potential of these electrolytes against any other 
metals can also be determined. In this manner, 
therefeyre, the whole subject of the differences of 
potential between metaJs and electrolytes has 
ken made amenable to measurement. 

^nt lew t u p t wort h y neasuementi of this 


kind have as yet been made ; in the following 
table some numbers are given 



HOI 

I»r 

HI 

H,SO. 

Zn . 

-0-54 

-0-46 

-0-30 

~0'62 

Cd . 

--0-24 

-0-18 

-008 

-0-22 

Sn . 

002 

-t 0-12 

-I- 0-28 

-002 

Pb . 

+ 0-03 

+ 010 

-fO-20 

-004 

Cu . 

+ 035 

+ 0:i5 

+ 0-HG 

+ 046 

Bi . . 

+ 0-41 

+ 0-47 

+ 0G0 

•fO'46 

Sb . ! 

-fOifil 

-fOGO 

•fO'54 

-^0•48 

Ag . 


+ 0-51 

-fO-45 

■hO'73 

Hg . . 

+ 0-57 

+ 0-50 

+ 0*44 

+ 0*86 


Tho values refer lo ‘ normal ’ polutions of the 
electrolytes mentioned, and indicato tho potential 
of the metal when that of tho electrolyte is put 
equal to zero. 

Wc scejhat those metals which dissolve in 
tho acuh} become negative; tho others become 
positive. Tho values aro also in very nearly 
the same order as the corresponding heats of 
reaction, but, as a calculation show's, tlioy are not 
proportional. Tho nature of the oloc.trolyto has 
generally a smaller intiucnco than that of tho 
metal, but there aro cases whore the reverse ia 
true. 

It should bo mentioned that nearly the same 
numbers are obtained when salts of the acids, 
with metals whicli are not precipitated by the 
metal under examination, are used instead of 
tho acid.s themselves. The difference of poten- 
tial between tho metal and the cloctrolyto de- 
pends, therefore, chiolly on tho negative ion of 
the latter. From tho numbers in our possession 
it is seen, for instance, that in the Danioll cell, • 
whose difference of potential is BOS to 1*10 volt, 
the greater part of this (0’G2 volt) is present 
at the hounding surface between zinC and zinc 
sulphate, and tho smaller part at tho surface 
(0’4G volt) between copper and copper sulphate. 

No further conclusions of more general in- 
terest have as yet been drawn from these num- 
bers. 

Galvanic polarisation. When two metal 
plates aro introduced into an electrolytic liquid 
and a galvanic current is made to pass through the 
electrolyte by means of the plates, these plates 
geiieraliy become the scat of a new electro- 
motive force which acts in op]) 08 ition to the 
current already active. This phenomenon is 
called galvanic polarisation, and it may be per- 
ceived by connecting the plates with a galvano- 
meter immediately after breaking the primary 
current. 

The cause of this phenomenon is to be found 
in tho change which is produced by the current 
at the boundary surface between the metal and 
the electrolyte. There the ions of the electrolyte 
separate out, and r-ause changes of the most 
manifold kind. 

The simplest case occurs when the metal 
plates are surrounded by tho solution of A salt 
which contains the same metal, for such a 
system scarcely exhibits the phenomenon of 
polarisation at all; such electrodes are *un- 
polarisable.’ The reason is that in this case the 
changes occurring at the electrodes do not 
change the condition of the bounding surfaces, 

If, for instanco, we have zinc in tine sulphate. 
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at the cathode, and this 
7'*Au present without ohan- 

fhln *1.““^,®* ®“°'te SO, seMrates out, which 

zinc sulphate. 

Tho only effect is that the zinc sulphate solution 
becomes more concentrated at the anode aZ 
accordingly a small concentration-current can 
be observed, whose electromotive force isThow 
ever, very inconsiderable. 

of unpolarisable electrodes 
differs from all similar combinations in that it 

throZh "^PoTat- ‘.V ‘o ?a 

thus ® ff for ?n ? “ 0 oo“o.los do not bclmve 

Pkeod in dMnt ‘ Tt' plates are 

placed in dilute sulphuric acid, and a current 

of small electromotive force-say, 0-1 volt— is 

meZlha^afT’/’® hy'^t'-o sltno! 

meter that at first a motion of electricity takes 

It ’i^n ® shoi^t time 

It is a phenomenon such as a condenser exhibits 
on being charged, with thisxdiffcrenoe tliat llio 

capamtyof such electrolytic conteem amla.'s 

tfve^fore^ar'^*' ‘ '.oo''oas'og ‘he olectromo- 
tive force, a corresponding anantity of electrieitv 

thocond mscr 

always enters, but no permanent current is mo 
mme than 2‘volA' ®th‘'°'’'°“''“ somewhat 

of the current suddenly ?al™rp“iraXS 
• irr:te" hydrogen appear 

fhereforo, represent the pheno- 
menon to ourselves in the following way. 
tween the electrolyte and the platinum^ plates 

PotentfaYlnd°"®'"''”^ ®°'“® difference of 
fAm A* ’ “ tr ® 0 “sc<l>ience the double layers 

fm^ toact ‘ho electromotive 

lorce to act, on the one side the dilTercrice of 

thoTthel-A-A® inereased. 011 

J k}® dmimished. The corresponding 
process to this is the condensing charge On 
increasing the difference of potential, thcr; is a 
moment at which llie condenser no more iso- 
‘ '® influence of the electro-static 
to th«Ln electricity from tho metal i 

to/lA ?'■*'*) occurs, corresponding I 

thi fnA / eondenlir, and 

the 10ns. deprived of their electric cliarccs ' 

tXtf ®thf ncid is tho elec- j 

trolyte, the 10ns are 11 ,, and SO, ; tho latter I 
substance is not stable, and reacts with the i 
water present to form sulphuric acid and oxygen ‘ 

the latter escaping in tho gaseous state. 

Hal "'® ®®®.“'’“ “ difference of poten- 

eleotnoity IS to eave an ion in order to travel 

vLat.™,? An difference of potential is 

reached, the system acts at the electrode like 
an isolator. But why does this not occur with 
unpolarisable electrodes? The answer to tli r 
question follows from the consideration of the 
at these electrodes Let us 
again take zinc plates in zinc sulphate and let 

•leotridtv electricity into one plate. This 
•leotricity can at once enter into the solution 


' deliver up their eieotrioity. Her* then. 

lUs not aondensing effect^ 

It is not, however, as if no difference of nof^rf 

tl^3“fueh'’d‘r®“ and their^ wlu’ 

tions , such differences, in fact, are nresent nn/l 

hence also corresponding double layers 

Burnfe ®"® ®‘d® are made up^of io^ 

But these do not act as condensers, free cZ- 
munication of their ions between tho metal and 
the being possible, and consequently 

the difference of potential, independent of the 

TWi'"m'’‘''““®‘‘®®'' an unaltered value” 
nn1 A m nnpo’arisable electrodes and those 
bh a Hnm • ' ®“Jcs, there still exist com 

binalions in which polarisation occurs only at 
one side, mostly at the cathode. This takes 
place, for instance, with copper plates in dilute 
p luric acid. At the cathode, when the elec- 
oniotiye force is suUicient, hydrogen separates 
out, just as ,t does at a platinum plaL Bufat 
anode, on the other hand, copper sulphate 
■s fonnod by the ion SO, acting oiJ he copper- 

ttr citr\he?^ «'.'® "P “^nilmtive 

c ectrie IvnvA f’ ®‘''®® ®‘®a<l Positive 

electricity fixed to copper comes out of the ulate 

Hence, no polarisation occurs here. ^ 

what has been said an explanation 
vvhinh^^^ ^ cau.se of tho polarisation current 
which occurs after breaking the primary current 
and connecting both plates in thLppos^todirec 

lXh-/L '”'‘®i- ‘''® •hsoharge of the elel 
^ * ondenscr. Looking at tho process more 
m detail, we see that when the cha^gr n the 
double layers is formed, the electricity led in 

of tbe'^ommsi'tn Cflual quantities 

the opposite electricities having collected 

fiom the electrolyte on the olectrodes-the eleo- 
the ®°“‘'®®’ ‘0 ‘he ions. On 

' rodes hei^ “"“i ‘he eleo- 

IcInciw. A ® connected with each other, the 
I e ectncitios present in these neutralise each 
j Other and the ions, which are no Wer ffxed 
: orm the carriers of the current in the electrolyte’ 

! Plus lasts until the original condition of equilt' 
biimn has re-established itself. ^ 

I In accordance with what lias been said the 
I measurement of galvanic polarisation refers 

i assume^^oAto If ‘A ““’‘"num value it can 
I „ ‘ho value of tho difference of 

i potential at which the double layer condeLer 

i onan,’”.™ 'Pho measurement of ttis 

quantity is somewhat difficult ; because when 
I carrying out the simple experiment indicated 
above t.e. when increasing the primary current 
up to decomposition, interrupting it, and after 
wards connecting the electrodes with an electro-’ 

'^® ®hsorve that (in consequence of the 

nohrit 7 ® “'® «’«®‘remotive force of 

polarisation decreases very rapidly. We are 

Hon ®""® “ considerable per-’ 

in “ Pc‘fr‘?c‘' 0 “ has not already been^ost 

ment H 7 ^®'^ ®'®P®®® ''®^°^® ‘he'^measum: 
meiit. But there exists a means of obtaining 

the magnitude of thS 

c 7 rrti® ® 7 °‘’- ‘''® Of connections iS 

' 7 ®°^®®'^®°” ButtoeseAJ^roMh 

O' ••ectmiytio 
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to a maximom, and when the number of current 
reversals reaches about 100 per second a farther 
rise in the velocity no longer produces an in* 
crease, as was found by Ilaoult (A. Ch, [4] 2, 
326), and the value observed under these con* 
ditions may bo regarded as the correct one. 

Other methods are based on making mea- 
surements of current strengths and resistances 
in the primary circuit, and on calculating from 
tliis the electromotive force of polarisation. 
These become uncertain by the fact that, owing 
to the processes occurring at the electrodes, the 
resistance of the cell undergoes variations during 
the passage of the current, which variations can- 
not be determined. Finally, wo can use elec- 
trometric methods, by measuring the difference 
of potential between the electrode to be polarised 
and an auxiliary electrode through which no 
current passes, both before closing the circuit 
and while the current passes; tiie difference be- 
tween the two magnitudes is tho polarisation 
required. Fut diliiculties, which have not yet 
been removed, appear in tho practical applica- 
tion of this ingenious method, which was pointed 
out by Fiichs (P. 150, 158). 

Because of these diliiculties only a small 
number of trustworthy measurements of the 
electromotive force of tho maximum polarisa- 
tion have as yet been made. Consequently, no 
certain relations with chemical conditions have 
been discovered as yet.‘ Though an attempt 
has been made to calculate tl>e electromotive 
force of polarisation in a manner similar to that 
of tho galvanic cell, from the thermal effects ap- 
pertaining to it, the same objections can bo 
raised against it as in the forniftr case (p. 218) : 
the observed electromolive force is generally 
different from that calculated. 

It is especially remarkable that the maximum 
forces of polarisation corresponding {b one and 
the same chemical process may be very different 
according to the nature of the metal. If wo 
form galvanio cells of zinc, dilute sulphuric 
acid, and different metals— such ps copper, silver, 
gold, platinum— or of charcoal, and if we close 
the circuit in the cells, the same process occurs 
in all . zinc sulphate is formed, and, to make up 
for it, hydrogen is expelled from the sulphuric 
acid. The latter appears at the metal, and 
polarises it. It is found that the electromotive 
forces of these cells, even after they liavo com- 
pletely polarised themselves, are distinctly diffe- 
rent ; according to the nature of the second metal, 
a greater or less portion of the energy liberated 
by the reaction Zn + H 2 SO 4 = ZnbO^ 4 - is trans- 
formed into electrical energy. 

The cause of this can be understood after 
what has already been explained. The elec- 
tricity must overcome unequal differences of 
potential in passing from the H ions to the 
different metals ; hence different portions of the 
total available ^energy are used, and only the re- 
sidue of this energy finds its expression in the 
electromotive force of the cells. We see, then, 
that the electromotive force cannot possibly 
bear the simple relation to the heat of reaction 
which WBB formerly supposed to be the case. But 
it is possible that the equation of Gibbs and 
Belmholts (p. 214) is applicable to galvanio 
> Sea, however, a reoent lavesttgation by 1C. La Blaco 
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polarisation also ; if this is so we shall be able, 
from a knowledge of the electromotive force and 
its changes wit^ the temperature, to draw con- 
clusions as to the thermal changes due to the pro- 
cesses which primarily participate in the polari- 
sation. W. 0. 

VI. FREEZING-POINTS OF SOLUTIONS, 
METHODS BASED ON; v. Molbcula? 
wEiQHTs, vol. iii. p. 417 ; and Eleotuzoal 
METHODS, this vol. p. 186. 

VII. OPTIC.VL METHODS.-^Seotion 1; 
REFRACtiON AKD DISPERSION. When a ray 
of light passes at an angle from a rarer into a 
denser medium, it is always reflected towards 
tho perpendicular, the sine of tho angle of inci- 
dence being in a constant ratio to the sine of 
tho angle of refraction, namely tho ratio of the 
velocities of wave propagation in the two media. 
This constant ratio is called the index of refrac- 
tion, and y generally rejircscnted in England 
by tho Greek letter /x, and on the Continent 

by n : fi= ^ . Tho angle of incidence 
Bine r 

being in such case greater than the angle of 
refraction, the index of refraction will be greater 
than 1. The reverse will be tho case when the 
ray passes from a demser to a rarer medium. 

The refraction of a ray of light is, however, 
always accompanied by another phenomenon — 
disjwrsion, as the ray is made up of a number 
of vibrations of different velocities which are 
affected diversely in passing from one medium 
to another. This causes the ray of common or 
white light to bo spread out into a numljcr of 
coloured rays corresponding to vibrations of 
different rapidity. In all precise determinations, 
therefore, a definite point of the spectrum thus 
formed must bo measured for refraction, and 
two such points for dispersion. The work of 
early observers on tho refraction of light is 
usually wanting in precision in this respect, 
the records being commonly described as having 
reference to tho bright or yellow part of the 
spectrum, or to the extreme red; while they 
furnish no data at all for calculating the disper- 
sion. Moreover, ns cacli colour occupies a 
certain breadth in the spectrum, and the boun- 
daries of the colours are not well defined, it is 
by no means certain that two observations made 
on tho same colour will refer to exactly the 
same part of tho spectrum. In more recent 
observations the most conspicuous lines of the 
solar spectrum, such as A, D, P’, II, are adopted, 
or, if artifieial light bo used, tlio a, /3, and y lines 
of the hydrogen spectrum ; those are recorded as 
ma, Ml). Ac. ; Ma. Mi3, My The greater part of the 
English data of recent times arc given for the 
solar lines, while foreign observers have gene- 
rally adopted tho hydrogen lines. 

Refraction and dispersion equivalents. 
The index of refraction, minus unity, when 
divided by the relative density (d) and multi- 
plied by the atomic weight if an element is ex- 
amined, or by tho molecular weight If a compound 
is examined (P), is usually represented by the for- 
mula P in England and P on the 

Continent, and is termed the refraction-equiva- 
lent. It will be expressed in this article by the 
simple letter B. When Lorenz’s formnla is used*' 
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ih« refraction-equivalent eo calcu- 
lated will be diatingniabed aa \ The part of 
the Bpcctrum to which the observation refera 
will be indicated by adding the sign for infinity, 
or the letters of the solar or other lines ob- 
served, as Eoo , Ha. Ka, &c. The dispersion- 
equivalent represents the dilTorence between 
the refraction-equivalents of two selected por- 
tions of the spectrum ; thus the dispersion- 
equivalent for H~A will be expressed^ as 


d d 


1 ) 


or, more briefly 




multiplied by P ; or Rh -Ra. 

The index of refraction of solids is generally 
ascertained by the method of total reficction, 
unless they are transparent, and can be cut into 
the form of a prism ; that of gases is best deter- 
mined by interference. The refraction of liquids 
is most conveniently arrived at by placing the 
substance in a hollow prism ,Svith sides of plate 
glass ; on the prism being so adjusted that *the 
ineident and eradi'gent rays make equal angles 
with the refracting surfaces, the minimum devia- 
tion will be arrived at. Let D be the deviation, 
% and r the angles of incidence and refraction, 
and a the refracting angle of the prism ; then 
sinoji^^e ^(a-nD) 
sine r sine Ja 

Newton, acting upon the emission theory, 
-1 

refractive power of any substance, and this 
formula met with general adoption till recent 
limes. Gladstone and Dale (T. 18C3), aa the 
result of a long series of experiments with 
different substances at various temperatures, 
found that the refractive index, minus unity, 
multiplied by the volume, gave nearly a con- 
stant. To they accordingly gave the name 
of * refractive energy ’ as really representing the 
influence of the substance itself on the rays of 

light; and to that of ‘specific refractive 
d 

energy.’ This empirical formula has been 
adopted by most subsequent investigators; and 
SutWland (P. ilf. [5j 27, 141) has lately advo- 
cated it on mathematical, as well as on physical, 
grounds. It holds its position side by side with 
the theoretical formula we have now to 
consider. 

Lorenz's formula. H. A. Lorentz, of 
Holland (ir. 9, 641), and L. Lorenz, of Copen- 
hagen (IF'. 11, 70), came almost simultaneously 
to the conclusion, from purely theoretical con- 
siderations, based, in the ease of the former, on the 

electro-magnetic theory, that must ex- 

(u* + 2)a 

press the relation between the velocity of the 
transmission of light and the density of the 
medium through which it • is propagated. 
Landolt (B. 16, 64) tested the comparative 
merits of this formula, and that which he had 

previously adopted— viz. .^l^~-and found that 

SO far as liquids were oonoerned there was 
nothing to choose between them, but that 
Iioranz’f formula showed much less difference 
between Ihe specific refractive energy of a liquid 


and that of its vapour. This is shown in the 
following table, in which it will be also noticed 
that the difference with the rise in temperature 
is uniformly plus in the one case, and minus in 
the other. Weegraann {Bonn. 1888) experi- 
menting at 10°, 20°, and 30°, noted the same 
rise in the one case and fall in the other. 


Bubstance 

State 

Temp. 



Md 

(/^D + 2)d 

(j 

Water • 

LIqiUd 

10® 

0-2062 

0-0001 

0-0007 

0*3338 


Vapour 

20® 

100® 

0-2061 

0-2068 

0-3336 

0*311^ 

Ethvl alco- 
hol 

Liquid 

10® 

20® 

0-2801 

0-2SO7 

0-0003 

0-0018 

0-4682 

0-4^ 


Vapour 

loo® 

0-2825 

0-4237 

Ethyl ether . 

Liquid 

10® 

0-3026 

0-0003 

0-0039 

0-4936 



20® 

0-3029 

0-4930 


Vapour 

100® 

0-3068 

0-4599 

Ethrl ace- 

Liquid 

10® 

0-2517 

0-0002 

0-0131 

0*4174 

tate 


20® 

o- 26 -in 

0*4172 

Ethyl Iodide 

Vapour 

100® 

0-2683 

0*4024 

Liquid 

10® 

0-1557 

0*0001 

0*2663 



20® 

0-155H 

0-0013 

0*2658: 


Vapour 

100® 

0-1571 

0*2356 

Chloroform . 

Liquid 

10® 

0-1790 

0-0001 

0*0006 

0-3000 



20® 

0-1791 

0-2996 


Vat'our 

100® 

0-1796 

0-2694 

Carbon dl-. 

Liquid 

10® 

0-2805 

0*000+ 

0-008'J 

i 

0*4977 

sulnliido . ^ 

„ 

20® 

0-281)9 

0*4970 

1 

1 

Vajtour 

100® 

q-2898 

0*4318 


O-OOOT 

0'0623 


In the case of liquid and solid phosphorus, as 
well as of other highly refractive bodies, the 
empirical formula appeared to give the best 
I results. Landolt also found the sin\pler formula 
best adapted to his process of optical analysis 
j subsequently described. But while he found that 
the refraction-equivalents {i.e. the specific re- 
fractive energy multiplied by the atomic weight 
in the case of elements, or by the molecular 
weight in the case of compounds) of substances 
calculated by Lorenz’s formula are about one- 
third smaller than the numbers calculated by 
the formula previously adopted by him, the 
values which he obtained for the elements carbon, 
oxygen, hydrogen, and chlorine did not boar the 
same proportion. Adopting Bruhl’s figures for 
Ba (as described later on), the values accord- 
ing to Lorenz’s formula vary from about ^ to J 
the values found by using the other formula. 
Thus;— 


1 

Old 

Formula 

Loreni'i 

Formula 

Carbon .... 

6*0 

2*48 

Hydrogen .... 

1*3 

1-04 

Oxygen, alcoholio • 

2-8 

1-68 

„ aldehydic . 

3-4 

2*34 

Chlorine .... 

9-8 

6-02 

Increase for double carbon 
bond .... 

2*4 

1-78 


Bruhl, however, in 1886 {A. 236, 1), maintained 
that the statement of Landolt, that the two 
formulas lead practically to the same conclusions 
in respect to chemical constitution |^d the re- 
fraction of light, cannot any longer be accepted 
in its general sense. In this paper Brfihl con- 
tended that the expression of the molecolar re* 

fraction hitherto used— vis.. is generally 

adapted only to the paraffinoid series bt oarbon 
oompoonds, and for onsatorated jpompoonds ot 
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weak tlispereive power; and that in th^e oases 
even the results are not altogether satisfactory. 
For the investigation of the relations between 
the refractive power and the constitution of 
bodies, Briilil claimed that in future Lorenz’s 
formula must bo used. The tables appended to 


the paper certainly show better proportionate 
results for Ra by this formula, especially in the 
case of the most dispersive substances ; but in 
using these tables it must be borne in mind that 
the values assigned to the elements under the 
two formulna are not strictly comparable. Nasini 
{Lincei, Rc. M, 128) stated that he and Bern- 
heimer did not consider that, from a chemical 
point of view, any great preference should bo 
given to Lorenz’s formula over the formula 


M-1 

d ’ 


as the newer formula was 


insuflicient to 


represent every relation between the chemical 
constitutions of the substances and their re- 


fractive powers. Kettelor docs not accept the 
Lorenz formula as altogether satisfactory ; in 
— 1 . 

place of it he has proposed where x is 


a variable quantity depending on the nature of 
the substance, but averaging about 3-5 instead 


of 2. Sutlicrlaud (P. M. [5] 27, 141) objects \ 
to Lorenz’s formula on the ground that it j 
assumes a mean wave length, whereas the wave | 


length must vary in passing from eth«.*r to mat- 
ter ; and he maintains that while the formula 


holds good for both the liquid and gaseous states, j 
it fails when change of density is produced by 
change of pressure. On the other hand, he thinks 
that Gladstone’s formula meets the last require- 
ment, but fails to bridge over the great gap in 
density between liquid and vapour. Kettelor 
{Z.P. C. 2, h05) suggests an equation of the form 
(n-® — 1) (u - 0) M, where 3 is the volunto actually 
occupied by the ponderable molecules, v that of 
the space in which they are contained, and M a 
molecular function depending on the constitution 
of the medium. M may have one of two values, 
both of which are definite constants, the one for 
the liquid and the other for the gaseous state. 
The value of 0 may be obtained by varying the 
temperature, the pressure, or the constitution of 
the media examined. Sutherland says that this 
formula gives for compressibility results less satis- 
factory than those given by that of Gladstone. 

Zehnder (ir. 34, 01) investigated the influence 
of pressure upon the index of refraction of water 
at different temperatures, and on comparing the 
results with the co-efficient of compressibility, he 


1 

came to the conclusion that the formula ^ - 

was practically exact -much more so than that 
of Lorenz. RSntgen and Zchnder ( W. 44) have 
since applied the same inquiry to CS,, and 
ether, and a series of alcohols, with the result 
that in the cases of all these substances neither 
formula is sufficiently exact, the experimental 
figures occtrpying very nearly the mean place 
between those given by the two formulee. 

Perkin (C. J. 61, 287) in studying magnetic 
rotation at widely different temperatures, ob- 
served a slight reduction as the temperature was 
raised. 4)iUe and Gladstone (as long ago as 
186^ had observed that the sj^ifio refr^tivt 
ene^ of solnitoneea wm sii^larly affected; 


Nasini and Bemheimer {G. Ifi, 50) in 1885, and 
Kettoler (IF. 88, 506, 662) in 1888, also found 
small differencejain the same direction. Perkin 
accordingly mcme a series of experiments to 

see if the changes in ^ due to temperature 

vary with different classes of substances, as they 
do in the case of the magnetic rotation. The 
results seem to corroborate this, though not very 
definitely. On trying Lorenz’s formula, he found 
the refraction rise with increase of temperature, 
and he came to tlio conclusion that this formula 
is not suitable when dealing with high tempera- 
tures. 

Guye {Ar. Sc» Oendve, 23, 197, 204) pointed 
out a relation between the constants of the 
equation of Van dcr Waals and that of the 
formula of Lorenz for the refraction of light. 
He maintained that the relation of the absolute 
critical temperature to the critical pressure, 
which ho termed the ‘ critical co otficiciit,' is pro- 
portional to the molecular refraction, and that 
it furnishes a valuable means of determining the 
molecular constitution of bodies at the critical 
point. By a comparison of the data given by a 
number of observers for forty different substances 
he obtained the result that the critical co-efficient 
(K) is in proportion to Ego asl to 1'8. The ex- 
perimental dilficulties connected with the deter- 
mination of K, and the fact that Guye had not 
always the data for reducing B observed to 
E ,35 , rendered the final results less uniform than 
th«*y might be otherwise ; but the extreme range 
of his factor varied from 1*0 to 2’0, giving 1‘8 as a 
mean. Guye found, however, certain classes of 
bodies which gave a different factor to that above 
mentioned. Such gases as 0, N, and CO, gave a 
factor ranging from 1*1 to 1'4. Water gave I’l, 
and mcthylic alcohol 1*1 to 1*2. lie also recorded 
some which are exceptionally high, but in most 
of these cases the results of the experiments 
seem untrustworthy in consequence of chemical 
action having taken place. Having determined 
his factor, ho was able to divide by it the recog- 
nised refractions of the elements according to 
Briihl, and so to get what he termed the * atomio 
critical co-efficiont,’ from which he could build up 
the critical co-efficient of any substance of which 
the theoretical constitution was determined. 

Dispersion formulae. As the observations 
of Gladstone extended to the solar line A, his 
calculations were but slightly affected by dis- 
persion ; whereas nearly all the Continental 
observers have used the hydrogen light, and 
have no actual measurements below the line a. 
They have, therefore, usually sought to get rid 
of the effect of dispersion by adopting one or 
other of the suggested formula) for calculating 
the theoretical ray of infinite wave length, and 
have worked out their results both for the 
observed line a, and lor the assumed limit. The 
simplest of these methods, and on that account 
the one most generally adopted, is that of 
Cauchy. It u usuaUy expressed by the formula 
. B 0 

iu which X represents the wave length of any 
given line of the spectrum. As this formula con* 
tains three unknown quantities, it requires fox 
their determination three simultaneous eqna* 
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iiont ; bat the third tenn is often dispensed with 
to reduce the amount of calculation required. 
By the process of elimination, the values of A, B, 
and Care obtained, A being Cauchy’s co-efficient 
of refraction, and 13 and 0 the co -efficients of 
dispersion. This theory accords fairly with the 
experimental data for substances of moderate 
dispersive power, though by no means well with 
the data for substances of high dispersive power, 
such as oil of cassia. Wiillner {A. 1.33) con- 
sidered that this formula was suirioiently exact 
for bodies of low dispersive po ver when two con- 
stants were used ; but that for highly dispersive 
substances, such as carbon disulphide, it was 
necessary to go to the third term, as the difference 
between the observed value of fi^ and that calcu- 
lated from fia and /uy amounted to as much as 
0*0022; while on using throe terms the calcula- 
tion was correct to tlio fourth decimal place. 
He also tried the formula of Chriatofla 



in which Wo and A„ signify two selected constants, 
andn is the corresponding index of refraction of 
the wave length A ; this also gave results which 
were not sulliciently accurate. Taking the ob- 
served indices for the lines a and y of carbon 
disulphide at O'’ as 1*031000 and 1*0!)*2148, this 
formula gave 1*000397 for ;3, while the observed 
value was 1*600070. At 20” the calculated 
value for $ was as much ns *000491 too liigh. 
Langley (P. Af. [5] 17, 191) has discussed the 
relative merits of Biot’s, Cauchy’s, and lledton- 
bacher’s formula), and has come to the conclu- 
sion that while each of them is sufficiently exact 
within the limits of the visible spectrum, they 
soon begin to give too small results for n when 
that limit is passed. Biot’s formula 


of from one to five units in the third place oi 
decimals 


Substanoa 

Oauchy’8 A 

f^0 

2 terms 

3 terms 

Ob- 

served 

Oal- 

culated 


Benzoyl chloride 

l-6i;)0C 

1 52700 

1-66964 

1 67097 

Orthotoluidiue • . 

1-53715 

1-541C0 

1-58946 

1-69009 

Chmamio alcohol . 

1-6J307 

1-55253 

1-59993 

1-00161 

Aniline . . • 

1-54741 

1-55089 

1-60434 

1-60692 

Furfurol . . , 

1 -4X200 

1-49816 

1-54506 

1-54824 

Cinnamic aldehyde • 

1-55)06 

1-68256 

1-06090 

1 05622 


In the case of substances of small disper- 
sion, Briihl regards the use of Cauchy’s for- 
mula as superfluous; with substances of 
medium dispersion, the results are generally 
preferable to those for the line o, though not to 
any great extent ; but with substances of great 
disijersive power the differences are too great to 
bo neglected in considering questions of ohemi- 
c.al structure. 

Nasini (Linen, Atti, 18 [3]) comes to the same 
conclusion, that Cauchy’s co-cfficient of re- 
fraction ought to be rejected in studies of this 
nature, and that his co-efficient B is still more 
misleading if it bo regarded as a measure of 
dispersion. N. (Lined, Atti, 19 [3]) had already 
tested the merits of several formula), and given 
I the preference to that of Lonimcl as affording 
I better results than those arrived at by Cauchy’s 
formula with two terms. The following table 
’ will show the differences between as observed, 
and as calculated by those two formula) : — 


1 


-C) -(?.)*•© 


gives more trustworthy results than either of the 
others. 

Redtenbacher’s formula JL « a + 6 a* + -^ has 
n- A- 

the serious objection that it reached a mini- 
mum at a point corresponding to 1*5047 in 
the prism which he employed, so that for every 
value of n greater than 1-.5017 it gave two diffe- 
rent values for A. Langley has experimentally 
determined wave lengths in the invisible pris- 
matic spectrum far beyond the extreme limit 
possible according to Cauchy’s formula. Briihl, 
after working out his results for as well as 
for llo, has latterly (A. 235, 1 ; 236, 233) come 
to an adverse conclusion as to the utility of 
Cauchy’s co-efficient of refraction for getting 
rid of the effect of dispersion, and ho even 
asserts that when three terms are used the 
results are less to be relied upon for this pur- 
pose than when two terms only are employed. 
The following table shows the differences in 
Cauchy’s A when calculated with two and 
three terms respectively, from the observed in- 
dices Ma and My in the former case, and 
from Mo. and My in the latter; and also 
ftA as observed, compared with the same index 
of refraction as calculated by Cauchy’s formula 
from ^ and showing in this case a difference 


Substance 

ob- 1 
served 1 

1 Oal Ciliated 

1 DilTerenco 

Cauchy 

Lomtnol 

Cauchy 

Lommol 

Bcnzoiio . . 

1 -51339 

1-51404 

1-613C9 

* 0-00065 

0-00030 

Aniline. 

Mctljyl-a- 

1*60431 

1-60592 

1-60522 

0-00168 

0-00088 

naplithol . 
Dimethyl- 

1-64597 

1-C177 

1 64678 

^ 0-00173 

0-00081 

naphthalene 

1-63200 

1*6330 

1-6324 

0-00100 

0-00010 


Weegmann (Bonn., 1888) gives reasons why 
Cauchy’s formula for the limit of the spectrum 
i is not to bo relied upon ; and maintains that his 
' B, or co-efficient of dispersion, must not be 
‘ taken as a measure of dispersive power, but 
that it should in any ca^o be divided by the rela- 
tive density. 

Helmholtz has proposed the formula 


n»-l = Q- 


A* 


-Pa» 


A* -A*,;, 

^ in which n and A represent the index of refrac- 
' tion and the corresponding wave length, and 
Q, P and A*„ are three constants dependent 
' upon the nature of the medium. Eotteler has 
• subsequently proposed another, viz. 

Brffhl has tested the comparative merits of 
both these formula, as well as that of Cauchy. 
Taking Gladstone and Dale’s observations of a 
solution of phosphorus in carbon disulphide, 
he calculated the values of the lines B. D, F. 
and G from the observed values of A, E, and 
H, and again those of A, B, E, and G from 
those of D, F, and H. The following table 
shows the differences in the two oases between 
the observed and calculated valuei^{i. 236, 233) ; 
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< 

; 

at ; 

1 

Helmho'.tz 

1 

1 

Helmholts 

Eettder 

A. 

r *«06 

1-9209 




+ 19 

+ 48 

+ 108 

B 

«*372 

1*9314 

-3 

-5 

‘+2 

+ 9 

+ 21 

+ 47 

D 

S*893 

1-9527 

-2 

-4 





B 

#■271 

1*9744 



-4 

■-‘5 

-6 

— 9 

P 

4*862 

1-9911 

■+8 

+ 9 

.. 




Q 

4*304 

20361 

•fl 

+ 2 

-7 i 

-7 

-8 


H 

8*956 

2-0746 

... 


... j 





Diaperslve power. The difforonca between 
the indices of refraction of the rays of the 
ipectrum of any refracting medium is termed 
the ‘ dispersion ’ ; and by the dispersive power 
of a substance is expressed the ratio of the 
co-eflicient of dispersion to the index of re- 
fraction of the mean ray minus unity. Thus 
taking the full length of the visible spectrum 
aa extending from A to H, and F as the mean 
ray, the dispersive power would be represented 


by the formula, - 

Kettclor {'Thcorctischc OptiK Braunschweig, 
1885) has proposed two formula) for dispersion 
based upon theoretical grounds : 

and 

when n ’s a ray more refractive than m. Costa 
(G. 19) regards these as having the advantage 

over the formula on account of their 

d 


being iiidcpendent of the density of the 
medium. 

Early experiments, Newton, Herschcl, 
Young, Wollaston, Brewster, and others deter- 
mined the indices of refraction of a large 
number of solids and liquids, in most cases for 
the yellow or brightest part of the Pi«ectrum. 
Tho index for the solids ranged from 1*111 for 
tabashcer to 2'97i for chromate of lead, and for 
liquids and soft solids from 1*0570 for ether ex- 
panded by heat to thrice its volume, to 1*078 
for disulphide of carbon, and about 1*8 for 
chloride of antimony {Encyc. Brit., 8th edit. 
Optics, 558). 

Arago and Fresnel applied the method of 
interference to the comparison of tho refractive 
indices of moist and dry air, with the result 
that moist air was found to be rather less re- 
fractive than dry air. Dulong determined tho 
indices of refraction of a considerable number 
of gases and vapoilrs. 

Dulong, together with Arago, Biot, and others, 

„a_i 

adopted the formula of Newten 


came to the following conclusions ; that the 
refractive power of a mixture of gases is equal 
to the mean of the refractive ‘powers of the 
constituent gases calculated for the pressure 
to which each gas is actually subjected in the 
mixture, and that the refractive power of a 
compound gas is not equal to the mean of those 
of the component gases, but is sometimes greater 
and sometimes less. 

Hdck also found this formula to apply to 
some mixtures of liquids, and Schrauf (P. 133, 
479} has more recently supported the same 
mooe of calcolatmg the refractive power; but 
Ketteler (P. 124, 890} fotmd that liquid lul- 

Vob. IV» • 


phuroui acid was not accordant with the known 
refraction of the gas as arrived at by the formula 

while the two came into agreement when 
he adopted tho modem formula for the speoiflo 
refractive energy * 

Jamin {A. Ch. fl] 3, 49) made careful ox- 
periments on tho influence of the prosonoe of 
aqueous vapour in the atmosphere upon the re- 
fractive ind(pt, and he found that tho difference 
between the refratftivo indices of dry air and 
air saturated with atpicoiia vapour was only 
•000000720, a quantity so small that it may be 
safely neglected in the calculation of atmospheric 
refraction for astronomical purposes. 

Ketteler (B. B. 1805) adopted Jamin’s inter- 
ference refractor for the nieasureinent of the 
index of air, CO^, CN, IT, and SO.^, for tho lino D. 
liecalculaUM’ the lithium and thallium linesj from 
the wave length of tlff< sodium lino, according to 
the proportional number of rulings that coincide, 
it being found that this is indopoftdent of density 
and is a true function of tho wave lengths. 

Relations between Physical and Chemical 

Propkuties and Ukfbaction of Liquids. 

Dale and Gladstone (T. 1858. 887) made an 
elaborate Bcrios of experiments on what they 
then termed tho sensitiveness of liquids, or tho 
effect of temperature on tho refractive index. 
The principal conclusions they arrived at were 
that both the index of refraction and the length 
of the spectrum, mh— Ma, diminish as the tern- 
j)crature rises, and that the sensitiveness of a 
substance is independent of its spocilio refractive 
or dispersive power. These conclusions were 
the result of observations on CS.^, I'lt.p, Hp, P, 
alcohols, drc. Thu following table and tho table 
on p. 220 give the data for and lIjO : — 


C:irl)on (ii.suliilii'lo (b.p. =43®) 


Temp. 

Ma 

1 


Sons!- 

livciioijs 

'*II~'*A 

Dlspcr- 

live 

power 

0® 

1C217 

1-CI42 

1*7175 

0-OO45 
0-0051 1 
0*(K)4.3 j 
0-0042 j 

0-0958 

0*1489 

8® 

1-6180 

1-6397 

1-7119 

0-0939 

01467 

10® 

1-6144 

1-6346 

1-70H1 

0-0937 

0*1477 

1ft® 

1-6114 

1-6303 

I-ZO-IS 

0-0921 

0-1462 

20® 

1-6076 

1-6*261 

1-6993 

0-00 n 

0-0038 

0-0917 

0*1463 

25® 

1-6036 

1-6220 

1-6942 

0-0906 

0*1460 

So® 

1-5995 

1-61M2 

1-6896 

0-0042 

0-(«i37 

0-0042 

0-0901 

0*1467 

3ft® 

1-5956 

1-6140 

1 6850 

0-0894 

0*1496 

40® 

1-5919 

1-6103 

16810 

0-0801 

0*1150 

42-.V 

1-5900 

1*6082 

1-0778 

0-U87S 

0*1443 


The sensitiveness is reckoned from the indices 
of the lino D, and tho dispersive power repre- 


sents The sensitiveness indicates an 

anomaly in water, which has also been observed 
by others. 

Gladstone and Dale (T. 18G3. 317) extended 
the same inquiry to the following five points : — 
(1) the relation between sensitiveness and the 
change of volume by heat; (2) the refraction 
and dispersion of mixed liquids; (3) the re> 
fraction, dispersion, and sensitiveness of dif- 
ferent members of homologous series ; (4) tbs 
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Water 


* 


Temp. 

'‘a 



Scnsl- 

tiveueas 


Diaper* 

sive 

power 

0® 

6® 

1-3291 

1-3290 

1-3.330 

1-33-29 

1*3438 

1-3430 

0*0001 

0*0002 

0-0003 

0-0004 

Q-0003 

(J-0008 

0*001 lO 

o-oooo 

0-0009 

0 0008 
0*0009 
0*0012 
0-0010 
0*0012 
0*00 12 a 

0*0147 

0-0140 

0-0429 

10® 

1-3-2S8 

1-3327 

1-3131 

0*0140 

0-0439 

15® 

1-3281 

1-3324 

1*3131 

0*0147 


20® 

1*3279 

1-33*20 

1*34*27 

0-0148 

0-0445 

26® 

1*8276 

1-3317 

1-3420 

0-0145 


80® 

1*3270 

1*3309 

1*3415 

0-014.5 

0-0438 

85® 

1*8264 

1*3308 

1*3110 

0-0140 


40® 

1*3257 

1*3-297 

1*3406 

0-0148 

0-0419 

45® 

1*3260 

1-3288 

1*3396 

0*01 40 


80® 

1*8241 

1*3280 

1*3388 

0*0147 

0-0448 

66® 

1-8235 

1*3-271 

1*3380 

0-0145 


60® 

1*8223 

1*3259 

1-33C7 

0-0144 

0-0111 

65® 

1*3218 

1*3249 






70® 

80® 

1*3203 
1*3178 1 

1-3237 

1-3344 

1*3321 

0-0141 

0-0143 

0*0135 


rcfrMtion, dispersion, and sensitiveness of iso- 
meric liquids ; (6) the effect of chemical sub- 
atitution on these optical properties. As to tlio 
first point of the inquiry, they came to the 
conclusion that the specifio refractive energy 

is a constant not affected by tempera- 




ture. They made the reservation, however, ‘ that 
there is some influence, arising wholly or par- 
tially from dispersion, which gives rise to the 
slight progression of most of the calculated 
products, and perhaps to the non-inversion of 
the sensitiveness of water at 4°, remarked on 
already by Jarnin and ourselves.’ As to the 
second point of inquiry, it was found ‘ that the 
specific refractive power of a mixture of liquids 
is the mean of the specific refractive powers of 
its constituents,’ subject to some slight excep- 
tions, as in the case of sulphuric acid and water. 
The inquiry into the refraction, dispersion, and 
sensitiveness of different members of homo- 
logous series showed a progressive increase in the 
specifio refractive energy as the series advanced ; 
but that the influence of each addition of CH^„ 
which is observable throughout the scries of the 
methyl group, docs not necessarily hold good 
with reference to substances of quite another 
type. The observations on isomerio bodies 
showed that some of them are widely different 
in their optical properties ; but that those which 
have a close chemical relationship show an 
identity in their optical properties also. In the 
last branch of the inquiry it was sought * to 
determine the amount of change in the optical 
properties which results^from a replacement of 
one element by another, the type remaining the 
same,’ in order to * attain to a knowledge of the 
influence of the individual elements on the rays 
of light transmitted by them.’ The general 
conclusion of Gladstone and Dale was that 
‘ every liquid has a specific refractive energy 
composed of the specific refractive energies of 
its compound elements, modified by the manner 
of combination, and which is unaffected by 
change of temperature, and accompanies it when 
mixed with other liquids.' This opened up a 
question which has since occupied tne attention 
of many observers. 

Landolt (P. 117, 122, 123) took up the 


Gladstone and Dale, and appliedit in the first in- 
stance to an investigation of the values of 0, H, and 
0. He simplified the investigation by multiplying 
the specifio refractive energy by the molecular 

weight of the compound, which gave P 

d 

as the molecular refractive power, or refraction- 
equivalent, terms which had already been applied 


d 


by Berthelot and Schrauf to the formula? 

By comparing series of homologous compounds, 
acids of the series alcohols of the 

series and esters of the series 

L. obtained the increment due to each 
addition of CH.^ as shown in the following 
selection from his data 


- 

Substance 

8 . 0 . 

U 1 

M 

p.-l 

a 

lu * 

o2 

Attitla iFormlo 

1*2211 

1*3693 

0*3024 

13 91 

7:20 

7*16 

c«ir,„o. ; 

.\cetio . 

1 0514 1-3099 

0-3518 

21*11 

Proj»i()riio 

0-99G3 1-3H40 

0*3860 

28*67 

IButyrio , , 

0-9G10 1-3955 

0*41 IG 

30*22 

7*83 

7*68 

7*79 

1 

Valerian lo . 

0-9313 1-4022 

0*4319 

44 05 

Oiiproio 

0-9252 

1*41 IG 

0*4449 

61*61 

|(EniuithyIic . 

0-9175 

1*4192 

0*4509 

69*40 

Alcohols j! 

Methyl 

0-7004 

1-3279 

0-4II7 

13*17 

7*68 

7*60 

7*81 

7-78 

a-H..- 0 . .0 • 

0-801 1 

1*3606 

0*4601 

20*70 

1 

I’ropyl . 

0-8012 

1*3794 

0*4717 

28*30 


tliityl . 

0-8074 

1*3940 

()*4«79 

36*11 


f\.myl . . 

|U-8135| 1*1057 

0-4987 

j 43-89 

Esters 

/Methyl 

1 

1 




CnH,nO, 

acetate . 

0-0003, 1-3592 

0-3907 

29-38 


Etliyl 

- 



0*81 


acetate , 

0 9015 

, 1*3705 0-4ll0i 

36-17 

1 


/Methyl 



1 




butyrate 

0-8970; 1*3809, 0-4311 

43-97 



Ethyl 





735 


butyrate 

0-8900: 1-3940 0-442 fl 

61*32 



/Methyl 

1 

1 





valerate 

0-8H09, 

l*3927i 0*4158 

61*71 



Ethyl 





7*49 


valerate , 
Ethyl 
formate , 

0-8074 1-3950| 0*4564 

59*20 



0-9O78 1-3580 0 3944 

29-18 



Ethyl 





6-99 


acetate . 

0-9015; 1-3705 0*4110| 

30-17 



/Methyl 







butyrate 

Methyl 

0-8976 

1*3869 

0*4311 

43-07 

7*74 


valerate 

0*8809 1*3927 

0*4458 

61-71 



Ethyl 




51*39 



butyrate 

Ethyl 

0-8906 

1*3940 

0*4424 

7*88 



valerate . 

0-86741 

l-3950j 

0*4654 

69*20 



inqniiyi adopting the formula 


M-1 


used by 


The mean of Landolt’s comparisons gave the 
value R = 7'60 for OIL. Dealing in the same 
manner with compounds differing by one atom 
of carbon, by two atoms of hydrogen, and by 
one atom of oxygen, respectively, he assigned to 
the several elements the following refraction- 
equivalents ; C = 5*00 ; H = 1‘30 ; 0 » 8*00. 

Subsequent investigations would lead one to re- 
ject several of the substances which he brought 
into comparison. 

Landolt also adopted a modification of Biot 
and Arago’s formula for mixtures of gases, by 
substituting n for n'^ throughout, so that 
N-lp . "'“V-i- 

... 

N, D and P representing the index of refraction, 
density, and * molecular weight ' of the mixture, 
and the small letters the same values of the 
several substances forming the compound* In 
this manner he oaloulated the value of or 
lor mixtures of liquids as shown in the fdUoir*' 
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tag iabU. It will be seen that the calculated 
and obeened values correspond very closelj. 


- 

J» 

Observed 
d Ma 

Calcu- 
lated /t. 

MethyUloohol . 


96 

0'7»64 

1-3279 


Amyl „ 


83 

0'8135 

1-4057 


Miztoro 


184 

0-8038 

1*3640 

1*3644 

Ethyl alcohol . 


92 

0-8011 

1*3605 


Amyl „ 


88 

0-8135 

1*4057 


Mixture 


18(J 

O-fOOS 

1*3822 

1*3821 

Ethyl alcohol . 


4G 

U-8011 

1-3005 


Amyl , . . 


17G 

0-8133 

1-4067 


Mixture 


222 

0-8104 

1-3901 

1*3960 

Acctlo acid 


CO 

1-0518 

1-3706 


Butyrlo , 


88 

0-9010 

1-3953 


Mixture 


1-18 

0-9930 

1-3850 

1-3847 

Ethyl alcohol 


46 

0'801l 

1-3005 


Formic acid 


40 

1-2211 

1*3093 


Mixture 


92 

0-9C02 

1-3010 

1-3012 

Oil of bitter almonds . 


lOC 

1-0474 

1*6391 


Formic acid 


40 

1-2211 

1-3093 


Mixture 


162 

1-0876 

1-4900 

1-4900 


Landolt subsequently {A. 4, Siqypl.) reversed 
the process, and applied it to the quantitative 
analysis of mixed liquids by means of tlieir re- 
fractive-indices and specific gravities. Tlie fol- 
lowing will serve as instances of the percenlage 
results obtained : — 


Befr^otion-equivalenti of the ele* 
ments. Gladstone (T. 159» 18; Pr. 18, 49) 


applied Landolt’s P 


M-1 


to inorganio com- 


Amyl alcohol 
Methyl „ 

Mixture 
Acctlo acid 
Butyrlo „ ' 
Mixture 
Ethyl alcohol 
Furailc acid 

Mixture 

Oil of bitter al 
inonda . 
Foruiic a-dd ' 
Mixture 





Ferci 


Ma 

d 

^•-1 

d 

Cultiu- 

!(it<*d 

Actual 

1*4057 

0*8135 

0*4987 

47*4 

47*8 

1*3279 

0*7964 

0*4117 

52*0 

52*2 

1*3040 

0*8038 

0*4529 

loo-o 

100*0 

1-370G 

10.'. 18 

0*3'23 

40*3 

40*6 

1*3955 

0*9610 

0*4110 

69*7 

69-5 

1*3850 

0*9930 

0*3877 

100*0 

100-U 

1*3606 

0*8011 

0*4501 

49*8 

60-0 

1-.3G93 

1*2211 

0*30*24 


60-0 

l*3C10 

0*9602 

0*3700 

100*0 

lOOO 

1*5391 

1*0474 

0*6147 

69*8 

69*7 

1*3693 

1*2211 

0*3024 

30-2 

80*3 

1*4900 

1*0876 

0*4505 

100-0 

100 0 


pounds in order to arrive at the refraction- 
equivalents of the several elements, and also to 
determine whctlier or not any of the elements 
had more than one definite refraction-equivalent. 
As most of his observations were made upon 
cr^T-talline sglls, many of which were doubly re- 
fracting, Gladstone Adopted the plan of dissolv- 
ing them in water, or alcohol, and deducting 
from the U of the solution the U duo to the sol- 
vent. This mode of operation was supported 
by the consideration that in the cases of rock- 
salt and sugar, where the refraction -equivalent 
of the BubslancG has been obtained both in the 
solid and dissolved condition, it is found to be 
the same. O i complying a series of salts of K 
and Na, if w is evident tliat, while the rcfraction- 
equivlllents of the compounds differed rery 
widely, according to the nnturo*of their nega- 
tive constituents, the refraction-equivalentB of 
the compounds of Na differed pari passu with 
those of the K compounds, and hence it was 
concluded that the negative constituent has the 
same effect on light, whichever metal it is united 
with. Values were arrived at for forty-six of 
tile elements, a number wliich has been subse- 
quently somewhat increased ; and more recent 
investigations have led to slight modification! 
in the figures. The latest list is as follows 


Halogen compounds. Landolt’s values for 
the refraction-equivalents of C, H, and 0 are ; 
Carbon . . 4-8fi K. 6*00 

Hydrogen . . „ 1-29 „ 1-80 

Oxygen . . „ 2 90 „ 3 00 

Adopting these values, Haagon (P. 131, 117) 
deduced values for Cl, Br, and I from some of 
their organic liquid compounds, and then de- 
duced values for other elements from obser- 
vations of R for their chlorine compounds. The 
following are the results he obtained for R* 
and it, : — 


Element 


B. 

Chlorine • 

a 


9*53 

9*70 

Bromine • 

• 

• 

14*76 

15*34 

Iodine . • 

• 

• 

23*56 

24*87 

Solphor • 

• 

• 

14*74 

16*03 

Phosphorus. 

• 

• 

14*60 

14*93 

Arsento • 

a 

a 

18*84 

20*22 

Antimony • 

a 

• 


25*66 

BUicoo 0 

a 

• 

7*81 

7*90 

Tin • • 

a 

a 

18*64 

10*89 

Bodiuoi *, 

^ a 

a 

4*71 

4*89 


Element 


At. w. 

1 Ba 

Aluminium , 


27*5 

7*7 

Antimony . 


120 

24*5 

Arsenic . • 


75 

16*4 

Barium . • 


137*2 

15*8 

Beryllium , 


0*1 

6*1 

Bismutli . 


208 

88*2 

Boron, in borates 


11 

about 4 

Bromine . 


80 

15*3 

Cadmium 


111*6 

18*1 

Ciesium . 


132 

19*1 

Calcium . 


40 

10*0 

Carbon . 


12 

6*0 

„ doubly linked 


6*1 

Cerium . 

, , 

138*2 

19*6? 

Chlorine . 

, 

35-2 

9*9 

Chromium 


52*4 

15*4 

„ in chromates. 1 


about 2i 

Cobalt . 


58*7 

104 

Copper . 


03*4 

11*6 

Didyniium • 

• • 

145 

28*3 

Fluorine . . 

• 9 

I 19 

1*6? 

Gold . . 


190*2 

23*1 

Hydrogen 


1 

1*8 

Iodine 

Iron, in ferrous 

com- 

,127 

24*5 

pounds 

Iron, in ferric 

com- 

56 

11*6 

pounds • 


99 

19*4 

Lanthanum • 

• • 

138 

22*9 

Lead . • 

• • 

• 207 

243 

Lithium . • 

• • 

7 

8*5 

Magnesium • 

• • 

24 

6*7 

Manganese 

„ in permanga- 

55 

11*7 

1 

Bate! . 

» t 

- m 

about 2( 
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Element | 

At. w. 

Ha 

lleroury • . . . ^ 

200 

19*4? 

Kickel . . . . 1 

68-7 

10*0 

Nitrogen . . . ! 

„ in bases, oxides, 1 

14 

4*1 

dc 


51 

Oxygen, singly linked . ; 

16 

2*8 

„ doubly linked , ; 

„ 

3*4 

Palladium . . . ' 

100 . 

21-6? 

Phosphorus . 

' 81 

18*3 

Platinum • . 

195 

24*7 

Potassium . . . , 

391 

7*85 

Rhodium • • • | 

103*4 

23*4? 

Rubidium . . • ' 

85*4 

12*1 

Selenion. 

78 

30*1 

Silicon .... 

28 

7*4 

„ in silicic acid . 


about 6 

Silver . . . . ^ 

108 e 

13*2 

Sodium .... 

23 

4*4 

Strontium 

87*5 

13^0 

Sulphur . . 

32 

10*0 

„ singly linked 

„ 

111 

Thallium 

203*0 

20*4 

Tin . ... 

118 

27*0? 

M .... 

,, 

18*6? 

Titanium • 

48 

24-6 

Uranium • • . 

237*0 

19*4 

Vanadium • 

51*3 ’ 

24*8? 

Zinc .... 

05*3 

9*8 

Zirconium . . 

90 

21*3 


Anomalies were pointed out in the refraction- 
equivalents of the hydracids, and of the bonzenoid 
carbon compounds. With regard to the specific 
refractive energy it was remarked :~First, hydro- 
gen has more than double the energy of any 
other element, even in the lowest number that 
can be assigned to it. Second, phosphorus, 
vanadium, titanium, and sulphur have singularly 
high energies, and they are substances that 
present certain chemical analogies. Third, there 
are several pairs of analogous elements having 
nearly the same energy ; thus bromine and 
iodine, arsenic and antimony, potassium and 
sodium, manganese and iron, nickel and cobalt. 
Fourth, an element in altering its valency alters 
its energy. Fifth, if the metals are arranged in 
the order of their energies, they are, with few 
exceptions, in the inverse order of their atomic 
weights. 

Benzenoid hydrocarbons.— The ano- 
malous refraction and dispersion of the hydro- 
carbons already referred to was treated in a paper 
by Gladstone {C.J. 23, 147), the tables in which 
indicated that the values for all these bodies and 
their derivatives were largely in excess of the 
normal, calculating of carbon at 5 0. The re- 
fraction-equivalents of the tj’p^oal hydrocarbons 
were expressed as in the following table ; but 
while the physical fact indicated has been fully 
verified by subsequent research, the particular 
numbers in the third column have been modified, 
and a iplus has been assigned to the olefines. 

A similar table is given illustrating the in- 
ereas^ influence on light of carbon which is 
combined with two atoms of hydrogen or one 
of oxygen, in a series of oxidised bodies obtained 
from essential oils, differing from one ano^er 
only in the quantity of hydrogen. 


Hydrocarbon! 

Typical 

Formula 

B 

Paraffins . • 


Normal 

Olefines . • 


n 

Terpenes . . 


,, -f 3 

Benzenes . , 


„ +6 

Naphthalene • 


» +14 

Anthracene 


» +17 


Bedson and Williams (J5. A, 1881. 155) tested 
the question whether the specific refraction of a 
solid body could be determined from the refrac- 
tive power of its solution as stated by Dale and 
Gladstone, as this method had been called in 
question by Janovsky {Sitz. W. 82, 148). They 
found the specific refractive energy for the ray of 
infinite wavelength, calculated from solutions of 
KaCl, Na^BjOj, HaBO,, and NaPO* to be in sub- 
stantial accord with the results derived from 
observations on the solids. They also found that 
the specific refraction of liquid phenol is prac- 
tically identical with the value calculated from 
solutions in alcohol and in acetic acid. 

In taking the index of refraction of solid 
NaPOj, B. and W. immersed it in a liquid of 
greater refractive power, and then added a feebly 
refractive liquid until the refractive power of the 
mixture appeared to be the same as that of the 
solid suspended in it. The index of refraction 
of the mixture was then determined. The result 
being found satisfactory, the prisms of rock- 
salt and of fused borax were also tried by the 
same process, as well as in the ordinary way, and 
with similar results. 

Double values of carbon and oxygon. 
Brtihl, in 1879 and 1880 (A. 200, 139; 203, 
1, 255), conducted a long investigation into the 
chemical constitution of carbon compounds in 
reference to their relative densities and their 
pow'er to refract light. Taking up the observa- 
tions of Gladstone, and also referring to some of 
the anomalous results in the tables issued by 
Landolt, whose mode of investigation suggested 
that the grouping of the atoms exercised a certain 
influence upon the refraction of light, Brilhl set 
himself to inquire: What is the typical peculiarity 
which must be common to all the bodies that 
refract light in an abnormal manner? He usually 
determined the indices for the three H lines, 

and fjiy, and for the Na line /io, and cafbu- 
lated the refraction-equivalents both’ for the line 
o, and for Cauchy’s A, viz. Rjq . The following 
table is so arranged that between each horizon- 
tal line the first-named substance has the 
highest molecular weight, while those below 
differ only in having a smaller quantity of 
hydrogen, and, therefore, contain doubly-linked 
carbon atoms. 

It will be observed that the density, the index 
of refraction, and the co-efficients of refraction 
and dispersion of Cauchy always increase with 
the diminution of H, and that the loss in 
specific refractive energy which is snffered by 
the disappearance of two atoms of H is at least 
fullv made np by the consequent double linking 
of me carbon atoms. Tot the calculated values 
of the refraction-equivalents, Brfihl has adopted 
the following values for the elements,, via.— for 
R. 0«60, H-1-3, 




OFnOAL METBOm 


9iia 




s.a. 

V 


Cauchy’s 

A 

Oauohy’s 

B 

dV 



Snbttanee 

Formula 

a 

Ob. 

■erred 

Calcu* 

Ut^ 

Propyl alcohol . 

C,H,0 . 

0-8044 

1-38.345 

1-37542 

0-34030 

0-4767 

28-60 

28-4 

Allyl alcohol 

C,H,0 . 

0‘8540 

1-41051 

1-39881 

0-50453 

0-4807 

27-88 

25*8 

Propyl aldehyde. 

C,H,0 . 

0-80()(j 

1-,36157 

1-35344 

0-35065 

0-4483 

26-00 

25-8 

Acrolein 

C,11,0 . 

08110 

1-39C20 

1-38010 

0-G9427 

0-4711 

26-38 

23-2 

Propyl ether 

C,H,(OC JI.) . 

0-73SG 

1-3G758 

1-3.5075 

0-3^58 

0-4077 

43-80 

4S'6 

Allyl ether . 

c,H.(oc,n;) . 

0-7G51 

1-385G5 

1-37547 

0-43882 

0-5041 

43-36 

41-0 

Propyl acotalo . 

CJL(C,H,0.) 

0-8R5G 

1-38235 

1-37427 

0-.31832 

0-1317 

44-04 

44-0 

Allyl acetate 


0 9‘27G 

1-40205 

1-39151 

0-15458 

0-4334 

43-34 

41-4 

Propyl chloride . 

ajLCl . 

0-8808 

1-38G.59 

1-37813 

0-36174 

0-1345 

34-11 

33-9 

Allyl chloride 

CJl^Cl . 

0-9379 

j 1-41215 

1-40007 

0-53309 

0-4308 

33-64 

31-8 

Isobutyric acid . 


0-9490 

1-39093 < 

'1-, 382.59 

0-35071 

0-4119 

86-25 

36-4 

Methacrylic acid . 

» * 

1-0153 

1-42815 j 

1-41400 

0-G1013 

0-4217* 

80-27 

33-8 

Amylene (34® to 
35°) 

CJI,o . . 

0-G47G 

1-37330 

1-3G352 

0-42173 

0-5764 

40-35 

88-0 

Valerylene . 

C,1I, . . 

0-078G 

1-397G3 

.... ... 

1-385C5 

O-516G0 

0-5680 

89-86 

85-4 

Hexane • • 

1 C..Hh . . 

0-GG03 

1-37337 

1-3G538 

0-314G2 

0-5655 

48-03 

48-2 

Diallyl 


0-G880 

1-39180 

1-38589 

0-52733 

0-5787 

47-45 

43-0 

Benzene « . 

CJI, . . 

0-8799 

1-49GG8 

1-475G2 

0-90810 

0-6645 

44-03 

87*8 

Triethylamine . 


0-7277 

1.39801 

1-38803 

0-43179 

0-5470 

55-25 

55-8 , 

Aniline 

C,I1,N . . 

1-021G 

1-67948 

1-54741 

1-38319 

0-5672 

52-75 

44-9 


N = 6-8; the first three being tlie values given 
by Laiulolt, the two halogens those by Haagen, 
and that for N being determined by IJriihl him- 
self. From the observations rccordot in the 
foregoing tabic and others, Bruhl has arrived at 
the following conclusions: — That the closing of 
the chain of atoms in the form of a ring, with 
which so marked an increase in the density and 
index of refraction is associated, exercises a very 
special influence on the power of the substances 
to disperse light ; that the mol. refraction of 
the substances in which the existence of one 
or more pairs of doubly-linked carbon atoms is 
recognised is greater than the sum of the re- 
fractions of the constituent atoms by 2-0 in the 
case of Cauchy’s -limit, and 2*3 in the case of 
the line H. for each such pair. For combina- 
tions of the acetylene type, including the i»ro- 
pargyl derivatives, he gives a rather lower 
value, viz. : 1*8 and 1-9 respectively. These 
data give the following atomic refractions for 
•arbon, viz. — 




R. 

O' . 

. 4-86 

6-00 

C" . 

. 5-86 

6-15 

C'" . 

. 5-76 

5-95 


Nasini and Bemhcimer (Lincei, Aiti, 18) do 
not, ho weaver, admit Briihl’s views as to the 
constitution of the propargyl compounds, as 
well as some of the other conclusions at which 
he has arrived. They give tables of observa- 
tions on naphthol compounds, styrol, cinnamic 
^cobol, anethol, anisol, thymol, and diamylene, 
ind haTe woriced <mt the results by the two 

ordinary fonnqhe for and and aleo lor , 
• * 


It/) and as well as showing the small 
difTorcnces both in spcciHc refraction and speci- 
fic dispersoii duo to dilTcrenccs in temperature. 
The principal conclusions at which they arrive 
are as follows : — The statement that every 
double bond, and only every double bond, causes 
the mol. refraction to increase by a constant 
quantity is not confirincd by complete series of 
substances, because in compounds containing 
only four or five double bonds the increase in 
refraction indicates a much greater number. 
That the increase in mol. refraction grows step 
by step as the compounds become poorer in H ; 
but no proportion exists between the increased 
values and the number of pairs of atoms of H that 
is lost; nevertheless, a simple relation exists 
with the other structural changes in the formula, 
expressed by double bonds, closed chains, d:c. 
That the augmentation increases more or less 
rapidly from the paraffins to the olefines, and 
thence to the ben/.cncs, and again to the naph- 
thalenes, but by what law is not evident, and is 
not capable of expression by our structural for- 
mula). They consider it established, however, 
that the principle is apyiroximatcly valid, that in 
every series of compounds each atom in the 
molecule furnishes its fixed contribution of re- 
fraction, and that in the paraffin series the mean 
values of the atomic refractions coincide with 
those derived directly from the elements them- 
selves. They remark that even in the parafiin 
series the constancy of the atomic refractions is 
not absolute; because the more the mol. w. 
increases the greater is the diflerence between 
j ^6 calcnlated and experimental values. Fot 
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other leries the same values no longer apply, 
being too low, and hence other constants are re* 
qoired. 

Kanonnikoff (Bl [2] 86, 557) has published 
observations confirming Brilhrs calculation of 
the increase due to the double bond between 
carbon atoms, and of the loss in specific refrac- 
tive energy duo to the elimination of two atoms 
of hydrogen being counterbalanced by the in- 
crease due to the consequent double linking of 
the carbon atoms. 

Landolt (P. 117, 122) l^d determined the 
refraction of oxygen from a comparison of the 
refraction-equivalents of various substances 
the empirical formula of which differed by one 
atom of oxygen ; and from acids of tlie formula 
CnHinO^ by deducting the value of n times CH.,. 
The results wore somewhat discordant, the first 
series giving a mean value for oxygen of 2*76, 
and the latter of 3*0. The former of these mani- 
festly represented the 4 >.tomio lefraction of 
oxygen in hydroxyl ; and if oxygen varied j[.n its 
refraction according to its valency it is evident 
that a general average resulting from these two 
modes of determination could not be taken. 
Briihl shows that,* adopting LandoU’s second 
plan for arriving at the value of oxygen in the 
aldehydes and ketones of the formula C„H 2 „ 0 , 
the lla for oxygtii will average 3*4 ; and that 
chloral, butyl-chloral, and the oxychlorides 
give substantially the same result. On the other 
hand, deducting the refraction-equivalents of 
the aldehydes from those of their corresponding 
acids, of the alcohols from the glycols, and of 
the acids from the oxyacids, ho obtains 2*75 as 
the mean value for oxygen. An approximate 
result, 2*80, is obtained if, from the ethers, 
CrtHinOj, the value of n times the higher 
value (3*4) for one atom of Oxygen be deducted. 
For oxygen united to carbon by a double bond, 
Briihl therefore assigns the refraction-equivalent 
8*4 for the line a ; and for oxygon in hydroxyl, 
or generally for oxygen united to two other 
atoms, he gives the value 2*8 *, he represents the 
former as 0" and the latter as O'. 

Hence 0=0 *= 5*0 -f- 3*4 = 8*4. 

C— 0 «6*0-f2*8 = 7*8. 

Whether, however, the increased result of the 
double linking of the carbon and the oxygen is 
due to one of the elements only, or whether both 
of them share in it, he leaves an open ques- 
tion, though he regards the latter as the more 
probable. If two atoms of H are removed from 
a substance without involving the double link- 
ing of carbon atoms, as in the case of an alcohol 
being oonvertod into an aldehyde or ketone, 
there follows a very marked reduction of the 
specific refractive energy. This reduction, how- 
ever, becomes less and less marked as the quan- 
tity of 0 increases in the higher members of the 
series. Wlien the removal of two atoms of 
H involves the double linking of the G, the loss 
of refractive energy is more than compensated by 
the increase due to the doubly-linked G. 

A comparison of a considerable number of 
ipomerio bodies of the paralfinoid series of acids 
i^ows that the indices of refraction of the 
primary and normal compounds are a little 
greater than those of the secondary and iso-com- 
nuds, and that the densities are proportional, 
the ease of unsaturated compounds of similar 


empirical composition, howey^t, the double link* 
ing of the carbon atoms increases the refiaotive 
power more than the density. 

In a subsequent paper {A, 235, 1), Brfihl 
treated of the molecular refraction of organic 
liquids of high dispersive power. He arrived at 
the conclusion that the dispersion of different 
substances stands in no clearly recognisable re- 
lation either to their refraction or ohemioal 
constitution ; and that it cannot be numerically 
expressed. 'This, however, is contested by Glad- 
stone (Pr. 42, 401), who, while admitting that 
there are difiiculties in the investigation of dis* 
persion which are not felt in dealing with re- 
fraction, still holds (1) 'that dispersion, like 
refraction, is primarily a question of the atomio 
constitution of the body : the general rule being 
that the dispersion-equivalent of a compound is 
the sum of the dispersion-equivalents of its con- 
stituents; (2) that the dispersion of a compound, 
like its refraction, is modified by profound dif- 
ferences of constitution, such as changes of 
atomio valency ; (3) that the dispersion fre- 
quently reveals differences of constitution at 
present unrecognised by chemists, and not ex- 
pressed by our formulie.’ Briihl held that the 
differences which still appear between the calcu- 
lated and experimental values when Lorenz’s 
formula is used, and which ho showed to be less 
in proportion- than when the old empirical for- 
mula is used, are principally due to the influenoo 
of dispersion, and that they would in great 
measure vanish if this disturbing cause could be 
overcome; that with substances with a dis- 
persion equal to about that of cinnamic alcohol 
the molecular refraction for the lino a would 
serve as a help to the determination of the 
chemical constitution, but beyond that limit the 
numerical results are too uncertain to be of use 
except os collateral evidence; that there is a 
direct and simple proportion between the num- 
ber of unsaturated groups of atoms in any com- 
pound and tlio increase of the molecular re- 
fraction ( over the value derivable 

from the empirical chemical formula ; that the 
effect on refraction of the acetylene combina- 
tion, which he represents by = , is analogous to 
that of the ethylene, or doubly-linked carbon,. 
= , and that it is somewhat greater, but Doi 
twice as great, as the latter. 

Gladstone questions Bruhl’s assumption that* 
both cinnamic alcohol and cinnamio aldehyde 
have four pairs of doubly-linked carbon atoms,, 
on the ground that they have widely-differeni 
dispersions; also that allyl paracresolate and* 
anethol are similarly constituted, for the samoi 
reason. He also thinks that the evidence as tO’ 
the constitution of cymol and hexahydro-naph* 
thalene from BrUhl’s observations is not ooncla- 
sive as to the one having three pairs, and the other 
two pairs, of doubly-linked carbon atoms, seeing 
that they have nearly the same dispersion.- 
Nosini {Lincei, Rc. 3, 1G4) in like manner bolda* 
that these particular compounds do not justify 
the conclusions that Briihl has come to respect- 
ing them, and agrees with Q. t^at the dis- 
persion may be a constant, and a much mor» 
sensitive one than the spei^o refraction ; and* 
that as snob it is affected more and varies morr 





m 


hf otrUm little diHfereiieAi of eompoeition end 
constitution of which the speoiflo lefraotion does 
not feel the influence. 

Brilhl {Z. P/C, 1, 6) maintains that Erlen* 
zneyer’soonstitutional formula, with five ethylene 
combinations, correctly represents the structure 
of naphthalene, and those derivatives in which 
hydrogen is replaced by monovalent elements. 
But the results of the observations on which he 
bases this conclusion all show a larger incre- 
ment than can bo accounted for by this formula; 
the excess he attributes mainly to the influence I 
of dispersion. In this and all the other inquiries ; 
he has adopted Lorenz's formula, and the solar I 
line G, without attempting to get rid of the influ- 
ence of dispersion by the use of Cauchy’s co-ofli- 
ciont of refraction. In the same paper he ' 
formulates the following six propositions : — I 
(1) Isomerides of similar atomic arrangement j 
{Stcllungsisomerc) have similar specific and j 
molecular refractive powers; on the other hand, ■ 
those isomerides which show differences of satu- j 
ration {SCiftigungsisomcre) have various specific 
and molecular refractive powers ; (2) polymeric j 
combinations never show similar specific refrac- 
tive energy, or multiple molecular refraction cor- j 
responding to the molecular weights; (3) trans- | 
formations of multiple linkings of atoms into ' 
simple ones have as their result a diminution of i 
refraction, equally, whatever the kind of chemical 
change may be (polymeric or isomeric change) ; 
(4) the optical eticctof the accumulation of raul- ' 
tiple linkings is the same, whether it produces 
open chains (amylene— diamylene) or ring for- 
mations with one or more groups of rings (as in 
paraldehyde, cymhydrene, menthol, Ac. in the 
one case, and iu turpontino and cajepuiol in the . 
other) ; (5) the molecular refraction of a fully ' 
saturated body is very nearly that of the sum of ' 
the refractions of the atoms of tho empirical 
chemical formula, each of these being reckoned 
as united by single bonds— all those are to be ' 
regarded as saturated bodies in which thorc'is no 
multiple linking of the atoms, such as the true | 
paraffins, or derivatives of the general formula ' 
(0) all unsaturated bodies show 
an increased refraction which is proportional to 
the number of ethylene, acetylene, or carbonyl ; 
combinations present; thoproportion,asarule,i8 ' 
the more exact the less the substances in question | 
are distinguished by a specially great dispersion, i 
While holding to the opinion that the monovalent ! 
elements have virtually each but one refraction ■ 
equivalent, and that the change of valency in the 
others is the chief cause of their variable refrac- | 
tion, Briihl considers that exact values cannot ; 
be o’jtained, because tho mode of the grouping | 
of the atoms may not be altogether without in- j 
fluence. 

In the meantime, Gladstone (C. J. 45, 241) | 
had brought together a large number of observa- 
tions on organic compounds, both liquids and 
solutions of solids, and placed against them the 
refraction-equivalents calculated on the basis of 
the following values for the elements : — 

Garbont saturated . . . Ba 5*0 


Nitrogen • . 

• 

. 4*1 

„ in bases, NO,, Ac. 

• 

. 6*1 

Chlorine 

• 

. 9*9 

Bromine. 

• 

, 15*3 

Iodine . . . . 

• 

, 24*6 

Sulphur, singly linked . 


. U’l 

„ doubly linked . 


. 16*0 

Gladstone’s observations confirm 

Xiandolt's 


in 

doubly linked 
Hydrogen 

Oxygen, singly linked 
„ doubly 


6*95 

6-1 

1*8 

9*8 

8*4 


original determination for H, and also for G in 
saturated compounds. Gladstone points out 
that the hydrocarbons of the formula GnHn 
scarcely c«ue up BrAhl’s previous estimate 
of the higher value of C, so that in these oases 
helms adopted the figure 5*95 instead of 0*1, as 
the difference is more than he considers can be 
accounted for either by dispersion or by tho 
distance from the boiling-points. In the case of 
those substances where tlie G atoms outnumber 
those of II, all of which show an inordinately high 
refraction and arc at the same time enormously dis- 
persive, Olawstono pgints out that Kanonnikoff's 
vie^* that the increase is due to dispersion alone 
is not established by that obscj^ver’s own figures 
for the theoretical limit of the spectrum according 
to Cauchy’s formula. lie admits, however, that if 
the limit were carried back considerably further, 
though still fairly within what Langley's obser- 
vatioiis would allow, the values would so far ap- 
proximate as to render it noUmpossible that the 
refraction-equivalent of C might prove to be the 
same in these compounds as in the benzenoid 
series, or wherever it is doubly linked. As to the 
halogens, the figures in tlio table are generally 
consistent with the values which wore originally 
assigned by him to Cl, Br, and I, viz. 9’9, 16*8, 
and 24*5 respectively. These numbers are very 
nearly tho same as those arrived at independently 
by llaagen, viz. 9*8, 15*3, ang 24*8. The values 
forO are taken from Briilil’s original determina* 
tions, though the evidence of tho alcohols rather 
favours his old estimate of 2-9 for the line A. 

With regard to tlie pljcnomcnaof dispersion, 
Gladstone points out ‘ that tho double linking of 
carbon atoms, while it docs not much affect the 
specific refraction, widens the spectrum greatly, 
to such an extent indeed that where there are 
three pairs of such carbon atoms the specific 
dispersion is about double that of a saturated 
compound ; where, however, tho carbon atoms 
are actually in excess the dispersion becomes 
far more rapid. This is evident throughout, but 
the following typical hydrocarbons may illiui* 
trale it : — 

Hexane . C„1I,, sp.rcf. 0*5026, sp. disp. 0*0242 
Aravlene . CjII.o „ 0*6708 „ 0*0300 

Benzene . CJl, „ 0*5695 „ 0*0486 

NapthaleneC,„H, „ 0*6870 „ 0*0782 

Difluorene Ca,H,j „ 0*0067 n 0*1108 

or the following alcohols : — 

Is^ibutvl alcohol C.11,,0 sp. ref. 0*4878, iip.dl8p. 0*0209 
Allvl uleobol C.ir.O „ 0*4731 „ 0*0275 

Phenol C,I1.0 „ 0-.5030 „ 0*047« 

Naphthol 0„U,0 „ 06487 „ 0*0832 

‘ The effect of the halogens in lowering both 
the specific refraction and dispersion is very 
marked, and that of NO^ is still more re- 
markable.' 

Gladstone (0. J*. 59, 290, 6S0) has since pub* 
lished other long series of observations ; includ- 
ing a record of experiments on the effect of 
changes ol temperatnre on the refraction ol 
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l(nn« highly-refraotive substances, which seem 
to confirm the opinion previously expressed by 
Dale and himself. Among the substances con- 
tained in these tables the benzyl and benzal 
camphors of Haller call for special notice, as 
they have a very high refraction, and a disper- 
sion which is altogether excessive. The latter 
compound has in like manner a very high rota- 
tory power. The hydracids in aqueous solution 
are snown to have not only a higher value than 
the normal, a fact which has long been observed, 
but also that the value rises vith difution ; and 
that in the dispersion the excess is still more 
striking. The same fact was observed by Perkin 
in regard to the molecular magnetic rotation 
of these acids dissolved in water, both as to the 
initial excess, and to its increase with the dilution 
up to a certain point where it remained nearly 
'constant. 

Other investigators have availed themselves 
of the optical properties ir order fo determine 
the constitution of compound bodies, or to con- 
firm the views ♦arrived at on other grounds. 
Knops (A. 248, 176) has determined the indices of 
refraction of the methyl, ethyl, and propyl salts 
of fumaric, maleic, mesaconio, citraconio and 
itaconio acids. A comparison of these acids with 
their ethereal salts leads to the conclusion that 
fumaric and maleic acids contain only one 
dojibly-linked carbon atom; and that fumario 
acid stands in the same relation to maleic acid 
as mesaconio acid docs to citraconic acid. 

Kanonnikoll {J, pr. [2J 31, 321, 497) has made 
a long series of observations on solutions of 
solids, of which ho tabulates seventy-nine 
different substances, using water, alcohol, 
benzene, and chloroform as the solvents. As 
a preliminary inquiry, he reviewed the work 
of former investigators, and in some cases 
added experiments of his own to confirm pre- 
vious conclusions; that the refractive energy 
of a substance is not changed in passing from 
the state of a liquid to that of a gas or vapour ; 
that the same applies to bodies in passing from 
the solid to the liquid condition ; that the re- 
fraction-equivalent of a mixture of liquids is 
the sum of the refraction-equivalents of its con- 
stituents ; and that if tho refraction-equivalent 
of a mixture and that of one of the components, 
together with the proportion of the same, is 
known, the refraction-equivalent of the other 
component can be calculated ; that the same 
law applies to solutions of solid bodies, and 
that like results will be obtained whatever the 
solvent may be ; that a derivative will be com- 
parable with the substance from which it is 
derived, though the one may be a liquid and tho 
other a solid body, as in the case of mesaconio 
acid and ethyl mesaoonate. From the results of 
tho observations above referred to, K. has deter- 
mined the refraction-equivalents of fourteen of 
the elements, as follows : — 


Element 

Ro 

Rao 

Element 


Bgo 

Lithium . 


S'lO 

8*00 

Mfttrnesium . 

7*03 

6*47 

Sodium , 


4-22 

4*00 

Calcium . 

9*32 

9*05 

'PotaMlum 

• 

7'75 

7*40 

Zino . . 

980 

9*40 

Copper . 

• 


11*30 

Strontium . 

11*61 

11*26 

Bubidiam 

• 

12*04 

11*60 

Cadmium . 

13*03 

12*68 

I^Tttr . 

e 1 

13*05 

12*53 

Barium . 

15*84 

15*28 

Ctedun . 


19*55 

18*70 

Morouty 

19*80 

17*80 


usjBD IK (mkmRt, 

E.*8 values for the solar line 0 will be found tobs 
generally slightly lower than those determined 
by Gladstone for the line A. The refraction* 
equivalents for the theoretical limit of the spec- 
trum were also calculated by Cauchy's formula 
from observations of the lines a and j3 of hydro- 
gen. K. also gave determinations of refraction- 
equivalents of thirty organic liquids, showing 
the excess due to the double linking of the car- 
bon atoms wherever this occurred, 

Nasini {Lincei, Rc. 1, 1) points out that the 
suggestion thrown out by Gladstone that there 
maybe a third and higher value of carbon when its 
four bonds are satisfied by other carbon atoms, 
is supported qualitatively by tho researches of 
Bcrnheimer and himself, but not quantitatively, 
and that, therefore, this hypothesis is not a 
sufTicient explanation of the facts. He argues 
as follows: naphthalene derivatives have two 
such atoms, while cinnamic alcohol has but one, 
whereas the values differ but very little. Anethol 
with one such carbon atom has a much greater 
excess than the naphthalene derivatives, while 
styrol shows so slight an excess, that on this 
hypothesis it could hardly be allowed to have 
any carbon atom in this condition. He compares 
two pairs of isomeric bodies, both as to refraction 
and dispersion, 


Substance 


d 

Allyl phenylate . , 

70-45 

0-0173 

Cinnamic alcohol 

73-83 

0-0220 

Allyl paracresolato . 

78-79 

0-018 

Anethol . 

82-96 

0-0257 


from which he infers that when the allyl group is 
directly united to the benzene nucleus the mole- 
cular refraction greatly increases, whereas when 
the union takes place through the intervention 
of oxiygen no augmentation takes place ; so far, 
therefore, while supporting the hypothesis of 
Gladstone, he does not find any proportionality 
between the number of such carbon atoms and 
the increase of refraction. 

Nasini {Lhiceij Be. 3, 164) criticises some of 
the conclusions of Brfihl in the paper on the 
molecular refraction of organic liquids of high 
dispersive power {A. 235, 1) already referred 
to; and in particular he points out that the 
elimination of dispersion, if that were possible, 
would not get rid of the discrepancies between 
the observed and calculated values for the re- 
fraction of substances of high refractive power, 
and he cites ' observations on a series of sub> 
stances in which he finds the constant fact 
that on adding a saturated side chain to an 
aromatic nucleus the specific dispersion di- 
minishes while the refractive power increases. 

Costa (G. 19) has made observations with the 
special object of testing the effect on dispersion of 
adding saturated side chains to a benzene or 
naphthalene nucleus. For this purpose he used 
compounds of amyl with benzene, thymol, 
eugenol, resorcin, and naphthol, and found in 
each case a still further increase in the refrac- 
tion-equivalent than could be accounted foi by the 
nucleus itself, while at the same time the speoifia 
dispersion showed a decrease^ 



OMlOAti 

Dispertion equlvaUnti. In the same way 
that Gladstone arrived at the refraotion-equiva- 
lents of the elements, he has sought also to 
determine the dispersion-equivalents of several 
of them; and (Pr. 42, 401) he has given tho 
results of his observations upon nine of them, 
together with the values for the. combinations 
CH^ and NO,^ Tho values are as follows : — 


Sub:i:tauce 

lU 

Dissp. Ivjt. II-A 

Phosphorus 

18-3 

3-0 

Sulphur, doubly linked! 

100 

20 

.. singly „ 

14-0 

1-2 

Hydrogen . 

1-3 

004 

Carbon 

50 

0-20 

)» • • • 

Gl? 

0-51 

II ... 

Oxygen, doubly linked 

01 

000 

3-4 

0-18 

.1 siJigly I. 

2-8 

010 

Chlorine . 

! 99 

0.50 

Bromine . • 

15-3 

1-22 

Iodine . • 

24-5 

3*05 

Nitrogen . . , 

41 

010 

CH., .... 

70 

0-34 

NO, .... 

11-8 

0-82 


It will be observed that G. gives three dis- 
persion equivalents for C, which he considers 
pfetty .veil cstablislied, and he raises tho ques- 
tion whether there may not be an intermcdialo 
refraction-equivalent corresponding to the dis- 
persion-equivalent O'ol, which is found in such 
bodies as the allyl coinpound.s and olelines. In 
his previous paper {Pr. 31, 327), G. suggested 
that there is a still higher refraction-equivalent 
of C in those cases in which it has four bonds 
satisfied by other 0 atoms, as in naphthalene 
and pyrene. ' Whatever may be tho truth of this 
view, it appears that the dispersion-equivalents 
of these bodies are enormously high — much 
beyond what is recognised in tho above table. 

Brilhl {Z. P. C. 7, 2, 140) has since modified 
his views upon tho subject of dispersion ; and 
hag worked out carefully the atomic dispersions 
of some of the most important elements that 
enter into organic compounds. In the course of 
this investigation he has been led to revise hia 
previous figures for the refraction as well as the 
dispersion. They now stand as follows ; — 



.“Symbol 

R. 

R,-R. 

Carbon, singly linked . 

C' 

2-305 

0-039 

Hydrogen 

H 

1-103 

0-030 

Oxygen (hydroxyl) 

O' 

1-506 

0-019 

„ (ether) . 

o< 

1-055 

0012 

„ (carbonyl) 

0" 

2-328 

0080 

Nitrogen, linked singly 
with 0 . , , 

N' 

2-76 

0-19 

Chlorine . • • 

Cl 

6-014 

0-170 

Bromine . • , 

Br 

1 8-863 

0-348 

Iodine . . • • 

I 

13-808 

0-774 

Ethylene bond • . 


1-836 

0-23 

Acetylene bond • • 

S 

2-22 

0-19 


It will be observed that B. retains Lorenz’s for- 
mula ; and that he takes the difference between 
the r^raotion of the hydrogen lines y and a as 
his measure of dispersion. He now aoknow* 
ledges that the moleonlar dispersion can be rs* 
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garded and employed in like manner with the * 
molecular refraction as a specific expression of 
the material composition of chemical bodies ; 
and that the dispersion is decidedly more sensi* 
tive to structural influences than the refraction. 
His inquiries have convinced him that refrac- 
tion and dispersion are in no general sense cor- 
relative properties ; but that certain structural 
peculiarities that have much influence upon re- 
fraction have little upon dispersion, while others 
have tho opposite clTect, and, as a rule, exercise 
a much stronger 4ntiuenco upon the dispersion. 

It is evident that this must be so, from the very 
high redative dispersion of 0" as compared with 
tlmt of O' or 0<, and tho large proportionate 
dispersion due to the clliylcno bond. This figure, 

•23, B. does not, however, recognise as a constant 
value. These revised values have since been 
ii.sed by him in liis inquiries into tlio relations 
between the optical properties and choraioal 
constitution of epfbhlorliydrin, the aldehydes 
an^ benzoyl {B. B. 21, G50),in which ho draws 
attention to tho concurrence <A tho evidence de- 
rived from chemical, calorimetrical, and optical 
investigations. 

Essential oils. Gladstone {G, /. 17, 1; 

I) gave a long list of observations in 
which ho recorded the circular polarisation as 
M'ell as tlie index of refraction. The power of 
i the oibs in rotating the plane of polarisation 
appears to be very diverse, both in dogroo and 
direction ; but ho suggests tlmt a comparison of 
tho specific gravity and of tho length of the 
spectrum may in some cases bo of sorviee in 
determining the genuineness or otherwise of the 
efils. The hydrocarbons obtained from those 
oils (of which a long table is given) divide thorn- * 
.selves into two great groups, which are more 
fully invcstiguled in tho second paper. 

_ Subsequently (C. J. 49, 009) tho ofTectof the 
i higher refraction and dispersion of C when 
united by double bonds was applied to the deter- 
I iiiination of the structure of the essential oils. 
Taking 2'2 as the increased refraction for the 
solar line A, and 0 8 as the increased dispersion, 

II — A, due to one pair of doubly-linked carbon 
atoms, the terpenes indicate, both by their re- 
fraction and dispersion, that they contain only 
one jmir of carbon atoms doubly linked, thus • 
corroborating tho views of those wlio, on chemi- 
cal grounds, have held that a terpene requires 
the addition of only two atoms of hydrogen, or 
their equivalent, to saturate it. The refraction 
and dispersion of solid inactive campliene also 
show tliat this sub.stancG docs not contain more 
than one pair of doubly-linked carbon atoms, 
which is consistent with the fact that it com- 
bines with only one molecule of hydroohlorio 
acid, and is directly converted by oxidation into 
camphor G,oH„0, which is certainly a saturated 
compound both by c^emical and optical evi- 
dence. In tho same way, the citrenes give a 
refraction and dispersion indicative of the pre- 
sence of two pairs of doubly-linked carbon atoms. 
Allied to these are several hydrocarbons having 
different amounts of hydrogen, and the number 
of doubly- linked carbon atoms varying accord- 
ingly. Thus, while oltrene 0,oH„ has two 
pairs, oymene O,^,^ has three, while menthene 
has but one pair of doubly-linked oar^n 
atoms, and oyrnhydrene has none, being 
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ft latanited body, Pentene and isoprene OtH, 
are identical in their optical properties, and in> 
4ieate that no less than four of the five carbon 
atoms are doubly linked, which accords with 
defect that these compounds combine with four 
atoms of bromine or two molecules of hydro* 
ohloric acid. The following table will illustrate 
the foregoing conclusions 


MU 2*408449 

MN» 2*417024 and 2*417227 
Mti 2*425487 

These figures give B = 4*8, a result slightly lower 
than his earlier observations on the diamond, in 
which the index for the red part of the spec- 
trum is recorded as 2*434, and the 8.G. 8*55. 
Selenion. Sirks (P. 143, 429) made 


Hydrocarbouf 

Experimental 

Pairs of 0 
atoms doubly 
linked 

Tlieorctical* 

fepcciflo refrac- 
tive energy 

Specific dis- 
persive energy 

Specific refrac- 
tive energy 

Specific dia- 
porsivo energy 

Cymhydrene • 



0*513 

0*0246 

none 

0*543 

0*0243 

Menthene . • 



0*548 

0*0313 

one 

0-.547 

0*0298 

The terpenes , 



0*637 

0*0293 

do. 

0*537 

00296 

Terebenthone . 



0*537 

0*0291 

do. 



Oamphene . 



0*528 

00269 

do. 



The cedrenes • 



0*4,38 

0*0296 ^ 

do. 

,, 

,, 

The oitrenes 



0*651 

0*0334 

two 

0*553 

0*0354 

Isoterebenthene . 



0*552 

* 0*0337 

do. 



Caoutebene .** 



0*5.54 

0*0366 

do. 



Oymene . 



0*560 

0*0406 

three 

0*558 

0*0113 

Isoprene . 



0*592 

0*0470 

four 

0*586 

0*0472 


The advance in these experimental figures 
with the double linking is evident, though it is 
obscured in the first two cases by the larger 
amount of hydrogen contained in cymhydrene 
and menthene. The infiuonce of the double 
linking upon the specific dispersive energy is 
apparent at a glance, and renders this property 
more valuable than the refractive energy in 
determining the rational constitution ; though, 
of course, it is in the agreement of the two that 
the most conclusive evidence must be sought. 

Eanonnikofi {BL [2] 36, 557) had already 
pointed out the differences between the calcu- 
lilted and observed refraction equivalents for the 
following substances 


Babsbance 

Hqq 

CuK’u- 

lutwi 

DifTer- 

cnce 

Peppermint camphor . 

77*6 

77*1 

+ 0*5 

Cajeputene hydrate 
Terebenthene hydrate, 

74*8 

74*5 

+ 0*3 

lasvogyrate 

Frenoh terebenthene, 

77*1 

74*5 

+ 20 

leovogyrate 

Hydrocarbon from 

71*7 

69*2 

+ 25 

oleum camilUe . 
Hydrocarbon from 

71*9 

69*2 

+ 2-1 

oleum thymiani 
Isoterebenthene . 

71*4 

69*2 

+ 2 2 

73*6 

69*2 

+ i-i 

Carvol .... 

74*8 

69*4 

+ 5'i 

Cymene from camphor . 

72*0 

66*6 

+ 5*4 


K. has drawn the conclusion that the first 
two contain no double bond, that the two tere- 
benthenes and the two hydrocarbons contain 
one double bond, that isoterebenthene contains 
two, and that carvol and oymene contain 
ihrM, double bonds. 

Carbon. Schrauf (W, 22, 424) made ob- 
servations on the refraction of a Brazilian 
diamond of the first water, the S.G. of which 
«ftS 8‘5X6« with the following resiUU 


observations on the refraction and dispersion 
of solid Se. By pressing a small quajD- 
tity of melted Se between two glass plates, 
ho prepared a thin film of the substance, which 
exhibited Newton’s interference bands. From 
those he was able to calculate the index of 
refraction for the solar lines A, a, B and 0, with 
an estimated error not exceeding 0*003; and 
for D, with some dilficiiUy and uncertainty, to 
the second place of decimals only. The values 
obtained were : — ma 2*654, Ma 2*692, Mn 2*730, 
Mo 2*787^ M D 2*98. From these S. calculated 
the dispersion as compared with water, calcspar, 
and CS.^, the figures in each case being reduced 
to the standard of Mo — = 100 ; — 




Ma-MA 

; 

a 

Me -M b 

Md-Mc 

Water 


36 

31 

33 

88 

Calcspar . 

, 

36 

30 

34 

90 

Disulphide 
carbon . 

of 

34 

31 

35 * 

99 

iSelenion , 

• 

29 

30 

42 

146 


Comparing Se with CS.j, he found that while in 
the case of CS^ Md—Mo differed very slightly from 

Mo— Mai of Se ° » 1*46. 

Mo— Ma 

In testing Cauchy’s and Christofle’s formulas 
for the index of the ray of infinite wave-length 
by the above observations, the former gave 2*733 
and the latter 2*433. It will be observed that 
Cauchy’s co-efficient of refraction is somewhat 
higher than the observed value for the solar line 
B, which is 2*730, the oo-efficient of dispersion 
in this particular case being a minus quantity. 

PhosphoruB. Gladstone and Dale (P, M, 
1859) measured the index of refraction of both 
solid and liq^uid P, an element remarkable not only 
for its very high refractive power, but for an nn- 
preoedent^ amount of disj^raion. For solid P 
at 25^ they obtained for 2*1069, for Me 2*1442, 
ftnd for too oxtnmo limit viaiUo in too violfll 
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fioriion of tiie Bpecirum 2*d097. Assuming the 
latter to be equivalent to /ir, the length of the 
spectrum Mr—ua -‘0*2038. For liquid P at 35^ 
they obtained the following : — 


/*A 

/«o 



End of 
violet 

2*0389 

2*0746 

2*1201 

‘2*1710 

*2*2267 


The change from the solid to the liquid state 
is attended with a considerable diminution of 
density, the ratio between the density and the 
refraction being about the same in the two con- 
ditions. The Ua of P is taken at 18*3 from the 
above observations on liquid P, but Gladstone 
points out (C. J. *23, 101) that when combined 
with 0 it seems to have a much smaller refrac- 
tion, HPOg giving a loss value (18 0) than the P 
it contains, while njP04 also has a refraction- 
equivalent of only 23 G. 

Sulphur. It was pointed out by Gladstone 
in 18C9 {T. 159,9) that while S, whether solid or 
liquid, has a refraction-equivalent of 16*0 or 1G*3 
for the solar line A, tlie equivalent for S deduced 
from CS.^was 15*85; that the dilTcrcnco between 
KGN and KCNS gave a value of 10*24, and that 
gave a similar figure. On the other hand, 
hpwever, it was evident that in the two gases 
11.48 = 14*28, and 80.4 = 14*91, or in liquefied 
80.4 — 14*59, the refraction-equivalent of 8 can- 
not amount to 10*0, nor yet in H.HO*, which has 
a refraction-equivalent of only 21*9. 

Wiedemann and Nasini have subsequently 
given considerable attention to the values of 8 
in combination. Wiedemann (IK 17, 577) in- 
vestigated the sulphur substitution products of 
the carbonic esters, and obtained the following 
results : 


, Influenoea, in a Yerf distinct manner, the value 
I of the index of refraction. From the refraction- 
equivalents given above W. obtains the value 
14*04 for S' in the compounds II. and III.; and 
for S" 15*20, 16*31, and 17*46 respectively. 
Using Lorenz's formula he gets the value of 
7*94 for S', and 9*09, 9*44, and 9*83 for S". 
Whichever formula be adopted, the figures show 
that the atomic refraction of S, like that of 0, is 
greater when S is doubly linked to an atom of 
carbon. U should be observed that the above 
results are based %pon the recognised values of 
0, H, O', and 0", which give 

45'91,an(lE„ 27-78; 

and also that W. takes as the value of S' the 
mean derived from the observations II. and III. 
If Wiedemann had adopted a direct comparison 
of the acWal observations, the values of 8" 
would approximate more closely according to 
th3 old formula, and less closely acoording to 
Lorenz’s formula. • 

Nasiiii (G. 13, 29G ; Lhicei, lie. 1, 1) has 
determined the value for S in various compounds. 
From sundry organic sulphides and mercaptans 
he obtained the atomic refraction of S corre- 
sponding to alcoholic oxygon. From CS.^, and 
from the compound C8(()C4ll4).4, he deduced the 
r<?fi*action of 8 corresponding to aldehydio oxy- 
gen 


Suli*lmr 

Ila 


£a 

Rflo 

S' (singly 
linke<l) 

14*10 

i 

13*53 

7*87 

7*66 

S" (doubly 
linked) . 

1G06 

1509 

0*02 

8*84 




t 

d 

1 1 

/'1.1 1 

MXa 

1 


^09 

I. 

CqOCJI, 

0-975 

1*3837 

1*3858 

1 

1*3870 

45*60 

27*86 

11 . ’ 


10285 

1*4479 

1*4515 

1*4544 

50*95 

84*11 

III. 

CO 

^^SC4H, 

1-085 

1-51G8 

1*5237 

1*5*287 

09-15 

40*67 

IV, 

- P.OC.4H, 

1*0325 ? 

1*4503 

1*4001 

1*4i;32 

67*82 

84*66 

V. 


1*085 

1*5301 

1*5370 

1*5431 

70*26 

41*28 

VI. 


1*152 

1-0105 

1*0210 

■ — 

82*73 

47-66 


From these figures it will be seen (1) that the 
index of retraction rises whenever an atom of 0 : 
is replaced by an atom of S, and that so much 
the more, the more S there is already in the 
compound ; (2) that the refractive indices of the 
combinations which contain the radicle CS are 
greater than those of their analogues containing 
CO; (3) that the refractive index likewise 
increases if, besides the radicle, first one and 
then a second atom of S replaces 0, and in the 
latter case more than in the former; (4) the 
isomeiio bodies II. and IV., as well as III. and 
Y., have quite different indices of refraction, and 
la both eases the^ oompound that has the S in 
the radiole has ths m^tr indsx. This indi- 
Shat CiA nantionfll ths 8 In ths oo m p»"»d 


But when examining other compounds, such as 
HjSO,, SO,, and SO,, N. found that whatever 
hypothesis he adopted as to their constitution 
—or, in other terms, whatever value he took for 
the atomic refraction of 0— he obtained values 
for S,not very discorr^ ant among themselves, but 
totally different from those given above. Treat- 
ing the sulpbor as divalent, Bqo varied from 
8*10 to 9*01 ; as tetravalent, from 6*94 to 8*48 ; 
as hexavalent, from 6*63 to 7*85. Calculating 
by Lorenz’s formula, ranged from 6*34 to 
6*27 in the first case, from 4*51 to 4'91 in the 
second, and from 8*13 to 8*79 in tiie third. 
Some observations recorded by Kanonnikoff 
(/• B, 16, 484) iubstantiallj support thsoe 
figures. 
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Nasini and Soala {LincH, Be. 1886. 617, 623) 
record observations on the sulphocyanides, 
which show that the mustard-oil compounds have 
refractive and dispersive powers in excess of those 
of their isomeridos, while phcnylic isosulpho- 
cyanide has a specific refraction and dispersion 
far above the calculated values — exceeding, in | 
fact, oil of cassia or CSo. In this combination ’ 
the union of the group *S=C=N, endowed with 
a high refractive power, with the phenylic group, 
also highly refractive, appears to,, produce a 
heightening of the refrangibihty, a phenomenon 
which N. regards as analogous to the increa.se 
in refraction which he observed when in the 
benzene group an unsaturated side chain is 
joined to an unsaturated carbon atom. In com- 
pounds containing four atoms of S there is an ex- 
cess of refraction above what is estimated from 
the value of S in CS;^, the monothiocarbonates 
of Et and Pr giving a value of 17*4«ind 17*6 for 
the refraction-equivalent of*salphur. 

Nasini a. Costa {1st. Ch. Home, 1891) n^ade 


lished (Ar. N. 8) a long seiies of very care* 
ful determinations of the indices of refraction of 
mixtures of EL.SO^ and H.p, in various propor- 
tions for all the principal lines of the solar 
spectrum from A to H inclusive. These show 
a progressive increase in refraction and disper- 
sion with every addition of H^SO^, until a maxi- 
mum is reached at a point corresponding, 
apparently, with the monohydrate of the acid, 
after passing which the refraction and disper- 
sion suddenly decline, while the density of the 
mixture continues to increase. Out of the 
seventeen scries of determinations at different 
concentrations, the seven most cone, are given 
below, the central one of the series representing 
the nearest approach to the maximum. Tlie 
indices arc all reduced to a temperature of 18*3°. 
The specific gravity given in the lino below is 
for 0°, water at the same temperature being 
taken as TO. In the cases of the twoG’s and 
the two II’s, the higher one in each corresponds 
' with the lines so designated by Fraunhofer. 


M 

63*(I9 p.o. 
SO, 

7r!)7 p.c. 

so. 

81*11 p.c. 
SO, 

85-93 p.c. 
SO, 

88-97 p.c, 
SO. 

91*43 p.o. 

1 

04-72 p.O. 

so. 

A 

1*40819 

1*11930 

1*43049 

1*43279 

1*43151 

1*42918 

1*42683 

a 

1*40928 

1*42042 

1*43168 

1*43385 

1*43270 

1*43035 

1*42781 

B 

1*41010 

1*42133 

1*43203 

i 1*43476 

1*43357 

1*43114 

1*42868 

0 

1*41112 

1*42227 

1*43360 

1*13579 

1*43444 

1*43198 

1*42944 

1) 

1*41.342 

1*42466 

1*43.596 

1*43807 

1*43669 

1*43126 

1*43163 

E 

1*41618 

1*42740 

1*43877 

1*41081 

1*43944 

1*43701 

1*43431 

b 

! 1*41660 

1*42793 

1*43928 

1*41130 

1*43900 

1*43749 

1*43484 

F 

1*41838 

1*42967 

1*44103 

1*44311 

1*44108 

1*43922 

1*43649 

G 

1*42058 

1*43186 

1*44327 

1*44534 

1*41392 

1*44144 

1*13869 

G 

1*42233 

1*43364 

1*44507 

1*44706 

1*44569 

1*44316 

1*44037 

H 

1*42421 

1*43561 

1*44703 

1*44901 

1*44759 

1*41512 

1*44229 

H 

1*42667 

1*43690 

1*44841 

1*45040 

1*41883 

1*41610 

1*44317 

S.G. 

1*55438 

1*01925 

1*76066 

1*80076 

1*83123 

1*84485 

1*84994 


further studies of S and its compounds. They 
conclude that the oxygen compounds, which are 
generally distinguished by a low refractive and 
dispersive power as compared with those not 
oxygenated, may be divided into two principal 
groups : those which may bo regarded as derived 
frdha SO.,, have the higher, and those derived from 
SO, have the lower, refractive and dispersive 
powers. Kanonnikoff Ph. Ch. Russ. 16, 129) 
assumed that the refraction of S varies with the 
change of valency, and assigned the following 
values for 

S divalent 1410 
S tetravalent 8-72 (in sulphones) 

S hexavalent 4'85 (in HjSOJ 
but this is not accepted by N. and C. They find 
that the accumulation of S in the molecule is 
almost always accompanied by an increase in 
the refractive and dispersive power. In this re- 
spect, though not in others, S appears to have 
much analogy with carbon. Throughout this 
investigation N. and C. tested the dispersion 

u a - 1 

formula of Ketteler, in which a and 6 

tepresent rays of different wave-length, and found 
that it gave very uniform results ; but from a 
jphysioo-ohemical point of view they do not regard 
this fact as an argument in favour of the formula. 

Sulphuric acid. Van der Willigen pub- 1 


Van dor Willigen pointed out that the formula 

(100 -p) + p — ? = 100 will not 

a a d 

apply to mixtures of II.SO^ and water, where 
100— p and p are the respective weights of the 
two mixed liquids, 7i, and n" the indices of 
refraction, and d, d\ d" the densities of the two 
liquids and the mixture respectively. Dale and 
Gladstone had formerly stated that the same was 
the case in respect of their formula. 

Nickel and iron carbonyls. Ludwig 
RIond has prepared Ni(COh and Fe(CO)j, both 
liquids of a highly-refractive character. The 
former has been examined optically by Nasini 
{Lincei, Rc. 7, 411), and the latter by Gladstone. 

for the nickel compound was found to be as 
high as 67'7, which, deducting 8*4 for the value 
of each CO, gives It* = 24*1 for the metal itself, 
instead of about 10*0, as determined from the 
chloride, sulphate, and nitrate. This would 
seem to confirm the hypothesis that the refrac- 
tive power varies with change of valenoy, in- 
I creasing with the increased power of combination. 
In this compound the Ni is regarded b^ Mond a. 
Nasini as octovalent, and as justii^ng Rlen- 
delleff in placing it in Group VIII. of his srateni 
of classification. Gladstone, on the other hand, 
is disposed to think that the metal in both com* 
pounds is, as osnal, divalent, and that it is ther 
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do whloh has a greatly inereased value. He 
obtained for Pe(CO)„ Ra-67*38, R„ = 69*40. 
These figures show not only a very high refrac- 
tion, but also very great dispersive power. 

Silver iodide, bromide, and chloride. 
Wernicke (4. 142, 6G0) measured the re- 
fraction and dispersion of light by these salts 
in two different wavs: (1) by examining the 
light reflected from glass plates covered with a 
layer of these salts, by means of a spectroscope, 
and noting the position of the dark interference- 
bands ; (2) by direct measurements of small : 
prisms made of the fused salts. The portion of 
the spectrum observed ranged from the solar | 
line C to G. The dispersion mq-Md was about | 
twenty-seven times tliat of water in the case of | 
the iodide ; that of the other two salts is much | 
less, though considerably greater than that of i 
flint glass. Agl seems capable of existing in i 
two conditions : at temperatures above it j 
gives a short spectrum limited to the red, yellow, 
and green, while below that temperature it 
gives a spectrum twice as long, showing all the 
colours. W. believes that Agl is partly disso- ; 
dated at the higher temperatures. ! 

Bromine. Weegmann {Dbs. Bonn, 188S) 
determined the refraction-equivalent of Br by Lo- 
renz’s, as well as by the older, formula, for both 
the hydrogen lines, o, and Cauchy’s limit, from a 
scries of ethylene and acetylene compounds, 
adopting Briihl’s values for C, H, and the ethyl- 
ene linking. The following arc his figures for 
Br compared with those arrived at by Briihl : — ■ 




Bo 

Bd 

B, 

Bo 

Bh 

c.ir.p 

irM 

43-33 

43-70 

44-08 

4S-61 

40-40 

c^h’. 

42‘Zt 

43-70 J 

43-17 

44-30 

45-17 

40*05 

■ 

.. . ■ 

— 



■ ■ — - 

■ ■ - 

p 

O'flS 

0-63 1 

0-63 

0-48 

0*44 

0-85 


Brum i no 

1 

R. 1 

R« 


Weegmann 

14-78 

15-38 ' 

8*50 

8-83 

Briihl . 

14-»1 

, 15*39 

8-70 

8-95 


Fluorine. The writer of this •rticlo has 
collated the observations made by various ob- 
servers on bodies containing. F in order to arrive 
at the refraction-equivalent of this clement 
(P. M. 1885. 481). Those of Brewster on cryo- 
lite, of Brewster, Wollaston, Fizcau, Stefan, 
and Kohlrausch on fluorspar, and of Gladstone 
on aqueous solutions of IvF, give a refraction- 
equivalent for F varying from 0-29 to 
Those of Topsoe and Christiansen on crystalline 
silicofluorides of Gu, Ni, Zn, Mg, and .Mn, of 
the formula RSiF,,.6H,0, give a refraction- 
equivalent for F varying from 0 62 to 0*84 ; while 
(NH|)jSiF, gives 0*59 for F. The latter figures 
must be accepted with caution, as a very slight 
difference in the values ascribed to the other 
elements will account for the whole of the dis- 
crepancy. It is evident, however, that in any 
cose the refraction-equivalent is of exceedingly 
small amount, and that the specific refraction, 
even if the highest value be taken, can scarcely 
be the half of that of any other element known. 

J. H. and O. Gladstone (P. M, 1891. 1) have 
investigated the optical properties of lluorbcnz- 
ene and allied compounds. The molecular re- 
fraction for C^HjF, for six lines of the solar 
.spectrum, is given in the following table ; from 
Ihis is denoted the value for benzene less one 
atom of H, leaving a small balance as the atomio 
refraction of fluorine. 

These figures are remarkable as giving a nega- 
tive value for the dispersion Rs-B^ki namely the 


quantity, - 0 ‘28. According to Lorenz’s formula 

» 0*92 and R',t = 0*84, showing in like manner 
a negative dispersion. The observations of 
Bailie, Stefan, and Sarasin on fluorspar, and 
those of tl^e autliors on solutions of KF and 
NlIjF, all dislinefiy confirm the foregoing evi- 
dence as to the anomalous dispersion ; while a 
comparison of the refraction of tlvo three lines 
C, D, and F of the solid silicofluorides measured 
by Topsoo and Christiansen, and tho author’s 
observations on aqueous solutions of H,SiFg, 
Bccm to point in tho same direction. 

Liquefied gases. Blcekrode (Pr. 87, 889) 
adoj»tc(l a. -especial apparatus for measuring 
the indices of refraction of liquefied gases, con- 
sisfing of a modification of a Faraday tube, 
forming a ve.'^sel having two parallel side plates, 
free from leakage oven at high pressures. By , 
observing, through n microscope provided with 
a graduated scale and a micrometer screw, test 
objects, such as lepidoptera scales, attached to 
tlie inner surface of the glass plates of tho coll, the 
variation in the focus between tho direct obser- 
vation and that through tlie cell and liquid was 
found, and, with a corroctioti for tho effect of 
the glass, he obtained tlie data from which to 
! calculate the index of refraction according to 
I T) 

I the equation in which D represents 

I the thickness of tho layer of liquid and d the 
i apparent displacement of tho test object. The 
observations were taken botli with a sodium flame 
and with daylight, and tho calculated probable 
error of tho result amounted to ± 0 003. The 
first tabic on p. 298 gives the results of B.’s obser- 
vations compared with those of Dulong, Kettoler, 

; Croullcbois, and Lorenz on tho same substances 
I in the gaseous state; the specific refraction is 
\ calculated by both the formula) in common use. 

I B. drew atlontion to the remarkably low 
j S.G. of ethylene, as the lightest fluid substance 
j known ; his determinations gavo 0*385 at <8°, 

, 0 301 at 6°, and 0*38l> at 3°. B. also gave 
I determinations of the indices of refraction of the 
following substances taken by tho same process ; 
and commented on tho high indices of the 
org.ano-mctallic compounds as inconsistent with 
; the opinion expressed by early observers that a 
, high index of refraction is indicative of a body 
being combustible. 


SuhstuilCQ 

Temp, 


Hydrobromic acid . 


10® 

1*825 

Do. 


15® 

1-330 

Hydriodic acid . . 

• 

16*6® 

1-466 

Bromine . • • 

• 

13" 

1-671 

Methylaminr • • 

• 

17*5® 

1*842 

Dimelhylaniine . 

• 

17° 

1*350 

Trimethyluraine . • 

• 

IG® 

1*353 

Zinc ethyl . . • 

• 

12-5® 

1*486 

Zinc methyl . . 

• 

14® 

1-474 

Aluminium ethyl , 

« 

' 6-5® 

1-480 

Aluminium methyl . 

• 

12® 

1-432 
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Snbitanoe 

Liquid 



S.G. 

#»!) 

Liquid 

Gas 


Oai 

Sulphurous anhydride . 




1*359 

1*351 

0*252 

0*236 

0*153 

0*157 

Cyanogen . 


• 


0*866 

1*327 

0*378 

0*350 

0*234 

0*233 

Hydrocyanic acid 


• 


0*697 

1*264 

0*379 

0*368 

0*238 

0*246 

Nitrous oxide . . 


• 


0*870 

1*204 

0*235 

0*255 

0*160 

0*170 

Carbonic anhydride • 

a 

• 


0*863 

1*196 

0*227 

0*221 

0*145 

0*147 

Hydrochloric acid • 

• 

• 

I* 

0-854 

1*257 

0*300 

0*277 

0*190 

0*185 

Chlorine . . . 

fi. 

• 

t 


1*33 

1*367 

0*270 

0*240 

0*169 

0*160 

Ammonia . . • 

• 



0*616 

1*325 

0*528 

0*490 

0*327 

0*327 

Ethylene . . . 




0*361 

1*180 

0*498 

0*526 

0*321 

0*350 . 

Hydrogen phosphide . 




0*622 

1*323 

0*519 

0*500 

0*322 

0*333 

Hydrogen sulphide ^ 




0*91 

1*390 

0*429 

0*413 

0*262 

0*275 


Liyeing ^nd Dewar (P. M. 1892. 205] have 
determined the refractions of three liquctieu gases, 
at their respective boiling-points, bw direct ob- 
servation through a hollow prism, llicy obtained 
the following results for the sodium line D 



Md 



Oxygen 

1*2236 

3*182 

2*024 

Nitrous oxide . 

1*3345 

11*587 

7*163 

Ethylene . • 

1*3632 

17*556 

10752 


Alums. The indices of refraction of some 
of the alums have been measured by several 
observers, amongst them Grailich, Fock, Kohl- 
rauBoh, Stefan, Topsue, and Christiansen. The 
most complete series of observations on in* 
organic sulphuric alums is that of Soret (Ar. Sc. 
OenHfe, 12, 553 ; 14, OC ; 20, 517), including those 
containing Bb, Cs, In and Ga. His mode of 
dete^ination was by total reflection, which he 
considered the best adapted for the purpose ; he 
gave indices which he calculated to be correct 
to two units in the fourth place of decimals. 
His observations were given for eight rays of the 
solar spectrum, viz. the lines a, B, G, D, £, b, F, 
and G. He remarked on the very low value of 
the index of refraction of the Na-— A1 alum. 
He gave the following comparative table for Md* 
showing that the different series of alums vary 
in general with much regularity. The hori- 
Bontal lines contain the same metal, and the 
vertical lines the same metal or alkaline 
radicle. 


appear to be too low. Sorct did not consider 
, that the impurity in the specimens, if any existed, 
i couhl be due to the Cs. 

Gladstone (P. M. 1885. 162) worked out 
the refraction-equivalents from the data given 
in the first named of Soret’s papers, and also 
from those by TopsSe and Christiansen, in order 
to test his former conclusions that a salt has 
the same specific refraction whether it is in a 
solid form or in solution, and that the refrac- 
tion-equivalent of a compound body is the sura 
of the refraction-equivalents of its constituents. 
As to the first point, in the case of the two 
alums given below he found the specific refrac- 
tions, after deducting the amount due to the 
solvent, to be in substantial accord : — 

Dissolved Crystallised 

Ammonium-aluminium alum 0*2780 0*2784 

Sodium-aluminium alum . 0*2613 0*2604 

To test the second point, the alums were regarded 
as compounds of the sulphates of two Jnetals 
of different- kinds with twenty-four molecules of 
water. Taking the B^ of water in the unoom- 
bined state at 5*926— and taking the observations 
of Kdnonnikoff , Tops5e, and Christiansen, as well 
as his own, of the several sulphates— Gladstone 
arrived at the results given in the following 
table. The other observers did not take the 
A line, but their observations have been reduced 
to A for purposes of comparison. The agree- 
ment between the calculated and observed re- 
fraction-equivalents is as near as might be ex- 
pected, except in the case of Cs. 



NH* 

K 

lib 

Os 

T1 

Aluminium 

1*4594 

1*4564 

1*4566 

1*4586 

1*4975 

Indium • 

1*4664 

— 

1-4G38 

1*4653 



Gallium . 

1*4683 

1*4658 

1-4658 

1*4649 

1*6066 

Ohrominm. 

1*4843 

1*4814 

1*4815 

1*4810 

1*52*28 

Iron . 

1*48 i8 

1*4817 

1*4833 

1*4838 

1*5236 


Oalculating for each salt the difference between 
its Mo that of the ommoniacal alum on the 
same horizontal line, Soret obtained : — 



KH.-K. 

NH*-Rb 

NH*-Ob 

NH«-.T1 

Aluminiom 

+0*0080 

+0*0038 

+0*0008 

-0*0881 

Jttdiam . 


0*0026 

0*0019 

_ 

OuUtum . 

(K)080 

0*0025 

0*0034 

0-0883 

Ohrondnn. 

0*0038 

0-0U27 

0*0083 

0*0386 

Iron . 

0*0031 

0 0035 

0*0010 

0*0888 


These figures show a close accord, except in the 
9 dS 6 pf Cif in which tiip Qa and Qv compounds 


Sabstonoe 


1 

iscrved 

ducwl 

Ammoainm-aluminium 

alum 

253*0 

252*2 

- 

Sodium „ 


239-8 

238*5 

... 

Methylamiue „ 


267-2 

267*7 


Potassium „ 


246-1 

246-8 


Rubidium „ 


254*0 

253-7 


Oeesiam 


268*0 

263-3 


Ammotiium-Qhrnmiiim aliim 

264*0 

265-9 


Potassium „ 


267*1 

361*3 


Rubidium „ 


266*0 

366*7 


Cssinm „ 


980*0 

275-5 


Ammonium-Iron alnm 


270-S 

269-1 

268*6 

Potanlum » „ 


261*7 

265*0 

161*4 

Rubidinm h » 

4 . 

97te 

273*2 


Cnsinm , , 

; 

286*4 

276*0 















Oladatone ftlso fon^t, hy mesni of Soret’s 
obsomtionfl, to detennine the rofraction-equiva- 
loots of In and Ga« and (£. A* 1892) he gave the 
following oonsiants 



AtW. 

Ba 

Indium • • • 

1134 

13-7 

Gallium • . 

cy-9 

11-6 


These figures, however, can only be looked 
upon as approximate, as all experimental errors 
are accumulated on these residual numbers. 

Perrot {Ar. Sc. QeiiAve, 1880) has made a 
series of observations on the refraction and dis- 
persion of an isomorphuus scries of biaxial 
crystals —the double sulphates of Zn with K., 
Rb.^, (NH Ja, Csj, K„, and of Mg with Rb^, and 
in each case 611^0. He has followed the plan 
adopted by Sorct in his observations on the 
alums. The results conform satisfactorily to the 
values computed on the same principle as that 
adopted by Gladstone with respect to the alums, 
except in the case of casium and rubidium, in 
both of which, especially the former, the ob- 
served values are lower than the theoretical. 
The mean ray adopted for this calculation is, 
however, the arithmetical mean of the three in- 
dices observed for each of the lines of the spec- 
trum, and has, therefore, no real physical 
significance. A glance at the tables of observa- | 
tions will show at once what a wide scope for 
error there is in arriving at a mean value by 
this process. 

Analogy between refraction and dispersion 
and magnetic rotation. Gladstone and Perkin 
have recently observed an analogy between the 
magnotib rotation and the refraction ^ud dis- 
persion of light. Tliey have tested this in the 
case of organic compounds containing nitrogen 
(C. J. 55, 750), with the result that they have 
found a correspondence that points to some 
connection between the rotation of the polar- 
ised ray under magnetic influence and the 
retardation of the rays of light in passing 
through a material substance. These three 
properties are really comparable with one 
another, for in each case the observed value 
is divided by the density of the substance, and 
it is determined, not for equal weights, but for 
an equal number of molecules. It has been 
found that each property is determined in the 
first instance by the atomic composition of the 
substance, so that it may be laid down as a 
primary law that the molecular magnetm rota- 
tion, like the molecular refraction or dis^rsion, 
of a compound is the sum of the molecular mag- 
netic rotation, refraction, or dispersion of its con- 
stituents. The values are, however, subject to 
large modifications dependent upon differences 
in the structures of the compounds. Thus a 
change of valency^is attended by a marked 
change of value in these optical properties, and 
they are apparently affected by some circum- 
stances which are not as yet recognised in 
structural formuln. 

The following values have been deduced by 
Parkin for the molecular magnetic rotations of 
oartaiA alemepta in the paraffin group of carbon 




eompounds; and against them are placed the re* 
cognised valnes fbr their molecular refraotioa 
and dispersion 



Ifoleooiiir mg- 
netlo rotanon 

Ba 

Br-A 

CH, • . 

1023 

7-6 

0-34 

C . . . 

0516 

6-0 

0-26 

H. . . 

0-254 

1-3 

0-04 

0, alcoholic . 

0-194 

2-8 

010 

0, aldehydio . 

0-201 

3-4 

0*18 

Cl . . 

• 1 733 

9-9 

0-50 

lit 

3-562 

15-3 

1*22 

I . . . 

7-757 

21-5 

2-62 

N, in amines 

0-717 

6-1 

0-88 


These figures show a certain analogy; and 
when modifications are it^roducod bjsohangos in 
the mode of combination, the change that occurs 
in the one property noticeable also in the other 
two^and that'in the same direction, though not 
necessarily to the same extent. Thus there are 
in all cases two different values for oxygen in 
alcohol and aldehydes, and a very great increase • 
of the values in the case of unsaturated carbon 
compounds. The values also of CH.^ in the first 
and second members of homologous series (such 
as the alcohols, parallinoid acids, &o.) are differ- 
ent from its value in the higher members of the 
same series, and always in the same direction. 

P. also applied the same inquiry to solutions 
of HCl, 1113r, and HI, which when dissolved in 
water were known to give higher values for re- 
fraction and dispersion than the normal. The 
same was found to bo the case in the magnetic 
rotations. When HCl was dissolved in isoamyl- 
oxido, however, all three values were found closely 
approximating to the normal, as will be see^in 
the following table : — 


Hydroclilorlo acid 

Molecular 

miiKiietio 

rotation 

B^ 

Bh-a 

In water , , 

4-412 

14-45 

M2 

„ isoamyloxide . 

2-238 

11-30 

0-51 

By calculation for 
free acid • 

2-187 

11-20 

0-54 


It is, therefore, laid down as generally, if not 
always, true, that where there is a departure 
Lfrora the normal values in regard to one or other 
I of these properties, it is to be found in the other 
I two. The different properties are evidently 
similarly affected by change in chemical consti- 
tution. The investigation seems to indicate 
another close relationship between electro-mag- 
netism and the velocity of light. G. G. 

' OPTICAL METHODS.— Section 8: SPEO- 
TBOSCOPTC XETH008. 

Historical nofes.— Spectrum analyiis If aa 
optical method of making a diagnosis of the 
chemical composition, and in certain cases the 
chemical constitution, of either (a) aselMominous 
body, or (b) an absorbing medinm, whether self, 
luminous or not. Newton first discovered that 
light could be analysed when passed through a 
prism, and, in 1752, Thomas Jtfelvill made an 
optical analytis of alcohpl flemes cploored wifk 
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ial( and with nitr«, Wollaston, in 1802, observed 
with the prism certain obscure bands in the solar 
light which had traversed a narrow slit in his 
window shutter. Fraunhofer, in 1814-15, was the 
first to employ a very narrow and accurately- 
formed aperture with a prism, telescope, and di- 
vided circles, and he not only obseijved the dark 
lines in the solar spectrum, but measured their 
indices of refraction or refrangibilities. He ex- 
amined, subsequently, the spectra of the stars, 
of electric light, and of the exterior envelope 
of the flame of a wax ca/^dle. *The latter 
spectrum he discovered to consist of homo- 
geneous yellow liglit, composed of two distinct 
rays very close together, and coincident with the 
two dark lines in the solar light wliich ho had 
termed D. Brewster ftoted the presence of this 
yellow light in the combustion of many sub- 
stances, btft it was lAox Talbot who, in 1826, 
clearly proved that the source of this light was 
sodium. He likewise connmeted a red ray with ' 
the presence of potassium and an orange ray '"ith 
strontium, and concluded that a gla7ice at the 
prismatic spectnivi of a flame may skoio it to 
contain substances which it would otherwise re- 
quire a laborious chemical analysis to detect. 
Hersohel had previously described the spectra of 
a few of the metals and of boracio acid. In 1834 
Fox Talbot described the strontia and lithia 
spectra, and stated that optical analysis could 
distinguish the most minute portions of these 
two substances with as much, if not greater, 
certainty than was afforded by any other known 
method. 

Wlieatstone, nearly at the same time, pub- 
lished some experiments similar to those of Fox 
Talbot, and Swan first estimated the amount of 
sodium which can produce the D lines. At the 
Manchester meeting of the British Association in 
1842, Brewster read a paper On Luminous Lines 
in Certain Flames cotresponding to the defective 
Lines in the Sun's Light. He discovered the 
’ dark lines of absorption in nitrogen peroxide gas 
when white light is directed through it, and he 
observed and mapped a number of atmospheric 
lines in the solar spectrum. In 184S.Foucault 
obtained a reversal of the D lines in the electiic 
arc. Stokes, about 1850, gave in his lectures the 
true explanation of the coincidence of sodium 
lines with the dark lines D. Angstrom in 1853 
stated that an incandescent gas emits luminous 
rays of the same refrangibility as those which it 
absorbs, and Balfour Stewart. 1858-9, based the 
following statement on experimental data ; The 
radiating power of a body for any ray is equal 
to its absorbing power for the same ray. 

In 1869, Kirchhoff and Bunsen gave a great 
impetus to spectrum analysis by publishing theii 
researches on the constitution of the sun, and 
also by designing an extremely simple spectro- 
scope and describing its use. Chemists ^Ycve 
further made aware of the new power placed in 
tlieii hands by Bunsen’s discovery of two new 
metals, rubidium and ciesium, in 1860, by the j 
discovery of thallium by Crookes and by Lamy i 
in 1862, of indium by Heicb and Bichtor in 1863, ] 
and of gallium by Lecocq de Boisbaudran in 1875. ] 

Fundamental laws. Spectrum analysis pri- 1 
marily depends on the following two laws:— i 
1* Every solid and liquid when heated begins by < 
emitting rays of longest wave-length, which are i 


the result of comparatively slow vibrations, but 
as the temperature rises the vibrations become 
more rapid, and shorter waves are emitted, so 
that at the highest temperatures the sum of the 
radiations ik white light, consisting of waves of 
all possible lengths, the effect of which is a 
continuous spectrum. A mass of iron gradually 
raised to its melting-point would be an example 
of this. 2. Every substance vapourised by heat 
emits rays of definite wave-lengths, and these 
rays are characteristic of each substance, because 
it alone can emit them. In other words, every 
substance vapourised by heat has its own definite 
periods of vibration, by which it can be absolutely 
identified, because no other substance can vibrate 
in the same manner and with the same periods. 
All flame and spark spectra furnish examples. 
From this second law it follows that the spec- 
trum of an element is a constant of very great 
importance. The determinations of the spectra 
and of the atomic weights present similar diffi- 
culties, which arise from the necessity for ob- 
taining the elements or their compounds in the 
highest possible degree of purity, and also in 
many cases from the complexity ot the spectra, 
and the careful observations which are necessary 
in identifying and measuring the wave-lengths 
of the rays. 

Determinations of the absolute wave lengths 
of the bright lines in any spectrum are now 
usually made either with a plane or a concave 
diffraction grating ruled on speculum metal. 
When a sufficient number ot accurately-measured 
line.« is known for any region of the spectrum, 
determinations of the wave-lengths of lines in new 
spectra may be made by observing with a prism- 
spectroscope, and by the use of an interpolation 
curve the wave-lengths corresponding to the 
positions ot the lines measured may be found. 
From tinM to time the curve will require verify- 
ing and correcting. 

There are two classes of speotra, emission 
and absorption spectra. 

Emission spectra consist of ; (1) Con- 
tinuous spectra and (2) Interrupted spectra, 

1. Continuous spectra arc characteristio of most 
incandescent solids, liiiuids, and gases at great 
pressures, or of a cloud consisting of solid 
glowing particles. 2. Interrupted spectra consist 
of ; {a) Bands of light or ‘ fluted band * spectra, 
characteristic of certain vapours, especially the 
vapours of compound substances rendered glowing 
■ at comparatively low temperatures ; (fc) bright 
line spectra, characteristic chiefly of transparent 
vapours at high temperatures o» at low pres- 
sures ; (c) reversed lino spectra, which are dark 
linos s^n on a brilliantly-illuminated ground. 
When bright line spectrum is observed in front 
of a more brilliant continuous spectrum, the lines 
appear dark on a bright ground of colour, instead 
of bright and coloured on a dark ground, and 
they are then said to be reversed. 

Absorption spectr^. When rays capable of 
giving a continuous spectrhm are made to 
traverse (a; transparent solids, {b) transparent 
liquids, (c) transparent gases at ordinary tem- 
peratures, it is frequently observed that a definite 
band of rays is absorbed at either end of the 
spectrum. This is called a continuous absoip^ton. 
Quite as frequently a band of rays is oat oat of 
middle of the spectrom', ttiii U called i 



ah$onHont tnd the x«gion of iho rays 
absorbed is said to be occupied by an absorption 
band. 

Thsprodiiction of emission ^pecira. Emission 
spectra may bo produced in the following ways 
w) By flames of low temperature, e.g. by a spirit 
lamp or Bunsen burner, acting on solids, or the 
spray of solutions. The flame may be fed with 
chlorine, bromine, or iodine, or with hydro- 
chloric acid when salts of the halogens are ex- 
amined. (6) By flames of high temperature: 
blow-pipe, and oxyhydrogen flame, (c) By sparks 
in vacuum tubes containing residual gases or 
vapours, (d) By sparks of low tension acting on 
solids or solutions, (e) By sparks of high ten- 
sion. (/) By solids in the electric arc. (g) By 
electric discharge on solids in vacuo ; these are 
phosphorescence spectra. 

As a rule, fine S2)cctra are the spectra of 
elements, band spectra are the spectra of com- 
pounds. 

Salts of the alkali metals in the Bunsen 
flame emit line spectra characteristic of the 
metals, while the alkaline earth salts emit lines 
and bands which are characteristic of the 
mctallio oxides. On the other hand, the burning 
of hydrogen and of hydrogen compounds causes 
the emission of more than ICO lines in the ultra- 
violet region, which can only bo assigned to the 
vapour of water at a high temperature. Carbon 
is an element which emits bands in the coloured 
region, in hydrocarbon flames. A list of com- 
pounds which emit characteristic banded flame- 
spectra is given on p. 24G. Erbia and erbium 
phosphate emit luminous bands wlien the solid 
substances are heated in a Bunsen or blow-pipe 
flame. Discharges in vacuum tubes sometimes 
emit a continuous spectrum ; oxygen does so at 
the low’est temperature at which it is luminous. 
Most gases emit a banded spectrum with low 
tension sparks at ordinary pressures ; the spec- 
trum alters w’ith diminution of pressure until 
finally nothing but a line spectrum is visible —for 
example, this is the case with air in the ultra- 
violet region. Sparks of low tension from solids, 
such as metallic electrodes, and from solutions, 
emit lines chiefly in the visible region, while tliose 
of high tension are generally richest in radiations 
of high refrangibility, chiefly in the ultra-violet 
region. 

Low-tension sparks may be produced in two 
ways from solutions, first by wires of platinum 
moistened by the liquid, secondly by pieces of 
charcoal giving the flaming spark used by 
Bunsen. Many elements have been shown to 
emit a few bands or lines in the infra-red. The 
difference in action of high- and low- tension 
sparks is chiefly, if not entirely, due to tem- 
perature; the highest temperatures cause the 
emission of rays of the highest refrangibility. 
^lid elements, with few exceptions, yield spectra 
in the electric arc. The lines exhibited by some 
of the metals are exceedingly numerous. Reversed 
line spectra are common in the sun, and afford 
evidence of the presence of metals whose bright 
line spectra are coincident therewith. The 
number of bright lines seen reversed in the 
sun's spectrum indicates the strength of the 
•videnoe of the existence in the sun of certain 
dements. 

As to the distribution of known kinds of 
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matter in space, the following list shows the 
elements observed in the sun with the numbers 
of their reversed lines seen in the solar speo 
trum : Fe 730, Ti 230, Ca 94, Mn 86, Ni 102, 
Co 91, Cr 71, Ba 26, Na 11, Mg 17, Cu 7, H 6, 
Pd 6, V 4, Mo 4, Sr 4, Pb 3, U 3, A1 18, Oe 2, 
Cd 2, Be 2, Sn 1. 

Methods of spectnpm analysis^ For efficient 
work with the spectroscope an instrument is to 
be preferred which admits plenty of light, has a 
rigid collimator, and immovable prism. Com* 
pound prisms of Grubb's and of Thollon’s oon- 
struction are amoisu; the best. The arc should 
be divided on the vertical edge of the prism- 
table or on an edge inclined at an angle of 45°, 
A vernier travelling over the arc and a mounted 
lens, for convenience in reading the scale and 
vernier, should be fitted flear the telescope. A 
beautiful instrument made by thp SodiU 
Gencvoisc pour la Construction des ffistrumenta 
de Physique \ia3 a circle completely divided, and 
lit tings for investigating ultra-violet spectra, 
fitll^r by photography or with a fluorescent eye- 
piece of Soret’s design. It is ptovided with two 
verniers, and an automatic arrangement admitting 
of the prism being placed at the minimum angle 
of deviation for each ray under examination. 
This is necessary in order to secure the best de- 
finition. The instrument, of whatever form, 
should be capable of dividing and measuring the 
lines D' and D* of sodium, the first, second, and 
third lines of the yellow band; and in the carbon 
B]>eclrum the first, second, third, and fourth lines 
of the green band, and the first, second, and third 
lines of the blue band, which are seen in the 
green inner cone of a powerful Bunsen burner. 
An mstrument with a photographic scale, if it is 
saUicicntly delicate, which is seldom the case, is 
of great use. One of these, constructed by 
Duboscq.was employed by LccocqdoBoisbaudran. 

A lens of short focus should bo used to concen- 
trate the light, from whatever source, upon the 
slit of the instrument. A test tube about 12 mm. 
diam., supported vertically, if filled with water 
and placed close to the slit of the instrument, 
answers this purpose. The telescope should be 
capable of^teasy movement without vibration, and 
be supported for two-thirds of its length from 
the object glass ; neither clamping nor the use 
of the focussing screw should be capably of 
displacing its position. The rays should pass 
straight down the collimator and completely fill 
the lens. Before commencing any serious work, 
the capabilities of the instrument and its use 
for obtaining measurements should be carefully 
studied. 

Supports of platinum wire fused into glasa 
tubes are used for examining concentrated solu- 
tions and fused beads of salts in ordinary flames. ‘ 
Bunsen burners with steatite tops are particu- 
larly useful. Blow-pipe flames with a vertical 
direction, urged by bellows worked by the foot, 
are useful for examining the alkaline earths. 
Hydrogen gas from a constant generator made 
of lead ’and of large size is better than ooal-gas 
for all flame spectra. Whether coal-gas or 
hydrogen be used, it is advantageous in exami- 
ning salts of the alkaline earths, particularly 
chlorides, to pass the gas through a litre of 
strongest hydrochlorio acid into a Bunsen 
burner, which it made of hard 'glass tube tipp^ 
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with platinnm. The flame is thus supplied with 
bydroohlorioaoid, and the chlorides are volatilised 
apparently without decomposition, so that they 
emit rays of great brilliancy which yield simple 
line spectra. For high temperatures a very 
small gas blowpipe may be supplied with oxy- 
gen. In this case the supports of platinum 
would be fused, and it has, therefore been found 
convenient to use a wire of iridium, twisted into 
a loop, the compound being placed in the loop. 
In this manner manganese dioxide yields the 
bands of the dioxide, the spectrum pf which is 
observed in the Bessemer ilamP. Calcium fluoride 
and copper oxide readily yield characteristic 
spectra. The alkaline earths yield very brilliant 
spectra, which are due to the metallic oxide in 
each case. When volatile substances, such as 
salts of lithium and the other alkalis, are under 
observation, it frequently happens that a difli- 
oulty in measuring their lines occurs owing to 
the evanescent appearance of their spectra ; more 
lasting spectra may be prohuced by converting 
the volatile salts into silicates or borates by hvlat- 
ing in a platinum spoon, or even in a porcelain 
crucible, with crystals of boracic acid. Beads of 
the borates will continue to illumine a flame for 
a lengthened period ; with lithium and thallium, 
measurements have been made for as long as 
twenty minutes without renewing the material. 
Should the alkalis be accompanied by lime, 
Btrontia, or baryta, the spectra of these earths 
hre suppressed, but towards the end of the ob- 
servation sometimes the green colour of boric 
oxide appears. Sparks, both of low and high 
tension, may be used with Dolachanel and Her- 
roet*8 fulgurator. This instrument has the ad- 
vantage of using very little solution, and losing 
none. Some solutions, such as salts of yttria, 
do not yield their characteristic spectrum to low- 
tension sparks, and it is necessary to strengthen 
the current by interposing a Leyden jar in the 
circuit, or, what is bettor, a pane of glass coated 
on either side with 030 square centims. of tinfoil. 
The spark should bo 3 to 6 mm. in length. The 
lines of platinum, hydrogen, sodium, and a few 
of chlorine are visible, but these are known and 
are measurable. When the solution becomes 
contaminated with platinum, it may bo removed 
and purified to be used over again if necessary. 
For such work it is best to use a coil which can 
yield sparks 170-180 mm. long in air. 

For observations on ultra-violet spectra the 
arrangements described by Soret and by Cornu 
consist of an optical train of quartz and a prism of 
60^ which is composed of two halves each of 30° ; 
one of the two lenses and one half of the prism 
are out from a right-handed crystal, the other cor- 
responding parts from a left-handed crystal, so 
that the double refraction of one is corrected by 
that of the other, ^ne half of the prism may 
be fixed on the collimator close to the lens, the 
other in front of the object-glass. For ordinary 
observations a fluorescent eye-piece is neces- 
sary, but generally photography is more con- 
venient. Cornu has used lenses aohromatised 
with colourless fluorspar, but this is not neces- 
sary, because the peculiarity of the camera em- 
ployed by Hartley enables whole spectra to be 
accurately focussed on one plate if only one 

S rism of 60 degrees be used. The camera back 
I sloped at an angle of about 22° to the normal, 
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which brings one end of the plate nearest U> the 
rays of shortest wave-length, and the locus of 
the foci of all the rays, from tho least to the 
most refrangible, lies upon the plate. There is 
thus a saving of time in the observation of com- 
plicated spectra, with the additional advantage 
that angular measurements are abolished and 
linear measurements substituted. Moreover, an 
increased dispersion and separation of the rays 
is obtained. This arrangement is most suitable 
for use with two half-prisms of quartz of 30°. 
Six hundred lines in the spectrum of iron have 
thus been photographed with such exceUent de- 
finition that a magnifying power of 25 diameters 
was used in their measurement. A quartz lens 
76 mm. in diameter and of 75 mm. focus is placed 
in front of the slit. The camera back is so con- 
structed that by a rack and pinion motion a 
succession of twelve or fifteen spectra may be 
taken on one plate. Tho lenses, wh ich are not 
acliromatisod, are of 425 mm. focus for yellow 
light, and 50 mm. in diameter, the prisms being 
of corresponding dimensions. 

Sparks of high tension obtained in the 
manner already described are necessary. They 
may be passed between metallic electrodes 3 to 
6 mm. apart. 

For photographing spectra yielded by solu- 
tions electrodes of graphite are used, or wields of 
fine wire drawn from pure gold. Tlie solution 
is placed in a small J tube ; in the shorter limb 
tho electrode is placed, and a platinum wire 
passes down the longer limb to make connection 
with the coil. By means of a pipette tho tube is 
easily charged., Tho graphite electrodes are cut 
from good sound pieces of Ceylon or Siberian 
graphite, and arc chi.sel-shapcd, with grooves 
scored along them with the point of a pin. The 
opposite electrode may bo of graphite or of any 
suitable metal. In order that the strongest dis- 
charges may pass from below upwards the lower 
should be the negative electrode. Tho admiral 
ble work of Lecocq do Boisbaiidran on flame and 
spark spectra (Speefm Lumvieiix, 1874) not 
only gives the practical details, but maps of pris- 
matic spectra, and tho same applied to a scale 
of wave-lengths, as well as a complete description 
of tho spectra and a description of each line. 
Tho publication proves to be all that a guide to 
the use of the spectroscope should be, but it 
deals only with the visible region. In photo- 
graphing spark spectra the trouble of making 
drawings is unnecessary, since tho photographs 
themselves are better than any reproduction ; all 
that is required is a description and a map of 
the principal linos on tho scale of wave-lengths. 
In photographing the spectra of solutions by 
means of graphite electrodes it is, of course, 
necessary to ascertain that the material does 
not yield any of the numerous lines in the 
spectrum of iron, generally speaking four lines 
of magnesium with wave-lengths 2801*1 to 2789*6 
are visible. Although photography has been ap- 
plied almost exclusively to the ultra-violet rays 
and to the infra-red, there is no reason why it 
should not be used for visible rays, since gelatin 
plates stained with cyanine, eosine, erythxosine, 
and some other dyes, render the plates sensitive 
to the orange, red, and yellow rays. Cyanine if 
a dye which is sensitive to most of the speotmm 
as far as the rays of very long wave-lengths. 
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The following table gives the sensitiveness of 
the emission spectra of various elements in 
fractions of a milligram. It will be observed 
that radiations in different regions, and excited 
by different means, greatly vary in emissive 
power even with the same clement. 
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On ultra-violet spectra. The conditions 
necessary in photographing ullia-violet spectra, 
are : 1st, a sensitive salt exerting an equiUity of 
action throughout the whole range of the spec- 
trum ; 2nd, a perfectly diaotinic vehicle to hold 
the sidt ; 3rd, a process of development which 
will not exert a prderential action on any portion 
of the speotmm, These conditions m fulhiled 
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by the ose of silver bromide emulsion, the gelatin 
being of the purest description, and the image 
being developed by pyrogallol, hvdroquinol, or 
hydroxyluraine hydrochloride and caustic soda. 
The new developer eikonogen is suitable. Ferrous 
oxalate, as usually employed, is not to be recom- 
mended, because strong lines become developed 
much more strongly than weak lines. The ex- 
j'osure varies slightly with the sensitive nature of 
the plates, the width of the slit, the conducting 
power of the electrodes, the emissive power of 
the rays td be observed, and lastly with the ex- 
cellence of the developer. Having once ascer- 
tained by comparative exposures hdw to obtain 
the best effect, there is very seldom any necessity 
for altering the exposure. 

Tlie following facts have been established 
regarding ultra-violet spark spectra: 1. When 
carbon or nndallic electrodes, which emit short 
lines, aro moistened or partially immersed in 
water, the short linos are Icngtiioned. 2. The 
iin9)uritics in a metal, or the minute constituents 
of an alloy, generally nppeaivas spectra com- 
posed of short lines. When both electrodes are 
of the same material, the impurities in minute 
proportion appear at tlic negative pole onhj, but 
when the proportion of the impurity or alloy is 
increased, the long lines are seen as short lines 
at both poles ; a further increase in proportion 
brings them out as long linos. 8. Of the non- 
mcfallio elements, boron, carbon, and silicon 
exhibit lino spectra. The lino spectra of the 
elements aro scon in spectra of borates and sili- 
cates, and in boracio and hydrofluosilicio aoids, 
4. The spectra of carbon and silicon may nearly 
always be detected in photographs taken from 
electrodes of metallic iron. 5. Insoluble com- 
pounds which are not volatile, such as ferrous 
sulphide, ferrio oxide, and ferrous phosph&te, do 
not yield spark spectra. Insoluble, though 
somewhat volatile, compounds, such as thallium 
cliloride, yield a feeble spectrum of metallic 
lines. 6. With the exception of boron and sili- 
con, the non metallic oonstituents of a salt do 
not affect the spark spectra of solutions. 7. The . 
spectrum of a metallic chloride, nitrate, or sul- 
phate yields spectral lines identical in number 
and position with the principal lines of the 
metal itself. Some of the short linos become 
long lines, but whether the spectra are produced 
by metallic electrodes or solutions their 
character is identical. 8. The effect of dilating 
solutions of metallic salts is first to weaken and 
attenuate the metallic lines, then, with a more 
extensive dilution, to shorten them, the length of 
the longest and strongest lines generally decreas- 
ing until they finally disappear. There are two 
linos in the spectrum of copper which disapwar 
by attenuation only, and a similar pair of Unes 
in the spectrum of silver behaves in like manner. 
Both pairs of lines hs' e been observed as short 
lines in alloys containing very small quantities 
of these metals. 9. Accidental differences in tha 
passage of the spark, or in the time of exposure 
of the photographic plate, when the normal 
period varies from half-a-minute to five minutes, 
do not cause sensible variations in spectra ob- 
tained* from the same substances, under any 
ordinary circumstanoes. 10. Spectra of metallic 
el^trodes and of solutions are liable to con- 
tain the linqs of calcium, with wave-lengthp 
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U967'8 and 8938, alio occasionally those ^th 
waye-lengths 3736-5 and 3705-3. These calcium 
lines are due to dust when, the electrodes are 
dry, and to impurity in the acids when solu* 
tions are prepared therewith and examined. 
11. Five modified spectra have been observed in 
photographs taken from graphite electrodes, 
which apparently belong to no other element 
but carbon. The first and second were pro- 
duced under identical circumstances, and were 
taken from dry points in air. The first contains 
20 lines, the second only 12.^ The ‘third was 
taken from wet electrodes in air, and consists of 
20 lines, scnne of which are lengthened. The 
fourth was taken from dry electrodes in oxygen, 
and consists of 17 lines, some being much 
lengthened. The fifth was taken from dry 
electrodes in carbon dioxide, and consists of 
18 lines, all much lengthened and strengthened 
(T. pt. i. 1884). 

Tfte examination of metal<i and alloys. When 
a metal is to be examined it may bo filed, or 
hammered into electrodes of a convenient shape, 
and held between screw clips or between the 
points of cheap drawing pens. According to 
ciroumstinces, both electrodes need not be of 
the same metal, but one may be of gold, pla- 
tinum, or a tin-cadmium or lead-cadmium alloy 
containing in either case 20 p.c. of cadmium. 
Such an alloy gives convenient reference lines. 
If it be required to bring out the lines of the 
constituent of an alloy present in the metal in 
minute proportion, or present as an impurity in 
the metal, it is best to partially immerse the 
lower electrode in water contained in a small 
glass J tube, as if a solution were being photo- 
graphed. Under these circumstances the short 
lines become much lengthened and consequently 
more prominent. The best form for electrodes 
is flat with curved edges, or even somewhat 
rounded discs, such as blow-pipe globules 
flattened. 

The identification of lines in photographed 
spectra. When the spectrum of an alloy, me- 
talUo precipitate, or solution has been photo- 
graphed, it is seldom easy to determine what 
substances are present or absent, partly on ac- 
count of the complexity of the spectra and 
partly from the absence of colour. It is 
necessary in such cases to have recourse to one 
or both of the following methods of identification, 
(a) Method of identifying the elements by lines 
photographed from a known specimen. A series 
of photographs taken from mctallic.electrodes 
and from solutions should always be kept for 
reference. A substance may then be readily 
identified even when the wave-lengths of its 
lines are unknown, by superposing one photo- 
graph on the other, film to film, since there are 
but very few cases of actual coincidences of 
lines of similar character belonging to different 
elements. If this examination does not account 
for all the lines, it is necessary to proceed ac- 
cording to the next method, (b) Method of 
identifying lines when comparison-spectra are 
not available. By chemical processes of separa- 
tion it is easy to ascertain what metals may be 
looked for. The wave-lengths of the unreoog- 
' nised lines may then be ascertain^ by measure- 
ments and reference to an interpolation curve. 
The measurements need not be made with % 


micrometer unless great accuracy is required. 
It suffices generally to measure the spectra by 
means of an ivory scale with bevelled edges, the 
divisions on the scale being hundredths of an 
inch. With a strong magnifier we may read by 
judgment to tenths of a division or thousandths 
of an inch. The best form of magnifier is made 
like the compound eyepiece, of a microscope 
with cross hairs or fibres of cocoon silk in the 
field. The lens is placed very close to the sur- 
face of the scale and photograph, so that false 
readings caused by parallax are avoided. When 
all the lines in a photograph which have been 
recognised, or vice versd, have been pricked off, 
the scale is very carefully adjusted so that it 
gives correct readings with lines of known wave- 
lengths at different parts of the spectrum, such 
for instance, with Nos. 9, 10, 11, 12, 17, and 25 
of cadmium. In order to adjust the scale ac- 
curately, it is advisable to rule a line along the 
whole of the spectrum, which may be done when 
photographing by placing a wire at right angles 
to the slit, and*ono-third or one-fourth the length 
of the spark, above the lower electrode. The 
edge of the scale is applied to this line, and held 
in position by spring clips or screws. The scale 
numbers of the unrecognised lines are then 
read off, and by reference to the interpolation 
curve their oscillation-frequencies or their wave- 
lengths are obtained. From maps, or descrip- 
tions of spectra, accompanying a list of wave- 
lengths, the corresponding lines are selected 
and identified. 

Descriptions of the spectra of the elements. 
Emission spectra. The spectra of non-metallic 
elements, particularly those which are gaseous, 
have been found to vary in character with the 
conditions under which they have been obtained. 
Thus N, 0, C, Br, I, S, Se, Te, and P yield band 
spectra or* line spectra, according to variations in 
temperature or pressure. The chlorides of B and 
Si likewise give line spectra due to B and Si ; under 
certain conditions they emit spectra of their own. 
The fluted spectrum of carbon has given rise to 
great discussion. Swan, and later Angstrdm, 
attributed the bands to a hydrocarbon, so also did 
Morren, and Liveing a. Dewar, but they finally 
arrived at the conclusion first enunciated by Att- 
field, that the bands were caused by the element 
carbon. Van der Willingen, Plucker and Hittorf, 
Marshall Watts, Wiillner, Lockyer, and Fievez, 
have all adduced evidence of this. It appears, 
however, that a banded spectrum of cyanogen can 
bo obtained which is distinct from that of carbon. 
Certain bands in the ultra-violet spark spectrum, 
which have been considered by Liveing and Dewar 
to be caused by cyanogen, have been observed by 
Hartley, and he is led to the conclusion that they 
are in reality carbon bands intensified by the 
presence of an atmosphere of nitrogen, but not 
cyanogen bands, for the reason that they cannot 
be obtained from various cyanogen compounds, . 
such as soluble cyanides. They are alwa^a. 
present when graphite electrodes are used in aur, 
they are intensified when the electrodes arer 
moistened, and they become particularly strong 
when concentrated solutions of chlorides, such 
as zino chloride or calcium chloride, surround 
the electrodes ; moreover, the strength of the bands 
increases with the strength of the solutions. 

A review of the facts shows that largo mole- 
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<ralM g!f« fMUided Bpeoirs, is is eyident from tuites yarieSi and no iaiisfaetoiy reason for this 
the speotra of eoxnpoands, and yarions other can be assigned. Foar spectra of graphite haye 
eonsiderations lead to the conclusion that the been mapped from photographs described as 
elements which give such are capable of exist* follows : 1. Dry electrodes in air, 2. Wet elec* 
enee in different molecular conditions, the most trodes in air. 8. Dry electrodes in oxygen. 4 , Dry 
complex molecules emitting bands of rays, the electrodes in carbon dioxide. The strength and 
simpler molecules emitting line spectra. length of the lines vary under certain oiroum* 

Hydrogen. When sparks are passed through stances; in 1 the lines are all short, in 2 somo 
hydrogen, four very well known lines appear, lines are lengthened, in 3 some lines are much 
Huggins has observed the same in some stars, ' lengthened, and in i nil the lines are lengthened, 
together with a remarkable series of lines in the and strengtliencd. 

ultra-violet, and it has been surmised that the | The spark snoctra of tin, germanium, and 
whole series, visible and invisible, belong to the : lead contain numerous lines which are not 
one element. Cornu has recently proved this to ^ characterised by any evident special grouping, 
be the case. Fifteen lines in the visible and The ultra-violet spectrum of germanium has yet 
ultra-violeUconstituto the only true line spec- ! to be photographed. 

tfum of hydrogen. i The group of rare earths, Ce, La, Di, 

The alkali metals, Li, Na, K, Rb, Cs. Sm, Yt,So, Er,Tr. These elements give no flame 
These metals are distinguished by the fact that spectra, and hut weak spectra with feeble sparks, 
most of their salts are decomposed in the flame, Ce, Di, Yt.. Sm, Sc, Tr yield very complicated 
and the metal set free, or the metallic oxide spectra to powerfal sparks, the spectrum of 
formed from it, is suflicient to colour the flame in- ewinm in the ultra-violet being remarkable for 
tensely. The spectra are very simple, and all the : the immense crowd of lines. Jfttrium and scan- 
principal lines are in the visible region. Their ! dium chlorides give spectra cofpposed of bands 
ultra-violet spark spectra arc insignificant. which are very characteristic in the visible re- 

The alkaline earth metals, Ca, Sr, Ba. j gion. Didymium, samarium, erbium, and thallium 
The spectra of those elements are obtainable by | will bo dealt with under the head of Ab8ory>tion 
flames. When the chlorides are fused and | spectra. Lantiianuin gives a large number of 
heated in a flame supplied with hydrochloric acid, ! lines in the visible region, but very few in the 
lines due to the metallic chlorides are visible, .ultra-violet. 

Without hydrochloric acid, the spectrum is at j The nitrogen elements, N, P, As, Sb,Bi, 
first a simple line spectrum, but subsequently | V. Nitrogen gives a largo number of lines under 
bands, shown by Mitschcrlich to bo due to the ’ the action of condensed sparks. The ultra-violet 
oxides, take their place. Feeble sparks give lino ' portion of the spectrum has been photographed* 
spectra with solutions of salts. In the ultra- ; Nothing of the same kind is known of phos- 
violet, a series of well-marked groups of doublets ' phorus. Phosphorus in a current of hydrogen 
and triplets is seen. i gives a beautiful banded flame spectrum, espe- • 

The magnesium group, Be, Mg, Zn, Cd. ! ciully when the flame is cooled. This reaction 
The element beryllium stands at the head of ; is exceedingly sensitive. The spectra of arsenic, 
two families, that of the alkaline earths and the ' antimony, and bismuth in the ultra-violet are 
magnesium family. It occupies a position simi- ' very well marked, and they each contain a large 
lar to that of lithium with regard to the alkali | number of linos, some of which are nebulous, 
metals and the copper and silver family. Its { others are mere dots, and there is a charac* 
spectrum is similar in many respects to that of j teristic background of continuous rays. Yana- 
lithium, being very simple and composed of iso- | dium yields spark spectra, with a large number 
lated lines. There are two in the blue and five | of lines. 

in the ultra-violet not visible in the flame, but i The chromium elements, Te, Gr, Mn. 
obtainable by the action of condensed sparks. | The line spectrum of tellurium obtained from the 
Magnesium and the compounds of the other ■ element is very complex, and by far the greater 
metals of this group do not easily yield flame ' number of lines are in the ultra-violet ; the 
spectra, but give cliaracteiistic groups of lines character of the spectrum resembles those of 
when solutions are submitted to feeble or con- j arsenic, antimony, and bismuth. The chromium 
densed sparks. In the ultra-violet these consist ; and manganese spectra are very complex and 
of well-marked groups of isolated lines, pairs, I similar to those of the iron group, 
triplets, and groups of four and of five lines. j The iron, nickel, and oobalt group. 

The aluminium elements, B, Al, Ga, , These metals present very complicated spectra 
In, XL Boron, which stands at the head of this ! when condensed sparks are employed in the 
group, gives a flamo-spcctrum only of its oxide, ! visible, and more particularly the ultra-violet, 
but the boron compounds, such as borates, emit i regions. The grouping of the lines in the dif- 
three lines in the ultra-violet due to this ele- | ferent spectra is similar. 

ment. Aluminium gives no flame spectrum, but | The palladium, gold, and platinam 
gallium, indium, and thallium emit rays in the I group. These elements present complicated 
violet and green. Sparks taken from solutions ! spectra, though less so than the foregoing. The 
of Indium and thallium yield characteristic \ strong lines of gold are few m number. These 
spectra in the ultra-violet consisting of many metals do not excel in emissive powert Feeble 
isolated lines and pairs of lines, sparks with them give feeble spectra. Iridium 

The tin elements, C, Sn,Qe,Fb. Carbon gives a spectrum onljr with condensed sparks, 
presents a very simple spectrum when condensed which in the ultra-violet consists of a great 
marks are used ; most of the linee are in the crowd of lines. 

nutra-violet. It is a remarkable foci that under The spectra of many elements, such as tang- 
oonditiims the numba of lines some- sten and uranium^ have yet to be examined 
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thoioaghly. It may here be remarked that ele- hismnth,calaiuii,thallimn, and gold. Aooordlng 
ments ostially associated by their natural occur- to Masoart, sodium has five series of doublets 
rence, or by classification according to their which are the 132nd, 188th, 143rd, 158th, and 
chemical properties, exhibit spectra with oharao- 163rd harmonics. One of the most remarkable 
ters in common. spectra is the absorption caused by chromyl 

A very^ important paper by Mitscherlich chloride. Johnstone Stoney and Emerson Eey- 
(A. 121, 459) first drew attention to the fact nolds have shown that under great dispersion 
that a number of compounds emit distinct and lime-light illumination it gives a series of 
spectra, for the most part band spectra. A list harmonics which are similar to those of a violin 
of such compounds here follows, most of the string, and of which the order lies between 628 
spectra of which wore originally described by and 733. Livcing and Dewar have observed that 
Mits(merlich. Diacon o,]so (TJu^scs dt Physique many ultra-violet spectra contain lines which 
Montpelier, 1864), using a flame the are harmonically related, not so simply related 
Ulterior of wnich was fed with chlorine, obtained perhaps as the harmonics of a uniform stretched 
distinct spectra of chlorides, such as those of the string, but like the overtones of a string which is 
alkalmeearths,gold,lead,iron,cobalt, and nickel; not of uniform thickness, or is loaded atdifferent 
me alkalis gave no spectra excepting where they points, similarly related in origin though not 
became converted into oxides or metal, as in the exact harmonics. Lithium, potassium, calcium, 
ma^le of the flame. ^ ^ ^ ^ magnesium, and zinc are such elements. The 

omitting distinct spectra alkali metals have each one series in the visible 
(Mitscherlich). ‘ Vcnetian-^lind ’ Sr degraded spectrum, and another in the ultra-violet. It 
spj^tra. Flame. BaO ; BiClj, BiBr„ BiJ, ; may happen in other cases that two or more such 
CuJj, CuO; AuCl, ; EcjO,; series overlap, and it may be very difficult to 
MgO ; MnOj ; BbOL^, PbO ; Mg^Clj. distinguish and separate them. There is a re- 

BaClj, BaBr^ ; markable fact to be noted with regard to ultra- 
Bil, ; CaFj, CaO; CuFj; SrO. violet spectra, namely, that similar groups of 

Line spectra, or lines with hands. BaCl^, lines, evidently harmonically related, are alter- 
H p ’ CaClj, CaBrj, Calj ; SrFj, SrClj, nately sharp and nebulous in character. 

, Huggins discoveted that the four hydrogen 

Other observers have discovered and de- lines in the solar spectrum are part of a much 
scribed specific spectra emitted by the following longer series of lines which occur in the spectra 
compounds;— Aip,; feeble sparks (Wiillner and of white stars. Cornu discovered the whole series 
others). NH, ; flame (Dibbits). CO ; spark in the spectrum of pure hydrogen, and Balmer 
(Plucker and others). CN ; flame (Fox Talbot, showed that the whole series of lines can be 
Draper, Dibbits, and others). Er,Oa and ErPO/, expressed by the following formula ; 
flame (Bunsen a. Bahrf. MgO and hydride of a 

Mg; flame and spark (Li veing a. Dewar). PH^; in which A is a constant 

flame cooled (Christofle a. Beilstein). SiCl^, ^ 

SiBr^, 81X4 spark (Plucker, also Balet). H2O ; for the whole series, and by substituting the 
flame (Liveing a. Dewar ; Huggins). whole numbers 3, 4, 6, 6, <fec., for m, we obtain 

Harmonic relations between the lines of a values for N which are the osoillation-fre- 
spectrum. The self-luminous nature of a mole- quencies of the successive lines, 
oule is connected with the vibrations of those Relations between the spectra of different 
parts of the molecule which are called atoms, elements. Lecoeq de Boisbaudran has observed 
The number of vibrations is indicated by the in- such a relationship between the lines in the dif- 
verse wave-lengths of the lines in the spectra, ferent spectra of the alkali metals and their 
The spectrum of iron contains more than 1,200 atomic weights, that he has been able to calou- 
distinct lines, and it foUowSf therefore, that the late the atomic weight of gallium from its spec- 
molecule or its atoms must simultaneously ex- trum. It may be stated that the atoms of greater 
cite as many different vibrations. Wo are mass vibrate more slowly, and therefore emit 
acquainted with similar relations in acoustics, rays of proportionally greater wave-lengths. 
For instance, it has been observed by Hipkins Ciamician made an extended series of observa- 
that the simplest vibration of a pianoforte tions on the spectra of elements usually classed 
string will cause it to emit its own proper note, together on account of their chemical properties, 
and as many as twenty -four overtones or har- and he described several of these spectra as 
monies. Jetstone Stoney first discovered such being homologous, that is to say, similarly con- 
harmonics in spectra. The visible spectrum stituted. A. Qriinwald observed mathematical 
of hydrogen contains the three linos Ho wave- relatione between the spectrum of water vapour 
length 6563*9, Hj3 » 4862*1, H5 = 4102*4, these are and the line spectra of H and 0, which led him to 
the 20th, 27th and 32nd overtones of a vibration, predict the existence of many lines in the spectrum 
of which the wave-length «0*013127714 mm. of water vapour which had not been photo- 
But the fourth line H7^4341, and the lines in graphed. By prolonged exposures, Liveing and 
the ultra-violet do not fall in with this system. Dewar obtained photographs of a number of 
Soret has calculated the harmonics of the three lines approximating very closely to those oalcu- 
groups of triplets in the magnesium spectrum lated by Qriinwald. 

to be the 20th, 27th, and 31st harmonics of the Hartley, in 1883, observed the law of homo- 
fundamental vibration. Similar groups occur logy in the visible and ultra-violet spectra of the 
in toe cadmium spectrum, which are the 20th, magnesium, zino,and cadmium group. Elements 
23rd, 27th, and Slat of a fundamental vibration, with properties in common exhibit spectra with 
Schuster has observed several harmonics in the similar groupings of lines, but the dispersion of 
l|iectram of strontium; also in the spectra of the lines and the refrangibility of the strong linee 
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the elements. In each spectrum the differences 
between the oscillation-frequencies of the indi- 
vidual lines of each triplet is a constant quantity. 
The law also applies to the series of doublets. The 
differences between the oscillation-frequencies of 
individual rays in the scries of triplets increases 
with the atomic weights of the elements to which 



the triplets belong. A survey of these facts led 
to the conclusion that as the molecules of these 
elements contain but one atom, the atoms have a 
complex constitution, and that those elements the ! 
spectra of which are homologous are composed ! 
of the same kind of matter in different states I 
of condensation, the molecules having similar 
modes, but different rates, of vibration. The law 
of homologr been studied by J. B. Bydberg, I 


HenatofiS. uf 

who it appears recognised it Independently in 
1885. J. S. Ames, in 1890, proved the perfect 
homology, line for line, of the arc spectra of zinc 
and cadmium. Kayser and Bunge have shown 
that the series of triplets refei^ to in the 
magnesium, zinc, and cadmium spectra are in 
reality three scries of harmonic vibrations, a 
principal series and two subordinate series over- 



lying each other. The magnesium series they 
place along wiUi those belonging to the calcium, 
strontium, and barium family, but according to 
the periodic law, the magnesium spectrum might 
be expected also to stand at the head of the spectra 
of the family which includes zinc and oadraiunu 
The series of lines in the alkali and a.lkalinp earth 
metals do not fall in with Balmer’s law for the 
hydrogen lines. Homology has been observed 
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in ibe gpeetrn of the following groups : lithium, 
lodinniy potassimn, rubidium, oasium, also in 
aluminium, indium, thallium. Bunge announces 
tiiat doublets and triplets existing in the spec- 
trum of an element can be arranged in series 
which show an appearance of great regularity, 
and are seemingly analogous to the overtones of a 
vibrating body (see figs. 1, 2, and 3), In fig. 1 
the spectrum of sodium is shown with a scale of 
unequal parts, A corresponding to wave-lengths, 

and a scale of equal parts corre*bponding to 

« 

oscillation-frequencies. The lines forming the 
entire spectrum are arranged in three series. 
Each line in the maps indicates a closely -placed 
pair of lines. Series P is the principal series, 
series 1) is the subordinate scries of diffuse 
lines, series S the subordinate series of sharp 
lines. The three series are regular, the intervals 
between the lines decreascf'as the wave-lengths 
of the lines diminish from right to left.' In 
fig. 2 we have similar maps, but the scales run 
the reverse way, from left to right. The principal 
and subordinate series of lines are shown in the 
spectra of Mg, Ca, Zn, Cd, and Hg. Correspond- 
ing lines in two different series of the same 
spectrum are numbered alike. The homology 
of the spectra is evidenced, and also variations 
following increase of atomic mass in elements 
of the dame group. In fig. 3 the homology of 


determined the compmition of Bomebomogeneoas 
alloys of gold and silfer, also of lead and cad- 
mium, by comparison of their spectra with check 
pieces of known composition. Sir J. 0. AUeyne 
estimated phosphorus in iron and steel, and Ball- 
man attempted the estimation of lithium by the 
spectroscope. Liveing and Dewar made observa- 
tions on a spectroscopic method of estimating 
sodium by measuring the width of the sodium 
lines. Hartley determined the different spectra 
emitted by solutions of different strengths, and 
found these constant when the ultra-violet lines 
were photographed. Accordingly, by comparison, 
the metals may be determined in solutions made 
from determinate weights t>f material, diluted to 
a definite volume. Quantitative determinations . 
of the basic constituents of limestones, of copper 
in pyrites cinder, and of lead, silver, and copper 
in zinc blende, have been made with quantities 
of -matter so small that no other method could 
have dealt with them. It will be seen later on, 
that absorption spectra are serviceable in quanti 
tative analysis. 

Spectra of the infra-red region and spec- 
tra of solids in vacuo. There are three 
methods of spectroscopy which have not yet 
been much employed. 1. The method of E. 

1 Becqucrol for observing the infra-red rays. 

I This is accomplisHbd by the use of an eyepiece 
I covered with Balmain’s phosphorescent paint. 

‘ When it is excited by exposure to a brilliant 
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the spectra of copper and silver is well shown. 
The difference of two consecutive oscillation- 
frequencies decreases as these values increase, 
and there seems to be a finite limit to tlie 
oscillation-frequencies of a series. If n repre- 
sent whole numbers, the oscillation-frequencies 
of a series may, with great accuracy, be repre- 
sented by the formula A- On-*, where A, 
B, G, are positive constants. B has nearly the 
some value for all the series of the different 
spectral' A is the limit towards which the oscil- 
lation-frequency tends when n increases. For 
elements, that are chemically related the series 
are distinctly homologous, both in appearance 
of the lines and the values of A, B, C, and with 
increasing atomic weight they shift towards 
the less refrangible end of the spectrum. The 
spectra sliow relationships between the elements 
similar to those between their chemical proper- 
ties. 

Quantitative analysis by the spedtroscope. 
In 18G2 W. A. Miller first attempted to apply the 
spectroscope to the quantitative estimation of 
the constituents of an alloy. Jansen, in 1870, 
proposed two methods of quantitative analysis. 
Chunpion, Pellet, and Grenier successfully ap- 
plied a spectro-photometrical method to the esti- 
mation of alkalis. Lockyer and Boberts-Aosten 


3. 

light, it glows, but as soon as any radiation of 
very low refrangibility falls upon it the phos- 
phorescence is destroyed. 2. Abney observes 
the same rays by moans of specially-prepared 
photographic plates, sensitive to excee^ngly 
slow vibrations. Even the radiations from a 
kettle of boiling water can impress themselves 
permanently on his preparation of silver 
bromide. V. Schumann and also Waterhouse 
have used photographic plates prepared with 
cyanine, erythrosine, and other dyes for the 
same purpose with some success. 3. Crookes 
has made much use of the phosphorescent 
spectrum obtained by the action of an eleotnc 
discharge in high vacua, and has made a most 
interesting series of observations on the rare 
earths by this means. Among other results he 
has proved the wide distribution of yttria, its 
occurrence in strontianite, coral, oyster shells, 
and limestones. He considers that there are 
several kinds of yttria with different phos- 
phorescent spectra, but as they all give the same 
spectrum when excited by the spark in the usual 
manner, they must be considered as being de- 
rived fiom the same elementary yttrium. 

Absorption spectra* In dealing with absorp- 
tion spectra, we may observe the effeet on a 
oontinaoue epeotnim of (a) gasesi (b) li^oidei (e) 
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•olldg. Whan n^f anfar^ transparent mediun— 
either gaseons, liquid, or K>lid-'the 7 do not leave 
it in a condition identical with that in which 
they entered it. They may be either partially 
abiorhed or altered in refrangibiliiy. No known 
substance is capable of transmitting radiations 
of all known wave-lengths ; those media which do 
not absorb appreciably any of the coloured rays, 
or any of the rays in the ultra-violet which are 
capable of being photographed, absorb a portion 
of the infra-red spectrum. It may bo remarked 
that substances like air and water which in thin 
layers do not appear to absorb the rays in the 
visible spectrum, in thicker layers are seen to 
absorb the rays of a limited region. The A and 
B groups of lines in tlie solar spectrum have 
been shown to be due to oxygen in the atmo- 
sphere, while nine lines lying between the two 
D lines in the solar spectrum were observed, and 
proved by Josiah P. Cooke, in 18C6, to be caused 
by water vapour in the atmosphere amounting 
to not more than 1*5 g. in 100 litres of air. With 
0*18 g. only one line was visible, and with 0*55 g. 
two lines. The successful application by Piazzi 
Smyth of the spectroscope to weather forecasts 
is based upon such facts. 

Many cases of absorption are known in the < 
infra-red and in the ultra- viplct, when no visible 
rays are absorbed. Colours may be either visible 


I to the vibration of the moleoufe, while selective 
' absorption appears to be caused by the vibra- 
tions of atoms within the moleoule. When a 
substance in solution absorbs all the ravs of a 
certain region of the spectrum which fall upon 
it, it is because the molecules are vibrating 
synchronously with these ra^, and the number 
of molecules present is sufficient to damp all the 
vibrations. When the rays traverse a spialler 
quantity of substance— as, for instance! when a 
solution isolated -'the number of molecules pre- < 
sent is not sufficiAit to damp all the vibrations, 
and some rays pass through. If, btowever, cer- 
tain atoms within the moleoule are vibrating 
synchronously with certain rays, we shall have 
a selective absorption* of these rays after the 
general absorption has been bo weakened by dilu- 
tion as to allow them to pass. It has been 
shovra by Hartley that the vibrations of the 
atoms depAid upon the rate of vibration of the 
molecule, or in other words, the rata of vibra- 
tion of the molecule determines the rate of 
vibration of its parts. Four* absorption bands 
in the three hydrocarbons benzene, naphthalene, . 
and anthracene are evidence of this. The mean 
rate of vibration of the rays absorbed by naph- 
thalene and ant hracene is less than that of the rays 
absorbed by benzene, and the vibrations of the 
carbon atoms within the moleoule are not inde- 


or invisible,* since we must regard every substance 
which absorbs rays as coloured. The eye caunot 
always distinguish colour, because the most 
sensitive eye cannot observe the rays which are 
absorbed by its own aqueous humour, and are 
thus prevented from utTecting the optic nerve. 
Hence the infra-red rays have no effect upon the 
retina, and most of i.ho ultra-violet cannot affect 
it. The colour of a substance is determined by 
the combined effect of the rays whkh are not 
absorbed. Cobalt glass, which absorbs the 
yellow and green rays, transmits the red, blue, 
and violet, but as it transmits comparatively 
little of the red its colour appears blue. The 
purity of the light by which the substance is 
examined is of importance. Chromium solutions 
which are green by daylight are red by gaslight, 
because the yellow and red rays are predominant 
in gaslight, and as the red rays and the green | 
are transmitted by pure white light, the dominant 
colour is red by light of less purity. There is but | 
little importance to be attached to the general 
absorption of rays, but well-defined absorption 
bands afford evidence both of the composition 
and the constitution of substances. 

The theory of absorption spectra. Tl is a 
weU-knoWn fact in acoustics that a vibraiing 
musical instrument, a tuning-fork, or a stretched 
string, will communicate its vibrations to any 
similar instrument near to it which is capable 
of similar vibrations, and a sufficient number of 
strings or tuning-forks can entirely absorb the 
vibrations of a similar string or fork. In like 
manner when a molecule of a substance is 
capable of vibrating sraohrononsly with a radia- 
tion, the rays received on the sabstance are ab- 
sorbed by reason of the molecules being pat in 
motion by the waves which strike them. The 
absorption is oomplete if the direetion'of vibra- 
tion (d the rays and of the molecule is the same, 
hot the phase if opposite. A general absorption 
Ifpeits (u timnlb^Tiotit at eiqr nta) to bedoe 


pendent of, but are a consequence of, the ihole- 
cular vibrations ; they must, in fact, be regarded 
as overtones or harmonica of the fundamental 
or molecular vibrations. When the rate of the 
fundamental vibration is reduced by an increase 
in the mass of the molecule, the rate of vibra- 
tion of the carbon atoms is reduced in a similar 
ratio. Greater amplitude of vibration means a * 
louder note, or in the case of luminous radia- 
tions a brighter light. Consequentlv the con- 
verse of this maybe considered to hold good, 
that a greater intensity of absorption is caused 
by a greater amplitude of vibration in the mole- 
cules of the absorbing medium, the number of 
atoms or molecules remaining constant. 

An examination of the three hydrocarbons 
benzene, naphthalene, and anthracene shows 
that the mean rate of vibration of the rays ab- 
sorbed by benzene is greatest, naphthalene comes 
next, and anthracene is least; but the absorptive 
power is in the reverse order, that of anthracene 
being greatest. Hence wo conclude that the 
amplitude of vibration is greater as the rate of 
vibration is slower (C. J. 1881). The approxi- 
mate rates of vibrations of the three hydrocarbon! 
are given, as follows : — 

MoftQ wave-lenfirtb Molooularribra- IColeoidar 

of rays absorbtxL tlons per seoond. weights. 

Benzene 2!)2(} 1,248 billions 78 

Naphthalene 2687 1,177 „ 128 

Anthracene 8439 910 „ 178 

The various absorption spectra may be referred 
to in no better order than that of the refrangi- 
bility of the rays absorbed. 

Infra-red absorption spectra, Abney and 
Festing have photographed rays extending down 
to X 12000; thd visible region ends about X7600. 
They studied the absorption q^ectra of water, 
hydrochloric add, chloroform, carbon tetra- 
chloride, cyanogen, and a number of hydro- 
carbon! and thdr derivative!. The compmindi 
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eontaming hydrogen show the same gronp of 
fines, which, however, do not appear in carbon 
compounds containing no hydrogen ; they do 
not all appear in some hydrogen compounds. 
The inference is that they belong to hydrogen. 
When oxygen is present as a part of hydroxyl it 1 
obliterates the rays between two of those linos 
which are due to hydrogen. When it forms part ' 
of the carbon nucleus of a compound, as it does 
in aldehyde, the spectrum is inclined to be linear, 
or the bands are bounded by well-defned lines. 
There appear to be characterVstic bands which 
indicate the carbon nucleus of a scries of sub- 
stances. Certain radicles have a distinctive ab- 
sorption lying near X7000 and others about 
A 9000 ; thus in the three compounds CbHj, 
CaHj.HjN, OJl 4 (CjjH 5 ).lI,^N wo have tlie following 
coincident bands probably due to the benzene 
nucleus ; the lino A 8070 is the principal one ; 

A 8670, A 8670 to 8720, A 87^0 to mS, a fourth 
baud about A 9300, a fifth about A 10400-100^50. 
In benzene and ctliyl-aniline there occurs a 
band also at A 10if70 to liono. If the lino A 8070 
is associated with a band, it is almost certain to 
be caused by the benzene nucleus. Ethyl com- 
pounds are indicated by absorption at A 7410, 

A 8950 to 9030, 9040 to 9070, 9130 to 9180,9270 


' codeine, quinine, quiniqe sulphate, oinchaoin^ 
I sulphate, quinidine sulphate, oinebonidine sui- 
; phate, veratrine, pipeline, brucine, strychnine. 

;* The relation of absorption spectra to the 
chemical constitution of carbon compounds* 
1. Substances with a nucleus consisting of an 
open chain of carbon atoms transmit continuous 
spectra and arc highly diactinic. Examples: 
the alcohols, acids, ethereal salts, haloid ethers, 
i and the carbohydrates. 2. In homologous 
[ series the greater the number of carbon atoms 
the shorter the transinitted spectrum. 3. In sub- 
I stances with the same carbon nucleus that con- 
taining the most oxygen transmits the shortest 
' spectrum, as, for instance, in acids the spec- 
j trum is shorter than in alcohols, and in dibasic 
shorter than in monobasic acids. 4. Substances 
with a closed chain nucleus when not more than 
two atoms of carbon are doubly linked transmit 
continuous spectra, but their absorptive power 
is rniKih greater than that of open chain com- 
pounds; c.g. camphor, benzene hexachloride, and 
I the terpencs, also hexahydropyridine. 5. The 
; more closely the carbons in a closed chain are 
I linked, the greater is the absorptive power of the 
' molecule; e.g. the terpenes withstand dilution 
! more strongly than benzene hexachloride, and 


to 9300-5, 9320 to 9420. The solar spectrum 
shows an absorption at A 8600, and, with the ex- 
ception of the line at 7410, the absorptions noted 
above have been observed to bo coincident with 
bands or lines in the solar spectrum. 

Visible a^nd ultra-violet ahsorptimv spectra* 
The absorption spectra of the coloured region 
were long since carefully studied by Gladstone. 
These spectra pass gradually into the extreme 
violet and ultra-violet. In dealing with the sub- 
ject it will bo convenient first to consider the 
absorption caused by gases and vapours, •ele- 
mentary or compound, then the absorption by 
inorganic salts, and lastly the spectra of organic 
substances. 


Elements which exhibit absorption spectra. 


Gases and yapoixra. 

Br, Cl, 1, 0, ozone, E, 
Na. 


Mutiils, the .salts of which 
show handed sp«;ctra. 

Cr, Er, Sm, U, dyspro- 
sium, holmium, neo- 
dymium, praseody- 
mium, thulium. 


Cojnpounds which exhibit absorption spectra. 


Gases and vapours. 

ICl, IBr, NOj, H,0 
vapour, oxide« of Cl. 


Salts the aedds of which 
show banded spectra. 

Chromates I Ultra- 
Nitrates / violet. 
Nitrites (some); per- 
manganates. 


Organic suostanccs which exhibit absorption 
spectra. All benzenoid hydrocarbons and ter- 
tiary bases derived from the saifie. All haloid, 
hydroxyl, carboxyl, and amide, derivatives of 
benzenoid hydrocarbons. Cyannrio and urio 
acids, with colouring matters derived there- 
from. Albumens and allied substances. Organic 
colouring matters of unknown constitution, such 
08 chlorophyll and hcemoglobin. Many alkaloids 
and derivatives, e.g.: Aconitine, pseud- 
aoonitine, japaconitine, morphine, narootine, 
codeine, papaverine, oxynarootine, apomorphine 
JiigrdnMhloxlde, tetrocetylmorphinc, diaoetjl- 


camphor. 6. The carbon nuclei of benzenoid 
hydrocarbons possess strong absorptive power, 
and after great dilution exhibit absorptipn 
bands ; e.g. four bands are seen in the spectrum 
transmitted by benzene when 1 part is diluted 
with 2,400 parts of alcohol, three bands in naph- 
thalene with a dilution of 1 in 100,000 parts, one 
band in phenanthrene with 1 in 600,000 parts, 
and one baud in anthracene with 1 in 6,000,000 
parts of alcohol. 7. The introduction of radicles 
in place of hydrogen and of side-chains into 
the benzewid nuclei diminishes the number of 
absorption bands, but increases their width and 
intensity, 8. The simple union of carbon to ni- 
trogen does not cause selective absorption ; e.g. in 
hydrocyanic acid and cyanides. 9. When a ben- 
zenoid nucleus contains an atom of nitrogen in 
place of an atom of carbon, the molecule exhibits 
absorption bands, and its absorptive power is 
generally not impaired, but is sometimes in- 
creased, e.g. picoline, pyridine, quinoline, and 
their derivatives. 10. Isoraerides exhibit dif- 
ferent spectra, e.g. the terpenes and isomerio 
benzene derivatives. 11. When the condensa- 
tion of the carbon atoms in the quinoline 
nucleus is modified by the combination there- 
with of four atoms of hydrogen, the intensity of 
the absorption bands is reduced but is not de- 
stroyed. 12. Nitrogen combined with oxygen — 
as in nitroxyl, nitrites, and nitrates- exhibits 
absorption bands. 13. When several carbon 
atoms are united by oxygen and nitrogen atoms, 
the resulting compounds exhibit intense absorp- 
tion bands, e.g. cyonurio acid, uric acid, and de- 
rivatives, including murexide. 14. Molecules of 
compounds— that is to say, molecules composed 
of dissimilar atoms— vibrate as wholes or units, 
and the fundamental vibrations give rise to 
secondary vibrations which stand in no visible 
relation to the chemical constituents of the 
molecule, whether these be atoms or groups of 
atoms. Hence it appears that a molecule is a 
distinqt and individual particle which is not folly 
represented by oar nsoal ohemioal fonnulsi. 
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tlitee tbdM onlv sjmbollse certain chemical re- 
actions and fail to ezpresd anj relation between 
physical and chemical properties. As certain 
molecular groupings are characterised by the 
absorption of rays of particular wave-lengths 
(absorption bands), it is evidently possible to 
draw conclusions as to the constitution of sub- 
stances from their absorption spectra. Many of 
the foregoing statements may be usefully and 
clearly summarised by means of formulte. These 
render evident how the optical properties of a j 
compound are determined by the skeleton of j 
carbon atoms. I 


! compounds which exhibit selectiTC absorption of 
the ultra-violet rays are coloured. The subtlety of 
the colour, however, is such that the eye cannot 
perceive it without the aid of photography or a 
fluorescent screen. 

That which in the ordinary acceptation of 
the term is a coloured substance is merely one 
in which the absorption of rays extends into a 
region limited by the red and violet ends of the 
spectrum, or between wave-lengths 7000 and 
4000. Accfvrding to this view, the colour of a 
substance may be Ihvisiblu to the unaided eye. 
As bauds of selective absorption appear to be the 


Typical carbon nuclei, transmitting continuous spectra. 
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Typical carbon nuclei, exhibiting absorption band^. 
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Nuclei containing oxygen and nitrogen, exhibiting absorption bands. R representing any 
radicle. 
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On the cause of colour in organic compounds. 
According to 0. Witt, the tinctorial character of 
aromatic compounds is conditional upon the 
simultaneous presence of a colour-producing 
group and a salt-forming group in the molecule. 
A group of atoms of the former kind he terms a 
chromogen, and of the latter a chrvmophor. He 
says: ‘ For instance, NO, is the chromophor of 
nitraniline and nitrophenol, but nitrobenzene is 
the chromogen of these bodies. The different 
nitrodiphenylamines are all acids and dye-stuffs, 
and their tinctorial power increases witli the 
number of nitroxyls.’ In this connexion it is of 
interest to study the relation of the hydrocarbons 
to the more complex compounds which are 
colouring matters derived from them. 

If a source of light emits all luminous and 
invisible vibrations capable of being transmitted 
through 3 feet of air, a perfectly colourless sub- 
staiice will transmit ^cse rays without impairing 
their intensity. A coloured substance is one 
which absorbs rays at either end of the spectrum, 
or selects rays of a definite wave-length from the 
middle of the spectrum. Every fluorescent sub- 
stance is theremre coloured, benzene, ben- 
jendd hjdzooarboiisi jphenolsy and other d^ved 


I effect of vibrations taking placo within the mole- 
j cules of a substance, and those are dependent 
I upon the rate of vibration of the molecules 
j themselves, they are called in general' molecular 
vibrations.’ If, then, it be desired to convert a 
I substance such as benzene, the colour of which 
I is invisible, into a compound with a visible 
! colour, it is necessary to slacken its rate of 
I vibration so that the molecule will absorb rays 
! with oscillation-frequencies (inverse wave- 
lengths) occurring within the limits of visibility. 
That which ns called a chromogen is an in- 
visibly coloured substance, and that termed a 
chromophor is an atom or group of atoms capable 
of BO affecting the molecule as to reduce its rate 
of vibration, so that it absorbs rays within the 
limits of visibility. Under certain conditions of 
combination, nitrogen and oxygen are chromo- 
phors, hence aLo nitroxyl and hydroxyl ; that ia 
to say, they are themselves coloured either 
visibly or invisibly. When two benzene mole- 
cules are doubly linked by two nitrogen atoms, 
as in azobenzene, their mode of vibration is pro- 
foundly modified, and a brilliant, colour as low 
down in the scale as the yellow rap is the result* 
A similar modification takes place when two 
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replace two of hydrogen, aa in 
ipinone, w£ich is of a golden-yellow colonr. 
The effect of linking two or more benzene nuclei 
by carbon atoms has been aJready dealt with ; the 
coloars are not rendered visible, but the mole- 
oolar vibrations are greatly reduced in rapidity, 
and the amplitude of the vibrations is much in- 
creased. That is to say, the absorption bands 
are transferred to less refrangible rays, and with- 
stand a much larger amount of dilution. These 
modifications are both observed in the curve of 
benzene as modified in tripl.enylmethane. The 
vibrations of this radicle are reduced in rapidity 
in rosaniline hydrochloride, Hofmann’s violet, 
iodine green, and other such derivatives in which 
the carbon nucleus remains intact. 

There is a family likeness in the curves of 
azo-benzene, azo-naphthalene, chrysoldine, and 
other derivatives of these substances, which is 
quite in accordance with these observations. In 
short, in a general way, 'the change of colour 
effected by any given series of reactions nfiiy be 
predicted from r.n inspection of the curve of mole- 
cular vibrations of any benzenoid hydrocarbon. 

W. N. H. 
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OPTICAL METHODS.— Section 3; BOTA- 
TION OF THE PLANE OF POLABISATION 
OF LIGHT.— When a ray of plane polarised 
light is passed through a plate of quartz out at 
right angles to its optical axis, it is found that 
the plane of polarisation of the emergent ray is 
not coincident with that of the incident ray ; the 
angle through which the plane has been rotated 
is called the angle of rotation. If the rotation 
takes place in the same direction as that in 
which the hands of a watch move when the face 
of the watch is looked at, the quartz is said to 
show dextrorotatory power ; if the rotation is in 
the opposite direction, the quartz is said to show 
kevorotatory power. The symbol + is used to 
express dextrorotation, and the symbol — to ex- 
press Iffivorotation. Substances which rotate the 
plane of polarisation of a ray of light passed 
through them are said to be optically active. 

The polarimeter is an instrument wherein a 
ray of light can be polarised, the position of the 
plane determined, ^e ray passed through a de- 
terminate quantity of an optically active sub- 
stance, and thp position of the plane of the 
emergent ray determined. 

The anipe of rotation depends upon (1) the 
nature of the active substance, (2) the thidenea 
of the layer of tibe subatanee through whieb the 



pftiMfl, (3) the wavd-Iengih of the light 
Hied, and in most oases 14) the temperature. 

The composition of toe substance examined 
must then be known ; the length of the column 
of liquid used if the substance be liquid, or 
the thickness of the layer if the substance be a 
■olid, must be measured ; the temperature must 
be noted — observations ought to be made at a 
common temperature ; and monochromatic light 
should be employed. 

Suppose we are dealing with a liquid carbon 
compound. Let Z - length of column of liquid in 
decimetres, d - sp.gr. of liquid (referred to water), 
and a = angle of rotation of the plane of polari- 
sation of light of stated wave-length ; then 



The value of [a] is usually called the specific 
rotatory power of the substance. It is customary 
to indicate the light employed by placing a letter 
to express the wave-length below the bracket; 
thus [o]o means spec. rot. power for light of 
wave-length d. The spec. rot. power of a liquid 
as thus defined is the angle through which the 
plane of polarisation of a ray of light of stated 
wave-length is rotated by passing through a 
column one decimetre long of the liquid contain- 
ing one g. of the substance in 1 c.c. 

If a solid compound is to bo examined, it 
must bo dissolved in an optically inactive sol- 
vent. In this case Z » length of column of 
solution in decimetres, d = sp. gr. of solution, 
p ™ g. of optically active substance in 100 g. of 
solution; then, assuming that the solvent is 
without influence on the rotatory power of the 

dissolved substance, [a] = ques- 

tion as to the effect of an inactive solvent on 
the rotatory power of an active substance in 
solution will be examined later (p. 257). 

Connections between optical activity and 
eonstitntion. Landolt {Handbook of the Polari- 
scops, English trana.) has divided substances 
which rotate the plane of polarisation of a ray 
of light into three classdk : (1) those which are 
active only when in the form of crystals ; (2) those 
which are active only when liquid or in solution ; 
(8) those which are active both as crystals and 
also in solution or in the liquid state. The only 
substance at present known to belong to the 
third class is strychnine sulphate. The liquid 
crystals examined by Lehmann {Z. P» C. 4, 402 ; 
5, 427) probably belong to the first class. 

The optical activity of carbon compounds. 
All compoundswhich exhibit optical activity un- 
conneciicd with crystalline form— in other words, 
all compounds which are optically active when 
liquid or in solution— are compounds of carbon. 
Le Bel (BZ. [2] 22, 337) was the first (1874) to 
trace a definite connection between the optical 
activity and the constitution of carbon com- 
pounds. ^e was followed -by van’t Hoff (BZ. 
[2] 23, 295 [1875]). The subject has been much 
advanced by van’t Hoff in his pamphlet. La 
OMmie dans VEapacet and more especially by a 
ani^l book pnbliuied in 1887, Dix Annies dm 
VHisMrs d’tme Thiorie (translated into English 
^ l&ursb, and. published in 1891, entitled 
OkemUky in Space), 

The hypoOm La M Md lan’t Hoff 
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oonneots optical aetivlt j with the presence of one 
or more asymmekio atoms of carbon in the 
molecule of the active compound. An aspm, 
metric atom of carbon is one which is in direct 
combination with four different atoms or radicles, 
these atoms or radicles being arranged so that 
any three are similarly situated with regard to 
the fourth. The conception of the asymmetric 
atom carries with it the conception of the ar- 
rangement in space of the parts of the molecule. 
The asymmetric atom of carbon is supposed by 
van’t Hoff ^o be ^placed in the centre of a 
regular tetrahedron, and a different radicle is 
supposed to bo held by the carbon atom at each 
summit of the tetrahedron. Two forms of this 
arrangement may exist, and these forms are 
geometrically different. Neither is superposable 
on the other. They bear to one another the re- 
lation of an object to its image, or of the light 
hand to ihe^ left, as shown in the figure. 



This arrangement corresponds to the enantio^ 
morphous (uon-supcrposable) form of crystals. 
Ammonium malate, fur instance, crystallises in 
two non -superposable forms, which differ in 
exactly the same way as the molecules of two 
geometrical isomerides, each containing an 
asymmetric carbon atom and both having the 
composition are supposed to differ. 

If one of the isomerides rotates the 

plane of polarisation to the right, the other 
rotates to the left. If this hypothesis is to be 
accepted, every compound of carbon which is 
optically active must contain at least one asym- 
metric carbon atom. So far as investigation has 
gone, this deduction from the hypothesis has 
been confirmed (v. van’t Hoff, Dix Annies dc., 
31 ; Landolt, Handbook, 25 et seq.). Further, it 
has been found that compounds which do not 
themselves contain asymmetric carbon atoms are 
inactive, although they are derived from optically 
active compounds. 

There is no doubt that compounds exist 
which contain asymmetric carbon atoms but do 
not affect the plane of polarisation of a ray of 
light. At first sight this fact might be supposed 
to be irreconcileable with the -hypothesis ; but 
the recognition of the existence of inactive com- 
pounds containing asymmetric carbon atoms 
has led to a most ingenious and interesting de- 
velopment of the hypothesis. 

Some inactive compounds containing ami- 
metric carbon atoms can be separated e^ into 
two optically active isomerides, one of which is 
dextrorotatory and the other is lavorotatory. 
Some inactive compounds which contain 
metric carbon atoms cannot be separated into 
active isomerides. Bacemic acid, whieh can be 
resolved into dextrorotatory and Isvorotatory 
tartaric add, is an example of the first of these 
classes, called inoeftps rmMbk wmptmndsi 
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mesotftrtario sold, which cannot t>3 resolved Into 
active isomerides, is an example of the second 
clasSf called inactive non-resolvable com- 
pounds. 

Inactive resolvable compounds are said, in 
the language of vah’t Hoff’s hypothesis, to be in- 
active by external co7npensation ; inactive non- 
resolvable compounds are said to be inactive by 
internal compensation. 

To understand these expressions ^consider 
the formulae (B3B2R,)O.C’(R,RjU3) and 
(B3BsB,)C.C(B,B,R.j; an i^Ucised *0 represents 
an asymmetrical atom of carbon. Each formula 
contains two asymmetric carbon atoms, and both 
carbon atoms in either formula are united to the 
same radicles; in the first formula each C is 
united to the radicles B„ B^, R3, and C(R,R^JRa) ; in 
the second formula each G is united to the radicles 
B„ Bj, Rj, and C(R,Rj,R2). The structure repre- 
sented by one of these formulie is the reflected 
image of that represented by tl>e o‘ther : hence if 
one of these geometrically isomeric compouixis is 
dextrorotatory, ^le other will be hevorotatory, and 
both will rotate the plane of polarisation to the 
same degree. But if a compound were formed by 
the combination of equal numbers of molecules of 
these two geometrical isomerides, that compound 
would be inactive, for the tendency to right- 
handed rotation of one part of the compound 
molecule would bo exactly neutralised by the j 
equal tendency to left-handed rotation of the | 
other part. Moreover, if the inactive compound i 
were split into two compounds, one consisting of 
molecules of the form represented by the first of 
the above formulte, and the other of molecules of 
the form represented by the second formula, then 
each of these compounds would be optically ac- 
tive, and the compounds would be active in 
opposite directions. The hypothetical inactive 

compound 

to be inactive by external compensation. 

Racemic acid, which is optically inactive, can 
be resoked into dextrorotatory and hevorotatory 
tartaric acids. Both tartaric acids have the for- 
mula C,Hj(OH) 2(CO,,H)2 ; the hypothesis we are 
considering represents one of these acids as 
(H.OH.HOOC)C.C(COOH.On.II) ; and the other 
acid as (H.COOH.OH)C.C(OH.COOH.H) ; and 
the hypothesis represents racemic acid as made 
up of an equal number of molecules of the two 
active acids, and therefore as a substance which 
is inactiverby external compensation. 

But suppose the molecule of a compound 
contained two asymmetric carbon atoms, both 
united to the same radicles but having one half 
of the molecule the reflected image of the other, 
then the tendency to right-handed rotation be- 
longing to one part of this molecule would be 
neutralised by the tendency to left-handed rota- 
tion belonging to the other part of the molecule ; 
the molecule as a whole would be incapable of 
rotating the plane of polarised light, and the 
compound would be inactive by internal com- 
pensation. The general formula of such an in- 
active compound is (BB,B,)C7.0(B,B2B,). 

A compound of this type cannot be resolved 
into active isomerides, because a resolution into 
parts is only possible by splitting the molecule, 
removing one of the radicles, and so destroying 
the asymmetry of one, or both, of the atoms of 


carbon. Mesotartario acid, which is non-resolv* 
able, probably belongs to this class of com* 
pounds; it may have the formula 

(H.COOH.OH)C.C(COOH.OH.H). 

. The hypothesis therefore provides for the exis • 
tence of two classes of optically inactive com- 
pounds, both containing asymmetric carbon 
atoms ; the members of one class are resolvable 
into active isomerides, the members of the other 
class cannot be so resolved. 

Those compounds which contain in their 
molecules more than one asymmetric carbon 
atom, each of which atoms is united to the same 
radicles, whether these radicles are arranged in 
space in exactly the same way, relatively to each 
carbon atom, or not, are called by van’t Hoff 
symmetrical compounds ; and the term untym- 
metrical compounds is used to designate those 
which contain more than one asymmetric carbon 
atom each of which is united to different radi- 
cles. The typical formulas for symmetrical com- 
pounds containing two asymmetric carbon atoms 
are 

(R,R2R3)C.q(RAR,), (R,R3R2)(7.C(R,R2R.), Ac. 

The typical formula for an unsymmetrical 
compound containing two asymmetric carbon 
atoms is (R,RA)G.C(R,R,Rfl). 

Unsymmetrical compounds may be either 
active or inactive ; if inactive, they must be in- 
active by external compensation, and therefore 
they must be resolvable into pairs of active 
isomerides. Symmetrical compounds may be 
active or inactive ; if inactive, they may be in- 
active by external, or by internal, compensation, 
and therefore they may be either resolvable or 
not resolvable. 

An unsymmetrical compound containing n 
asymmetric carbon atoms may exist in 2" iso- 
meric forms, which will always be grouped in 
pairs, obe being dextrorotatory and the other 
Ifflvorotatory. A symmetrical compound con- 
taining n asymmetric carbon atoms may exhibit 
i2" active isomeric forms, grouped in pairs of 
opposite rotatory power, and may also exist in 

*2^ non-resolvable inaTstive modifications (van’t 
Hoff ; Dix Annies Ac., 54-6). 

There are three general methods for sepa- 
rating inactive resolvable bodies into their dex- 
trorotatory and IsBvorotatory isomerides. 

In the first method advantage is taken of the 
differences between the actions of certain minute 
organisms on the two active isomerides. The 
second method proceeds by treating the inactive 
compound with an active body with which one 
of the isomeric constituents of the inactive com- 
pound combines more readily than the other. 
The third method consists in separating the 
inactive body into two active isomerides by crys- 
tallisation at a definite temperature (van’t Hoff, 
Z.C. 63-69). 

Racemic acid, which is an inactive compound, 
can. be resolved into equal quantities of right- 
and left-handed tartaric acid by each of the 
three methods. Wheh penicillium is allowed to 
act on a dilute solution of ammonium racemate, 
loBvorotatory ammonium tartrate is found in the 
solution after a time, the dextrorotatory tartrate 
having been destroyed by the action of the or- 
ganism. When a quantity of active oinohonine 
Bufifleient to neatraUse half of a determinate 
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Qouiiilj of nooplf Mid* it added to a solution centre of figure of the tetrahedron. When the 
of the raeemio acid, crystals of levorotatory oin* molecule is asymmetric, the centre of gravity 
ehonine to^rate are obtained, and dextrorota- will not be situated on any one of the six planes 
tory tortaric acid remains in solution. When a of symmetry of the tetrahedron. So long as the 
solution of racemic acid is neutralised by soda, substitution of one radicle by another does not 
and another equal quantity is neutralised by move the centre of gravity of the molecule to the 
ammonia, and the solutions are mixed, and other side of one of the pianos of symmetry of 
evaporated at a temperature slightly below 28®, the tetrahedron, Guye supposes that the rotatory 
crystals of two forms are obtained ; one set of power is increased or diminished, but is not 
crystals is dextrorotatory, and the other is Itevo- change^in sign, by such substitution ; but that 
rotatory, sodium-ammonium tartrate. Vau’t a change of sign of the rotatory power aocom* 
Hoff {l.c. 69) has shown that sodium-ammonium panics a substitution which results in moving 
racemate is changed to a mixture of the active the centre of gravity of the molecule from one 
isomeric tartrates by heating the dry salt with side to the other side of one of the planes of 
water, in the ratio NaNn,.H,C40f..H.0:3H.p (the symmetry of thatelrahedron. Guye gives about 
salt crystallises with U^O), to a little under 27®, fifty cases to which he has applied his hypothesis 
and that the reverse change is effected by heat- successfully. The derivatives of tartaric acid 
ing the mixed tartrates to a little above 27®. afford tlie most comj)leto example. 

The changes may be represented thus— I Koplacement of the acidic hydrogen of tar. 

2{NaNH,.H*C,0..4H,0);t2(NaNH,.n,C,0 JI,0) + CH^O. 

• 

The racemate crystallises with B../), and the taric^acid by alcoholic radicles is accompanied 
tartrates with 4H.,0. Slight variations of tem- by increase of rotatory power, and the greater 
perature above or below 27® determine the dircc- the molecular weight of the replacing alkyl the 
tion in which the change shall occur. greater is the increase of rotatory power ; thus— 

The change of inactive sodium-ammonium Methyl tartrate [ajj>=» -f 2-14 

racemate to a mixture of the active tartrates, Ethyl „ 7*66 

and vice versd, is very similar to some changes Propyl „ 12-44 

which occur among inorganic compounds ; Isobutyl „ 13 87 

for instance, when a mixture of MgSO^JH^O Beplac(jment of the hydroxylic hydrogen of 
and Na^SO,.10IlnO is heated to a little above the acid by benzoyl moves the centre of gravity 
21®, it is changed to the double sulphate to the other side of the plane of symmetry which 
MgNaa(SOj,. 411,0, and water, and this double is situated between the COOII and OU groups • 
sulphate is resolved into the two single sulphates this replacement is accompanied by a change of 
at a little under 21°; these changes may be sign of the rotatory power. Put if the H of the 
represented thus COO^I group is now replaced by one alkyl group, 

MgS0,.7IL0 + Na,SO,.10H,O^MgNa,(SO,),.4H,O + 13H,0. 


Van’t Hoff calls the temperature which 
such u chemico-physical change as this occurs 
the transition-voint of the system (v. P. C. 
1,165,227). 

Extension of the hypothesis of vanH Ifojf 
and Le licl. The hypothesis of van’t Hoff and 
Le Bel connects the power of rotating the plane 
of polarisation of a ray of light primarily with 
the configuration of the parts of molecules, but 
it points to the formation of molecular aggregates, 
without change of molecular structure, as a cause 
of the disappearance of optical activity. Although 
optical activity is primarily dependent on tlie 
arrangement of the parts of certain molecules, 
and although we cannot assign a definite part of 
the total rotatory power of a molecule to each 
atom, or to each group of atoms which together 
form the molecule, nevertheless a consideration 
of the constitution of optically active compounds 
shows that the amount of the activity of any 
compound is dependent on the greater or less 
differences between the four radicles which are 
In direct union with the asymmetric carbon 
atom or atoms in the molecule of that compound. 
The greater the differences between the radicles 
the greater will be the asymmetry of the mole- 
cule, and, therefore, the greater will be the rota- 
tory power. An attempt has been made by 
P. A. Guye (0. H. 110, 714) to connect the degree 
of asymmet^ of the molecule of an optically 
active compound with the mass of each radicle, 
and the distance of its centre of gravity from the 


the centre of gravity is moved back towards the 
plane of symmetry already mentioned, and the 
rotatory power is diminished. Thus — 


Dibenzoyl tartaric acid - 117*7 
Methyl salt of „ 88-8 

Ethyl „ „ CO'O 

Isobutyl „ „ 42-0 


If acetyl is used in place of benzoyl the rota- 
tory power changes its sign, but the value of the 
lasvorotation of diacetyl tartaric acid is less than 
that of di benzoyl tartaric acid ; the replacement 
of acidic hydrogen in the diacetyl acid by alkyl 
radicles decrca.ses the rotatory power, and, as the 
alkyl radicles of largo molecular weight exert a 
greater effect than the acetyl group, and an effect 
in the opposite direction, the rotatory power 
again changes its sign. Thus ~ 

Diacetyl tartaric acid — 28*1 
Methyl salt of „ 14-3 

Ethyl „ „ + i-o 

Eropyl „ „ 6-5 

Isobutyl „ „ 10.3 

Crum Brown (Pr. E. 17, 181) has tried to 
connect the greater or less rotatory powers of 
different active compounds with differences 
between the constitutions of the substituting 
radicles. Crum Brown admits the influence of 
the masses of the radicles, but he tries to show 
that their constitution must also be taken into 
Mcount. If two methyl groups are introduced 
into dextrorot^ry tartaric acid, the salt thus 
obtained is still dextrorotatory \ in this 
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ifD OQ,OH zadides have been changed into two 
z^dea Od.O.OH,. If now this dknethyl tar- 
tmte it treated with acetyl chloride, a strongly 
llBTorotatory dimethyl diaoetyl-tartrate is ob- 
tained; in this change the OO.O.OH, groups 
remain, and two OH groups have been changed 
to two groups O.CO.CH,. In the first change, 
the introduction of the group GO.O.GH, for H 
altered the rotatory power but did not change its 
sign, in the second change the introdimtion of 
the group O.GO.GH, changed the sign of the 
rotatory power ; therefore, Crum Brown argues, 
ihe 'effect of the radicle O.CO.tlH, on the rotatory 
power is greater than the effect of the isomeric 
radicle CO.O.GH3. As the masses of these two 
radicles are the same, it is evident that the con- 
stitution of the substituting radicle affects the 
rotatory power of the compound. 

Thespecificrotatory powers of compounds often 
change more or less with small changes in certain 
physical conditions. Some active ladies become 
inactive by heating, and at another temperature 
the change is sometimes reversed. The values of 
. the rotatory po>^ers of active bodies dissolved in 
inactive solvents are dependent on the nature 
and the quantity of the solvent used (v. post, 
p. 267) ; the rotatory power of a solution some- 
times changes on keeping until a constant value 
is attained {v. Landolt’s Handbook of the Polari- 
scope, 62). This readiness to change shown by 
the rotatory powers of carbon compounds finds 
some explanation in van't Hoff’s hypothesis, and 
especially in the development of it made by 
Wislioenus. According to Wisliconus {Kiin. 
Sdchsischen Qes. der Mss. 14, 1) the arrange- 
ment of the four radicles attached to an asym- 
metric carbon atom is conditioned chiefly by the 
affinities of these radicles for one another in the 
sense that those radicles which have the greatest 
mutual affinity will tend to get as near as possible 
to one another ; but besides those configurations 
which are conffitioned by the affinities of the 
radicles, and which will be comparatively stable, 
other configurations will probably exist con- 
ditioned by the temperature and by the collisions 
of other molecules— for instance, the molecules 
of the solvent — and these arrangements will be 
relatively unstable. These unstable forms may 
be optic^y active, as they are only geometrically 
different from the stable forms, but their rotatory 
powers will probably differ from those of the 
stable forms. This way of looking at the ques- 
tion of optical activity enables us to connect the 
fact that active compounds easily undergo 
changes in the values of their rotatory powers 
with the conception which the hypothesis of 
van’t Hoff and Le Bel furnishes of the cause of 
optical activity. 

MoUcular rotatory power. The notion of 
molecular rotation, as the product of the specific 
rotation into the molecular weight of a substance, 
was introduced by Wilhelmy (P. 81, 627). Krecke 
(/. pr. [2] 6, 12) proposed to define molecular 

rotatory power as [w]» -^x 5 where 
100 l,a 

molecular weight of compound, and a, I, and d 
have the same meaning as before (p. 263) ; m 
is divided by 100 to Aviate the use of incon- 
n&ientlv large numbers. 

Kreoke endeavoured to genendise the rela- 


tions between the values of |mj[ ioz certain com- 
pounds and bodies derived from, or closely con- 
nected with, these compound. Some years 
before Erecke’s attempt, Mulder {Z. 1868. 68) 
put forward a 'Statement to lihe effect that opti- 
cally active compounds, contain certadn active 
radicles, which may be transferred to other active 
atomic aggregations, and the rotatory powers of 
the new bodies bear a simple relation to those of 
the original radicles. Krccke, on the basis of 
further experimental results, modified and ex- 
tended Mulder’s statement. Erecke announced 
two generalisations : 

(i.) ‘ When an optically active body forms a 
compound with an inactive body, or when it is 
altered by the action of chemical reagents, either 
the molecular rotatory power of the body is un- 
changed, or the molecular rotatory power of the 
new substance is a simple multiple of that of the 
parent substance.* 

' (ii.) ‘ The molecular rotatory powers of iso- 
merides are multiples of one and the same value.’ 

Most of Krecke’s values were obtained from 
measurements ^ substances in solution, and, as 
we shall see in another paragraph, the results of 
such measurements are trustworthy only in a 
few cases. Landolt (P. 6, 1073) made a careful 
examination of the rotatory powers of tartrates 
in solution ; he came to the conclusion that the 
value of [m] for tartrates containing a single 
atom of a monovalent metal is double the value 
of [m] for free tartaric acid, and that [m] for tar- 
trates containing two atoms of a monovalent 
metal is three times [w] for the free acid. In 
this case, Erecko’s first statement was confirmed. 

In 1885, Oudomans (v. P. B, 9, 635) arrived 
at the conclusion that the compounds of active 
bases with inactive acids, and also the com- 
pounds of active acids with inactive bases, follow 
the simnlo law that * the molecular rotatory 
power of a salt, in fairly dilute solution, is inde- 
pendent of the nature of the inactive pi^ of the 
salt.’ This result has been confirmed by the 
measurements of camphorates and tartrates 
made by Landolt, of salts of cholic acid by 
Hoppe-Seyler, of malates by Schneider {A. 207, 
286), and of camphorates by Hartmann IB. 21, 

224 

This result indicates that the rotatory powers 
of salts in solution are not affected, to anything 
like the extent that the rotatory powers of liquid 
compounds are affected, by the nature of the 
radicles which compose them. The rotatory 
power of a salt in solution approaches to being 
an additive property, whereas the rotatory power 
of a liquid compound is a constitutive property 
(c/. Ostwald, Lehrbuch, 1, 499 [2ad ed.]h 

Optical activities of bodies in solution. The 
specific rotatory power of an active substance in 
an inactive solvent has been defined (p. 263) as 

[a] » , where I -length of column of solu- 

I 

tion in decimetres, d - spec. grav. of the solution, 
and p-g. of active substance in 100 g. of 
the solution. This formula is expressed in more 


general terms as [a] , where n « g. of 

l.y.a. 

solution containing g g. of the substance; 
in this case, I 0 . 0 . of- the solution weighs 

and oontoini 0^ the active aabstanoe* 
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This fonnnla assomes that the rotatorypower 
of the dissolved active substance is not affected 
by the inactive solvent. In 1838 Biot {A. Ch. 
[3] 36, 257 ; cf. 59, 206) found that the rotatory 
power of tartaric acid in aqueous solution in- 
creased with increasing dilution ; that solutions, 
of equal concentration, of the same active sub- 
stance in different inactive solvents had differ- 
ent rotatory powers ; and that the same inactive 
solvent raised the rotatory powers of some active 
substances, and decreased t lie rotatory powers of j 
others. Kesults similar to those of Biot were ; 
obtained by Oudeniana (.'1. 166, 65; 182, 33), ! 
lioorvfeg {Maanblad voor Ahf«rH't7,3,12[1873j), ! 
and Hesse (.4. 176, 89, 189). I 

Landolt (.4. 180, 241 ; B. 21, 191 ; Handbook '■ 
of the l^olariscope, 80- 94) niiulc many observa- ; 
tions on tlic effect of inactive solvents on the , 
rotatory powers of active substances ; he came i 
to the conclusion that the specific rotatofy ; 
powers of such solutions are expressed by equa- ' 
tions of the following forms: [a]--^A + ]hj, or 

[a] '« A 4- B|/ + Cq^, or [u] - A -i- , where A, B, 

C + 2 ( 

and C are constants, and q is weight of active 
substance in lOU pts. of the solution. Which 
formula must be employed is discovered from 
the rc.sults of several observations made with 
Bolutionb of different concentrations in different 
solvent.^. In some cases the observed values of 
[al for liquid compounds agree with the values 
calculated from series of observations of a for 
solutions of the same compounds. Thus Landolt 
got the following results; — 


on the solubility in water of the salt used ; the 
greater the atomio weight of the metal, the 
greater was tbeoonoentration whereat the change 
began, and the greater was Iho difference from 
the normal state of the salt. Schneider {A. 207f 
257) found that the rotation of an aqueous solu- 
tion of malic acid was right-handed in concen- 
trated solutions, left-handed in dilute solutions, 
and at 34 p.c. was equal to zero. Those observa- 
tions, and others of a similar character, seem to 
me to show that observations of the rotatory 
powers of sSIutioiii of solid compounds cannot . 
be applied, at least not in all cases, to draw con- 
clusions concerning the connections between the 
rotatory powers and the chemical constitutions 
of the compounds themselves. There is un- 
doubtedly an action of some kind between the 
molecules of the active dissolved substance and 
the molecules of the inactive solvent. Molecular 
aggregates of Jjie solid substance may be broken 
down by the solvent, er tlio solvent may form a 
serioa of unstable compounds with the dissolved 
substance, or the solvent may bring about cliangea 
in the configuration of the atoms which form the 
molecule of the dissolved body, or the dissolved 
compound may be elcctrolytically dissociated into 
ions by the solvent. Some of these actions may 
occur in certain, cases, and others in other oases. 
The action of much water on active salts dis- 
.solved therein seems to consist in the electro- 
lytic dissociation of the salts into thoir ions. 

Magnetic rotatory power. Following ob- 
servations made in 1871 byA.de la Hive (/I. Ch. 
[41 15, 57), Bocquerel in 1877 (A. Ch. [4] 22, 5) 
made a number of measurements of the rota- 



[all, 

ob.'lTVCil 

[a] 

j, calciilaftHl fn'in observations on solutiori.H in I 


Active Bubstance 

(1) 

(2) 

(3) 

(-1) 

(») 

Max. dlff. 

i 


EtOU 

• 

MeUll 

]f.O 

0,1 r. 

AcOff 


Dextro- ethyl tartrate 

8-31 

8-27 

8-42 

8-09 



_ 

-•22 

Dextro- turpentine 

1415 

14-87 

— 

— 

— 

— 

■b-72 

Lcbvo- turpentine 

3701 

36-97 

— 

— 

30-97 

36-89 

-12 

Lmvo- nicotine 

1GP55 

l<:0-83 

— 

lCl-29 

— 

— 

-•72 


It is not possible to determine with certainty 
wliethcr the true values of [a] for solid com- 
pounds can be determined from observations on 
solutions of such compounds. In some cases the 
values obtained seem to apj)roach constancy 
when the solutions become very dilute; hut ac- 
cording to Pribrnm (B. B. 1887. 505; B, 20, 
1840), who used a very delicate method of 
measuring, [a] does not certainly attain final 
constant values in aqueou.s solutions of tartaric 
acid, nicotin, and cane sugar, even with very 
great dilution. H. von Soniienthal {Z. F. C. 9, 
656) detf.ermincd [a] for dilute aqueous solutionsof 
normal and acid tartrates of K, Na, Li, and N ; 
he found that [a] decreased as dilution increased, 
but that when the solutions became very dilute 
(c. *4 to *2 p.c. salt in solution) [a] began to in- 
crease as Elution still further increased. The 
conclusion come to by von Sonncnthal was, that 
a change in the state of the dissolved tartrates 
occurred when more water was added to the very 
dilate solutions; this change was supposed to 
be of the nature of dissociation. The dilution 
whereat the change occurred was found to depend 
on the nature of the metal of ihe tartrate, and 
Yoi^ lY 


tory powers of liquid substances, and of salts in 
solution. The subject was taken up by Perkin 
in 1882, since which time a series of memoirs 
by this invc.stigator has appeared (G. J. 46, 421 ; 
49, 777 ; 61, 808 ; 53, 561 ; 56, 680 ; 69, 981 ; 61, 
800). The methods employed in the measure- 
ments are based on the discovery which Faraday 
made in 1846 (T. 1846. 1), that mo.st transparent 
bodies acquire the power of rotating the plane of 
polarisation of aray of light when they are brought 
within the action of a magnet, or of an electric 
current which is made to pass round the body 
BO that its plane is at right angles to the direc- 
tion of the ray of light. Faraday showed that 
the amount of rotation is proportional to the 
strength of the current, or the intensity of the 
magnetic action, and to the length of the layer 
through which the light passes, and that it is 
dependent on the temperature and on the nature 
of the substance examined. Perkin has worked 
with liquid compounds and with solutions. The 
fluid to be examined was placed in a glass tube 
about 103 mm. long, and 9 mm. diameter, the 
ends of which were closed by circles of glass 
cemented on; the ends of the tube were let into 

b 
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the pole-pieces of a large electro-magnet. Sodlom 
light was employed by Perkin. (For a descrip- 
tion of the apparatus, and the various precautions 
and corrections, v. Torkin, G. J. 45, 421-446.) 
Perkin calculates his results so that the ob- 
served rotations of liquid compounds are referred 
to lengths of the liquids related to one another 
in the same proportion as the molecular weights 
of the gaseous compounds obtained by vapour- 
ising the liquids ; the results when thus cal- 
culated represent the magnetic rotatory powers 
of quantities of the varioasr.compo'tmds propor- 
tional to the weights of the gaseous molecules of 
these compounds. 

The molecular rotation of water is taken as 
unity. If r is the rotation of unit-length of liquid, 
and r' is the rotation of the same length of 

r 

water under the same conditions, then y is the 
specific rotation of the liquid ; an** 

M 

sp. rot. X is the molecular rotation, whore 


is not constant; the change from • norma] 
paraffin, CHg.nCH^.CH 3 , to the next higher iso- 
paraffin, GH(CH 3 ) 2 .nCH 2 .GH 3 , raises Mol. B. by 
1*023 + ‘105 ; in the change from a normal acid 
to the next higher iso- acid of the same series, 
GHj has a different value ; and so on. When Gl 
is substituted for H in a hydrocarbon the mol. 
rotatory power increases, but each Gl atom has 
a different value from the others. So with the 
replacement of H in a hydrocarbon by OH ; each 
on group has its own value, the effect on Mol. 
B. of the second OH being less than that of the 
first. So again with the group NO 3 ; the second 
NO 3 docs not increase Mol. B. so much as the 
first. 

The molecular rotatory powers of various 
homologous series of carbon compounds may be 
c-xpressed by the general formula 
(Mol. B.) = c + nl-02:i, wlierc n = number of 
atoms of C in the molecule of any stated com- 
pound in the series, and c is a constant for each 
series. Perkin gives the following table (0. J. 
45, 574):- 


Mol, It. of members of homologous series. 


Paraffins .... 



•508 + nl-023 

„ iso- . . • 


• »» 

*G21 


Alcohols . . . • 



*699 


„ iso- and see. • 



•844 


Oxides ...» 



•642 


„ iso- . . • 


• »» 

•032 


Aldehydes .... 



•261 

H 

„ iso- and ketones 



•375 


Acids .... 



•393 

»» 

„ iso- .... 



•509 


Fovruic ethereal salts (Et, and higher) . „ 

*495 

tt 

Acetic „ „ 


• H 

*370 


M l> M 


ISO- „ 

*485 

*» 

Methyl salts 


* i» 

*273 


Ethyl „ and higher salts 


• ' i> 

•337 


M •• 

so- • 

♦ tl 

•449 


Succinic methyl salts 


. C„H,,..,0, 

•093 

If 

„ ethyl „ • 


• » 

*196 


n M n iso- 


, ,, 

•422 

»f 

Chlorides .... 


. CJI,„„C1 

1-988 

II 

„ iso- and sec. • 


• u 

2-068 

If 

Bromides . . . • 

• • 

. C„H,,»nBr 

3-816 

II 

„ iso- and sec. • 

• • 

• 

3-924 

If 

Iodides ...» 

• • 

. G^lljn,)! 

8-011 

If 

„ iso- and sec. . • 

# • 

• »» 

8-099 

If 

Ethyl salts, unsaturated , 

• • 

. G„Ii2,_202 

1-461 

If 


M M molecular weight of substance, M' = molecular 
weight of water, and d = relative density of 
substance. The calculation may be expressed by 
r M 

one equation, thus ; (Mol. E.) 

About 200 compounds have been examined 
by Perkin, the observation of r being repeated five 
to ten times for each compound, and the specific 
gravity of each being determined with great 
care. 

Magyictio molecular rotatory powers of liquid 
earhon compounds. In strictly homologous 
normal series of carbon compounds, each in- 
crement of OH 3 produces a constant increase 
in molecular rotatory power, amounting to 
1*023. But when the addition of GH, is ac- 
companied by a change in the distribution of | 
the atomic iutoractions the change of Mol. B. 


These results indicate that the molecular 
rotatory power of a liquid carbon compound is 
not the sum of certain constant values belonging 
to each atom or atomic group, but that it 
depends, to some extent, on the arrangement of 
the atoms^which form the molecule. This result 
is confirmed by the outcome of attempts to 
assign values to the atomic rotatory powers of 
oxygen and carbon. The following data are 
given as examples of such attempts. 

The atomic rotatory power of hydrogen may 
be deduced thus: 

1 . Mol.B. G„H..„,, = Mol. but 

Mol. B. nGH2-<nl*b23. 

The value thus deduced for At. B. of 
*254. 

2. Mol. B. OmHmm tninus Mol. B. OnHtuM* 
At. B. ofH. 



VhatyKoLB. 0,H,«8'577 

Mol. B. C,H,j^^23-Mol. B. 0,H,4 
At. B.ofH» -254 2 

Now, At. R. of 0 = Mol. R. CII;j minus At. B. of 
H X 2 = 1*023- *508 « -616. 

By applying similar methods to the dat* for 
compounds of 0, the following results are 
obtained : 

At. R. of 0 in alcoholic OH = *194 
„ „ carboxylic Oil = *137 

„ „ „ CO -*201 

The At. R. of Cl varies according to the scries 
of compounds considered, and also as one or 
two atoms of II arc replaced by one or two atoms 
of Cl, according as the 11 replaced is in one part 
of the molecule or in another i)art, and so on. 
Two values are obtained for At. R. of N, accord- 
ing as the atom of N is directly connected with 
3 or 5 other atoms or groi.i])s. Tin* general con- 
clusion is that changes in the magnetic molecular 
rotatory powers of liquid carbon compounds are 
intimately connected with changes in molecular 
structure, so that any cause wliich alters this 
structure also alters the rotatory power. 

In C. J. 61, 800, Perkin gives an elaborate 
study of the constitution of ethyl aeetoaectato 
and allied compounds, which elucidates very 
clearly the connfctions between the constitution 
anti the magnetic rotatory powers of carbon 
compounds. 

^[Gl. II. of compounds in presence of v'ater. 
Perkin has used determinations of Mol. U. of 
certain compounds before and after addition of 
water, to throw liglit ou tlie question whether 
hydrates arc fornual by the action of water on 
these compounds (C. J. 49, 777 ; 51, 808 ; 55, 680). 
In nil measurements of Mol. R. the molecular 
rotatory power of water is taken as unity ; if 
therefore a coinj)ound is formed by the (tldition 
of water to another compound, the Mol. R. of 
the new compound might be ex]iected to be 
nearly equal to that of the original compound, 
plus one unit for each molecule of water added ; 
if the observed Mol. R. is distinctly loss than that 
calculated in this way, the ditlercnco may be 
explained by supposing that the formation of 
the new compound has been accompanied by a 
rearrangement of the atoms of the reacting mole- 
cules. 

The following are examples of the application 
of this method. In each case the compound and 


Compound and water 

Mol. R. observiMl 

HCO.HTI.O 

2*666 

ch,co,h.'h,o 

3*554 

CJ1,C0..1I.H,0 

.4*512 

H..S04.H„0 

3*188 

H,S04.2H,0 

4*113 


6-064 

HN0,.2*67H.,0 

8-fi56 

cci,.cho.h;o 

7-037 


water were mixed in the ratio shown by the 
formula given, and tiie Mol. R. of the product 
was determined ; the Mol. B. of the product was 
then calculated by adding one unit for each 
molecule H^O to the observed Mol, B. of the 
original compound without water. 

PerJew thinks when water is added to 
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formic, aeetio, and propionic acids in the ratio 
of equal molecules of water and acid, either a 
hydrate or a mixture is formed in each case ; but 
that when n.,S 04 and H^O react in about the 
ratio HaSO^iiip (or a little more H,0 than 
this), a rearrangement of atoms occurs with 
formation of a now compound of S, 0, and H 
(perhaps 80(011)4); and that reactions of this 
nature, involving rcarrangoment.s of atoms, also 
occur between HNO, and and CCl,.OHO 

and H ,0. 

The following da4a nro interpreted by Perkin 
to mean that a solution of Nil, in water, or in 
[ alcohol, * simply consists of the solvent and 
ammonia’ : 

Mol.R. NIIj + 21TT ,Oz.:J-91 
„ 2111.;0 = 2*1 
.. Nila 1*81 

Mol. U. NII3 f 218C.JI. 0 = 7-880 
„ 2*180, II„0 - 6-06 

• ' 1*826 

^fol. R. of acids and salts in aqueous sdtu- 
tions. Perkin (C. J. 55, 680 ; 59, 981) gives 
Mol. R. for llCl as 2*187. This is arrived at by 
linding values for At. R. of H and Cl from ob- 
servations of Mol. R. of various chlorides of 
alcoholic radiedes. By similar methods of cal- 
ciiUtion values for Mol. R. of lIBr and HI were 
obtained. The three results are ; 

Mol. R. nci =2*187 
„ HBr = 4*010 

„ HI =8*211 

The value for lICl was confirmed by measu- 
ring Mol. R. of liCl dissolved in isoamyl oxide ; 
the result was Mol. R. 1101 = 2*24. 

Values were then obtained for the three aoids 
in aqueous solutions. The numbers increased as 
dilution increased ; in any case they were much 
larger than the values obtained by the method 
slated above. The following table gives the 
minimum and maximum values for each acid : 


M 0 I.H. InaqmMuls ,, „ 

solutions. Ma.ximum. 

Minimum. 

HCl 

4*419 

4-045 


(15*63 p.c. IICl) 

(41*7 p.c. HCl) 

HBr 

K-519 

7-069 


(15-47 p.c. HBr) 

(65-99 p.c. HBr) 

HI 

18 451 

17-769 


(31-77 p.c. HI) 

(67-02 p.c. HI) 


Mol. R calculated for 

Diir. 

H.CO.,H-f- 1 = 2-671 

- *006 

CU.,C0,H + 1 = 3-525 

-f *029 

0,H,CO.,II -1-1 -4*462 

+ *06 

U,Sb4 1 = 3-315 

- *127 

-1-2. 5*188 

-1*076 

3 = 6*188 

-1*124 

UNO,-!- 2-67 = 3-85 

- *194 

CCl,.CHO-f 1 = 7*691 

- *654 


It is evident that the magnetic mol. rotatory 
powers of HCl, HBr, and HI in aqueous solu- 
tions are much greater than the values calcu- 
lated from those obtained for the same three 
acids from observations made with compounds 
of them with 0 and H ; in the case of HCl, the 
vftlue of Mol, B, in aqueous solution is muob 
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greater than the valae for the same compound 
m solution in isoamyl oxide. There must be an 
action of some kind between water and these 
three compounds. 

It has been shown already that addition of 
water to H.JSO 4 results in a value for the Mol. B. 
of the acid different from that observed for the 
pure acid itself ; but in this case addition of 
water reduces the Mol. B. of the acid. A similar 
reducing effect was noticed as accompanying the 
addition of water to HNO^. 

Perkin was unable to er.plain these results. 
Ostwald, however, has shown that they are in 
keeping with the electrolytic dissociation hypo- 
thesis (C. J. 60, 198). According to this hypo- 
thesis strong acids are dissociated in aqueous 
solutions into their ions. Aqueous solutions of 

+ — 

HCl, HBr, and HI, contain the ions II and Cl, 

+ - • + - ^ 

H and Br, and II and I^ each with its electric 

charge. The observed rotatory powers of itheso 
solutions, the value for the water con- 

tained in them, therefore represent the rotatory 
powers of these ions, and not of the compounds 
themselves; and the rotatory powers of these 
ions are considerably greater than those of the 
non-dissociated compounds. An aqueous solu- 
tion of HjSO^, or HNOa, must also contain dis- 
sociated, electrically charged, ions— according to 
the hypothesis ; but Perkin’s observations 
{ante, p. 269) show that the rotatory powers of 
the ions of tuese acids are slightly smaller than 
those of the acids themselves. 

Now, the hypothesis of electrolytic dissocia- 
tion asserts that the metallic salts of acids 
are dissociated into electrically charged ions in 
dilute aqueous solutions ; hence determinations 
of Mol. B. for aqueous solutions of metallic salts 
of HCl, HBr, HI, H,SO^, and HNO, ought to 
give results different from the values obtained 
for these salts themselves. But the values ob- 
tained for aqueous solutions of salts of HCl,H13i, 
and HI ought, on the whole, to bo greater than 
the calculated values, whereas the values ob- 
tained for salts of H.^SO, and HNO, ought, 
generally, to be slightly smaller than the calcu- 
lated values. This deduction is partly confirmed 
by Perkin’s results. 

The values of Mol.B. for NII^Cl is calculated 
by Perkin as follows (0. J. 66 , 743). The value 
for HCl is found from determinations of Mol. B. of 
alcoholic chlorides, which enable values to be 
found for H and Cl jn combination ; the value 
for NH, is taken as 1-818, which is the mean of 
the values found from observations on NH, in 
water and alcohol {afite, p. 269) ; the sum of the 
values for HCl and NH„ with the subtraction 
of * 6 , gives the calculated Mol. B. of NH,C1. The 
number *6 is taken from the sum of the values 
for HCl and NH, because observation has shown 
that this is about the difference between the 
values for N*** and N^ and in NH, the N atom 
is trivalent, while in NH^Cl it is supposed to 
be pentavalent. The values for the other salts of 
NH 4 are calculated in a similar way. Perkin’s 
results for Mol. B. of NHJ, NH^Br, and NH^I 
show that practically the same values are oL 
tained for solutions containing from c. 80 to c. 60 
p.o. of the salts. The results with the six salts 
were follows; 


— 

Calculated 

Observed, In 
aqueous sulu- 
tluiis 

Differences 

NH,C1 

4-305 

6-096 

-1- 1-791 

NH,Br 

6-096 

7-997 

-i- 1-901 

Nil, I 

8-149 

9-896 

4 1-747 

NH,NO, 

2-298 

2-320 

4 . -022 

NH,HSO, 

3-433 

8-455 

4 - -022 

(Nil,), 80* 

4-551 

4-980 

4 - -439 


With regard toNHiNO, and the two sulphates, it 
is to bo observed that the calculated values are 
found by adding the values for the acid and the 
base (NH,), then deducting -5 for the change of 
N“‘ to N'^, and then deducting *2 for the change 
from the free acid and base to the combination 
of these compounds ; now, '6 is merely an ap- 
proximate value for the change from to N'^, 
ahd 2 is also merely a rough approximation 
for the value of the process of combination of 
acid and base. As the differences between the 
observed and calculated values for NH^Cl, 
Nil, Hr, and NHJ are large, small errors in the 
method of calculating Mol. B, for these com- 
pounds do not materially affect the differences in 
question ; but as the differences arc small in the 
cases of the nitrate and sulphates, small errors in 
the method of calculating Mol. B.for these com- 
pounds do materially affect those differences. 
Moreover, the observations of Mol. B. of the 
nitrate and the sulphates of ammonium in 
aqueous solutions were made with a single solu- 
tion in each case (59‘7 p.c. NH,NO.„ C 6'6 p.c. 
NH^nSO„and 40 p.c. (NII,),SO,); hence it is 
not certain that the numbers set down as the 
values of Mol. B. of those compounds in aqueous 
solutions are the true values. 

Perhin has also (0. J. 69, 981) made mea- 
surements of the magnetic mol. rotatory powers 
of the ammonium salts of formic, acetic, and 
propionic acids in aqueous solutions, and com- 
pared the results with the values calculated. 
He gives the results as follows : 


— 

Obsomd, 
iu aijut^ous 
solutiua 

Calou- 

luted 

Dif. 

fcrcncca 

Ammonium formate 

3-363 

3-489 

i --126 

„ acetate ' 

4-247 

4-313 

-•096 

„ propionate 

5-259 

6-280 

-•021 


The interpretation which the electrolytic dis- 
Bociation hypothesis gives of these results is that, 
as in their aqueous solutions the salts examined 
are dissociated into their ions, and as the observed 
results are smaller than the calculated values, 
therefore the magnetic mol. rotations of the ions 
of HCO.,H, CH,CO.^, and C,H,CO,H are slightly 
less than the rotations of the acids themselves 
(v. Ostwald, Z, P. C. 9, 613 ; cf, Ostwald, C, /. 
69, 201 ). 

But it seems to mo that the numbers given 
by Perkin as the calculated values of Mol. B. for 
the three salts cannot be accepted as correct. 
For these values were found by adding the values 
of Mol. B. for the free acids to the vfUue for free 
NH, ; no deduction was made for the change of 
rotation accompanying the combination ol the 
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AcId sod ilie bssOf sod oo deduction was made 
for the change of N*” to N^. Either those 
values cannot bo accepted as the true values, or 
the values calculated for the salts of NH^ with 
the halogen acids, and with HNOj and II.,S04, 
are not correct [anie, p. 200). If the values of 
Mol. B. for the salts of formic acid &c. are cal- 
culated by the same method as was used in the 
cases of the other salts of ammoniina, then the 
results of this investigation are as follows : 


; Oh-crvoil 
; in iKpiODua 

1 w.ilutioii . 

Calc.U- ' 
Ifttcd 

t Dir. 

ferciioos 

Ammonium formate ! 3'3fi8 

2'7S9 

-J--574 

„ acetate ! 4*247 

3'tM3 

-f'fiOi 

„ propionate 5'259 

4-580 

■f679 


If these results are accepted, then the differ- 
erjees arr; much greater than those given by 
Terkin, and they are in the opposite direction. 

Measurements of the Mol. II. of formic, acetic, 
and propionic acid in fuiiu ous solution would 
enable the (piestion to be settled as to the elhct 
of water on these acids ; at present it seems that 
the magnetic rotations of the ions of the.se acid.s 
would be found to be greater than the rotations 
of the aciils tliem.selve.s. 

This eonedusion i.s confirmed by combining 
tlie results obtained by Perkin {C. J. 59,980) for 
Mol. H. of sodium salts of formic and other acids 
w'ith the value calculated by him for sodium 
(C. .7. i'rofi. 1890. 141). In the following tabic 
I have calculated the value.s for the salts as Per- 
kin caleulfitcd the vahus for NII^Cl, Nil, NO, 
d'c., by deducting -2 from the sum of Mol. B. of 
acid and At. K, of Na, and then further deduct- 
ing '254 for the loss of II : 



Oljsorved 
in aque- 
OU!< M)lu- 
tinii 

• 1 

Cal(>u- 

lated 

DilTor- 

cnccH 

Sodium formate . 

2-347 

1-775 

-f572 

„ acetate . 

3-281 

2-629 

•f'652 

„ propionate 

4-308 

3-566 

-f742 

H butyrate. 

5-332 

4-576 

+ -756 


In a more recent comm unicat ion (C. J. 09, 57 1 
Perkin gives the Mol. B.s of aqueous solutions of 
H-^SO^, HNOj, Na,.SO„ and LiNO, of varying 
degrees of concentration. His results show that 
the Mol. B.s of these solutions do not vary witli 
dilution in the same way as the electrical con- 
ductivities vary. The most dilute solution of 
examined by P. contained c. 9'2 p.c. 
II.SO4, the most dilute solution of HNO., 
contained c. 22*5 p.c. IINO3. Now it has been 
shown repeatedly, by Ostwald and others, that 
measurements of the conductivities of fairly cone, 
solutions of acids and salts cannot lead to just 
conclusions regarding the amount of electrolytic 
dissociation of the compounds in solution ; hence 
it is not to be expected that the amount of dis- 
sociation of R,S04 and ENO, should be calculable 
from the Mol. B.s of these compounds as deduced 
from observations on solutions so concentrated 
as those used by Perkin. What the observations 
of P. show is that the magnetio rotations of 
certain compoimds diverge from the calcn- 
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lated resnlts in all i^ses wherein electrolytic 
dissociation occurs. The laws which express 
the electric dissociation of compounds are to be 
deduced from the study of very dilute solutions, 
and as no measurements of magnetic rotations 
have yet been made for such solutions, it is not 
justifiable to draw' detailed quantitative conclu- 
sions concerning the electrolytic dissociations of 
compounds from the measurements of the mag- 
netic rotations of those compounds which P. 
has made. M. M. P. M. 

VIII. OSflOTia PBESSUBE, METHODS 
BASED ON ; n. Molkcuiaii wuioins, vol. iii. 
p. 418; and Elkctuical mi thous, this vol* 
p. 185. 

IX. PHOTOGIUPHIC METHODS ; v. 
PiioTOORArnio chemistry, this vol. p. 164. 

X. SPECIMC HEATS OK SOLIDS, 

METHODS BASED ON ; v. Atomic and Mole- 
criiAU w icioHTS, vol. i. p. 842. • 

XI. THERMAL METHODS. Dotormina- 
tioiii of tlie quantities of heat which are pro* 
du('cd,or whieli disappear, in chemical reactions 
lielp to elucidate the nature of these reactions. 
There arc tv\o sides to every chemical operation ; 
there is a change in tlio form or distribution of 
matter, and a change in the form or distribution 
of energy. Light is thrown on the second of 
those changes by thermo-chemical investigations, 
and the connections between the two parts of the 
complete occurrence, ami the mutual dei)cndence 
of both, are thus made cle arer. Thermo-chemical 
mctliods rest on the principle of the conservation 
of energy. When a chemical reaction occurs, boat 
may be. produced, electricity generated, mechani- 
cal work done by e-xpansion, and sound or radiant 
heat may leave the system ; the sum of these 
forms of energy, adde(i to the energy remaining 
in the system at the close of the reaction, must 
equal the energy originally present in the system 
at the moment when the change began. As a 
large i»art of the energy set free during any 
chemical reaction usually takes the form of heal, 
it follows that measurements of the heat pro- 
duced during the reaction must give information 
regarding the dilTi rcnces between the initial and 
final energies of the system. The primary aim 
of thermo-chemical mejisurcments is to deter- 
mine such energy -differences ; the secondary 
aim is to connect these differences with the dif- 
ferences of composition, constitution, and pro- 
perties which the reacting sy.stems undergo. 

The loss or gain of energy which accom- 
panies the pa.s.sagc of a system from one defined 
state to another is indcjjentlcnt of any inter- 
iniMliatc states through wliich the system may 
pass. This generalisation was proved experi- 
mentally for several cases, so far as heat energy 
Avas concerned, by Hess in 1840 (P. 60, 885) ; 
the generalisation may be deduced from the 
principles of energy. On this statement rest 
the methods for determining the thermal values 
of chemical changes when these values cannot 
be observed directly. 

Notation med in thermo-chetnhtnj. Thom 
sen’s notation is followed in this Dictionast; the 
formulsB of the reacting substances are taken to 
represent grams of these Buhstances—thus HCl 
means 36*5 g. of hydrogen chloride ; the formula 
are inclosed in a square bracket, and the figures 
representing the number of atoms of each ele- 



289' JfitSIOAL METHODS 

ment are placed above th|| symbols ; the react- 
ing substances are separated by a comma. The 
unit of heat is that quantity which raises the 
temperature of 1 g. of water at c. 18° through 1°. 
Ostwald, in his Lehrbuch der Allgemcinen 
Chemie, employs a unit almost exactly 100 
times greater than this, viz. the quantity of he.at 
given out by 1 g. of water in cooling from 100° 
to 0°. The Bjnnbol Aq means that a large quan- 
tity of water is present. Thus [1.1,01] - 22,000 
means that 22,000 gram-units of heat arc pro- 
duced when 1 g. H combines witlp 35-5 g. Cl; 
[H,Cl,Aq] - 30,000 means that 30,000 gram- 
units of heat are produced when 1 g. of H com- 
bines with 35'6 g. of Cl in presence of a largo 
quantity of water in which the HCl dissolves ; 
lHCl,Aq] = 17,320 means that 17,320 gram- 
units of heat are produced when 30*5 g. of HCl 
dissolve in a large quantity of water ; and 
[HClAq,KOHAq] = 13,700 means that the neu- 
tralisation of 30 6 g. IICl, disso^ed in much 
water, by 60 g. KOH, dissolved in much W8,t(!r, 
the products of^neutralisation being allowed to 
remain in solution, is accompanied by the pro- 
duction of 13,750 gram-units of heat. The 
symbol H^O is used as in ordinary notation to 
represent 18 g. of water; thus [As-0\3n"0] 
•*6,800 means that 0,800 gram-units of heat are 
produced during the formation of 281 g. HjAsO^ 
by the combination of 230 g. As.X)^ with 54 g. 
water ; and [As'-’O ’.3II.p,A(i] = - OOO' means that 
800 gram-units of heat disappear during the 
solution of 284 g. II^AsO^ in a large quantity of 
water. Thomsen’s notation does not indicate 
the products of the reaction, the thermal value 
of which is set down ; nor does it show tho 
physical states of tho reacting substances, or of 
the products of the reaction, except in the one 
case when the substances are dissolved in much 
water. Ostwald {Lehrbuch) uses the ordinary 
notation, and adds figures to express the quan- 
tities of heat which arc produced or disappear in 
the reactions; he employs ordinary type for 
liquids, thick type for solids, and italics for 
gases. Thus, J/, -h C/.. = 2.7/0/4-14,000 means 
that 44,000 gram-units of heat arc produced 
when 2 g. gaseous hydrogen combine with 
2 K 36*6 g. gaseous chlorine to form 2 x 30-5 g. 
gaseous hydrogen chloride; 

*4/fJ-t- 28 — 34,000 means that 34,000 gram- 
nnlts of heat disappear wlien 2 x 34 g. gaseous 
hydrogen sulphide react with 2 x 254 g. solid 
iodine to form 4 x 128 g. gaseous hydrogen iodide 
and 2 X 32g. solid sulphur; and 2H.,SAq 2IjAq 
« 4HIAq 28 + 34,000 means that 34,000 gram- 
units of heat are produced when 2 x 34 g. hydro- 
gen sulphide dissolved in much water react with 
9 X 254 g. iodine dissolved in much water, to form 
a dilute aqueous solution of 4 x 128 g. hydrogen 
iodide, and 2 x 32 g. solid sulphur. Ostwald 
Bometunes indicates the temperature by figures 
In brackets placed after the formula) of the sub- 
stances ; thus, + 1440 means that 

1440 gram-units of heat are produced when 18 g, 
liquid water at 0° become 18 g. solid water at the 
■ame temperature. 

hieasureinents of thermal vaVucs of chemical 
thanges. The quantities of heat produced during 
ahemioal processes are measured by causing the 
prooesaes to take place in vessels arranged so 


that the whole of the heat is used in raising the 
temperature of known masses of water, or of 
water and a solution the specific heat of which 
is known. When the process consists in a reaction 
between substances in aqueous solutions, the 
calorimeter employed usually consists of a vessel 
of platinum holding 500 to 1000 c.c. placed inside 
another vessel of silver, or thin sheet iron, with 
water between the two vessels. The reacting 
liquids are brought to the same temperature, and 
are then mixed in the platinum vessel, and the 
rise of temperature of the contents of this vessel 
is noted, any cljange in the temperature of the 
outside water being also measured. When the 
thermal value of a process of combustion is to 
! be determined, the combustion is caused to pro- 
' ceed in a vessel, usually made oi platinum, sur- 
rounded by a determinate quantity of water ; if 
j the products of combustion are gases, an appa- 
ratus is attached wherein thesegases are absorbed, 
and thus tho quantity of substance burnt is- 
determined.' 

To calculate the thermal value of a reaction, 
it is necessary to know tho initial temperatures of 
j the reacting bodies, the final temperatures of the 
products of reaction, tlie masses of tho reacting 
substances, the specific heat of water, the specific 
heat of the liquid formed by the reaction if the 
' reaction be one wherein a solution is produced, 
and tho water-equivalent of tho calorimeter. 
Tlie watcr-oqui valent of tho calorimeter must be 
determined ; it is equal to the number of unit- 
weights of water which would be raised to the 
same temperature as that to which tho calori- 
meter and its accessories— thermometer, stirrer, 
Ac.— are raised by the heat produced in the pro- 
cess. When dilute solutions of acids and alkalis, 
or similar compounds, react, the specific heat of 
the dilute salt-solutions produced may be taken 
j as ccpiah to the 8i)ecific heat oE the water they 
I contain, without appreciable errors, 
j Let Q bo the quantity of heat produced in a 
I reaction between two solutions ; let t be the 
: initial temperature of one solution, the initial 
temperature of the other solution, and T the 
j final temperature of the solution produced ; 

I further, let a be the calorimetric equivalent of 
one solution, i.e. mass x spec, heat, b the calori- 
metric cqiyvalent oi the other solution, and c the 
water-equivalent of the calorimeter ; then 
Q=(T-f)a■^(T-r)(6-^c). 

In the cases of dilute aqueous solutions, a and 
b represent the masses of water in the solutions 
mixed. If a change occurs in the state of aggre- 
gation of some of the constituents of the reacting 
system, e.g. if liquid water is formed from gaseous 
hydrogen and oxygen, the quantity of heat which 
is produced or disappears in this change must be 
taken into account in the calculation of the 
thermal value of tho reaction. If contraction or 
expansion occurs, without change of state, the 
thermal value of such contraction or expansion 
must be determined and allowed for.* 

Heats of combustion^ and of formation^ of com- 
pounds, The heat of combustion of an element 
or compound is the thermal value of the reaction 
which takes place when that element or oom- 

* For references to descriptions of oalorlmetrioal appa* 
rmtus V. Befertneet^ p. S68, 

* For methods of calculating Q at onetemperatore wbn 
It is known at another tempnatare^ a. H. 1, 60-78» 
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potmd is completely oxidised to those masses of To beg^ with : lei [H^BfiAq] « e, and let [H,Br] 
IheproductfOr products, of oxidation which are re* <=a;';directmeasiurementgives[HBr,Aq]=«19,900. 
presented by the formulae of these products. Thus 19,900 heat of formation of HBr. 
[H^O] = 68,360 ; [C0,0] - 67,960. In this Die- Hence it is necessary to determine a;. 

TiONiuT the quantities represented by formulas Now, the thermal values of the neutralisation 
are taken in grams. of HClAq and IIBrAq respectively by EOUAq 

The heat of formation of a compound is the are found to be the same, i.e. [KOHAq, HClAq] 
thermal value of the reaction whereby the for- = [KOlIAq.HBrAq], If these reactions are 
mula-weight of the compound is produced from analysed, the first is seen to consist in (1) the 
the formula- weights of its constituents. Thus, splitting of flClAq into H and Cl in presence 
the heat of formation of II.SO^ varies according of water ; (2) the separation of KOHAq into K, 
to the constituents from which it is produced; 0, and H in presence of water; (3) the com- 
we have the following statenients; [SO^ll'O] bination of K aiufCl, in presence of water, to 
= 21,320 ; [S0',0,II-0] = 53,480 ; [SO•^O^H^] j form KClAq ; (4) tho combination of II, H, and 
*=121,840 ; [S,0\n‘’0] == 124,560 ; [S,0‘,ir-'] 0, in presence of water, to form water; and the 

192,920. I second is similar to this, only putting Br in 

It is often practicable to measure heats of ; place of Cl. These reactions may bo stated in 
combustion directly ; but in very many cases it ; thcrmo-chemical notation thus ; 

(1) f KOHAq,HCl Aq] - - [K,0,H, Aq] - frT,Cl,Aq] + [K,C1, Aq] -f [11,11,0, Aq]; 

(2) [KOHAq, HBrAq] - - [K,0,II^A(!j-[H,Br,Aq] + [K,Br,Aq] + [ll,H,0,Aq]. 

Is necessary to determine heats of formation by ^ Tli^ first and fourth terms on the right side are 
indirect methods. These indirect methods rest the same, and the total thermal values are tho 
on the principle, deduced from the laws of energy, ' same. Are the values of the Sbeond and third 
that the total cliange of energy, and therefore terms the same ? To answer this question we 
the total thermal change, which accompanies the i pass Cl into KBrAq, forming KClAq and BrAq, 
passage of any system from a definite initial ; and measure the thermal disturbance ; we then 
coinposilion to a definite final composition is in- j analyse the reaction, and see what information 
dependent of the intermediate states. Suppose j it has afforded. Tliese are the results ; 
that a system changes from a certain arrangement j [KBrAq, CIJ ■= 11,500, 

or configuration A to another configuration B, and | i.e. — [K,Br,Aq] | K,Cl,Aql f [Br.Aq] « 11,600. 
that X units of heat arc produced in this cliango. j Now, [Br,Aq]-500, by direct mensuroment, 
Bupx)ose also that the same initial system then ' - [K,Br,Aq] + [K,Cl,A(i] 11,000, i.e. to form 

jiasses from tho state A to a new state a, from ! KCI, in solution, from K and 01 produces 11,000 
that to 6, from th.at to c,and, lastly, from that to ' units of heat more than to form KBr, in solu* , 
B, and that tliere arc x' units of heat produced tion, from K and Or. 

in the first of tliose intermediate changes, x" ; Now, tuniinf' back to cepmtions (1) and (2) 
units produced in the zcoond, and x'" units in tho above, and remembering that the thermal values • 
third; then x - (x' + x" + x'") gives the thermal of these are the same, it is evident that, since 
value of tho change from tho state c teethe state U,000 more heat-units are y*roduced in forming 
B. If then tho thermal value of a chemical pro- KClAq than in forming KBrAq, each from ita 
cess, whether the formation of a compound, or elements, 11,000 more licat-units must disap- 
other process, cannot be determined by direct pear in splitting up llCl.in presence of water, 
measurement, it may bo determined if the process into H and Cl, in presence of water, than in 
can bo made a portion of a scries of changes, tho . similarly separating HBr into H and Br in pro- 
total thermal value of which is measurable, and ' eence of water ; and therefore, since the heat 
the thermal values of all the portions of which | energy required to decompose a staled mass of a 
are measurable with the exception of the value , compound is equal to tho heat energy that is 
of that portion which is sought. ■ produced when tho same mass of that compound 

For instance, formic acid, Clip.;, cannot be is formed, 11,000 more heat-units will be pro- 
directly produced from C, H, and 0, and, there- duced in tho formation of HClAq from H, Cl, 
fore, the heat of formation of this acid cannot and Aq than in the formation of HBrAq from 
be determined by direct measurement ; but C H, Br, and A(( ; or, stated in thermo-chemical 
and H can be burnt to CO.^ and H.p, and CHHj notation : [H,Cl,Aq] - 11,000 = [II,Br,Aq]. Now 
can also be burnt to CO.^ and H.^O ; hence wo [H,CJ,Aq] = 39,300 by direct measurement, 
can acquire the data needed for calculating tho /. [H,Br,AqJ = 39,300 - 11,000“ 28,300. 
value of [C,H’,0’]. The data are these; [C,0 1 At the beginning of this calculation we had 
= 96,960 ; [H-,0] = 68,360 ; sum = 165,320 ; [H,Br,Aql - 19,900 = [H,Br]. Wo can now sub- 

[CH^O^O] = 65,900. Now, suppose that the first stituto the value of [H,Br,Aq], and write 
stage of the combustion of C and H.^ consists in [H,Br] = 28,300-19,900 = 8,400. That Is to say, 
the formation of CILO,, and tlmt this is then i 8,400 gram-units of lieat are produced when 81 
burnt to CO;^and IL,0, we should have the state- ' g. gaseous hydrogen ^romide are farmed from 1 
ment : [C,0*J + [H‘,0] = [C,H“,0^-f-[CII’0'‘,0] ' g. gaseous hydrogen and 80 g. gaseous bromine* 

= 165,320. But [CH -0^0] = 65,900 ; and also E.wthermic and endothermic reactioriB* 
[C,0*'] + [H'^0] - fCH '0-,0] = [C,H*,0^. Hence Chemical changes which are accompanied by pro- 
[0,H*,0^ = 165,320 -65,900 = 99,420. duction of heal are sometimes classed together 

Another example will show the application as exothermic reactions, and are distinguished 
of the principle to a more complicated case. It from changes accompanied by disappearance of 
Isrequiredtoflndtheheatof formation of gaseous beat, which changes are called endothermic re- 
hydrogen bromide from gaseoue H and Br, i.e. actions. The terms endothcnnic and exothermio 
iho thennal Tilne of the reaction H Br = ]^r. are sometimes useful. It should not be forgotten 
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that most chemical reactions consist of portions 
which are exothermic and portions which are 
endothermic. Substances which are formed with 
the disappearance of heat are generally more 
readily decomposed by the application of out- 
side forces than substances which are formed 
with the production of heat. 

Interpretation of thermo-chemical measure- 
ments. Thermo-chemical measurements aim at 
determining the quantities of heat which are 
produced or disappear during definite and defined 
chemical changes. But everj^chemieal change is 
inextricably bound up with more or less exten- 
sive physical changes ; hence some portion of the 
thermal value of a chemical occurrence is always 
due to a process which is not, strictly speak- 
ing, chemical. A purely chemical change is a 
change in the distributions, configurations, and 
motions of atoms. But in only some cases are 
we able to form clear conceptions as to the con- 
figurations and motions of atonfis; therefore, 
even if it were possible always to flisentangl^tho 
purely chemical from the accompanying physical 
arts of a chan^, we should still very frequently 
e unable to connect the thermal values of 
purely chemical processes, in a clear and definite 
way, with measurable changes in the distribu- 
tions, configurations, and motions of atoms. 

The heats of formation of HCl, HBr, and HI 
are said to bo 22,000, 8,440, and - G,050 gram- 
units respectively. But these thermal values 
are not strictly comparable, because the first re- 
pesents the heat produced in forming gaseous 
HOI from gaseous II and Cl ; the second repre- 
sents the heat produced in forming gaseous HBr 
from gaseous H and liquid Br, and the third re- 
presents the heat which disappears when gaseous 
HI is formed from gaseous H and solid I. In 
other words, more heat is used in the second 
change than in the first, and still more in the 
third than in the second, in accomplishing sub- 
sidiary physical changes. Steam is decomposed 
by chlorine, with formation of hydrogen chloride 
and oxygen. All the reacting substances are 
gases. This change, which is stated in forrauUo 
as 2H,0 + 201* -- 4HC1 + 0^, when analysed 
ttiermo-ohemically, is found to consist of four 
parts, thus : [2IHO,2Cr^J 

- ~2[H,H,0] - 2[C1,C1] + [0,0] + 4[H,C1]. 

We measure the thermal value of this complete 
change, but we cannot at present separate the 
portions of the change and assign to each its 
proper thermal equivalent; hence we cannot 
give a complete explanation of the thermo- 
chemical measurement wo have made. 

Notwithstanding these difiiculties, attempts 
have been made to generalise from thermo- 
chemical measurements to statements of uni- 
versal applicability. The most widely known of 
such attempts is that which finds expression in 
Berthelot’s ‘ law of maximum work.' * This so- 
called law asserts that ‘ Every chemical change 
accomplished without the oMition of energy 
from without tends to the formation of that body, 
or system of bodies, the production of which is 
accom^nied by the development of the maximum 
quantity of heat.' In another place Berthelot 
states’ the law more rigidly, thus : ‘ Every che- 
mical change which can be accomplished without 

' Mkanique Chimique, L 


the aid of a preUmmary action, or the addition 
of energy from without the system, necessarily 
occurs tf it is accompanied by disengagement of 
heat.' 

The same generalisation was stated by 
Thomsen (v. Th. 1, 12-16) some years before it 
was enunciated by Berthelot. Thomsen’s state- 
ment took this form ; ‘ Every simple or complex 
reaction ofapurely chemical kind is accompanied 
by production of heat.' None of these state- 
ments is strictly applicable to actually occurring 
chemical changes, because we never have to deal 
with reactions of a purely cliemical kind, but 
with reactions that are partly chemical and 
partly physical— that is, with reactions which 
consist in part in changes in the arrangement 
and motions of atoms, and partly in changes in 
the arrangement and motions of molecules. A 
consideration of the way in which the so-called 
law is applied, especially by Berthelot and his 
school, shows that it is taken to mean that 
measurements of the thermal values of various 
possible chemical changes enable us to predict 
which of these will occur. Thus, suppose wo 
start with a system A -t- B + C, and suppose that 
from this may be formed AB -f C, AC + B, or 
ABC; suppose also that x thermal units are 
produced in the first of these changes, x' thermal 
units in the second, and x’' thermal units in the 
third ; finally, suppose that >x'>x; then the 
law of maximum work is taken as asserting that 
the reaction A + B-<-C = AI{C will occur, and 
will occur to the complete, or almost complete, 
exclusion of the two other possible reactions. 

It is easy to show that many reactions are 
known to occur whic.li would be impossible were 
this ‘ law ’ a true generalisation. But it is better 
to treat the law as a deduction from the prin- 
ciples of energy, and to show that it is not a 
warrantable deduction. 

The statements made by Thomsen and Ber- 
tholot are true only when an arbitrary separa- 
tion is made of cliemical changes into two parts, 
and one of these parts is alone called chemical. 

' Every chemical change, however simple, consists 
of at least two parts, the first of which is the 
necessary antecedent of the second ; the ‘ law of 
maximum work’ ignores this duality, or, it 
might be more accurate to say, the law assumes 
that the second part of a chemical process may 
I occur without the first. A process of chemical 
' change may be compared to the flight of a stone 
! from, and its return to, the surface of the earth. 
During the first part of this process there is a 
continual transference of kinetic energy from 
the moving stone to the surrounding medium 
and during the second part there is a continual 
transference from the medium to the stone, until 
the stone comes to rest, when its energy becomes 
a part of the total energy of the system earth 
plus stone. If the final resting-place of the stone 
is nearer the centre of the earth than the spot 
from which it was projected in its upward flight, 
then the stone contains less energy, relatively to 
surrounding systems, at the close of the trans- 
action than at the beginning. On the other 
hand, if the starting-point is nearer the earth’s 
centre than the final point of rest, then the 
transaction has resulted in a gain of energy to 
the stone. In both oases the second part of the 
transaction, that which oconrs between the tanf 
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tflg poini and the coming to rest of the stone, is 
attended with loss of energy to the stone ; but 
this second part does not represent the complete 
transaction. The ‘law of maximum work,’ if 
applicable at all, is applicable only to the second 
part. And, moreover, this law ignores the fact 
that the stone, or chemical system, docs not 
leave its initial resting-place of its own accord ; 
the law assumes that no work need be done, no 
energy need be expended, in the passage of the 
stone, or chemical system, from its original posi- 
tion to that whereat the energy-relations between 
it and surrounding systems come within the 
cognisance of the law. 

The ‘ law of maximum work ’ asserts a certain 
condition of equilibrium for a chemical syshun, 
for the law states that equilibrium results when 
that change has occurred which is attended with 
the maximum production of heat. But the true 
condition of equilibrium of a material systiiin 
undergoing a reversible change is laid down in 
the statement that equilibrium results when the 
entropj of the system has attained the maxiinuin 
value under the conditions wliich prevail. 

Let Q = quantity of heat added to a body at 

constant temperature T, then ^ gain of entropy 
to the body ; let Q, = quantity of heat lost by a 
body at constant temperature T,, then = loss 

of entropy to the body. All chemical and physi- 
cal changes which occur spontaneously increase 
the entropy of the system. This statcnicnt holds 
good for non-reversible changes; and as no 
actually occurring change is completely rever- 
sible, the statement holds for all changes. 

Suppose that one of two bodies is hotter than 
the other and loses heat to the colder body ; the 
hotter body at teniporutiue T, loses, heat (i, 

therefore its entropy is diminished by ; the 
colder body at temperature T.^ gams heat Q, 
therefore its entropy is increased by ^ ; but as 


[ ance of heat, because the decrease in the entropy 
! of the system caused by the loss of heat will bo 
I more than balanced by the increase in the 
, entropy caused by the changes of state which 
I the system undergoes. 

• The general conception of chemical change 
! which is given by applying the law of entropy is 
‘ that of a sy.^tem attaining equilibrium as the 
result of processes taking place in opposite 
directions. According to van’tlloll {D}j7iamique 
Chimicjue.liui), the directions of chemical pro- 
cesses wliicTi resuk in eipulibriaui vary with 
i variations of temperainro in such a way that the 
I lower the icmpcratun- the more is equilibrium 
established with the piodiielion of heat, hut the 
I changes can take place wh<j!ly in one direction 
I only at the absolute zero. The, ‘law of maximum 
; wmk * would then hold good for the limiting 
ease that the change should ooeur at 
As the tonuj^'ratures at which most chemical 
changes occur arc not very high, many chomi- 
! cal ^iiocesscs arc accompanied by production of 
' heat. • 

j TJie ‘ law of maxinium work ’ is not, then, 
a law of nature. But it is true that most 
! chemical processes which occur without the 

■ expenditure of much energy from williout, and 

■ wliicli take place at moderate temperatures, are 
i accompanied by the disengagcuient of heat. If 
' it is known tliai a cerlain chemical change would 
j ho a( tended by the disappe.iraneo of much heat, 
j we may conclude tluit this change will he diflicult 
' to accomplish ; that it will be brought about only 

by the expenditure of a considerable quantity of 
energy, and that the most successful way of 
: ureomplishing the change will bo to make it 
one part of a scries of changes tlio sum of wliich 
' is attended with the dis<'ngagement of heat. 

I Applications of th«^rmo chcnucal methods. 

I The applications of thernio-ehernical motbods are 
many and varied. A few of the more important 
I will bo briefly dealt with here. 

I Neub’alisation of acuh aiui bancs. In 1842 
Hess stated the principle of the ULcruio-ncuiralitjf 


of salts in solutions (1\ .02,70). He said that when 


T,>T,, it follows that in other words, : aqueous solutions of two normal salts are mixed 

T, To j the thermal disturbance is ?wi*, m other words, 


the entropy of the system is increased by the 
passage of heat from the hotter to the colder 
body. 

Now, a system is in equilibrium when its 
entropy has attained the maximum value possible 
under the conditions. But, inasmuch as entropy 
is measured by a quantity of heat divided by a 
temperature, it is only at the absolute zero of 
temperature that = (S = entropy, Q™ 
quantity of heat) ; hence it is only at the abso- 
lute zero that thermal changes directly measure 
changes of entropy. When a chemical change 
is accompanied by the production of much heat, 
&nd the change occurs at a low temperature, the 
thermal change will roughly measure the change 
of entropy ; therefore, if such a change be pos- 
sible, it will occur. But if the quantity of heat 
produced in a chemical process is small, the 
change of entropy may be conditioned, to a large 
extent, by changes other than the thermal 
change. Indeed, in some cases, heat mav dis- 
appear from the system, and yet the total change 
of entropy mi^ be positiYe; in such oases, 
change will occur with the disappear- 


that the thermal value of the reactions consist- 
i ing in the exchange of the acids and bases is 
j equal to zero. Hess .supposed that the heats of 
. neutralisation of acids were independent of the 
' nature of the bases used. Andrews (P. 54, 208; 
‘ 50, 428) thought that the heats of neutralisation 
; were dependent only on the bases, and were 
indep.cndent of the nature of the acid employed. 
; I'avro a. Silbermann {A. Ch. [3] 31, 357 ; 30, 1 ; 

; 37, 40G) put the law of thermo-neutrality in its 
proper form by showing that the diflercnces be- 
tween the heats of neutralisation of any two 
bases by any acid have a constant value, and the 
' differences between tb^ heats of neutralisation 
* of two acids by any base are constant. Let the 
; composition of various salts bo represented by 
■ the scheme : 


A + B 

A' + B 

A" + B 

A'" + B 

A + B' 

A' + B' 

A" + B' 

A'" + B' 

A + B" 

A' + B" 

A"+B" 

A"' + B" 

A + B'" 

A' + B"' 

A" + B'" 

A'" + B'" 


And let /(A + B), /(A' f B), &c., represent the 
quantities of heat produced by the union of the 
odd A with the base B, the acid Af with the bosa 
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B, Ae, Then the law of thenno neutrality asserts 
that 

/(A + B) +/( A + B') -/(A + B') -/(A' + B) = 0 
or /A + B) -/(A +B') =/(A' + B) -/(A' . B') 
and/(A+B) -/(A' + B) -/(A +B0 -/(A' -f B') 

Exceptions have been found to this law, but 
these exceptions have all proved to be connected I 
with some abnormality in the behaviour of the 
salts formed. The law may bo stated by saying ! 
that, in the normal fonnation of a salt, in solu- 
tion, by the reaction between an acid and a base, 
the acid contributes a delinite,portioii' of the total 
heat of neutralisation, independently of the 
nature of the base, and the base contributes a 
definite portion of the total heat of neutralisa- 
tion, independently of the nature of the acid. 
If the statement is correct, then the heat of 
neutralisation of an acid, in solution, must bo 
independent of the nature of the base, and the 
heat of neutralisation of a base, in solution, must 
he independent of tho nature of tile acid, unless 
there be some divergence from tlio normal •H)n- 
dition of aiTaira.,, By tho heal of ncutmUsatUm 
of an aoid is meant the quaiility of heat produced 
when an equivalent weight of tho acid reacts 
with an equivalent weight of a base, both being 
in dilute aqueous solution. If M represents a 
formula-weiglit of a monobasic acid, k" a 
formula-weight of a dibasic, and A'" a formula- 
weight of a tribasic, acid ; and if B represents a 
formula-weight of a mono-acid base ; then the 
heats of neutralisation of tluiso three acids are 
the thermal values of the reactions, 

[A'Aq,BAq] ; [iA"A(],BAq] ; and 
[|;A'"Aq,BAq]. Sometimes it is more con' 
venient to take tho thermal values of the 
reactions [A"Aq,2BAq] and [A'"Aq,3BAq] to 
represent the heats of neutralisation of the 
dibasic and tribasic acids respectively. 

The following table, taken chiefly from 
Thomsen’s results, shows that the heats of 
neutralisation of the strong acids are prac- 
tically independent of the base, provided the 
base used is strong ; the numbers all refer to 
reactions between dilute solutions of tho acids 


Acid 

NH, 

NMe, 

NH,OH 

HCl 

12,200 

8,700 

9,200 

HNO, , 

12,800 




When weak acids neutralise strong basea,^ 
the thermal values differ from those obtained 
for strong acids ; and when weak acids neutralise 
weak bases the reactions have different values 
from any of the preceding cases. The following 
numbers illustrate this : 


^ I CO..Aq 

^ llli 


Naon jPaO-j r. 
htroiig bii-scsi 


10,100 

7,700 


10,000 

7,S(I0 


Nil, 

'ciik \)Aso 


8,400 

0,200 


and bases 

— 





1 before mixing 

Aoid 

NaOn 

KOII 

Lion 

non 

jnaO,ir, 

IC.'iO.H, 

iSroX 

jrt(NiT, 

HCl 

13,300 

13, 3(^0 

13,300 

13,300 

13,300 

13,300 

13,300 

13,6 

HBr 

13,300 

13,.100 

— 

— 

— 

— 

— 

— 

HI 

13,300 

13,300 


— 

— 

— 



— 1 

HNO, 

13,000 

1.1,800 


13,600 

14,000 

13,000 



_ 

HCIO, 

13,000 

13,6(K) 

— 

— 

1-1,000 

— 



— 

HBrO. 

13,000 

13,600 

— 

— 

— 






HIO, 

13,000 

13,000 

— 

— 

— 




— 

HOlO, 

14,000 

14,000 

— 

— 

— 

_ 

_ 

— 


13,000 



— 

13,800 

— 

— 

- 

a0^,J304 

isiooo 

- 

- 

- 

13,600 

- 

- 

- 


Tho electrolytic dissociation hypothesis gives 
an explanation of the facts concerning the 
thermo-chemical reactions between acids and 
bases. According to this hypothesis, a dilute 
aqueous solution of a salt contains the ions of 
the salt each with its electric charge ; the salt 
is dissociated into its ions; when two dilute 
salt solutions are mixed, the ions remain as they 
were, there is no change, and therefore heat is 
neither produced nor consumed. The law of 
thermo-neutrality holds. The hypothesis looks 
on a dilute aqueous solution of a strong acid, or 
a strong base, as containing the ions of tho acid 
or tho ions of tho base ; when tlie solutions of the 
.strong acid and strong base are mi,xed, a salt is 
not formed in the solution, because in dilute 
solutions salts are wholly dissociated, but water 
is formed by the union of tho ion H of the acid 
with tho ion OH of the base. Thus, the com- 
position of dilute solutions of HCl and NaOH, 
before and after mixing, are represented by the 
hypothesis as follows ; 

Na I- on + H + Cl and f Cl 4 HOH. 

After mixing 


If concentrated solutions are employed, the 
heats of neutralisation, even of the strong acids, 
show considerable differences with different 
bases. If the salt which is formed by neutral- 
ising an acid by a base is allowed to precipitate, 
then the apparent heat of neutralisation as thus 
determined is not the true heat of neutralisation 
(v. TJi. 1 , 440). The following numbers represent 
the heats of neutralisation of two strong acids 
by weak bases ; these numbers differ from one 
another, and also from the values given in the 
preceding tables in which strong acids and strong 
bases only were included: 


Or, generally, if M represent the positive ion of 
a strong base, and A the negative ion of a strong 
acid; we have the composition of the dilute 
aqueous solutions, before and after mixing, re- . 
presented by the two schemes ; 

+ + _ 

M-i-OH-l-H + A and M-i-A-fHOH 

before mixing after mixing 

Hence, as the only process wherein heat can 
be produced consists in all oases in the union 
of H with OH, the quantity of hwkt produced ia 
always the same. 
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Tho hypothesis asserts that HOH is pro- 
duced because water is a non-dissociable, or 
nearly a non-dissociable, compound ; pure water 
is, approximately, a non-electrolyte. 

But when a weak acid is mixed, in dilute 
aqueous solution, with a strong base, or when 
dilute solutions of a weak acid and a weak base 
are mixed, the processes are more complex ; for, 
according to the hypothesis, only a portion of 
the weak acid is dissociated into ions, and only 
a portion of the base is dissociated if the base 
is weak. In such cases the state of matters, 
before and after mixing, would be representu-d 
thus (supposing both acid and base to be 
weak)— 

HA + H + A-fM On + M + OH 

bt'forc mixing 

and HAf MOII + M + A + IlOn . 

after mixing 

But the process docs not necessarily stop here; 
there is a striving towards tlio formation of the 
comparatively non-olcctrolytic compound 110 If, 
therefore more of the acid and more of the base 
become dissociated, so that we have, as a linal 
condition, Jess or more of the acid ilA, and loss 
or more of the l)asc AIOII, lonainifjg in the 
solution. Tlie dissociation of the acid and the : 
base, when these are mixed, is accompanied by ! 
a thermal change •, and as Uie degree to wVucU 
this dissociation proceeds depends on the nature 
of the acid and the base, the values of the heats 
of neutralisation of weak acids and weak bases 
differ one from another (c/. Eleotuic.\l metuods, 
p. 189 in tliis vol.). 

If tins treatment of the heats of neutralisa- 
tion of acids and bases is accepted, it is evi- 
dent that the thermal values of th(f neutral- 
isations of acids by a base do not necessarily 
measure the affinities of these acids for that 
base. If the acids were all equally dissociated 
in solution, they would all be equally strong — 
or their affinities would bo equal— and their 
heats of neutralisation would bo equal. Tire 
statement Q = about 13,500 -t- A + B expresses 
the heat of neutralisation of any acid by any base 
in dilute aqueous solution. A represents the heat 
of dissociation of the acid, and B is the heat of 
dissociation of the base, into their ions ; A and 
B may be positive or negative at any speciJicd 
temperature. Under the conditions of tho ex- 
periment only a portion of the acid, or of the 
base, may be dissociated ; therefore the observed 
heat of neutralisation cannot measure the affi- 
nity of the acid for the base. But at the same 
time, it is evident that there is a connection be- 
tween the heats of neutralisation and the affini- 
ties of acids and bases. On the one hand, 
measurements of the thermal values of the re- 
• actions between acids and bases enable conolu- 
sions to be drawn as to the distribution of two 
acids between one base, or two bases between 
one acid, and such measurements therefore lead 
to determinations of the affinities of acids and 
bases (v. infra) ; on the other hand, although 
the affinity of an acid for a base probably con- 
sists in a striving towards eleotrioid eqailibriom 
among tha ions, yet, as eleotrioal and thermal 
jphanwnena are euMe^ connected, measaremeiits 
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of the heats of dissociation of acids and bases, in 
aqueous solutions, must help us to understand 
the relative affinities of acids and bases, to 
classify acids and bases in accordance with their 
affinities, and to connect the affinities of these 
substances with their constitution (cf. Electbical 
MET iions, especially pp. 208 and 209). 

Monobasic and polybasic acids. When an 
equivalent of a monobasic acid is added to an 
' equivalent of a base, both in dilute solutions, a 
■ coitain quantity of heat is produced, and there 
] is no fuitht^r thcwnal distui-bance on adding 
more of the acid to tho neutral solution; but 
heat is either produced or disappears when a 
polybasic acid is added to a solution of tlie same 
acid which has been neutralised by an equiva- 
lent quantity of a base. This behaviour enables 
a thermo-chemical distinction to be drawn be- 
tween monobasic and polybasic acids {cf. Acius, 
Basicity of, \^1. i. p, .51). 

Distrilmhmi of an acid hclwccn hoo hoses, 
Thomsen found the following data : 

[Ii*SO‘Aq,2Na01IAq] =-^31,380 ; 

[2HNO='A(i,2NaOI IAq] - 27,230 ; 

[Na*SO'A(i,2IINO.,Aq] = - 8 , .500. 

Now, supposing that the roae-tion of oipiivalent 
quantities of Na.^SO, and UNO.,, in dilute solu- 
lion, produced NaNO, and 1TS0„ and these 
compound.^ only, tlii.s reaction would bo attended 
by the disa]>pearanco of 31,880-27,230 -4,150 
thermal units ; but as only 3,500 Ihcvmal units 
i disappear in the Tcaetion, it is evident lliatsome 
1 change has occurred wherein heat has boon pro- 
I duced, or that the whole of tiie Na._jSO, has not 
j been changed to NuNO;, hy the reaction of the 
C(puvalcnt quantity of HNO^. If we suppose 
I that the discrupaucy in the quantity of lieat 
! consiinied is duo to the partial (Iccomposition 
of the NaBO^ by the UNO.,; in other words, if 
wc suppo.se that wlicn equivalent quantities of 
Na.^SO^ and UNO., react in solution, some of the 
i base remains united with tho 11,804 and some 
goes into combination with the HNO,„ and that 
j no other reaction occurs, it is easy to calculate 
I the di.stribution of tho base between the two 
j acids. For it is evident that, on this supposition, 

I il50“''^^^ quantity of Na^SO, present 

I has been decomposed. Thomson found that 
ILSO 4 reacts witii Na^HO, to form NallSO,, vvith 
disappearance of heat, lie also found that this 
reaction is expressed thermo-chomically by tho 
statement [nIi^80*Aq,Na‘SO*AqJ 

=» 31,380 3,300. These data give a means 

for calculating tho distribution of the base be- 
tween the two acids. The complete reaction be- 
tween equivalent quantities of Na .4804 and 
UNO, will consist of three parts : ( 1 ) the decom- 
position of a equivalents of Na.^ 804 , attended 
with tho disappeara^ico of a . 31,380 thermal 
units; ( 2 ) the formation of a equivalents of 
NaNOj, attended with the production of a . 27,280 
units of heat ; (3) the reaction of a equivolents 
of HjSOj with 1 -a equivalents of NogSO,, 
attended with the disappearance of 
a 

i-a 

■ ... ■■ ■ , 3^800 units of heat 

® i_ tQ 
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The complete thermo-chcmlcal change may bo 
ftated thus ; 

[Na*SO‘Aq,2HNO'’A(jJ= -3,500 
a 

1-a 

» a(27,230 - 31,380) - (1 - a) 3,300. 


Thomsen found that if a is hiken as the 
number —3550 is obtained, which is almost iden- 
tical witli the observed value. Hence Thomsen 
concluded tliat ^ of tho base, l^aOH, went to the 
nitric acid, and to the sulphuric acid ; or, that 
the aliinity of nitric acid for soda (Thomson used 
the term avidity) is twice as great as the aliinity 
of sulphuric acid for the same base. 

Tho relative aninities of various acids for 
different bases have been measured by Tliomsen 
by this method (u. Ai i- inity, vol. i. pp. 71-75). 

Allotropy and isomerism. The generally 
accepted views regarding the allotropy of (;}<;- 
rnents and the isoimnism of compounds would 
lead us to oxpebt that tho formation of one 
allotropic form of an clement from another 
form, or tho formation of one iaomeride from , 
another, should bo accompanied by changes of ! 
energy, and, therefore, probably by the produc- j 
tion or disappearance of lu'at. TJiis expectation i 
is confirmed by thermo-chemical measurements, j 
The following tables present some typical data : — 

Combustion of allotropic forms of sulpUiirt 
phosphorus, and carbon. 

[S,O'0 to form gaseous S(X 
71,220 lor S crystallised from CS^ 
71,720 „ rhombic H 

72,300 native opacpie S 

[P-iC^] to form solid l^O., 

300,000 for ordinary P 

302,800 „ red P 

[0,0'^ to form gaseous CO.^ 

90,000 for amorphous 0 
93,200 „ diamond 

Combustion of isomeric carbon compounds. 
[C'H«,0'»! to form GCO,-f 311,0 

787,900 for benzene 

883.200 ,, dipropargyl 

[C-H«0,0'‘] to form 2CO, -i 311,0 

330,400 for elhylic alcohol 

344.200 „ methylic ether 

[GHPO.O"] to form 3CO, -t 3H,0 

442.000 for allyl alcohol 

424.000 „ acetone 

420.000 „ propaldehyde 

These values, and many more might be given, 

ihow that tho quantity of heat produced in the 
change from the combination of a certain 
number of atoms to certain other oombiiia- 
fcions of these atoms is dependent, in part, on 
the arrangement of the atoms in the initial com- 
bination. Isomeric molecules dilicr in the ar- 
rangements of their parts ; and they also differ 
in the quantities of energy which are associated 
with the different atomic arrangements. 

The attempts which have been made, chiefly 
by Thomsen (u. Th. vol. iv.), to connect in a 
definite way the thermal values of the combus- 
Hon and formation of carbon compounds with 
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the constitutions of these compounds have not 
led, as yet, to any very satisfactory results {p. 
also Armstrong's criticism of some of Thomsen’s 
conclusions; F. M. Feb. 1887. 73). 

Dissociation . — This very important branch 
of the subject is fully discussed in the article 
Dissociation in vol. ii. pp, 385-410, 
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XII. VAPOUli-PBhhSSURES OF SOLU- 
TIO-NS, METHODS PASEI.) ON, v. Molecular 
WEiuHTS, vol. iii. p. 420 ; Electrical methods, 
this vol. p. 185; and Solutions, this vol. 

XHI. VISCOSITY OF LIQUIDS. A per 
feet fluid, if such e.xistcd, would offer no resist- 
ance to a change of shape, and if its parts were 
set in motion relatively to each other by the 
action of any forces, the work done would be 
exactly equal to tho kinetic energy produced. 
Moreover, this energy of motion would continue 
unchanged in amount if the fluid were then left 
I to itself, and would not die away by being con- 
! verted into heat as is the case with every known 
; fluid. The property which causes this subsidence 
of relative motion is called viscosity. In con- 
sequence of the existence of viscosity a continual 
expenditure of energy is required to maintain 
tho parts of a fluid in a state of steady motion 
relatively to each other, just as the existence of 
friction makes it necessary to apply a constant 
force to a body to keep it moving onifonnly over 
another. From this resemblance in the two 
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I the viscosity of a substance is often called | 
its internal friction. 

Imagine a layer of a liquid one cm. thick, [ 
contained between two Hat plates, one of which 
is at rest and the other is moving parallel to the 
first. The liquid in contact with the plate which 
is at rest is at rest also, and the successive layers 
have velocities which increase uniformly as we 
go towards the moving plate, so that the liquid 
is being sheared, and this requires a continual 
supply of work; which is proportional to the 
area and velocity of the moving plate. If this 
velocity is one cm. per second, tlie cocllicicnt of 
viscosity is defined as the tangential force whicdi 
must bo applied per sf^. cm. to the moving i>lalu 
to maintain the motion, or if the relative velocity 
of the two surfaces is i\ and their distance apart 
is I, the tangential force T per unit area required 

V 

to maintain the motion is given by whero 

7} is the coellicient of viscosity. 

From this definition it can be proved that if 
a circular plate or other solid of revolution he 
set vibrating about its axis of figure in a liquid, 
the amplitudes of successive vibrations will bear 
a constant ratio to each other, and the cxj»eri- 
incntal veriticalion of this is the best proof we 
have of the proiiortionality of the viscous forces 
to the relative velocity of the parts of the fluid. 

The coellicient of viscosity is regarded by 
Maxwell (P. M. [4] 35, 1:53) as being tlio product 
of two factors, a coellicient of elaslb-ity and a 
time of relaxation. If between tlie parallel 
plates spoken of above wo have an elastic solid 
without viscosity, instead of a liquid, the result 
of moving one of the plates parallel to the other 
will be to distort the solid, and give rise to a 
force or stress tending to restore it to its original 
shape, and this force will be proportional to the 
amount of distortion and to the coellicient of 
rigidity of the body. Now, if tlie body i.s a 
viscous substance like pitch, the stress will .soon 
die away, even though the surfaces be held in 
the new position, the molecules rearranging 
themselves so that this position becomes one of 
equilibrium. The time required for this to take 
place is what Maxwell called the time of relaxa- 
tion. For solids it may be very large, extending 
to several hours or oven days, but for ordinary 
liquids it is a small fraction of a second, while 
for a gas, such as air, Maxwell obtimated it at 
the fifty thousand millionth of a second. Tlie 
rate at which this internal stress is disappear- 
ing at any moment is proportional to tlie strain 
at that moment. If the upper surface is moved 
uniformly, relatively to the lower one, the strain 
will never disappear entirely, for, altliough the 
rearrangement of the molecules is continually 
going on audthe substance is tending towards 
its equilibrium state, the strain is being con- 
tinually set up again by the relative motion of 
the two surfaces we are considering, and the 
body will soon get into a steady state in which 
the rate whereat the strain is being produced is 
equal to the rate whereat it is dying away. The 
stress produced by this constant strain is the _ 
tangential force required to maintain the motion, ; 
and Maxwell proved that this stress is proper- | 
tional to the coefficient of rigidity of the substance ! 
to the time of relaxation, i 


For the determination of coefficients of 
viscosity, Coulomb and others allowed some 
solid of revolution, such as a circular plate or a 
sphere immersed in the fiuid, to vibrato about 
its axis of figure, and observed the ratios of the 
amplitudes of consecutive vibrations, from which 
the coellicient can be calculated. 0. Fi. Meyer 
( W, 43, 1) modified the method by hanging a fiat 
cylindrical box by a bililar siisixuision, filling it 
with liquid, and observing the rate at which the 
vibrations died away. Tliis method has been 
used by M^itzel (p'. 43, 15), and is capable of 
considorahlo accuracy. Fur absolute measure- 
ments it has some advanliigos in the fact that 
the lengths to bo nioasuved are nut very small; 
hut in most cases only relative values are re- 
quired, and for oblaining llieso the transpiration 
method described below is preferalile, as it is 
more readily applied, requires a smaller quantity 
of material, aiul lends ilself better to accurate 
adjustment iff teuipi'ratiire. 

*In the common form of the experiment the 
liquid is caused to How tlirongli a capillary tube 
in consequence of a constant JTilTiirence of pres- 
sure, 1*, between the eniks, and the time, /, is ob- 
.served whieli is required for a voJnino, v, to flow 
through the tube ; then the coellicient of vis- 
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Cosily, Tj, is given by tlic equation 


where r is the radius and I is the length of the 
tube. Hence tlio coellicicnls for two liquids will 
1)0 in tlie ratio of the times required for the out- 
flow of tlic same volume with tlie same dilTcrence 
of pressure. If the liquid flows tlirough the 
tuliu in consequence of its own weight, F will bo 
proportional to its specific gravity, and the co- 
ellieients of viscosity will bo proportional to tho 
product of Bpeeilic gravity and time of flow. 

Tho formula given above ussumos tliat the 
work done by the pressure is entirely converted 
into heat inside tho tube, or, in other words, that 
tho liquid flows out without any appreciable 
kinetic energy. If tlie tube is very long and 
narrow tliis may be taken to bo the case, but 
generally a simill correction has to be applied 
for the energy of tho issuing fluid. The form of 
lliis correction is doubtful. Hagen bach (P. lOU, 
3b5) has given a formula which has been largely 
used, but Wilberforce M, 181)1. 407) has 
pointed out an error in liis a.ssumpfions which 
makes tho correction probably too small. 

The coellicient of viscosity falls off very 
rapidly with rise of temperature, tho average 
rate of fall for water betwe.en 0^ and 10® being 
nearly 3 p.c. per degree, which shows tho neces- 
sity for very accurate adjustment of the tempera- 
ture during an experiment. 

Using Maxwell’s conception of tho nature of 
viscosity, and making certain assumptions as to 
the way in which the rigidity and the time of 
relaxation vary with the temperature, Graetz {W. 

24, 25) deduced the formula tj** A where 

t, is some lov, temperature at which v is infinite, 
and to is the critical temperature. The formula 
expresses the facts very well over a moderate 
range, but, as we might as reasonably assume 
the connection between v and t as between the 
time of relaxation and /, it can only be regarded 
9S empirical. 
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Bxteniive observations of the visoosity-oo- 1 
efficients of organic liquids have been made by 
Graham (T, 1861), Rellstab (Inaug. Diss. Bonn^ 
1868), Guerout (0. B. 81, 1025 ; 88, 1291), Pri- ’ 
bram a. Handl {Sitz. W. 1878 and 1879), and 
Gartenmeister {Z. P. C. 6, 524) ; but few laws 
have been observed beyond qualitative relations 
applicable to small classes of compounds. In 
general the viscosity increases with the molecular 
weight, but formic acid is an exception, as it is 
more viscous than acetic acid. Isomeric esters 
have nearly the same viscosities, tlfat with the 
higher alcohol radicle having the greater. Normal 
compounds are generally more viscous than the 
corresponding iso- compounds, but the propyl 
halogen compounds, and a few others, form ex- 
ceptions. At high temperatures these differences 
are less marked than at lower ones, rise of tem- 
perature tending to efface the distinction between 
normal and iso- compounds. Pribram a. Handl 
endeavoured to find the conditions of tempera- 
ture under which the results are comparablcpby 
determining the^ coellicients of vi.sco.sity of a 
number of liquids at various temperature.s up to 
60®. Taking the series PrCl, KllJr, PrBr, Ell, 
and PrI, they plotted the curve connecting vis- 
cosity with molecular weight, and found that 
while at the lower temperatures it was distinctly 
curved it got gradually Hatter with rise of tem- 
perature, till at 50'^ it was almost a straight line, 
showing that at this temperature the increase of 
viscosity is proportional to the increase of mole- 
cular weight, whether this be due to the intro- 
duction of Cli. or of a halogen. 

Though sulphuric acid Ls much more viscous i 
than water, the first effect of adding water to it j 
is, as Graham showed, to increase its viscosity, ' 
and this continues till 18 p.c. of water has been ! 
added, when a maximum is reached, and farther 
addition of water causes a rapid diminution of 
viscosity. The mixture with maximum vis- I 
oosity corresponds to the proportions given by j 
the formula and there is a maximum j 

in the electrical resistance near the same point. 
Similar relations are shown by nitric and acetio 
acids. For mixtures of alcohol and water Gra- 
ham showed that tho particular proportion of 
the constituents which gives the greatest con- 
traction has maximum viscosity, and Traubo [B. 
19, 871) showed further that aqueous solutions 
of most alcohols and acids of the fatty scries 
have maxima which occur at different concen- 
trations according to temperature. 

Arrhenius {Z. P. C. 1, 285) has investigated 
the relation between tho concentration of a solu- 
tion and its viscosity ; he finds that for indif- 
ferent substances the exponential formula 
n *= A'*®B* expresses the results, where v is tho 
viscosity, x the proportion by volume of the dis- 
iolved substance, and 1 -£c that of the solvent, so 
that A is the viscosity of the pure solvent, and 
B is a constant for the dissolved aubstanoe which 
is independent of the concentration up to about 
10 p.c. As tho solvent is usually water, and its 
viscosity is taken as the unit in comparative 
measurements, the formula can be written in the 
form ij«B*. In every case investigated by 
Arrhenius B proved to be greater than unity, 
showing that the viscosity of water is increased 
by the addition of a small quantity of an indif- 


nSEI$ IN OHBUJSZBT. 

ferent substance. The same is generally true of 
salts, but not quite invariably so. A viscous fluid 
like glycerin has less effect than ether has ; there 
seems, in fact, to be no relation between the 
value of B hnd the viscosity of the dissolved 
substance alone. 

The latest and most comprehensive deter- 
minations of the viscosities of salt solutions are 
I by Reyher {Z. P. G. 2, 744), Wagner {Z. P. C. 

I 6, 31), and Lauonstein {Z, P. C. 9, 417). The 

I formula of Arrhenius in the form tj =. A*, where 
I X is now the number of gram-molecules in a litre 
I of solution, or A is the viscosity of a normal 
' solution, is found to hold moderately well, but 
I for many salts of acids of the aromatic series it 
' shows divergences if the strengths of the solii- 
: tions are greater than half normal. 

! Wagner worked with sulphates, nitrates, and 
■ chlpiidesof metals, and found that the viscosities 
* of solutions of equivalent quantities of the various 
, salts are additive quantities, the part which the 
base or tho acid contributes being approximately 
! constant. A further relation is sliown by tabu- 
: latiug the viscosities of normal solutions of the 
j chlorides arranged according to tho periodic law, 

I when the coellicionts are found to diminish in 
any group as the molecular weight increases, 
i From this arrangement it would seem that copper 
i and manganese .should bo pul in the eighth group, 
for their cocilieients are almost exactly equal to 
those of nickel and cobalt. 

Reyher determined the viscosities of a number 
of nci<l3 and their sodium salts, and found they 
could be divided into two classes. The strong 
mineral acid.s have viscosities about 8 p.c. less 
than those of the sodium salts, while the weaker 
mineral acids and organic acids have coefficients 
from 20 to 80 p.c. less. 

1 lauertitein has found the viscosity-coefficients 
of solutions of the sodium salt.s of many organic 
acids. In the fatly series he found that substitu- 
tion of ClI, for H increases the viscosity, while 
the replacement of H by COOH or OH diminishes 
it. Tlie change from succinic to maleio acid 
diminishes the viscosity, but if wo remove two 
more atoms of hydrogen, giving acetylene di- 
carhoxylic acid, wo get a large increase. 

In the aromatic scries the results are less 
regular. Introduction of a carboxyl group into 
tho ring still diminishes the viscosity, and this 
diminution is greater in the para- position than 
in tho meta-, and greater in tho meta- than in 
theortho- ; thus tho viscosity diminishes regularly 
! in the series shown by the formulae at the top 
of p. 271. 

According to the usual theory, the electricity 
I which constitutes the current in an electrolyte 
I is carried by charged ions, and it might be ex- 
I pected that the conductivity would be greater 
the more easily these ions were able to move 
along under the influence of the electromotive 
force— that is to say, the less the frictional re- 
sistance they had to overcome. On this account 
Wiedemann thought there would prove to be a 
connection between the viscosities and oonduo- 
tivities of solutions. Some experiments which he 
made seemed to point to the conductivity being 
Inversely proportional to the viscosity, but though 
this was found at a later time to hold only in a 
few special cases, it has been shotm that there is 
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With other replacing groups we have the following series, 
each being arranged in order of diminishing viscosity : — 

l;3 CACOONa, 1:4 O.H,<“ cf® 

1:4 CA<^ 0^“. CACOONa, 1:3 CA<^ Olf 01^* 

1.0 P TT ^COONa 1 . n TT /COONa « „ i o r< it /COONa 

1:2CJI,<; ,1:4 0JI4<; qjj . C,H,.COONa, 1:3 . 


undoubtedly a close connection between the two 
properties. 

This connection is shown very clearly by the 
work of Grotrian (P. 157, 130. 237 ; 100. 233), 
who determined the proportional rate of change 
with temperature of the viscosity and conduc- 
tivity of salt solutions for various concentrations — 
that is, he calculated from his observations the 


values of and ] where / is the coefli- 
j Uft Jc dt 

cient of viscosity and k is the electrical conduc- 
tivity, and found that though not equal they 
always vary in the same way with the concen- 
tration. If curves bo drawn with the values of 
these coelUcients at a fixed temperature for 
ordinates, and the concentrations for abscissae, 
W. N. Shaw {Cavib. Phil. Proc. 7, 21) has shown 
that the two curves run almost exactly parallel, 
any peculiarities in the shape of one being re- 
peated in the other. 

That the conductivity is not dependent on 
the viscosity alone is shown by the fact that if 
we add to an electrolyte such quantities of dif- 
ferent non-conductors, as alcohol, sugar, gly- 
cerin, Ac., as increase the viscosity by the same 
amount, the conductivity will generally be affected 
differently by the different substances. Arrhenius 
{2. P. 0. 9, 495) has investigated this effect at 
some length. He finds that the conductivity can 


be 


expressed by the equation : I = 



where is the conductivity of the electrolyte 
alone, and I that which it lias when x p.c. of the 
water is replaced by a non-conductor. Thus o 
may be taken as defining the change in the con- 
ductivity. The change in the visco.sity of the 
electrolyte on tlie addition of 1 p.c. of non-con- 
ductor is the same as the change would be with 
water alone, and is hence equal to A - 1, where 
A is the constant of the formula /i =' A'. 

On tabulating the values of 1000a and 
1000 (A-1) for a number of different salt solu- 
tions and non-conductors, it appears that the 
equatirn, 1000 a = c-t- 1000 c'(A- 1) holds as a 
first approximation, and the electrolytes fall into 
four classes, for the members of any one of 
which the constants c and c' are the same. 
These classes are : 


(1) Solutions of strong acids and ba.ses; 

(2) Solutions of salts of the type KCl ; 

(3) K^SO^; 

(4) „ „ „ BaClj. 

Arrhenius considers the relation not to be exact, 
but thinks it should include a term depending on 
the degree of dissociation, which can be neglected 
only in the cases of the more completely dis- 
looiated falt«. W. 0. 


XIV. VOLUME-CHANGES, METHODS 
BASED ON, V. Voi.uMKS, spkcii’ic; this vol. 

PHYSODIN C,,H,.,0,. [125^]. Extracted by 
ether from the dried lichen Parmdia 'physodcs 
(or Ceralopliylhi] and crystallised from alcohol 
(Gerding, N. Br. Arch. 37, 1). Mass of r jinute 
prisms, insol. water. Eonns a yellow solution 
inKOlIAq. _ 

PHYSOSTIOMINE v. Eserinr. 

PHYT0.ALBUM03E8 v. raornins. 

PHYTOLACCIC ACID. Ocoiirs as K salt in 

the Poke Berry, the fruit of Phytolacca decandra 
(Terreil, C. It. 91, 350 ; cf. Claesson, Ph. [3] 10, 
50G). Extracted by dilute alcoliol. Yellowish- 
brown resin. 

PHYTOSTEKIN v. vol.ii. p. 140. 

PHYTO-VITELLIN v. PhoteIds. 

PIAZTHIOLE 0Jl4<^>S. [44°J. (200°). 

Formed by heating o-p)icnyleno-diamine with 
a<iueous SO.^ at 190^’ (Jlinsberg, B. 22, 2899). 
Colourless crystals, al. sol. hot water. Feeble 
base, lloduced by tin and HCl to o phouylene- 
diamine. 

ife/’cr<’ncc.--Mi5Tiivn-T>iAZTmoLR. 

PICENE CJi,,. [345'-^ cor.J. (520°). V.D. 
9-8 (obs.). Occurs in the highest boiling por- 
tions of brown-coal tar (Burg, B. 13, 183H, and 
in the residues of Californian petroleum (Graebe 
a. AValter, B. 14, 175). Appears also to be 
formed by the action of ethylene bromide and 
AlCl, on naphthalene (Lospeau, Jil. [3] 6, 238), 
White plates with blue fluorescence, insol. alco- 
hol and ether, nol. boiling solvent naphtha 
(150°-170°). On oxidation with CrO, it yields 
picoquinono CygHijO;;, which crystallises from 
HOAc as a dark orange-red powder, sublimes in 
red needles, and forms a gre^en solution in pure 
H,S 04 . 

Di-bromo-picene 0,,^HijBra. [206°J. Needles, 
(from xylene), insol. alcoliol. 

Picene hydrides C^.Hj, (over 300°) and 
C.Jlja [175°j (over 300 ) aro got by heating 
picene with HIAq and red 1* at 250° (Lieber- 
mann a. Spiegel, B. 22, 781). C^alis 4 liquid. 

PICHUBIN OIL contains the glyceryl ether 
of lauric acid (Sthainer, A. 53, 390). 

PICOLINE V. MEiTiyL-PYiimiNB. 

PICOLINIC ACID V. Pyridine cabboztlio 

ACID. 

Dipicolinio acid v. Pyridine dicarboxylio 

ACID. 

DIFICOLYL V, Di-mbthyl-dipybidyl. 

PICBACONITINE v. Aconite alkamids. 

PICBAXIC ACID V. Dz-nitbo-amido-ph£Nol. 

FICBAMIBE V. Tei-nttbo-anilinb. 

PICBAflMIH C„H4,0,^ [204°]. A bitter 
wbstanoe which, together with Ca„H 4 gO„ [209°* 
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212®], luay be extracted by dilute alcohol from 
l^icroena exceUa (Massute, Ar. Ph. [UJ 28, 147 ; 
C, J, 68, 791). nClAq converts it into picras- 
mio acid Cs,H^„Ou(CO,jH)2, while fuming HIAq 
displaces throe methyls. 

PICBIC ACID V . Tki-nitro-pitknol. 

FICRO-ACONITINE v. Aconitk alkaloids. 
PICBOCROCIN C;,hH„o 0.7* Obtained by! 
extracting saffron with ether (Kayser, B. 17, j 
2233). Colourless prisms. V. sol. water and 
alcohol, si. sol. ether. Hitter taste. By lieating 
with haryta-water or with dilute aciis it is split 
up into crocoso and the ctirej eal-oil of saffron 
C H 

PICBOEBYTHBIN v. Ehythuite. 

PICROLICHENIN C,,TI,„0,. [100“] (A.). 
S.G. l‘17l). Extracted by alcohol from the 
lichen Varinlarui amara (Alms, A. 1, 01 ; Vogel, 
J. 18.‘>7, 616). Trimctric octahedra, si. sol. hot 
water, v. sol. alcohol and ether. Tastes very 
bitter. Its alkaline solutions turn^rod in air. 

PICBOROCCELLIN C, JI:,„N,0,. [1 !i.l“]. 
Occurs in a variety of the lichen lioccellafiici- 
forniis (Stenhouso a. Groves, A. 18.5, 14). Prisms, 
insol. water, m. sol. boiling alcohol, si. sol. 
other. Yielils benzoic acid when oxidised by 
chromic acid mixture. Converted by boiling 
with IlOAo and UCl into xan thorocccilin 
C.j,H,yN/X, which crystallises from alcohol in 
yellow needles [183''J. Boiling dilute (IV p.c.) 
X^aOHAq converts picroroccel I in into CoilL.NjOa 
crystallising from alcohol in prisms [164‘’]. 

PICROSCLEROTIN. Occurs in ergot of ryo 
niragendorlf, G. C. 1878, 126, 141; Blumberg, ^ 
iVi. (3J 9, 23, ()(), 147). Dissolved in acids and | 
is r(!ppd. by ammonia. It is an active poison ; 
witli bitter taste. V . Euootintne. ! 

PICROIOXIN C.,„ir„0„ (P. a. 0.; S.); I 
C,;,H„.0a (B. a. K.). Occurs in Cocculus Indicus, 
the seeds of Mciiif^pcivinvi cocculus (Boullay, 
A. Ch. [1] 30, 200 ; Casaseca, A. Gli. [2] 30, 
307; Oppermann, Mag. Phurm. 3.5,233; Pelle- 
tier a. Couerbo, A, Ch. [2] 64, 181 ; Idobig, A. 
10,203; Kegnuult, A. Ch. [2] 08,100; Barth, 
J. j}r. [1] 91, 16.5; Paterno a. Oglialoro, (V. 0, 
621; 7, 193). It is accompanied by anamirtin 
and picrotin (Barth a. Kretscliy, M. 1, 99, 
2,790). 

Preparatwn. - \. The grains are exhausted 
with boiling alcohol, the extract evaporated, and 
the residue boiled with water. The a([ncous 
solution is ppd. by load acetate and the filtrate, 
freed from lead by evaporated. The resi- 
due is crystallised from bcmzeno and water suc- 
cessively (B. a. K.).— 2. The powdered seeds 
arc boiled with water, the filtrate treated with 
lead acetate and HoS successively, and ovaiio- 
rated to crystallisation. The product is rc- 
crjfstallised from water and alcohol successively 
(Schmidt, A. 222, 313). 

Properties.— Colourh^s needles, v. b1. sol. 
cold water, si. sol. ether and chloroform, v. sol. 
alcohol. Very poisonous and very bitter. Sol. 
alkalis. Reduces Fehling’s solution and am- 
moniacal AgNOj. 

Eeactioiis. — 1. When boiled with benzene 
for some time it is split up into picrotin and 
picrotoxinin (Schmidt). Probably the pioro- 
toxin employed was a mixture of these two 
bodies.-~2. IlCl passed into an ethereal solu- 
(ipn forms piorotoxide.'-d. Gold AcCl alsoforms 


piorotoxide, but on boiling it yields a orystalliiM 
acetyl derivative [186®].— 4. NaOAe and AOjO 
form 0„H,20a [227°]. 

Picrotoxinin Ci jHigOa aq. [201°]. S. *14 at 
16®; S. (benzene) *34 at 21°. Obtained from picro- 
toxin by treatment with benzene, CHCij, HCl, or 
AcCl. It constitutes about 30 p.o. of crude 
picrotoxin (Barth a. Kretschy). Colourless 
needles or phites. Very bitter and very poison- 
ous. V. sol. hot water. Colours IPSO^ orange- 
red. Mixed with dry KNO3 (3 pts.j, moistened 
with and saturated with cone. NaOKAq 

it gives a red colour (Langley, Ain. S. [2] 34, 
109). After lieating with milk of magnesia, the 
cold filtrate is coloured red by FeClj, the colour 
being destroyed by II Cl. Bromine forms 
C,,H,jBrOtt [260 ’-26.5®J. BzCl gives a crystal- 
j lino compound (not the benzoyl derivative) 

! [238®]. 

Piorotoxide (0,;,nmO,i).r. [above 310°]. 
FoVmed by the action of AcCl on picrotoxin, 
and by passing IICl into its ethereal solution 
(P. a. 0.). Crystalline, insol. ordinary solvents. 
According to Bchmidt, picrotoxido obtained by 
j moans of AcCl crystallises in needles [225®], si. 

; sol. cold water and alcohol. 

! Picrotin G,,n3oO,,,. [c.247®]. S. -IGatH®; 

I S. (benzene) -023 at 22° (Schmidt). Constitutes 
' (>0 p.c. of crude picrotoxin (B. a. K.). Crystal- 
lises with 2| aq, 3'aq, and i Vaq. It is very 
hitter, but not poisonous, lleduces liot Foli- 
I ling’s solution and ammoniacal AgNO^. H.^SO, 
forms a yellow solution. BzCl forms a benzoyl 
derivative [246°] (8.). 

Anamirtin C,„H2,0,o. Constilnies 2 p.c. of 
crude picrotoxin (Barth a. Kretschy, M. 1, 131). 
Short needles (from water), v. si. sol. benzene. 
Neither bitter nor poisonous. Turns brown at 
200® and black at 280° without melting. 

Coccu.Un C,,,Il3„0,o. Occurs in small quantity 
in Cocculus Indicns (Lowenhardt, A. 222, 353). 
Slender needles, si. sol. hot water, nearly insol. 

I alcohol and ether. Docs not give Langley’s 
I reaction. Is perhaps identical with anamirtin. 

PICRYL. The radicle tri-nitro-phenyl. 

PICRYL CHLORIDE v. Culoiio-tui-nitbo- 
brnzene. 

PIGMENTS, ANIMAL. 

Bile pigments. Bile contains bilirubin, bili- 
fuscin, bilipr.asin, and pvobably also biliverdin, 
which is a product of oxidation of bilirubin. 
Nitric acid changes the colour of the bile pig- 
I ments through green, blue, and red to yellow 
(Gmclin). These colours may bo observed by 
adding nitric acid to a dilute solution of tho bile 
pigments in uqucniis alkali, or by gently pouring 
: ILSO^ into a solution of tho pigments mixed 
j with NaNOj (Fleischl, Fr. 15, 602). The 
1 changes in the absorption spectra produced by 
I nitric acid have been studied by Jaff6 {Z. [2] 6, 
660). An alcoholic solution of bromine also 
produces a play of colours with bile pigments 
(Gapranica, G. 11, 430). Tho absorption spectra 
of the bile pigments have been studied by Heyn- 
sius a. Campbell (Pf. 4, 497) and McMunn {Pr. 
35, 388). Bilirubin, htemoglobin, and chloro- 
phyll all absorb tho violet end of the spectrum, 
giving an abrupt edge : biliverdin transmits more 
green ;biliprasin, bilifusoin,and bilihumin abserb 
up to between D and E. The colouring matterg 
of bile are probably got by reduction of haematinei 
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Itself fonned by ibe action of bile aoidson hsmo- 
globin (McMunn, Pr. 81, 206). According to 
Latschenberger (M. 9, 62), baamoglobin yields 
■imultaneously melanin and bile pigments. All 
the colouring matters of bile, including hiema- 
tine, urobilin (in bile), and bilirubin, are oxidised 
to choletelin, which body apparently passes into 
blood serum, and is then excreted by the kidneys. 
The absorption bands of bile are due to chole- 
telin and urobilin. 

Silirubiu (St adder. A, 132, 323 ; 

Maly, A. 181, 1*00), or C,„H„N,0, by llaoult’s 
method (Ncncki a. llotschy, M. 10, 508). S. 
(chloroform) *17 (Thudichum, Z. [2J 4, 551). Ox 
gall stones are often largely corniioscd of the 
lime compound of bilirubin (Maly, A. 175, 70). 

Prejmration. -Brown human gall stones are 
powdered and extracted with ether ; the residue 
is boiled with water, and treated with dilute IICI. 
The mass is washed, dried, and extracted with 
chloroform ; the chloroform is distilled off, and 
the residue treated with absolute alcohol. It is 
then treated with ether and alcohol repeatedly, 
again dissolved in chloroform, and precipitated 
by absolute alcohol (Burden- Sanderson). 

Properties.— Orange powder, insol. water, 
nearly insol. ether, v. si. sol. alcohol, sol. benzene 
and chloroform. The colour of the skin in 
jaundice is probably duo to bilirubin. Bilirubin 
dissolves in alkalis, forming an orange solution, 
which gradually absorbs oxygen from the air, 
and then gives a green pp. of biliverdin on add- 
ing an acid. An alkalino solution of bilirubin 
mixed with an c-iual bulk of alcohol gives, on 
adding HNOj, containing nitrous acid, a green 
colour changing through blue to red. Sodium- 
amalgam forms hydrobilirubin. Bromine-vapour 
yields various broniinated products (Thudicliuin, 
C. J. 28, 389 ; 30, 27). Br in chloroform gives 
C^ssBr^N^O^, a dark bluish-green [Powder, 
forming a dark-blue solution in alcohol or ether 
(Maly, A. 181, 106). Chlorine passed into a 
solution of bilirubin in CIIClj forms several 
chlorinated bodies (Thudichum). A solution of i 
p-diazobenzeno sulphonic acid added to a solu- 
tion of bilirubin in chloroform mixed with alco- 
hol gives a red colour changing to blue on adding 
cone. HCIAq, and turned red again on adding 
an alkali (difference from other bile-pigments) 
(Ehrlich, Ft. 23, 275).— CaC.,,H;,,N,Oa. Occurs 
in gall stones. Obtained also by ppg. an am- 
moniacal solution by CaCl,. as brown Hakes 
drying to a lustrous dark-green mass, which 
yields a dark-blue powder. 

Hydrobilirubin C3,^I,oN,0,. Obtained by 
reducing bilirubin in alkaline solution with 
sodium-amalgam (Maly, A. 103, 77). According 
to McMunn it is not, as had been stated, identical 
with the urobilin which is found in normal urine, 
in the urine of febrile patients (Jaff6, Virchow's 
ArcMv, 47 ; Disqu6, II. 2, 271), and in excrement 
( Vaulair a. Masius, Ceniralbl.f. d. Med. Wisscnsch. 
1871, No. 24). A similar substance is formed by 
reducing hscmoglobin, htematine, or bjemoto- 
porphyrin In alcoholic solution with tin and llCl 
(Hop^-Seyler, B. 7, 1065; Le Nobel, C. C. 
1887,638; McMunn, Proc. Physiol. Soe. 1888, 
11. and by the action of H.BO4 on a solution of 
albumen in HOAc (Michailoff, J. 16, 209). 
Beddish-brown powder with green lustre, si. sol. 
wuter, V, sol. alcohol, xn* sol. ether. Its alkaline 
VOL. IV. 


solutions are brown, Its solution in chloroform 
is yellowish-red. The alcoholic solution shows 
an absorption-band near P. Does not give 
Gmelin’s reaction with HNO,. May be reduced 
by sodium -amalgam or by tin and HOI to a 
colourless product, which in acid solutions is re- 
oxidised by air to hydrobilirubin. 

Choletelin 0 ,jH,hN..Ou. Occurs in normal 
urine, and is obtained by passing nitrous vapours 
into a solution of bilirubin in alcohol (Hoyn- 
sius a. CampJ)cll ; McMunn, J. Th. 1881, 218). 
Brown amorphous 'powder, sol. alkalis and 
alkaline carbonates, alcohol, ether, and chloro- 
form. Ammoiiiaeal AgNO., pi'ts. reddish-brown 
Docs not give Gmelin’s reaction. 
Its absorption spectrum contains a broad band 
from b to P. 

Biliverdin 0,.,H.,.iN,OH. Formed by oxidation 
of a solution of bilirubin by air or by PbOj. 
Dark-green povider, insol. water and chloroform, 
b1 . sol. ether, v. sol. alcohol, CS,j, and benzene. 
Its sSlutions are green. Its alcoholic solution 
gives dark-green pps. with baryta-water, am- 
moniacal CaCla, and AgNO;,. Ag.D added to its 
alcoholic solution ppts. bilipurpin, sol. NIljAq 
and reppd. by HCl as a purple powder. Pro- 
longed treatment with Ag.,0 converts bilipurpin 
into yellow bilillavin. HNO;, added to an alco- 
holic solution of biliverdin gives a bluish-violet, 
red, and, finally, yellow colour (Thudichuml. 

Bilifuscin C, Prepared by washing 

gall stones with ctlior, hot water, and chloroform, 
adding dilute HCIAq, and extracting with hot 
chloroform. The extract is evaporated and the 
bilifuscin dissolved in alcohol, wJiich leuftTes 
bilirubin undissolvcd (Briicke, J. pr. 77, 72; 
Btiidcler, A. 132, 325). Almost black mass, 
which yields a dark-brown powder. Forms a 
brown solution in alcohol and alkalis, newly 
insol. water, etluir, and chloroform. Gives 
Gindin’s colour-reaction. Ppd. by ammoniacal 
CaOl.M Simony {Sits. [3) 73, 181) obtained 
from the bile of a corpse a bilifuscin which did 
not give Gmelin’s reaction, and which formed 
an olive-brown solution in alcohol, liOAo, and 
alkalis. , , , 

Biliprasin C, JI.,xN.Pg. Extracted by alcohol 
from the residue of gall stones from which bili- 
rubin and bilifuscin have been removed by 
chloroform (Sliidelcr). Nearly black mass, yield- 
ing a grcenish-black powder, insol. water, other, 
and chloroform, v. e. sol. alcohol, forming a green 
solution which, unlike one of biliverdin, is turned 
brown by ammonia. Gives Gmclin’s roaetkn. 

Bilihumin. Left after extracting biliprasin 
with alcohol (S.). Black powder, m. sol. warm 
NaOHAq. Exhibits Gindin’s reaction. 

Bilicyanin. A product of partial oxidation 
of bilirubin and other bile pigments (Maly, SUB. 
W. [2] 69, 597). Prepared by adding an ^co- 
holic solution of Br to a polution of bilirubin in 
chloroform. Occurs in gall stones. Its olcoholio 
solution is blue, but turned dingy green by al- 
kalis, the blue colour being restored by acida- 
Bile also contains a blue substanw strongly re- 
sembling indigo, forming a yellowish solution in 
alkalis (Hitter, Dl. [2] 13, 212 ; Andouard, Bl 
[2J 31, 139). 

Urinary Pigments. Urine usually containi 
urobilin {v. supra). After urine, containing uro- 
biUn, has been mixed with its own bulk of 
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HdAq and heated to boiling, and then allowed 
to cool, the urobilin may be extracted by ether 
and recognised by its absorption band (Grimbert, 
/. Ph. [6] 18, 481). According to McMunn 
{Proc. Physiol. Soc, 1888, 5), there are two kinds 
of urobilin, one in normal urine and the other in 
athological urine, and neither is identical with 
ydrobilirubin. Normal urobilin is identical with 
a pigment got from acid hromatin by successive 
treatment with sodium-ainalgam. By 

the action of oxidising agents in^igo-blue and 
indirubin can be obtained fiom urine (v. Indigo). 
Pigments can also be obtained by boiling urine 
with HClAq. 

ITromelanin. Prepared by evaporating urine 
to one-sixth of its bulk at GO^, adding 10 p.c. 
HCl, and, after two days, removing uric acid by 
filtration. The filtrate is then boiled for 18 hours, 
and the ppd. pigment washed with water, alco- 
hol, and ether, dissolved inNaOKAq, and reppd. 
by HjSO, (IJdrauski, //. 11, 537; 12, ‘33; c/. 
PloBZ, J?. 8, fl'J). Brownish -black plates, insol. 
cold water, etb^r, and chloroform, si. sol. alcohol 
and HClAq, v. sol. isoamyl alcohol and alkalis. 
Not decomposed at 115“^. Potash-fusion yields 
NH„ formic, acetic, butyric, and protocatechuio 
acids and pyrocatechin. Urino contains *03 p.c. 
of this substance, which ap])cai s to be a humous 
body formed by decomposition of the reducing 
substance of normal urine. 

UrofuscohoBmatin Cs,U 5 ,N, 0 , 3 (’?) and tiroru- 
brohsematin CjiHi^N^FeO,, (?) were obtained by 
Baumstark (B. 7, 1170) from the urino of a patient 
suffering from Lepra. Urofuscohromatin is a 
blaftk pitchy substance, insol. water, alcohol, 
ether, chloroform, acids, and NaClAq, sol. alkalis, 
alkaline carbonates, and alkaline phosphates, 
forming brown solutions. Urorubrohioniatin is 
a light blue-black mass, which differs from uro- 
fuscohaunatin in not being ppd. when llCl is 
added to its solution in NaOHAq. 

Black pigment in Melanuria, v. vol. iii. 
p.lU9. 

ITroroseln. An unstable substance which 
can sometimes bo extracted from acidified patho- 
logical urine by isoarayl alcohol, to which it im- 
parts a rose colour. The solution shows uu 
absorption band in the green (Ncncki a. Sicber, 
J»pr. [2] 26, 333). A similar substance (uro- 
rubin) was extracted by ctlier from urine that 
had been boiled 15 minutes with 7 p.c. HCl, 
exposed to air (Plosz, H. 8, 85). It was left 
on evaporation as a dark cherry-red mass. 
Apparently the same pigment, or rather its 
leuco- compound, occurs in urine of dogs after 
administration of skatole (Mester, JET. 12, 130). 
The pigment itself is then got by adding HCl to 
an alcoholic, ethereal, or aqueous extract of the 
evaporated urine. 

Otbeb pigments. 

Blood pi^ents v, Remoglobim. 

Muscle pigments v. Muscle. 

Bye pigment v. Melanin. A purple pigment 
occurs in the retina of animals. It is insol. 
ordinary solvents, but dissolves in bile, and in 
an aqueous solution of the bile acids. It loses 
its colour in daylight, but recovers it in the dark 
(Boll, J. Th, 1877, 313 ; Kiihne, J. Th, 1877, 
B18 ; 1878, 279 ; Ayres, J. Th. 1879, 259). 
Yellow pigment of LpTsiii. 


Tetronerytkrla. A red pigment exiraeied hf 
chloroform from the red spot in the eye of the 
Waokcock and red grouse { Wurm, J. 1872, 842 ; 
1875, 886; Merejkowski, J. Th. 1881, 871). 
HLjSO^ gives a blue colour changing to black. 

Fyocyanin. Occurs in blue pus (Fordos, J, 
1800, 696; Liicke, 1863, 658; Gessard, J. Th. 
1882, 55). It is formed, together with other 
pigments, by Bacillus pjocyanicus in poptonised 
gelatin (Bab^s, C. R. Soc. Biol [9] 1, 438). Blue 
trimetrio prisms or needles (from CHClj) which 
become green on keeping, v. sol. chloroform, 
alcohol, and water. Turned red by acids, but 
becomes blue again on adding alkalis. It shows 
two absorption bands, one being in the ultra- 
violet.* 

Figments of Furpura lapillus. The pigments 
are furnished by a yellowish-whito fascia which 
extends along the rectum (Letellier, C. B. 109, 
82). This contains two green substances, apple- 
green monocliiiic crystals turned dark blue by 
light, and dull-green trimetric crystals turned 
violet or crimson by light. Tlie green substances 
are sol. ether and chloroform, but become in- 
soluble on exposure to light. The change to 
pjirple (punicin) is accompanied by absorption 
of oxygen (Schunck, B. 12, 1350). 

Figmonts of sea-anemones. Actinia meson- 
hryanthemum contains a pigment allied to 
luemo-chromogen and hasmato-porphyrin, and to 
liiematine. It also contains biliverdin. Actinia 
ccrcuSf Bunodcs ballii, and Sagartia bcllis con- 
tain a green pigment resembling chloro-fucin, but 
not identical with any animal or plant chloro- 
phyll (McMimn, iV. 38, 85). 

FIGMENTS, VEGETABLE, v. Culoropuyll, 
Alkanet, Betii-a-barra colour, Bixin, Brazilein, 
Chica, Colein, Curcumin, Dk.voon’s blood, Ilas- 

MATOXYLIN, LlTHOSPEUMUM ERTTURORHIZON, LiT- 

Mus, LCteic acid, Palmkllin, and Santalin. 

Antbocyanin. The blue pigment of flowers 
is sol. water and alcohol, insol. ether. It is free 
from N, and is turned red by acids and green by 
alkalis (Fremy a. Cloez, J. Ph. [3J 25, 249 ; Filhol, 
C. n. 39, 194 ; 60, 345, 1132 ; Schonn, Fr. 9, 
328). 

Anthoxanthin. Yellow flowers contain an- 
thoxauthin, which is insol. water, and anthoxan* 
them, which is sol. water. Both are sol. alcohol 
and ether. The petals of Rosa gallica contain 
a pigment sol. alcohol, insol. other, which forms 
amorphous Pb.^G._,,H 3 o 03 „ (?) (H. Senior, Ph. f8] 7, 
660). The colouring matter of the berries of 
Phytolacca dccandrahs.^ been examined by Hilger 
and Bischoff, L. V. 23, 466 ; B. C. 1879, 875). 

FILIGANINE. A very poisonous alkaloid 
occurring in piligan, a Brazilian lyoopod (Adrian, 
C. R. 102, 1322). Soft mass, with alkaline re- 
action, fuming with HCl. Sol. water, alcohol, 
and chloroform, si. sol. ether. Emeto-cathartio 
in action. Its hydrochloride forms minute deli- 
quescent crystals. 

FIIOCAJRFENE C,oH„. (178«). S.G.19-862. 
y.D. 4*0. [a]D»l'21. Obtained by steam dis- 
tillation from jaborandi leaves (Hardy, Bl. [2] 
24, 498). Fragrant oil. Dextrorotatory. Yields 
C.oH„2H01 [49-6®l. 

FIIOCAEFINB 0„H„NA U, 

(Blftb). [>]a-10H In ft 7-U P4). MlaUon. 
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Oeenn In the leaves and bark of jaborandi 
(Pilocarpu$) (Gerrard, Ph. [3] 6, 865, 966; 
Hardy, Bl, [2] 24, 497 ; Kingzett, C. J. 30, 307 ; 
Harnack a. Meyer, A. 204, 67). Prepared syn- 
thetically from o-oxy-a-pyridyl-propionio acid 
CH3.C(0H)(C5H,N).C02H by treatment with 
phosphorus tribromide and heating the resulting 
CH3.CBr(C,H,N)CO.^ with NMe, at 150°. In 
this way pilocarpidine C,oH,,N.Aj is formed, and 
this is converted into pilocarpine by heating 
with Mel and MeOH, and oxidising the product 
with aqueous KMnO, (Hardy a. Calmela, G. li. 
105, 68 ; BL [2] 48, 233). 

Preparation. — Jaborandi leaves are digested 
with 1 p.c. HClAq, the extract treated with 
Pb(OAo)2, filtered, and tlie filtrate ppd. by phos- 
phomolybdic acid. The pp. is decomposed by 
baryta-water at 100° (Polil, BL [2] 34, 340). ^ 

Properties. — Crystalline; begins to sublime 
at 163° ; at 160°-170° the sublimate consists ef 
yellow drops (Blyth). Dextrorotatory. Pilo- 
Ctirpine may be estimated by means of the 
aurochloride (Christensen, Pli. [3] 12, 400). 
Poisonous, being diaphoretic. Forms resinous 
compounds with potash, NaOII, and baryta; 
these compounds are v. sol. water, v. si. sol. 
alcohol, and are decomposed by acids, even by 
CO.^. They may be considered to bo salts of 
pilocarpic acid OnEj^N^Oj. 

Iieactions.--l. Fuming HNO, (300 pts.) con- 
verts it into pilocarpidine nitrate (Chastaing, 
C. R. 94,908). --2. Boiling with water for twelve 
liours splits it up into trirnethylamino and oxy- 
pyridyl-propionie acid (Hardy a. Calmels, C. li. 
102, 1502).— 3. Boiling HClAq forms MoOH and 
pilocarpidine. — 4. KMnO, forms NMc^, oxy- 
pyridyl-inalonio acid, and finally pyridine (3)- 
carboxylic acid.-*5. Bromine added to a chloro- 
form solution forms CnHi-.N^OoBrj, cryslgillising 
in minute prisms, converted by moist AgD into 
di-bromo-pilocarpine CuHiiBr^N^O. (Chastaing, 
C. R. 97, 1435). Chlorine forms OuHuNaOXls, 
which is amorphous, and slowly forms crystal- 
line C„H,,,N202C1,.-6. Yields when dis- 

tilled with potash (Harnack a. Meyer ; cf. Chus- 
taing, C. jR. 94, 223).— 7. The barium compound 
on distillation yields jabonine G„H,,N2, an oil 
with fmtid odour, yielding the amorphous salts 
B'AuCl,, B'HAuCl., B'.PtCI,, anti B'^H-PtCl,. 

Salts.— B'HCl ; needles, v. sol. alcohol. — 
B'HNOj! trimetric lamella9. — B'JI.PtClfl: golden 
tablets (from hot water).— BTtCl, : crystals. - 
B'HAuCl^ : minute needles.— B'AuCls [88°]; 
slender needles. — B'2AuCl, ; small needles. — 
B'HAujCl, : minute needles. — B'AgNOj : minute 
radiating needles. — B'2AgN03 : needles. — 
B'CrN2H.(SCN)4 ; red silky needles, sol. alcohol 
(Christensen, J. pr. [2] 46, 368).-B'2CuOJl2: 
green powder, ppd. by adding CuCl, to a solution 
of pilocarpine in baryta- water. — B'AgOH : curdy 
pp.— B'MejPtCl, : crystals.— B'Etl. [c. 30°].- 
B'EtBr. [c, 60°]. Very hygroscopic (Chastaing, 
C. R. 101, 607). 

Pilocarpidine C,„H,,No02 t.«. 
NMe 2 .CMo(C 3 H,N).CO;H. Occurs in jaborandi 
leaves (Harnack, A» 238, 230). Formed by the 
action of HClAq or fuming HNO, on pilocarpine, 
by heating dry pilocarpine for twenty-four hours 
at 120°, by boiling pilocarpine or its baryta com- 
pound with water for forty eight hours, and by 
heating tlto baryta oempoond for thirty minutes 


at 150°. Prepared synthetioally hj heating 
CH,.CBr(OjH*N).CO,H with trimethylamine at 
150° (H. a. 0.1. Very deliquescent, m. sol. water, 
V. sol. alcohol. Acts physiologically like pilo-. 
carpine, but not so strongly. Its alkaline salts 
are gummy, sol. water, in sol. alcohol, and de- 
composed by CO.^.— B'HCl : radiating needles, v. 
soluble in w.atcr.— B'HAuCl^ aq. Rectangular 
prisms. — B'AuCl,. [145°], Yellow plates. — 
B'JIJPtClj aq : small red prisms.— B'Mel.— 
B'MeAuCl^ [i53°]. Prismatic needles. Changes 
when fused into MeCl and B'AuClj. 

PIMARIC ACID C,„H,A. [211°]- Wd-72-6 

in a 3*8 p.c. (saturated) alcoliulic solution at 16°, 
Occurs in galipot, the hardened resiii of Pinus 
maritima (Laurent, A. Ch. [2] 72, 384; [3] 22, 
459 ; Sievert, Z. /. d. g. Naturwiss. 14, 311 ; 
Maly, A. 129,94; ].‘>2, 253; Strecker a. Duver- 
noy, A. 148, 143 ; 1.50. 131 ; Cailliot, BL [2] 21, 
3.S7 ; Bruylante, B. 11, 447 ; Haller, B. 18, 
216.5 : Vesterborg, B. 18, 3331 ; 19, 2167 ; 20, 
3248). 

Preparation . — Finely-dividedT^alipot is stirred 
with half its weight of dilute (70 p.c.) alcohol, 
loft for some days, and squce/cd in a cloth. 
Tile press-cake is treated several times in this 
way, finally with 80 p.c. alcohol. The residue 
is dissolved in somewhat more than the calcu- 
lated quantity of hot dilute (3 p.c.) NaOHAq. 
The mixture of Na salts that soparatea after 
some days is rccrystalli.sod from water, decom- 
posed by HCl, and the free acids crystallised 
from alcohol or IIOAo. (/3)-Pimario acid re- 
m.ains in the mother-liquor. 

Properties.— lUxUi\{;n\ar plates, insol. water, 
V, si. sol. alcoliol, ether, and HOAo, m. sol. hot 
ligroin, m. sol. liot NaOIIAq, si, sol. NH,Aq. 
oil shaking the ethereal solution with a drop of 
ainnionia the NH, salt separates in slender 
needles. Not reduced by sodiiim-ainalgam. May 
be distilled in vacuo. Dextrorotatory. HIAq 
(S.G. 1*96) forms C^oH,, (320°-330° uncor.). By 
distillation of the (crude) Ca salt Bruylants ob- 
tained ethylene, propylene, ainyleno, acetone, 
methyl ethyl ketone, di-cthyl ketone, toluene, 
xylene, ethyl-toluene, terebene, and diterebene. 

Salts.— All the salts are insol. other. KA' 
(dried at 100°). Soapy mass of pliant needles. — 
NaA' 6aq. Slender needles (from 80 p.C. alcohol), 
si. sol. cold water. — CaA'j aq : noodles. — 
BaA', 9aq ; idiant needles. - - CuA'.^. — PbA'^ 
— AgA': amorphous pp., becoming crystalline, 

FAhers.-UoKL |69°].-P:tA. [52°]. 

Chloride C^A^OCl. [66°]. Got by adding 
PCI, to a solution of the acid in CS^, Small 
prisms, v. o. sol. ether and CSj. 

(/3).Pimaric acid CjoH^gOa. [140°-150°]. S. 
9 26 in 98 p.c. alcohol at 15*. Wd** —272° in a 
3*17 p.c. alcoholic solution. Obtained as above 
(Vesterborg, B. 20, .3248). Trimetrio prisms ; 
a;6:c- *810:1: *614, insch water, v. sol. NH,Aq. 
Laivorotatory. — NaA': m. sol. ether. — PbA'^; 
needles, insol. alcohol and ether. Haller (B. 18, 
2165) obtained im inactive pimaricacid [o. 149°], 
which was perhaps a mixture of the dextro- and 
lavo* varieties. 

PIMELIC ACID C,H„04 U, 
G02H.CHFr.CH,.GO,H. ’Isopropyl-auecinie add* 
Mol. w. 160. [114*^. ElMtrical conductivity i 
Walden, B. 24, 2037. Formed by fusing cam- 
phorio acid with potash (Hlasiwitz a. Grabowski^ 
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A, 145, m ; Eaohler, A. 169, 168). Fonned 
also heating either of the following isopent* 
ane tricarboxylic acids: (COgH) 20 Pr.CELcO.Bor 
CO^.CflFr.CH(CO,H), (Waltz, J5. 16, 6097.4. 
214, 60 ; Hj’elt, B. 16, 2622 ; Schleicher, A. 267, 
123). Obtained also by the action of KOHAq 
on isopropyJ-acetyl-suooinic ether (Roser, A. 220, 
276). According to Arppe (/. 1864, 377) it is 
not formed, as stated by Laurent (A. Ch. [ 2 ] 66 , 
168), by oxidation of oleic acid. Nodules (from 
water) or triclinic crystals ; o:b:c=i -497:1: *699 ; 
“-81® 60'; ^ = 100° 2 '; 7 = 586 ° 6 ' (Wreden, A. 
108, 828 ; Von Zepharovitch, Sitz. [V. [Ij 73 , 7 ). 
V. sol. water, alcohol, and ether. Yields butyric 
acid when fused with potash. 

%T f T Hygroscopic leaflets.— 
Noj^A (dried at 130°). — CaA"aq: sandy crystal- 
line powder. S. -47 at 9° ; -25 at 100° (Bauer a. 
Schuler, J. 1878, 734 ; D. 10, 2031 ; M. 4, 345 ) ; 
•80 at 13° (Roser).— Sr A" : necrly insol. hot j 
water, v. e. sol. cold water. —Ag-^A" : pp. 

Ethyl ether Et,^". (236°-240°). ' 

Chloride C,II,„ 0 ,jCl 2 . ( 210 °). 

Anhydride OjH.oOj. (215° 250°). Got by 
distilling the acid. Reconverted into the acid 
by alkalis. 

Imide C,H„NOj. [60°]. Got by heating 
the ammonium salt. Tables (from water) or 
small needles (from alcohol-ligroin). Insol. 
ligroin, V. sol. alcohol and ether, 

n-Pimelio acid CH,(CH,.CH,.CO.H)„. [103°]. 
(272° at 100 mm.) (Krafft a. Noerdlinger, B. 22 , 
818). S. 4*2 at 20°. H.O.p. 828,900. H.F. 
243,100 (Stohmann, J.pr. [ 2 ] 46, 480). 

heating suberone with 
HNO, (Dale a. Schorlemraer, 0. d. 35 , 686 ; A. 
199, 147).— 2. By heating furonic acid with 
HIAq and P at 200° (Baeyer, B. 10, 1858).— 

8 . By heating pentane w-tetra-carboxylio* acid 
(Perkin, jun., C, J. 61, 242; 59,825; B. 18, 
oxidation of myristio acid with 
HNO, (Noerdlinger, B. 19, 1898).— 5. By reducing 
00(CH^.CH,.CH3H)j (cf. Fuiu-URYL-AciiYLio acid) 
(Marckwald, B, 21, 1398). 

Prqperfics. — Rectangular trimetrio plates 
(from water), v. sol. alcohol, ether, and hot 
benzene. May be sublimed. NaOEt forms 
C,A.Na 30 „ a white powder, insol. ether, sol. 
water. Not converted into anhydride by AcCl 
or by POl, (Volhard, A. 267, 82). 

Salts. BaA" aq. — CaA". Deposited as 
grwular powder when a cold saturated solution 
is heated.— Ag,A" ; white pp. 


Ethyl ether Et^A". S.G. ♦ 1*0080; 15 
•9988; B -9920. M.M. 11-424. Oil with pene- 
tratmg odour (Perkin, C. J. 59, 826). 

PimeUo aold C^H.^O^. [103° cor.]. Got by 
heating chelidonic acid with HIAq at 205° 
(Haitinger a. Lieben, M, 6, 858). Monoclinio 
tobies, V. sol. hot benzene. Perhaps identical 
with »-pimelio acid. 

(8)-Piittelio acid C 4 H„(CO.,H) 3 , [106°]. Oc- 
ours among the products of oxidation of castor 
oil wd earth-nut oil with nitrio acid (Gantter 
I^arge tables (from water), 
waoily forms supersaturated solutions. — 
BaA"aq; plates.- PbA".-CuA".-Ag,A"; pp. 

Iso .pimeUo acid •0,H,„(CO,H),. [104°]. 

^>7 successive 

tmtment with alcoholic KCy and HClAq at 170° 
(Bftuer, if. 4, 846 ; HeU, B. 24, X389). Prisms, 


▼. sol. water and alcohol. Begfni to form an 
anhydride at 186° -mHM".~-BaA"ltaq: 
sandy powder.— CaA". S. -2 at 22° ; -14 at*100°. 

— SrA"4aq.— NiA" 2 jaq.— ZnA".— PbA". B. *01 
at 100°.— CuA^aq. S. *04 at 16°; *07 at 100°. 
Bluish-green plates.- CdA"2aq : needles. S. *12 
at 16°; ‘18 at 100°.— Ag^A". 

An amorphous pimelio acid was got by 
Bauer, as well as the preceding acid, from 
amylene bromide. Its Ca salt was more soluble 
(S. 4*7). 

Pimelio acid CjHiaO^. [87°]. Got by oxidising 
menthol with KMnO, in acid solution (Arth. 
A. Ch, [ 6 ] 7, 455 ; C. R. 107, 107). Needles, v. 
sol. water. Can be extracted by ether from its 
aqueous solution.— Ag^ V”. 

Isoinerides — v, Di-methyl-olutario acid, 
Methyl-ethyl-suocinio acid, Tri-methyl-suc- 
ciNio acid, and Propyl-sdcoinio acid. 

- PIMENTO. The volatile oil obtained from 
the pods and seeds of Myrtus Pimenta contains 
eugenol and a terpeno (255°) S.G. 19 -gg 
(Bonaatro, J, Ph. 11, 187; Oeser, A. 131, 277). 

FINACOLIC alcohol V, Sec • hexyl 
alcohol. 

PINACOLIN V. Methyl frrt - butyl ketone. 

Benzpinacolin v. vol. i. p. 488. 

PINACONE C,H„ 03 i.c. CMe.,(OH).CMe.,(OH). 
Hexylene ghjcol, [38°]. (170° cor.). S.G. « 
•9672; Ij -9609. M.M. 7*245 (Perkin, C. J, 46, 
506). ja.C. 897,697 (Louguinine, A. Ch. [ 6 ] 26, 
14.3). Formed by the action of Na or sodium- 
amalgam on aqueous acetone (Fittig, A. 110, 25; 
114, 64 ; Stadeler, A. Ill, 277 ; Friedel, A. 124, 
324; Bl. [ 2 ] 19, 289; Linnemann, A. S?tppl. 8 , 
374). Formed also from CMe^Br-CMe^Br by 
successive treatment with AgOAc and baryta 
(Pawloff, A. 196, 122 ). Small needles (from 
CSj), ^ sol. cold alcohol and ether, si. sol. cold 
CS,. Si. sol. cold water, but v. sol. hot water, 
separating on cooling as a hydrate 
C«H„ 026 aq [46-6°], crystallising in four-sided 
tables, decomposed by distillation into water and 
pinacone. 

Reactions, — 1 . Chromic acid mixture recon- 
verts it into acetone.— 2 . Gaseous HI yields PrI 
and some hexane (Linnemann, Sitz, W. [ 2 ] 63 
255). HIAq at 100° forms C„H„I (Bouchardatl 
Z, 1871, 699).— 3. Boiling dilute H 3 SO 4 converts it 
into pinacolin. Heating with HOAc has the same 
effect.— 4. POCl, forms di-chloro-hexane [160°] 
(Friedel a. Silva, B, 6 , 86 ).— 6 . Does not form 
an acetal when heated with aldehyde (Lochert. 

A. Ch. [ 6 ] 16, 60).— 6. When passed through a 
red-hot tube it yields acetone and isopropyl 
alcohol (ThOmer a. Zincke, B. 18, 646). 

PINAcoNES. Compounds of the form 
HO.CRR'.CRR'.OH, where R and R' are alkyls. 
They are obtained by reduction of ketones. On 
treatment with dehydrating agents they yield 
( 8 )*pinaoolins ORR' 2 .CO.R or isomeric (a)-pina- 

colins nr CBR'.O.CRR' „ . T, 

^\ORR' ORR'.O.CRR'* ^ 
formnliB B =>H, the (6)’pinacolin will be an alde- 
hyde ; while if at the same time B'* H, we find 
that glycol is the simplest pinacone, aldehyde the 
Amplest (fl).pinaoolin, and ethylene oxide the 
simplest (a).pinaoolin (Zincke, A. 216, 296). 
Somo^ (A)>pmacolin8 are decomposed by heat- 
ing with soda^lime or ale<Aiolio potofth, thua; 
PhOX^COPh-fHiO-PhOXJBl + HOBs tZinoka 
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a. fbflmar* B» II, 86 ; 'Zagmnanny, /. 13, 

433); but phanjl (a).Daphthyl (isj-pmacolin 
reaots with alooholio potash, thus : » 

PhC(a,H,),0OPh+H,O=PhC(O,^,),OH+Ph.C0^ 
(Elba, J.pr, [2] 35, 506). 

PJNE-AFPLE OIL. Artificial pino-ajpple oil 
may be made by dissolving butyric ether in alco- 
hol (Hofmann, A. 81, 87). 

FINENE V. Teupenes. 

FINET TALLOW. A fat obtained by boiling 
the fruits of Valeria indie a (of Malabar). Melts 
at 30^ to 38'^. Its fatty acids consist of palmitic 
acid (75 p.c.) and oleic acid (25 p.c.) (Dal-Sic, 
Q. 8, 107). 

PINIPICRIN 0 «H 3 « 0 „. Occurs in the 
needles and bark of the Scotch fir {Pimis syl~ 
veatris) and in the green parts of Thuja occi- 
dentale (Kawalier, Sitz. W. 11, 350 ; 13, 615). 
Bright-yellow amorphous powder, beginning to 
soften at 55°, and quite liquid at 100°. Hygro- 
scopic. Tastes bitter. V. sol. water, sol. alco- 
hol, insol. ether. Boiling dilute H.^SO^ yields 
glucose (2 mols.) and ericinol 0 ,qH „0 (1 mol.), 
V. vol. ii. p. 458. 

PINITANNIC ACID Occurs in 

the needles of the Scotch fir and in the green 
parts of the Arbor vitce {Thuja occidentalc) (Ka- 
walier, Sitz. W. 11, 357 ; 20 , 19). Reddish-yel- 
low powder, v. sol. water, alcohol, and ether. 
FeCl, colours its aqueous solution brown. Gives 
yellow pps. with lead acetate and subacetate. 
Not ppd. by gelatin. 

FINITE OjK^Oj. Methyl ether of dextro- 
rotatory Inosite. [180‘^]. [a]„^= 65° 51'. Sup- 

posed to be extracted by water from the hardened 
sap of Pinus lamhcrtia^na of California (Dcrthe- 
lot, A. Ch. [3] 46, 76 ; Johnson, Am. S. [2] 22, ' 
6 ; Combes, C. il. 110, 46; Maquenne, A. Ch. 
[ 6 ] 22, 264). Crystalline crusts, v. e. sol. water, 
almost insol. alcohol. Tastes sweet. •Dextro- 
rotatory. Non-fermentable. Does not reduce 
Fehling’s solution. HIAq splits it up into Mel 
and dextrorotatory inosite [248°]. Finite is 
identical with matezite and sennite. 

PINOL 0,oH„0 i.e. C„H,OMePr. (184°). 
S.G. ^ *953 ; fio = 1’469. Formed, together with 
pinene nitroso-chloride when oil of turpentine is 
treated with HOAc, nitrous other, and HClAq 
(WaUach, A. 253, 251 ; 259, 322 ; 268, 222 ; B. 
24, 1562). Purified by conversion into the di- 
bromide OioHiaBr^O [94°], which is dissolved in 
dry benzene and treated with sodium-wire. 
Liquid,.. 8 melling like cineol. 

BeMtions.—1. Oxidised by EMnO^ to CO.^, 
oxalic acid, and terebic acid [176°].— 2. Br forms 
0 ,^,.Br 30 and 0,oH„Br,0 [160°]. — 3. HBr 
forms an addition product converted by water 
into the hydrate Ci^NjjOHjO [131°] which is not 
attacked by Ao.fi, but is reconverted into pinol 
by warming with dilute 113804 , and yields ter- 
penylic acid [67°] on oxidation by KMn 04 . 

Dibromide O.oH.^^rjO. [94°]. (144° at 
11 mm.). Trimetric crystals; a:6;c«»'570:l;l*665. 
Insol. water, volatile with steam. Converted by 
alcoholic potash into * pinol glycollio ether ’ I 
0,^,«(0Et),0 [63°] (c. 116° at 14 mm.). AgOAo 
lorms 0,^„(OAo),0 [98°] (127° at 13 mm ), 
which on sa^nifleation by hot dilute H^SOi 
^ds'pinol-g^yool* 0 |^»H„( 0 H ),0 (126°]^cry8- 
ta,niMitig in matted.seedles, v. e. sol. chloroform* 
IMtii^wiUi water and Ph{OR)t also converte 


the dibromide Into iheglyeoL Silver propionate 
yields 0|^„(O.COEt)2 [106°]. Formio acid at 
100° reduces the dibromide to oymene. 

Nitroso-chloride 0,oH„ON001. |103°]. 
Formed by the action of amyl nitrite and HOI 
on pinol in HOAc (Wallach, A. 253, 261). Con* 
verted by alcoholic NH, into the nitrolamine 
CioHijONONHj (130° at 14 mm.), a viscid mass 
which yields a crystalline hydrochloride, B'HCl. 
Aniline, piperidine, and benzylamine form the 
three analogous bodies C,oH„O.NO.NHPh [176°], 
^ioHuO.NO^CjHio- [ 164°], and ‘the compound 
C,oH,„O.NO.NHC,H, [136°], each of which forms 
a crystalline hydrochloride. ( 3 )-Naphthylamine 
forms, in like manner, pinol-nitrol-uaphthyl- 
amino C,oH„O.NO.NHC,oH, [196°]. 

PINYLAMINE 0„H„NH,. (208°). S.G. W 
• 943 . Formed by reducing with zinc-dust and 
HOAc nitroso-pinene C,„H,^NO [132°], which is 
got from 0,oH,NOCl and alcoholic NaOH (Wal- 
lach a. Lorenz, A. 268, 197 ; B. 24, 1660). Oil, 
turifing yellow in air, and giving off NH,. Ab- 
sorbs CO 3 from air, forming a^olid carbonate 
Benzoic aldehyde forms C,aH,jN:CHPh [68°] 
furfuraldehyde gives C,oH| 4 N:CH.C 4 H ,0 [81°J 
whilst salicylic aldehyde forms the compound 
C,.II„N:CH.C4,n4.0H [109°].— B'HCl. [230°]. 
Needles (from water). Yields cymene on distilla- 
tion. — B'^LPtCl,. Yellow plates or needles.— 
B'lINO,. Crystals, si. sol. cold water. -B'jH^SO,. 
— BllCyS. [136°]. Prisms (from water).— 
B'jHAO,. [248°]. Scales. 

Acetyl derivative 0,oHnNHAo. [109°] 

Benzoyl derivative. [125°]. Needles. 

PINYL-tJREA NH,.CO.NIIO„H„. [160°]. 
Formed from pinylaiiiine hydrochloride and 
potassium cyanato (Wallach, A. 268, 204). 
Needles, v. sol. alcohol. 

I PIPEGOLINE V. Methyl-pyiiidinb bbxa- 

; UYOUIDB. 

PIPERAZINE V. Pyuazine HEXAnYPiiinx. 

PIPEEHYDRONIC ACID v. Methylene deri- 
vative of Dl-OXY-PnENYL-VALBUIO AOU>. 

PIPERIC ACID C^H.oO, i.e. 
CHj<q>C„II,.CH:CII.CH;C 11.CO,H. Mol. w. 

! 218. [217°]. S. (alcohol) -37 in the cold; 2 at 
j 78°. Formed, together with piperidine, by boil- 
ing piperino with alcoholic potash (Voik Babo ; • 
, Strecker, A. 106, 317; 118, 280; O. C. Foster, 
C. J. 15, 17; Fittig a. Mielk, A. 152, 26; 172, 
134). Yellowish needles (from alcohol). After 
fusion it melts at 213°. Nearly insoL water, 
m. sol. hot alcohol and ether. 

Reactions. — 1. Reduced by sodium-amalgam 
to two hydropiporic acids, which are thi methyl- 
ene derivatives of di-oxy-phenyl-angelio acids 
CHA:G«HrCHj.CH:CH.CHyCOjH [78°] and 
CHAC«H,.CH 3 .CH^CH:CH.C 0 ,H [131°] (Regel, 
B. 20, 414).— 2. Dilute alkaline potassium per- 
I manganate at 4° oxidises pipcric acid to piperonal 
CHjOsrC^Hj.CHO and raoemio acid (Doebner, B. 
23, 2375).— 3. Potash-fusion' yields protocaie- 
chuio, oxalic, and acetic acids.— 4. Bromine in 
CC 3 forms a tetrabromide which deoomposes at 
160°-165°. 

Salts. — NH 4 A'. Satiny scales. — KA'. — 
BaAV S. '02 in the cold.— AgA' ; powder. 

Ethyl slAerEtA'. [78°]. Plates. 

- fie/erence.— Bbomo-pipxbio son. 
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Dipiperideine OjoHjgNj i.€. 
C!H,CH,.CH.(?H.CfI,gH, .gjo. Farmed by 
CH2.NH.CH.CH.NH.CH2; 
slowly adding p-chJoro-piperidine to a boiling 
10 p.c. solution of potash in alcohol (Lcllmann 
a. Schwadcror, H. 22, 1000, 1318). Monoclinic 
crystals, si. sol. water, v. sol. alcohol and etlier. 
Detweon 200° and 230® it begins to dissociate 
into (2 mols. of) pyridine telraliydride; hence it 
has no constant boiling-point. Sli^flitly volatile 
with steam. Ac^O forms an acetyl derivative 
(220®). S.G. 1-0531. Tin and cone. HClAq 
reduce it to piperidine, rhenyl thiocarbimide 
gives 0 ,„H,^N 2 .CS.NHrii [141®]. CS^ forms 
Oj^i^NjCH.^, crystallising in noodles, and melt- 
ing at 160° with evolution of gas. 

Salt.— B'Tl^Cl./^aq. [150®]. Plates, lique- 
fies c. 80° when quickly heated. 

Isodipiperidoine 0,„ir,KN2. Formed byh'^at- 
ing diazobenzeno piperidide at 250° (Ucu-slcr, J. 
260, 239). ThiJkish liquid, miscible with water, 
but can be extracted therefrom by ether, lio- 
ducesFohling’s solution and ammoniacal AgNO,. 
Its salts are hygroscopic. 

PIPERIDIC ACID C.H^NO^ [184°], which is 
got by oxidising piperidi/»e p-carboxylic ether 
with fuming llNOj and heating tlib product with 
HCIAq at 140°, is y-amido-biityric acid (Schot* 
ten,B. 16. 643; Gabriel, B. 23, 1770). 

PIPERIDINE CJI„N i.e. 

Pyridmo hexdhydrulc. 

Mol. w. 85. (100°). S.G. -8064; -8501. 

M.M. 6-810 (Perkin, G. J. 55, 700). S.V. 108-76. 
S.H. -633 ‘(Colson, BL [3] 3, 8). H.F.v. 24,090. 
H.F.p. 26,990 (Thomsen, Th. 4, 145). AppeuxS 
to occur in the husbs of pepper (Johnstone, C.N. 
68 , 236; An. 14,41). 

Formation.—l. By distilling piperine with 
potash-lime or soda-lime, or by boiling it with 
alcoholic potash (Werthoim, A. 127, 75; Ander- 
son, A. 76, 82; 81, 315; Cahours, A. Ch. [3] 
88 , 76; Von Babo a. Keller, J. pr. 72, 53). - 
2 . By reduction of pyridine in alcoholic solution 
by sodium-araalgain ; the yield being 75 p.c. of 
the theoretical (Ladeiibnrg a. Botli, A. 247, 51). 
8 . By heating pcntamethylene-diamine hydro- 
chloride (Ladoiiburg, B. 18, 3100).— 4. By heat- 
ing hygrio acid 0«H,,N02 with II, SO^ for a few 
minutes at 300° (Liebermann a. Kuhling, B. 24, 
418). 

Properffes.— Liquid, with ammoniacal and 
peppery smell, miscible with water. Alkaline 
in reaction, gaustio taste. Ppts. salts of zinc 
and copper, but does not rcdissolvo the ppd. hy- 
drates. Not attacked by fuming HCIAq at 300° 
or by boiling HNO, (S.G. 1*5). Piperidine acts 
as an anaosthetic {B. 14, 713). Oxidised by H/.O, 
to glutario acid and its irnide and 5- aiiiido- valeric 
aldehyde (Wolffonstein, B. 25, 2777). 

Reactions. — 1,* Bromine and water at 200° 
yield di-bromo-oxy-pyridine and some CHBrj 
(Hofmann, JB. 12, 984). Piperidine hydro- 
ohloride, heated with dry Br at 180, yields di- 
bromo-pyridiue (Sohotten, B. 16, 427). Bromine 
and NaOHAq give crystalline CjHjBrjNO (Hof- 
mann, J^, 16, 660). Bromine and lime-water 
/ield hromo-piperidino C*Hj,BrN [234°] (Lell- 


mann, B. 22, 1327). >-2. Ohldrmf acts with ct* 
plosive violence on dry piperidine. In presence 
of^water or chloroform it yields I'-ohloro-piper* 
idine, which may also be got by using bleaching- 
powder. ^ It is an unstable, heavy oil (62° at 25 
rilm.), with pungent odour, and deposits piper* 
idine hydrochloride when kept for some time 
(Bally, B. 21, lY72).-3. Cone. H,SO, at 800° 
forms pyridine (Kcenigs, B. 12 , 2341). Nitro- 
benzene at 260° also oxidises it to pyridine (L.h 
4. Chloroform, on boiling for some days, yields 
CH(Cj,H,(,N )3 aq (98° at 15 mm.) (Busz a. Kekul 6 , 

B. 20, 3246).— 5. Cll^CCIa forms, on boiling, 
ethonyl tripiperidine OHa.C(C.,IJ,oN)„ a liquid 
(262°) yielding B'^IlaCl., and B'^.^H/tClj (B. a. 
K.).— 6 . Bolling oxalic ciher (1 mol.) yields 
piporidyl-oxamic ether C JI,uN.CO.COJ3t (289°) 
(Wallach, A. 214, 278 ; 237, 247). The corre- 
sponding acid [129°] splits up on fusion into CO, 
aijd the formyl derivative of piperidine. PCI, 
yields CO.^ and Ci,H,oN.COCl (238°), which acts 
tipoii piperidine forming (C , H,oN).^CO [43°] (293°). 
NJI.,Aq converts the ether into pipcridyl-oxamido 
0.,H,„N.CO.CO.NH.^ [127°], crystallising i)i mono- 
clinic prisms, converted by P..Oa into 

C. H, oN.CO.cn, a heavy oil (264°). When piper- 
idine (2 mols.) is distilled with oxalic ether 
(1 mol.) there is formed oxalyl-piperidine 
CJI,„N.CO.CO.C,n,oN [89°J (above 350°).- 
7. By heating with phthalic acid (2 mols.) as 
long as phtlialic anhydride sublimes there is 
formed ‘pijiorilone-amine-phthalein ’ 0 ,j,H.^,N.p, 

or an oil which yields crys- 

talline C„Ha,Br,N.,0., (Piutti, G. 13, 635; A. 
227, 197).— 8. rliihalic anhydride unites in the 
cold with piperidine, forming a Jiiixture of ' piper- 
ileno-phthalamic acid ’ C-II,yN.CO.CoH,.CO.^n 
and its piperidine salt (P.). On shaking with 
ether aiAl water the acid goes into ethereal solu- 
tion, and the salt into aqueous solution. Pipor- 
ilene-phthalaniic acid is a heavy oil, v. sol. 
alcohol. It yields Agx\', C,n,,NlIA' [ 0 . 150°], 
and C,„H..„Br,N.p 3 , crystallising in long needles. 
9. Alloxan and aqueous sulplmrous acid give 
(C,H 3 Np,)CJI,,NlLS 03 , crystallising in plates 
(Pollizzari, A. 248, 150).— 10. On heating with 
isatin and alcohol on the water-bath there is 
formed the compound C 8 HaNO(CjH,oN), or 

crystallising in flat colour- 

less prisms, m. sol. hot alcohol, turned red by 
HCl, and yielding a blue dye (indigo ^ when 
treated with Ao^^O, or when rapidly heated to 
125°-160°. Bromo-isatiu forms, in like manner, 
C^H,BrNO( 0 iH,„N) 2 , crystallising in needles, 
wliile di-bromo-isatin reacts with production of 
C„H,Br.,(NH.,).CO.CO.NC,n„ [152°] (Schotten, 
B. 24, 1367, 2605).— 11. A solution of diazo- 
benzene chloride and sodium acetate forms 
rh.N;N.NOjH,o, which yields phenol and piper- 
idine when treated with dilute H. 3 SO 4 , and 
phenyl-hydrazine and piperidine when reduced 
by SnCI and HCl (Nolting a. Binder, B. 20, 
3016). Other diazo- compounds act in like man- 
ner. Diazobenzene piperidide is decomposed 
on heating to 260°, yielding benzene, N, and 
isopiperidein (Heusler, A. 260, 239).— 12. Rotas* 
slum oyanate converts piperidine sulphate into 
NH,.Cb.NO,H,„ orystalBsinff from aloohol in 
needles (Oahours)* MUhffl and ejfuuUit 
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^4Mne8ii(Midlfigiifeas. Phenyl cyanatetorma 
NHPb.CO.NO^i^, oiystallising from alcohol in 
prisms [173®]. O^^NH.COOl gives rise to 
0,H,NH.OO.NOjH,j [102®], crystallising from 
dilute alcohol m needles (Edhn a. lliescnfeld, 
B. 24, 3818).— 13. Methyl thio-carbimide forms 
NHMe.CS.NO,H,o [120®] (Ilechl, 2?. 23, 287; 25, 
816) » yfhile ethyl; propyl; mdphenyl- thiocarb- 
imides form corresponding thio-urcas [40°], [76®J, 
and [99°] respectively. Phenyl-, O; and p-tofyh 
thiocarhi mules form C-,H,oN.CS.NllPli [98®J ((>.) ; 
[104°] (Skinner a. liuhcmaiiii, C. J. 53, 558) and | 
CjH,oN.CS.NHC,II, [98°] and [132°] respectively, i 
Potassium sulphocyanide reacts with piperidine ! 
Bulphate, toimfhg CJI.oN.CS.NU, [U2°] Gob- 
hardt, B. 17, 3030). Allijl-thiocarbimide forms 
oily OjIIioN.CS.NHCallj, which is converted by ' 

cone. HClAq at 100° into a 

liquid (277°) yielding B'CJIjNjO, [112°] and 
B'MoI [67°] (Avenarius, B. 24, 202). — 14. Betfz- 
oyl-thiocarbimuU added to a solufion of piperid- 
ine in dry benzene forms G.ii[I,„N.CS.NlIBz [123°], 
crystallLsing in needles, sol. alcohol and ether 
(Dixon, 0. J. 65, 024). Bcnzyl-thiocarbimide 
gives C,II,„N.CS.NIICH,Ph [88°j (Dixon, C. J. 
60, 508).— 16. Tri-methyUtrithiocyanurate at 
200° forms C,,IL,N^S [107°], which gives 
(Hofmaiin, B. 18, 2779).- 16. gWu- 
one forms red needles [178°], which are probably 
0„n.,0,(NCjH,„)., (Lachovitch, M. 9, 500).— 
17. Benzoic aldehyde in presence of K^COa forms 
CIIPh(NC.,Hn,).^ [80°] crystallising from alcohol 
in flat needles (Elirenbcrg, J. pr. [2] 30,130; 
Lachovitch, M. 9, 095).— 18. Tri-oxy-mcthylcne 
forma CfL,(NC.H,o)„ (230°), which unites with 
CSj giving C„IL„N,CS, [58°]. — 19. Pinenc 
niiroso-chloride in alcoliolic or aqueous solution 
yields crystalline C,oII,«NONG,H,o [119°] which 
forms B'HCl. The corresponding terpino and 
dipentineno derivatives melt at 154° (Wallacli, 
A. 241, 320; 245, 253). -20, Arnylene nitroso- 
nitrate in boiling alcoholic solution forms 
CM03(NGjH,„).GMe:N Oil, which crystallises from 
ether in prisms [90°], and is converted by boiling 
dilute H^SO^ into GMea(NC.,H,„).CO.GH„ an oil 
(220°), Md- 1*934, volatile with steam, yielding 
a very hygroscopic hydrochloride (Wallach, d. 
248,172). — 21. iivoresecin chloride 220° forms 

B"H.jPtCl„ and B"Hj,Cla which is purple in dilute 
solution and yellow in cone. HGlAq (Lcllraann 
a. Biiftner, B. 23, 1387).~22. Bromo-phen- 
anfhmte at 260° forma crystalline G,,HbNCjH„ 
[113°] which yields B'.jir.PtCl„ Oaq (L. a. B.).— 

23. Bromo-anthraccne at 260° reacts forming 
O^H^NOjHjo crystallising from ether in yellow 
prisms and giving B'jHjPtGln 2aq (L. a. B.). — 

24. Chloro-acctic acid forms CsHuN.CIL^.CO;,!!, 
which forms homihedral prisms (containing aq) 
and yields CuA',4mi, HA'HCl, HATlBil,, 
(HA'),3HAuCl«, and HA'BaGl, (Kraut, A. 157, 
66). — 25. a-Chloro-propianic ether produces 
CjH„N.CHMe.CO^ crystallising from water and 
alcohol in prisms and yielding HA'HAuCl* 
(Bruhl, B. 9, 84).— 26. Benzene sulphockloride 
and NaOHAqform C,H4.SO,.NO*H,o [93°] (Hins- 
Derg, A. 266, 182; Schotten a. Schldmann, B. 
84, 8680). This body is oxidised' by KMnO^ 

jDA,SO,iiaCHyCHyOH,.CHrOO^. — 


27. Picryl chloride forms O»H,.lT.0«H.(NO|)| 
[106°] (S. a. SJ.— 28, Olycerin aichlorhydnn 
forms liquid 0,oH«N^O (280°-290°) which yields 
B"n,PtCl« (Ladenburg, B. 14, 1879).-29. CS, 
forma (OjH„N)jOS,; or Ci,H,„N.CS.SNG4H,a crys- 
tallising in slender monoclinio needles [174°], 
converted by an alcoholic solution of iodine to 
(CJI,„N.CS).^S. [130°].— 30. DicyandiamidereBota 
on ‘ piporyl-bigiianido ’ with formation of 
i.c. C,II,„N.C(Nll).NH.G(NH).NH, [163°?] crys- 
tallising in silky needles, and yielding the salts 
B'H.Cl., [217»J, BTI SO, [173°],B'2H..SO^ [219°], 
B'H^tGl, [252°], BTI,AuCl,, and the copper 
compound Cn(G,H,,N;,).^H,Bb, crystallising in 
rose-red needles (Bamberger, B. 24, 605, 904). 
Piperyl-biguanido is converted by CIICl, and 
caustic potash into ‘ piperyl-formoguanamine ’ 

[194-5°] which yields 

the salts BTICI [201°], B'.JLSO.aq [222°], 
B'‘2G„H,N,0, [*18°], BVl .PtCi; [219°], BTIAuCl, 
[90°4 ami [158°], and B'^AgNO, [229°-238°] 
(Hjelt, B. 2.'>, 529). Pipcryl-bignanide sulphate 
heated with NaOAo at 200° yiclfts piperyl-aceto- 

guaimmina [179°] 

(Hjelt, B. 25, 533). The acetyl derivative of 
piperyl-biguanidcG4lI,„N.C{NAc).NH.G(NH).NH, 
[193°J is got by heating the copper salt with 
HOAc. 

Salts.— B'lIGl. [2.37°]. M.M. 10 034 in a 
63 p.c. solution (Perkin, C. J. 55, 716). Needles, 
V. sol. water and alcohol. —B'J lAuCl , [200°], Not 
decomposed bv boiling water (Do Coninok, Bl. [2] 
45, 131).*— bVh.IHGV [19G°] [Ladenburg, B. 18, 
3100) ; [200°] (Wallach a. Lehmann, A. 237, 241). 
lied needles. Not decomposed by boiling water 
(Dc Coninck, BL [2] 45, 131). Crystallises also 
with Eton in orange needles [191°]. ^ B',PtClj,— 
B'Zn pGl.^ : amorphous pp. got by adding piper- 
idine to a solution of ZnGI^ (Lachovitoh, M. 9, 
517).— B'HBr. Plates (Lelhnann, B. 20, 680).— 
B'HI. Long needles.— (Bill)., 2Bil3. Scarlet 
plates (from alcohol) (Kraut, A. 210, 819). — 
B'ICl. [143°]. Wliito needles. — BTCIHCI. 
[90°]. Yellow cry.stals (from water) (Pictet a. 
Kr.afft, Bl, [3] 7, 72).-B'HNO,. Small needles.— 
B'.il.C.p,: needles.- B'JI^FcCyrt 3aq. Yellow 
triclinio crystals.— Pi per ate B'G,.JI,„04, Silky 
lainino! [100°J (Babo a. Keller). — B'jIIaSO,. 

Nitrosamine GjII,oN.NO. (218°). S.G. 

1'OCC. Formed from piperidine and nitrous 
acid (Wertheim, A. 127, 76 ; Sohotten, B, 16, 

, 425 ; Knorr, A. 221, 298). Pale-yellow liquid, 

: si. sol. water, v. sol. cono. IICIAq, but roppd. on 
i dilution. Zinc and HClAq reduce it to piperidine 
and NH,. Heated in a current of HCl at 100° * 
it gives piperidine and NOG). Sodium -amalgam 
; forms OjH,„N,NHj and piperidine.- B"H3C1,; 

syrupy.— ’‘B"nCl : crystalline mass. 

I HyfZra^ine C.II,„N.NH.4. * Piperyl-hydroM^ 
line: (146°) at 728 mi’. S.G. H®. *928. Got by 
; reducing the nitrosamine with zinc-dust and 
HOAc (Knorr, B. 15, 859 ; A. 221, 299). Liquid, 
with ammoniiv'.al odour, miscible with water, 

! alcohol, and ether. Volatile with steam. Oxidised 
I by HgO in the cold to the tetrazone 
[46°], which yields B'^^PtCla. Beduces cold 
I ammoniacal AgNO, ana hot Fehling’s solution. 

I Nitrous acid converts it into piperidine. CS, gives 
I rise to [ 181 °]. The compound 
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OJ^,N.NH.OS.NOiH„[86°Jniay also be obtained. 
BzOl in ether forms OjH,oN.NHBz [196°]. 
Benzoic aldehyde forms CjHioN.NiCHPh [63°]. 
Salt.-B'HC]. [162% Tables (from alco- 
hoi), Boacts with potassium cyanate forming 
OtHfoN.NKCO.NBj [136°] and with potassium 
Bulphocyanide forming Or,H,„N.NH.CS.NHj 
tl67°].-M 0 1 h y 1 0 • i 0 d i d e B'Mel. [21 5°]. Begins 
to decompose at 150°. 

Formyl derivative (222°). 

S.G, 1‘0193. Formed by the distillation of 
05 H,oN.CO.CO.H (v. Reaction 6)*(Wallach a. 
Lehmann, A. 228, 251 ; 237, 262j. Got also by 
heating piperidine with formamide (Lachovitch, 
M. 9» 699). Liquid, miscible with water, alcohol, 
and ether. PClj yields a base C,,R,„N.^.- B'HCl: 
deliquescent needles. — B'JI^PtClg. [172°]. 
Plates.^B'HgCl 2 . [149°]. Needles. 

Acetyl derivative C^HinNAc. (227°). 
S.G. a 1*011 (Wallach a. Kamcnsliy, A. 214, 238 ; 
c/. Schotten, B. 16, 420). Liqui(C miscible with 
water. When heated with BzCl it gives AcCl 
and benzoyl-piperidine (Pictet, B. 23, 3014). 
On heating with bromine it gives pyridine, 
bromo-pyridine, and di-bromo-pyridino (Hof- 
mann, JJ. 16, 587). When Cl is passed into 
cooled acctyl-piporidine and the product is 
warmed with water, there is formed C,H,, Cl, NO.^ 
/:i22°j (Bally, ii. 21,1772). 

Benzoyl derivative CjHioNBz. [48°]. 
(above 860°). Formed from piperidine, BzCl, 
and NaOHAq (Cahours ; Schotten, B. 17, 2544 ; 
21, 2238). Triclinic prisms (from alcohol). Oxi- 
dised by KMnO., to bonzoyl-5-amido- valeric acid 
[94°]. Benzoic aldehyde forms the compound 

*’®<c(CHrh):Si!>‘^““ 

B'HCl [ICO ] ami' B'lINO, [98°], both being 
crystalline (lliigheimor, C. 24, 2180). 

Bromo-benzoyl derivative 
OjHjoN.CO C^H^Br. The o- compound is an oil, 
while the j)- compound crystallises from alcohol 
in rectangular monoclinio tables [95°] (Schotten, 
B. 21, 2248). 

m-Nitro-henzoyl derivative 
OjH„N.CO.C«H,NO,. [34°J. (184° at 64 mm.). 
S. (^cohol) 33 in the cold, 50 at 78°. Bark- 
yellow monoclinio crystals. Crystallises from 
water with about Saq, and then melts at 84°. 
Yields, on reduction, the m amido-benzoyl de- 
rivative [125°]. 

Oxy •benzoyl derivative v. Piperidide 

of OXY-BENZOIO ACID. 

Cuminyl derivative C,jII.,NO. Tables. 

Cinnamyl derivative C„H.CO.NO.JI,o. 
[122°]. Formed from the anhydride and piper- 
idine (Herstein, B. 22, 2265). Stellate needles. 

Alkyl-piperidines. On heating the alkylo- 
iodides of pyridine, a pair of alkyl-pyridines is 
produced, that of lower boiling-point being 
(a) -alkyl-pyridine, and the other (y) -alkyl-pyr- 
idine. On reduction these give the correspond- 
ing alkyl - piperidines. The same isopropyl- 
pyrivlines are obtained both from pyridine 
isopropylo-iodide, and pyridine 7t-propylo-iodide, 
an intramolecular change taking place in the 
propyl group in the latter case. Conyrine is 
(a) -propyl-pyridine, coniine is (o)-propyl-piper- 
idine * (tadenburg, B. 18, 1587). By adding 
potash to piperidine alkylo-iodides, I'-alkyl- 
piperidines oan be obtained. 


Methyl; Ethyl; Propyl; Phenyl; and fdtyU 
Piperidines v. MethtIi, Ethyl, Propyl, Phenyl^ 
and Tolyl Pyridinb hexahydbides. 

PIPEBIDINE p-CABBOXYIIC AdB 

ether mk'. 

(201°). Formed from piperidine, ClCO«Mo, and 
KOHAq (Schotten, B. 15, 425; 16, 647). Heavy 
oil. Converted by HNO„ containing uroa, into 
C.Hj(NO.JN.CO.Are [103°], whence Br forms a 
compound [130°]. 

Ethyl ether EtA'. Piperyl- urethane. 
(211°). Formed from piperidine and ClCO^Et. 
Oil. Br in HOAc forms C.II^Bi^.CO^Et [140°], 
while UNO, free from NO. forms ‘nitrodohydro- 
piperyl urethane ’ CJI;*(NO.j)N.CO„Et [62°], 
whence Br in HOAc form's CJl^BrN^Oj [167°]. 

Chloride C.,H,„N.COCl. (238°). Formed 
from C^HinN.CO.CO .H and PClj {v. Piperidine, 
Reactimi C). Liquid, slowly decomposed by cold 
water into pipm*idino, CO., and HCl. 

Amide C^HioN.CO.NH,^. [106°]. Got from 
piperidine sulphate and potassium cyanate. 
Needles. Yields B'HNOj. [G7°] (Franchimont 
a. Klobbie, R. T. C, 8, 302). 

Anilide. [172°]. Formed from piperidine 
and phenyl cyanate, or from tlio cjdorido and 
aniline (Gebhardt, B. 17, 3010; Wallach, A. 
228, 250 ; 237, 250). 

Piperidide (C,H,oN),^CO. [43°]. 

Isomeride v. Ilcxahydride of Pyridine 

CARBOXYLIO ACID. 

BI-FIPERIBYL v. Bipyridyl dodccahy- 
dride. 

PIPEEIDYL-CYANURAMIDE v. Cyanur- 
amide in article Cyanic acids. 

PIPERIDYL-MEL AMINE v. Cyanic acids. 

PIPERILENE V. vol. iii. p. 807. 

PIPERINE C„H,gNO, i.e. 
0,H,„N.C0.CH:CII.CH:CH.Cgir,:0,CH2.Pfpcr7/f. 
piperidine. Mol, w. 285. [128°]. Occurs in 
black pepper [Piper nigrum) ^ long popper [P. 
longum)f and in the black pepper of Western 
Africa [Cubeba Clusii) (Oersted, S. 29, 80 ; 
Pelletier, A. Ch. [2] 16,344 ; 61,199; Merck, 
N. J. T. 20, 1, 34 ; Wackenroder, Br. Arch. 37, 
347 ; Buflos, S. 61, 22 ; Warrentrapp a. Will, A. 
39, 283; Wertlioim, A. 70, 58 ; Gcrhardt, Compt. 
Ghim. 1849, 375 ; A. Ch. [3] 7, 253 ; Anderson, 
A. 75, 82 ; 84, 345 ; Cahours, A. Ch. [3] 38,76 ; 
Stenhouse, A. 95, lOG ; Von Babo a. Keller, J.pr. 
72, 63 ; Strccker, A. 105, 317). 

Formation. — By heating piperidine with the 
chloride of piperic acid (Riigheimer, B, 16, 1390). 

Pr<?jpfiraf/oH.— Ground pepper (1 pt.) is boiled 
with slaked lime (2 pis.) and water, the filtrate 
evaporated to dryness at 100°, and the piperine 
extracted with ether and recrystallised from alco- 
hol (Cazeneuve a. Caillot, Bl. [2] 27, 290). 

Properfie^.— Monoclintc prisms, v. si. sol. hot 
water, m. sol. alcohol and ether. Inactive to 
light. Insol. dilute acids and alkalis. Becom- 
posed by alcoholic potash into piperio acid and 
pq^eridine. Cone. HBO^ forms a blood-red solu- 
tion. HNO, gives a greenish-yellow colour 
changing to red. Phosphomolybdio acid gives a 
flocculent pp. 

S a 1 1 s .—The h y d r ooh lo ri d e is crystalline, 
but decomposed by water.— B^H^PtClf: roseate 
monoclmio crystals. Not decompose by hot 
water (0e Ooninok, BU [2] 45, 131).— : 
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kricliluo crystals. [146®]. Steel-bluo 

needles (Jorgensen, J'.pr. [2] 8, 328). 

PIPl^OKETONIC ACID v. Di-oxY-BaNZYL 

ITHYL KETONE CAEBOXYLIO ACID. 

PIPERONAL V. Methylene derivative of 

pKOTOOATECHUIO ALDEUYDE. 

PIPERONYL-ACRYLlC ACID v. Methylene 
ether of Caffeio acid. 

PIPERONYL ALCOHOL v. Methylene deri- 
vative of Di-OXY-BENZYL ALCOIIOIi. 

PIPERONYLIC ACID v. Methylene deriva- 
tive of Pbotocatechdic acid. 

PIPEROPROPIONIC ACID v, Di-oxy-phenyl- 

PROPIONIC ACIlf. 

PIPER-PROPYL-ALKINE v. Oxy-propyl- 

Pn’EttlDINE. 

PIPERYL. This name is given to radicle 
CH,0,:C«Hj.CH:CH.CH:CfI.CO. IHperyl has 
also been used to denote C,TI,a, the divalout 
radicle which is united to N H in piperidine ; 
many of the derivatives of this divalent ‘piperyl' 
are described under Piperidine. 

PIPERYLENE v. Pentinene. 

PIPERYLENE TETRABROMIDE v, Tetra- 
bromo-pentane. 

PIPITZAHOlC ACID C,,K.„0,. Perezone. 
[104°] (A. a. L.) ; [107®] (iMyfius, B. 18, 480). 
May bo extracted by alcohol from Pipitzahuao 
root or Badix Perez ue (De la Siigra, C. B. 42, 
873, 1072; Weldt, A. 95, 188; Anschutz a. 
Leather, 0. J. 49, 715; B. 18, 709, 715). Flat 
golden plates (frojn alcohol), nearly insol. 
water, v. sol. alcohol and ether. May be sub- 
limed. Volatile with steam. Aqueous alkalis 
form a violet solution. Aqueous methylamino 
forms methyl - amido - pipitzahoio acid 
0|iH,y{NIIMe)Oa [114°], crystallising in blue 
needles, while aniline forms C,jn,,,(NHPh)0, 
[139°], o-toluidino gives C,,,,U|u(‘^lC,H,.)0, 
[110°J, |j-toluidine yields p-tolyi-amido-pipit/.a- 
ho'ic acid [131°]. Bromine forms 0,jH..uBr..Oj 
[109°]. 

S alt s.-PbC„H,yO,.-CuAV-AgA':puiplo 

pp. 

Ethyl ether EtA'. [141°]. 

Acetyl derivative C,,,Hn,AcOj. [116°]. 
Triraetric plates ; a:6:c = -029:1: *845. 

Oximi Cp.lLiNOj. Aniidopipitzahdic acid. 
[164°]. Flat violet-brown needles. Formed from 
the tfeid and alcoholic hydroxylamine (Mylius, 
B. 18, 930). The same body is got by boiling 
phenyl-amido-pipitzahoio acid (y. supra) with 
NHjAq (A. a.L.). 

Oxypipitzahoic acid 0„H,y(OH),Pj, [129°] 
(A. a. L.) ; [134°] (M.). Formed by warming 
phenyl-amido-pipitzahoic acid (y. supra) with 
alcoholic H.^S04. Orange plates, nearly insol. 
water. Its alkaline solutions are violet. Bromine 
forms an unstable dibromide [140°-146°j. On 
warming with H^SOj it is converted into pero- 
zinono 0,jH,„0, [144°], which crystallises in 
yellow needles or prisms, and yields C„n„NaO„ 
crystallising in easily soluble yellow tables. 

mTIENE O.H, U. (80°). 

Formed by distilling with solid NaOH the 
methylo-io^de of the base obtained by the action | 
of Ag,0 on the iodide formed from di-metbyl- 1 
pyridme hexahTdride and iodine (Ladenborg, I 
A. 247, 60). OIL Dom not ppt ammoniaoal 
011,0^ 


PISOIDIK On [192®]. The poisonona 
principle of Jamaica dogwood {Piscidia 
Erythrina)t from which it can be extracted by 
lime-water (Hart, Am. 5, 39). Six-sided prisms 
(from alcohol), in sol. water, si. sol. cold alcohol, 
sol. benzene, CUG1„ and oouc. HGlAq. SedatiTO 
and narcotic. 

PITTAKAL y. Edpittonio acid. 

PITURINE is Nicotine. 

PLASMINE V. Proteids. 

PLATIIfAMMlNES y. Platinum-aumonidm 

COMPOUNDS, p. 292. 

PLATINATES. PtOJl4 acts as an aoidio 
hydroxide towards strong bases, forming com- 
pounds of the typo xP10..7/MO. These platin- 
ates are generally obtained by reacting on 
PtCl4Aq with caustic or carbonated alkalis, and 
sometimes by fusing PtCl4 with bases and then 
wa.shing with water. 

Barium # platinates. The compound 
2PiO,^.3BaO was obtained, in hexagonal crysials, 
by Itousseau (0. R. 109, 144) by lieating PtCl4 
with BaO for some time, tl»en adding Bad, 
equal to the quantity of BaO used, and heating 
to c. 1100° (m.p. of Cu) in a Pt dish for some 
hours, and washing with water. The crystals 
are insol. acetic acid, but sol. HdAq. The salt 
decomposes at an orange- rod lieut, in presence 
of BaCl,, with separation of Pt. TopsOe {B. 3, 
462) obtained PtBa03.4II,0 by decomposing 
ILPtd,jAq by excess of BaO JI, in sunlight ; to 
the ))p. thus obtained Jobaniiscn [A, 166, 204) 
gave the composition 

3PtBa03.BaCl,.Pt0d,.llH,0. 

Calcium platinates. According to llorsohel 
{A. 3, 317), CaOAq added to PtCl4Aq in sunlight 
produces a white pp. of 

PtCa0.3.Ca0.Pt0d.,.7H,0. 

Sodium platinates. When a mixture of 
NaXOjAq and ILPtClyAq stands for some days 
in a warm place, a pp. of 3PtO,.Na,O,0H4O sepa- 
rates (Dobereiner a. Weiss, A. 14, 21). Rousseau 
(C. H. 109, 144) obtained crystals of Na platinate 
by heating a mixture of equal weights of NaOH 
and NaCl with some Pt black, in a Pt crucible, 
to c. 1100 for two or three hours. 

For descriptions of the hromoplatinateSt 
chloroplatinatcSf iodoplatinates, Ac., y. Platini- 

BROMIDES, PlAITNI-CULORIDES, PlATINZ -IODIDES, 

Ac. 

THIOPLATINATES. PtS, combines with 
some more basic sulphides to form salts which 
may be called thioplatinates ; some salts are 
also known containing Pt and Sn combined with 
alkali metal and S. those may be called thio- 
stannopilatinates. The alkali thioplatinates are 
obtained by fusing together spongy Pt, 8, and 
alkali carbonate, and washing with water ,whereia 
the thioplatinates are insoluble. Other thio# 
platinates - of Cd, Cu, Fe, Pb, Mn, Hg, Ag, 

8r, and Zn— are obtained by doable decomposi- 
tion from the alkali salts. The thioplatinates 
belong to the forms M*,Pt4S, and ; the 

corresponding Ihioplatinic acids and 

H4Pt,8a ore obtained by decomposing ^tiS^ 
and Na4Pt,S, respectively by dilate HOlAq. 

PotaBsium thioplatinate 
E,Pt48, «> E,S.3PtS.PtS, {PoUusUmpUUvn-thio- 
platinate). Blue-grey, metal-like crystal^ ; S.Ck 
0*44 at 16®. Glows like tinder when heated in 
air, forming E ^04 and Pt; redooed in fi iritb 
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jMntfon ol H^S and formation of Pt. Obtained 
bj fating an intimate mixture of l->2 parts Pt 
blaok with 12 parts of a mixture of equal parts 

S and KjCOj in a porcelain crucible, keeping 
the molten mass over the blowpipe for a few 
minutes and extracting with water when cold. 

Sodiam thioplatinftte 

Ka^PtgS, 2Na2S.2PtS.PtSj (Disodium platin- 
thioplatinate). Copper-red, rhombic needles; 
decomposed in air. Obtained similarly do the 
K compound mentioned above. 

For details regarding thioplatinatea, and also 
thiostannoplatinates^ V. Schneider, P. ISG, 105 • 
188, 604; 139, 661; 141, 519; 148, 633; Ho! 
881 (c/. E. von Meyer, J.pr. [2] 15, 1). 

^ M. M. P. M. 

PLATINITES, derivatives of\ v. Platino- 
BKOMIDES, PlATINO-CHLOIIIDES, PnATINO-NITItlTiiS. 
& 0 . 

PLATIKI- and PLATING- fJOMPOUNDS. 
Such compounds asplatini-bromides, called also 
bromoplatinateSi and platino-nitrites will be he- 
Bcribed here. vx 

^^I^IPOUNDS. These compounds 
are derived from platinio compounds, especially 
from PtCl^, PtBr^, and Ptl^ ; they generally 
react as salts of acids containing totravalent 
atoms of Pt in their acidic radicles. 

Platini-bromhydric acid HjPtBr^.OHjO 
^Tomoplatinic acid). Formed by heatinn snontrv 

Pt wi& Br and ujjrAq 12, ^ 

tube, to 180® (Meyer a. Ziiblin, B. 13, 404 ; Hal- 
beratadt, B. 17, 2962). Also by dissolving Pt 
blaok in HNOjAq mixed with HBrAq, heatim' 
with repeated additions of HBrAq, evapora- 
ting over CaO, and washing the crystals, on an 
asbestos filter, with CSj (H., l.c.). Large, clear, 
carmine-red, monoclinio crystals ; v. sol. water, 
alcohol, ether, acetic acid, and CHCl,. Melts at 
100® with partial decomposition (Topsoo, Ar Sc, 
86, 68 ; 46, 223). 

Platini-bromides M^PtBr, (Brotnoplatm. 
ates). Thomsen {Th. 3, 430) gives [Pt,Br\2UBr Aql 
-67.160 and [Pt,O‘,0BBrAqJ - 80,300, where 
K-H, Na, K, Am, ^Ca, iBa, ^Sr, pig. These 
salts are generally formed by evaporating 
H^tBrjAq, or a solution of Pt in Br and 
HBrAq, with metallic bromides. They are red 
crystalline solids, isomorphous with the corre- 
sponding Cl salts. As solutions of those salts 
give a pp. of AgjPtBr^, and not AgBr, with a 
hmited quantity of cold AgNO^Aq, and on 
electrolysis of their solutions the Pt goes with 
the Br to the positive electrode, they are better 
regarded as ordinary salts than as double salts 
2MBr.PtBr4. 

Ammonium platini-bromide Am^PtBr,, Red 
ootahedra ; S.G. 4*2 ; si. sol. cold water. S. at 
20® --69 (Halberstadt, B. 17, 2902). Formed 
by evaporating HjPtBr.Aq -i- NH,Br. 

Potassium platini-bromide KjPtBr-. Red 
octahedra; S.O. 4-64 (Topsde, Ar.Nc. 35,68: 

46, 228). S. 2*07 at 20®, 10 at 100® (H., l.c.). 
Obtained by ppg. HjPtBr.Aq by KBr, or by eva- 
porating HjPtCljAq with KBr. Thomsen (Th. 

8. 480) gives ' 

[I^3'"»2KBr] -69,260; [K^PtBr'.Aq] - - 12,260. 

Double compounds with KJ>tCL ara 
desoril^d by Pitkin (C. N. 41, 118). 

Sodium platini-bromidb Na2PtBr..6H,0. 
Mik-ied» tnolinic prisms; S*G. 8-828; very soL 


water and alcohoL Obtained bv svaponiifng 

^ turned out, 
adding NaBrAq, evaporating to dryness, dis- 
solving in a little water, and crystallising 
porasen, J. pr. [2J 15, 294). Thomsen (Th. 

[?t3r*,2NaBr,6H^OJ= 65,330; 
[NaTtBr«,6H-0] = 18,540 ; [NaTtBr".6H^O,AqJ 
= -8,550. Platini-bromides of Ba with lOaq, 
Ca with 12aq, Co with 12aq, Cu with 8aq, Pb, 
Mg with 12aq, Mn with 12aq, Ni with 6aq, Sr 
with lOaq, and Zn with 12aq, are described by 
lopaoo (Ar. Sc. 35, 68 ; 46, 223) ; von Bons- 
aorff (P. 19, 343) describes a Mn salt with 6a(]. 

Flatiui-bromonitrites (Nitro-bromoplatin- 
ates. Plalini-jiilrobromides). Salts derived from 
tho platini-bromides by replacing Br by NO-. 
By gently heating K2Pt{NOo)j (v. Platino -nitrites, 
p. 284) with Br, potassium platini-dibromo- 
mtntc, K2ptBr2(NO.J^, is obtained as a yellow ’ 
powder, si. sol. cold, more sol. hot, water (V^zes, 
an aqueous solution of 
this salt IS concentrated at a gentle heat, it yields 
Tr pofdssniwi platini - tribromonitrite, 

Kjl tBr.,(NO^)3 (V., C. li. 115, 41). Potassium 
plahnideirabromonitrile, K.PtBr.jNO.,).^, i.s ob- 
regulated action of Br on 
K.Pt(NO.J^ • it forms red prisms, sol. water with 
partial decomposition (V., C. R. 115, 44). 

Platini-chlorhydric acid H,Ptci, .6n.,0 
(Chloroplatmic acid). A solution of this com- 
pound is the starting-point for the preparation 
of very many Pt compounds. Formed by dis- 
solving Pt in adua regia, repeatedly evaporating 
with cone. HClAq till every trace of HNO* is 
expeUed, and allowing to crystallise (Weber, P, 
131, 441 ;_Jorgensen, J.pr, [2J 16, 345 ; Tops6e, 
Ar. Sc. 35, 68). Red-brown, very deliquescent 
S.G. 2-431. Easily sol. alcohol, forming 
(Schiitzenberger, A. Ch. [4] 21, 
302). Hdated to 230 ^ gives PtClj (u. Platinum 
i)iciiLORri)E, Preparation, p. 289). Heated in Cl 
to above 350® gives PtCl^ (u. Platinum tetra- 
I CHLORinK, Formation, p. 289). By adding much 
j IlaSO, to HPtCl„.6H.O ill a little water, Pigeon 
i obtained the hydrate with 

I 4HjU ; and by heating in vacuo at 100®, over 

fused KOH, he obtained HPtCl,.2ILO. Thomsen 
[2HCl.\q,Pt,CB] = 84,620; 
[6IIClAq,Pt,0-] = 64,060. Pigeon (G. R. 110, 774 
gives [H-'PtCl'’.6H-'0,Aq] = 4,340. H,PtCl«Aq re- 
acts as a dibasic acid; the platini-chloj’ides are 
numerous and important ; the Am and K salts 
are only si. sol. water and insol. alcohol, and are 
much used as forms for estimating K and am- 
monia. Very many organic bases replace H and 
form salts analogous with the metallic platini- 
chlorides. 

Platmi.chlorid«,M«.PtCl, (OhloropUtinaten), 
Thomsen (Th. 3, 430) gives [Pt,Cl',2KCIAa] 
-»1,620: and [Pt,O-,0ECIAq] =64,060; where 
n-H, Am, K, Na, JBa, ^Ca, jSr, Mg. Pigeon . 
1^. B. 110, 77) gives [PtCl‘,2HclAq] - 24^00. 
These salts are generally obtained by evaporating 
HjPtClgAq with metallic chlorides. Most of 
them are yellow-red, crystalline solids ; usually 
e. sol. water and alcohol. They are better 
regarded as ordinary salts than as doable chlor^ 
ides (c/. Platini-bbomidm, supra). The platinL 
cUorides were investigated by von Bonsdo^ 

(P, 17, 260) ; later ^Oleve (Bl, [2] 21, 118, 197. 

247, 846} ; also by TepsOe (4r. io. 86, 68} ; aai 
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hr KflBon (B. 9, 1056. 1142). CrystaUostaplu- 
oaUy considered, these eaUs fall “to lonr 
croupe ;-(l) M,Pt01„ where M - Am, Ca, K, Rb, 
T1 (and Pt may be replaced by Pd, Ir, or Sn) ; 
regular, isomorphous with Ama(or K 2 )PtBr^, , 
Am 2 (or KJPtI,, fluosilioates, . lluostannates, , 
and fluozirconates of similar composition, j 
(2) MPtCl,. 6 aq, where M = Cd, Co, Cu, Fe, ! 
Mg, Mn, Ni, Zn (and Pt may be replaced by 
Pd or Sn) ; hexagonal. (3) MPtCl6.12aq, ■ 
where M =Mg or Mn; hexagonal; isomor- 
phous with corresponding plutini-bromides. 
(4) M(PtCl,).^24aq, where M = Ce.^ or La^; hexa- 

^ Ammonium PLATINI-CHLORIDE AmoPlCla {Am- j 

monium chloroplatinatc. Platinsalammoniac). 
Ppd. on adding NH, Cl toH.PtOl.Aq, PtClAci, or 
a solution of Pt in cone. HClAq with a littlo 
HNO*. Yellow, regular, oclaliedial crystals. 
S.G. 3’0G5 (Topsoe, l.c.). S. *005 at 20°, l* 2 i/at 
100° (Michaclis, Q.-O. 1, 1187). Scarcely sol. 
alcohol or ether. Decomposed at red heat, 
leaving Pt black. For reiictions with NH 3 v. 
Platinum-ammonium compounds, p. 202. 

Potassium platini - chloride K.PtCla 
(Potassium chloroplatinatc). Ppd. by adding 
KCl, or other K salt, to cone. H.jPtCl,Aq, or to a 
solution containing Pt which has been evaporated 
with excess of HClAq. Iteddish -yellow rcguhir 
octahedra. S.G. B-SSO (Bodeker). 

1*12 at 20°, 2*17 at 50°, 3-79 at 80°, 5*13 at 100 
(Michaolis, l.c). Almost insol. alcohol, or alco- 
hoi and ether, Sliglitly sol. dilute acids; sol. 
KOIIAq. Reduced to Pt and KCl by heating to 
redness; more quickly by heating with reducing 
agents such as oxalic acid or sulphurous acid, 
or by huating in a stream of hydrogen. Vozes ^ 
(C B 110, 757) describes a nitroso- derivative, 1 
Lpt(NO)Cl,. Pigeon {G. R. 110, 77 ; 112, 791) * 
gives [Pt,Cl*,2KClAq]» 83,330; tPtC1^2KC Aq] 

= 25,330 ; [PtCP,2KClJ = 29,700. Thomsen (i h. 
8 , 430) gives [Pt,CD,2KCl] = 89,500. 

Potassium platini-bromochloride 
KaPtBr-^Cl, ; by ppg. H.^PtCl^Aq by KBr (Pitkin, 
C. N. 41, 118). ^ , 

The following plaiini-chloridcs have also 
been isolated: AlCl3.PtCl,.15aq (Welkow, B. 7, 
804 ; Salm-Horstmar, P. 99, 038) ; Ba, with daq 
(Topsoe; Bornsdorff, Precht, Fr. 1879. 50U); 

. Be, with 8aq (Welkow, B. 6, 1288 ; Thomsen, B. 
3 827) ; Cd, with Caq (Topsoe) ; Cs (Crookes, 
C. N. 9, 37 ; Bunsen, P. 119, 371) ; Ca, with 9aq 
(TopsOe ; precht) ; Ce, various salts (Cleve. Ma- 
rignac,Holzmann,t7'.pr.81, 80) ; CrClj.PtCl^.lOaq 
(Nilson, B. 9, 1056, 1142) ; Co, with 6aq (Tops.*e) ; 
Cu. with 6aq (T.) ; Di, various salts (Frenchs a. 
Smith, A. 191, 331) ; 2InCl,.5PtC1^.3Ca(i (Crookes, 
J. 1864. 256) ; Fe, various salts (T. ; Bonsdorll ; 
Nilson); La, various salts (Cleve, Marignac, 
Jolin, B. 11, 910) ; Pb, with 3 or4aq (Birribaura, 
• /. 1867. 319 ; Topsoe) ; Li, wiih 6aq (Scheibler, 
J. pr. 67, 485 ; Jorgensen a, Topsoe, Gw.-JY. 3, 
1174); Mg, with 6aq (T.); Mn, with Caq (T.); 
Ni. with 6aq (T.) ; Rb (Crookes; Bunsen); Ag 
fBirnbaum); Na, with 6aq (Marignac, Topade, 

‘ Reoht; tor thermal data v. Thomsen, and 
PiffeoD. Mi Sr, with 8aq (Bonsdorff); Tl 
B;s)7Th. with 12aa ^eve) i Sn. with 12a^ 
fNilson)/ Compotmda of PtCli with chlondes of 
W fNilMii) Hg (Bimbamn). VO (Branner. M» 8, 
aad exist Ko oom* 


pounds are formed with PtCfli and chloride of 
Sb, As, orBL 

Piatinl-chloronitrites (Platmi-nUrochlor^ 
ides. Nitrochloroplatinates). Salts derived 
from the platini chlorides by replacing 01 by 
NO.. A few of these salts are described 
by'V^zes {C. P. . 115, *44) ; the principal 
arc dichloroni trite K.PtCl 3 (N 03 )„ trichloro- 
nitrite lUHCl^iNOJs, and pcntachloronitnU 
KPtCl,(N().J.H,0 {v. also Blomstrand, J. pr. [2] 

Platinl-iodhydric acid HaPtl^.OH^O [lodo- 
platinie acid). Brown deliquescent crystals ; 
probably monoclinic ; by dissolving Ptl,in HIAq, 
and evaporating. Kasily decomposed, even in 
solution, rapidly at 100 °, with separation 01 
PtI, (Topsoe, Ar. Sc. 38, 297 ; Cleinenti, J. 
1855. 420; Lassaigne, A. Ch. [2J 51, 113). 

Platini-iodides Ml.PtI, {lodopUitinates). 
Reddish-browfl, metal-liko sails; generally 
foriiied by evaporating ri,lHCl,iAq with excess of 
metallic iodides, or by adding iodides to Ptl^Aq. 
The following have been de.sRribod (u. Topsbo, 
dementi, Lassaiguc, Lc .\ : Am ; Ca, with 12aq ; 
Co; Fo; Mg,with9aq; Mn ; Ni, with 6 aq; K; 
Na, withOaq; Zn, with 9aq. 

Platini-iodonitrites {Platini-nitro-iodides. 
Nitro-iodoplatinates). M*.^rtIrt_j(NOj,)a;. A few 
of these salts are described by V 6 zes (G.R. 113, 
696). A nitroso-plat ini-iodide, K. 3 Pt(NO)l 4 , is 
also described. niz/MT \ 

Platini-molybdates. By boiling PUOll,) 
with an acidified solution of Na molybdate, Gibbs 
{Am. N. [31 14, 61) obtained a complex com- 
pound which may provisionally bo classed as a 
platini-molybdatc, 4 Na 30 .l 0 Mo 03 .Pt 0 .;. 29 lI.^ 0 . 

Platini-nitrobromidea ; -v. Pluini-bromo- 
NlTlUTEfl, p. 282. 

Platini-nitrochlorides ; v. Platini-chloro- 
nhrites, supra. 

Platini - nitro - iodides ; v. Platini • iodo- 

NITRITES, supra. 

Platini-tUngstates. Complex compounds of 
PtO.,, \VO;„ and strong bases (y. Gibbs, Am. 8. [3] 
14, 61 ; Rosenheim, B. 24, 2397). 

PLATING- COMPOUNDS. These com- 
pounds are derived from platinoua compounds, 
especially from PtCi,, PtBr.„ and Ptlj ; they 
generally react as salts of acids of the fona 
Jl^PtX^, where X is a monovalent negative 
radicle, generally Cl, Br, or I. 

Platino-bromhydrio acid H^PtBr, {Bronuh 
plaiinous acul). This compound is probably 
contained in a solution of PtBr, in HBrAq. 

Platino-broraides M^-PtBr, (BromoplaH* 

nites). Only one of these salts, K|PtBr 4 , hM 
been isolated. Potassium plat ino-bromide 
obtained by adding a very littlo water to a mip 
turo of the corresponding Cl salt and NaBr, m 
the ratio K^PtCl, : 4NaBr, boiUng, iucking up 
the clear liquid from ppd. NaCl, and allowiqi to 
cool, when the salt crystallises in dark-brown 
octahedra, or brown-red needles, which are very 
sol. water (Thomsen, J.pr. [2] 15, 294). Thoma- 
son {Th. t, 430) gives [2KBr,Pt3r“] • 82,310. 

Platimo-bromoiiitrites v. pLAnxo-MmuTUi 
D 284. 

Platiso-eblorbydrio acid H2PtCl4 (JGhlorth 
platinoM douf). This acid has not been isolated; 

M it ahnoat eertainlj exists in a solution pf 
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Pt04 in HOlAq, in the liquid obtained by decom* 
posing BaPtCl^ by the equivalent quantity of 
E^O*Aq (NiUon, J, [2] 16. 260), and in the 
•ointion formed when cono. H^PtOlfAq is added 
to hot cono-KaPtCl^Aq (Thomsen, J. pr. [2] 16, 
294). When these liquids are evaporated invacuo, 
a residue is obtained agreeing in composition 
with the formula HPtClj.2H20 ( = HCl.PtCl j.2H,0 
-ByPt01,(0H).H,0) ; at 100“ this loses 11,0 and 
HCl and leaves PtCl, (Nilson, l.c.). 

Flatino-ohlorides M'^tCl^ {Ghloroplatiniks). 
These salts are obtained by evaporating metallic 
chlorides with PtCljAq, or in many cases by re- 
ducing platini-chlorides. Most of the platino- 
chlorides are very soluble in water, and crystal- 
lise only from very cono. solutions, generally 
forming dark-red crystals. Many of them are 
described by Nilson {J. pr. [2] 15, 260). Thomsen 
(Th. 8, 480) gives [Pt,CP,2MClAq] = 41,830 ; and 
[Pt,0,4MClAq]» 81,650; where M*= H, K, Na, 
Am, ^Ba, ^Oa, ^Sr, or ^Mg. 

Ammonium piATiNo-cnLouinB Am^tCl, 
{Ammonium ctiloroplatinite). Obtained, in 
four-sided prisms, by adding AmCl to PtCl, in 
HGlAq, and evaporating; also by reducing hot 
Am^tCl^Aq by SO,, or hot HjPtClgAq by SO., 
and then adding AmCl (Poyrunc, A. 55, 205 ; 
Thomsen, B. 2, 668 ; Grimm, A. 99, 96). 
CPt,OP,2AmCl]- 43,550 (Th. 3, 430). 

Potassium PLATiNo-oiiLouruii! KJHCl, {Po- 
tassium chloroplatinitc). Large, ruby-red, four- 
sided prisms; S.G. 32909 at 21°; easily sol. 
Water, insol. alcohol (Nilson). An aqueous solu- 
tion is not ppd. by soda or potash when cold ; 
on boiling, aU the Pt is thrown down as Pt(OH), 
(Thomsen, pr. [2] 15, 296). [Pt,Cl“',2KClj 
« 46,170 {Th. 3, 430). Obtained by adding KOI 
to PtClj in HClAq, and evaporating (Magnus, F. 
14, 241) ; also by reducing K.,PtClgAq by ILS 
(BOttger, J. pr. 91, 251), or better by Cu,Cl., 
(Thomsen, J. pr. [2] 16, 294). K^PtCl^ is made 
into a paste with water, warmed, and moist 
CUjOl, is added, little by little, Until a small 
excess is present; the liquid, which is nearly 
block, is filtered, the red crystals which separate 
on cooling are washed with alcohol and re-crys- 
tallised. 

The following platino-chloridcs have been 
isolated and described : Ba, with 3aq ; Be, with 
5aq ; Oa, with 8aq ; Cs (Bottger, J. pr. 91, 251) ; 
Co, with Gaq; Cu, with 6aq (Thomsen, l.c.\ 
Millon a. Commaille, C. R. 67, 822) ; Fe'"“, with 
6aq; Fb; Li, with Gaq; Mg, with Gaq; Mn, 
with Gaq ; Ni, with Gaq ; Rb ; Ag ; Na, with 4aq; 
Sr, with Gaq ; T1 ; Zn, with 6aq (Hiinefeld, S. 
60, 197). Compounds of PtCl, with the chlorides 
of the following metals are also described by 
Nilson (2.C.) ; Al, Ce, Or, Di, Er, La, Th, and Y. 

Platino-ohloronitrites ; v. Flatino-nitbites, 

infra. 

^latino-ehlorophosphates {Phospho-platino- 
chlorides'^ Several salts, and a few acids, con- 
taining Ft, Cl, and P have been isolated by 
Sohatssenberger (B?. [2] 17, 482; 18, 101, 148). 
The classification of ^ese compounds is very in- 
complete. The following scheme is accepted as 
provisional (c/. Seubert, Ladenburg*a Hand- 
w&rierhuch der Chemie, 9, 814) : 

Platino-chlorophosphoric acid CyPt:P(OH), ; 

dissolving 01,llJP01, in water and oxystai- 


lising; (G]^t:PO,)J^8aq, and Tarioos CSterS^ 

isolated. 

Platino-chlorodiphosphoric acid 
P{OH), 

CLPt:} ; by the action of moist air on 
P(OH). 

CljPt:PCl,.PCl, ; ethyl ester also isolated. 

Platino-chloropyrophosphoric acid 
KOH), 

ClPt: O ; by warming a solution of 
^OB), 

C!l,Pt:PCl,.PCI,. 

Platino-chloro-anhydropyrophosphorie acid 
l^OH), 

ClPt: 0 ; by heating the foregoing acid to 

• ^OH) 

160 °. 


Ethyl diplatino-chlorophosphate 
c}''l>i>P(OEt),: by dissoiving in 

alcohol ; corresponding acid not isolated (Cochin, 
C. R. 86, 1402). 

Flatino-oyanides and derivatives ; v. vol. ii. 
p. 344. 

Platino-iodhydrio acid H 5 ,Ptl 4 [lodoplatin- 
oils acid). This acid probably exists in a solu- 
tion of Ptl^ in HIAq. 

Platino-iodonitrites ; v. Platino-nitrites. 

Platino-nitrites, and derivatives. Platinons 
nitrite [Pt(NO.J.J has not been isolated; but 
several compounds are known in which the group 
Pt(NO.j 2 forms part of the acidic radicle. These 
platino-nitrites belong to the form M.iPt(N 0 . 2 ),; 
they are not to bo regarded as double salts, but 
as derivajives of the acid HjPtlNO.J*; the or- 
dinary reagents for Pt do not show the presence 
of this metal in solutions of these salts, nor do 
these solutions give the reactions of nitrites; 
their solutions doubtless contain the ions M and 
Pt(NO.J^. Most of the platino-nitrites are ob- 
tained from the potassium salt K, 2 Pt(N 02 )^, which 
is formed by the reaction of equivalent weights 
of K,PtCl, and ENOj. 

Platino-nitrous acid E^PtJNO,)^ has not 
been obtained pure, but it doubtless exists 
in the solution obtained by decomposing 
BaPtJNOjj^ by H^SO.Aq ; on evaporation, this 
solution gives red crystals (Lang, J. pr. 83, 416), 
but the process causes partial decomposition to 
triplatino-octonitrous acid H.Pt,0(N0a),.2H.0 
(Nilson, B. 10, 934). 

Potassium platino-nitrite K2Pt(N02)4 
{Potassium nitroplatinite). Small, lustrous, 
colourless, monoclinio prisms ; by mixing solu- 
tions of equivalent weights of K^PtCl.andKNOj, 
and evaporating (Topscie, J. 1879. 807). S. 8*8 
at 16°; more sol. hot water. Combmes with * 
Br and Cl to form potassium platini-dibromo- 
[dichloro-] nitrites, K 2 ptBrg[ClJ(NO,) 4 . Most of 
the other platino-nitrites are obtained from 
this salt, by adding AgNO,Aq, separating 
Ag 2 pt(NOj 4 , and decomposing this by metallio 
chlorides ; or making BaPt(N 02 ) 4 , by the aotioii 
of BaCljAq on the silver siut, and decomposing 
this by sulphates (Nilson, B, 9, 1722; 10, 980; 
11, 879 : V. also Blomstrand, J.pr. Qn 8, 186). 
The other platino-nitrilos whioh havo hitm 
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boUUd are; Al, Am, Od, Oe, Or, Oo, Di, Sr, Fa, 
La, Pb, LI, Mg, Mn, Hg, Ni, Ag, Na, Tl, Y, and j 
Zn. 

PLiTHfO'BBOMONITBITBS M<2^^(^Oa}4.xBrx< ' 
A few of these salts have been obtained by ’ 
Vtees (0. R* 113, 696 ; 116, 44). Potassitim 
latino-bromonitrite K. 2 ptBr(N 02 )i and di- 
romo-nitrite K 2 ptBr 2 (N 02)2 are described. 

Platino-chlobonitrites (N OJ 

V^zes (Z.C.) has described the potassium mono- 
ehloro-sali K 2 lHCl(N 02 )j, and the dichloro-salt 
KjPtCl^lNOJ*. 

Platino-iodo-nitrites M.^Pt{N02)|-,Ix (Nil- 
son, B. 10, 930 ; 11, 879 ; Groth, Z. K. 4, 469 ; 
Vdzes, 0. B. 116, 44). Potassium platino-di-iodo- 
nitrite K^Ptl 2 (N 02 ) 2 . 2 H 20 is obtained, in small, 
black crystals, by the action of an alcoholic 
solution of I on K2Pt{N02),. The other salts 
isolated are those of Al, Am, Ba, Be, Cd, Cs, Ca, 
Ce, Co, Cu, Di, Fe, La, Pb, Li, Mg. Mn, Ni, ^Ib. 
Ag, Na, Sr, Tl, Y, and Zn. 

Platino-nitrobromides ; v. Platino-bromo- 
KiTRiTES, supra. 

Flatino-nitrochlorides ; v. Platino-culoro- 
RITRITES, supra. 

Platino-nitro-iodides ; v. Platino-iodo- 
NITRITES, supra. 

Platino-oxalio acid and platino-ozalates 
HaPtICaOJ.,, and M*2Pt(C20 (Soderbaum, Bl. [2] 
45, 188). The sodium salt Na;jPt(0^0J.^.4IIj,() 
is obtained, in copper-coloured crystals, by 
heating NaaO.SPtO^.OHjO, with 1^ parts 
crystallised oxalic acid, cooling the blue- 
coloured liquid, treating the brown needles 
which separate with hot water, and crys- 
tallising; sometimes the salt separates with 
6H.p as golden-coloured crystals. The other 
salts are obtained by double decomposition from 
the Na salt ; they seem to exist in two forms 
corresponding with the two sodium satts. Pla- 
tino-oxalic acid H.Pt(C 204 ) 2 . 2 H 20 is obtained 
as red, lustrous, metal-like crystals by decom- 
posing the silver salt with the equivalent weight 
of HClAq, filtering, and concentrating the blue 
solution in vacuo. Salts of the following metals 
are described by SOderbaura (he.) ; Am, Ba, Ca, 
Mg, Mn, Ni, K, Ag, Na, Sr, and Zn. 

IPlatino-phosphochlorides v. PiiATiNO-ciiLOBO- 
raOSPHATBS, p. 284. 

Platlno-seleno-stannates. Schneider {J. pr. 
[2] 44, 607) has described two salts, KjPtjSnSe, 
and NajPtjSnSe,, which may be called platino- 
seleno-stannates. They are formed by heating 
together Pt black, SnSc^, KjCO, or NajCO,, and 
Be. . 

Platino-stannates. This name may be given 
to some compounds derived from the acids 
H^PtaSn^O, and HjPtjjSnjO^, described by 
Schneider (P. 136, 105) and Schiitzenberger 
(C. R. 98, 986) ; c/. also L4vy a. Bourgeois (O.P. 

« 04, 1366). 

Flatino-snlphocyanhydrio acid, and salts v. 
Tol. U. p. 867. 

PlaUno-snlpbonates, and derivatives (Liebig, 
A. 23, 23 ; Litton a. Schnedermann, A. 42, 316 ; 
Bimbaum, A. 189, 164; 162, 137 ; 169, 116; 
Ldbereiner, J.pr. 15, 316 ; Lang, d.pr. 88, 416), 
(Platino-sulphites. Sulpho-platinUes.) When 
KaPtCl^ is heated with or SOa is 

pflUfid into KaSO|Aq holding Pt(OH)4 in sus- 
pend the li^oidis neotifthsed by ^CO| and 


evaporated, yellow, mlorosoopio erystals are ob- 
tained of ^t(KSOJ|.2HaO. From this potas» 
sium platino-siUphonate other similar salts are 
obtained. These salts are better regarded as 
derived from platino-sulphonic acid H^PUHSO,). 
than as double compounds of PtSO, and 
K 2 S 02 [K 2 Pt(KS 0 ,), = PtS 0 ,. 3 K 2 S 03 ]; thev are 
analogous to the platino-chloridcs M,PtOl« and 
the platino-nitritos M 2 Pt(NOJ^. The ammo- 
I nium, sodium^ and silver salts have been 
isolated. Sodium-plati)io~oxij-sulphonic acid 
NaPt(IIS0a).:0 and ammonium-platino-oxy- 
sulphonic acid AmjPt(HSO,) 2 Q have also been 
isolated. 

Platino - cnLOROBULPuoNATES {Platino- 
chlorosiilphites. Sulplu) - chloroplatinites), 
M'^Pt-Clj-M^SOa. The potassium salt 
K^Pt.Cl 3 .KSO, is obtained by warming KjPtClg 
with SO^Aq, evaporating, and adding KOI. 
Ammonium platino - chlorosulphonic acid 
AmjjPt.Cla.HSDj crystallises from a solution of 
I Ant*PtCl„ or AmalHCl,, in warm cono. SO|Aq ; 

' the potassium and sodium salfj of this aoia are 
known. A complex acid, AmH.Pt.Cl.S0,.HS02, 
and the salts AmK.Pt.Ci.SOj.KSOi and 
Amo.Pt.Cl.SOs.SO,Am have been isolated. 

I Platino-thiosulphateB. A few salts have been 
obtained which may be regarded as compounds 
of hypothetical platinous thiosulphate and 
sodium thiosulphato PtS^Oj.arNaaSjOj.j/HjiO, 
where x is 8, 4, 6, and 7. They may also be 
looked on as derivatives of the hypothetical 
acid H2Pt(S20,U)„ where H is replaced by Na 
(Schottlander, A. 140, 200 ; Jochuin, 0. 0. 1886. 
642). M, M. P. M. 

PLATINUM. Pt. At. w. 194-3. Mol. w. 
unknown. Molts at o. 1775'^ (Violle, 0. R. 80, 
702) ; older determinations generally gave m.p. 
0 . 2000’'* (for references v. Carnelley’s Melting and 
Boiling Point Tables^ p. 10), although Becquerol 
(C. R. 67, 855) gave 1400°-14B0°. S.G. 21*48 
to 21-6 at 17’6®, after melting in H (Deville a. 
Debray, 0. R. 81, 839 ; for other values v. Clarke’s 
Specific Gravity Tables, 2nd edit. p. 16). B.H. 
•03243 (llegnault); *0314 (Dulong a. Petit); 
•0317 + -dOOGPi^ at f® (Violle, P. M. [6] 4, 818). 
C.E. (linear at 40°) *00000899 (Fizeau, 0, R, 68, 

I 1125, for Pt that had been melted) ; from 0° to 
I 100°, *00000881 (Calvert a. Johnson, P. A. 1868. 
for hammered Pt). T.O. (Ag = 1000) 379 (C, a. 
J., l.c.) ; c. 84 (Wiedemann a. Franz, J. 1866. 91). 
Heat of fusion o. 6276 (for 194 g.) (Violle, 

E.O. (Ag = 100) 8*042 at 12°-18° (Beoquerel, 
A. Ch. [3] 17,242); 10-53 at 20-7® (Matthiessen, 
i P. 103, 428). For electrical resistance of Pt wire 
V. Arndtsen (P. 104,1). Crystallises in the regular 
system {v. infra, Properties). For chief lines in 
I emisBion-Bpectrum v.B. A. 1884. 436. 

1 Occxtrr&nce. — Alloyed with Ir, Pd, Bh, An, 

! Cu, and Fe in the sands of many rivers, often 
I associated with titaniferous iron and chrome* 
iron, and in the older rocks in different parts of 
the world. The quantity of Pt in * platinum 
ores,’ varies from c. 60 to c. 90 p.o, A Canadian 
Ni ore was found by Clarke a. Catlett to contain 
from 008 to *02 p.o. Pt {Am. 8. 87, 572). In 
1741 Watson received some particles of a metal* 
like substance from the gold-bearing sand of the 
river Pinto in New Granada ; the shining silvery 
particles were called in the district where they 
occurred del PieUo (pla^ina =diminutivt 
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of Spsnidi jpfato-iflver). Watson extraotod a 
now metal from the substance sent him, and 
oalled it platinum {T. 1750. 585). For a short 
Eoooantof the histoijof the Ft metals, v. Noblb 
lUTALs, iy. 628. 

Formation.—!. By decomposition of PtCl^ or 
(NHJ^tCl, by heat.— 2. By heating an alloy of 
Ft and Pb in a current of air, whereby the Pb is 
oxidised and the Pt remains.— 3. By reducing 
many Pt salts by Zn, Fe, NaOHAq and 
FeSO,Aq, Na^CO^Aq and sugar, alcohol added to 
an alkaline solution, (&c. ' 

Preparation.—!. The Pt ore is obtained as a 
fine powder by fusing with 2 or 3 times its 
weight of Zn, powdering the brittle alloy so 
formed, and removing the Zn by dilute H-j^O^Aq 
Pescotils, Q. A. 27, 231 ; Hess, J. pr. 40, 49b). 
The residue is heated to redness, then warmed 
with HClAq (to remove portions of the baser 
metals), and then treated with cold aqua regia 
which dissolves Au. The residue 'is heated, in 
retorts, with aqiia regia \ the solution contwins 
most of the Pt, along with lih, Pd, and a little 
Ir; in the residiie arc found osm-iridium (y. 
vol. iii. p. 47), Ru, and a little Pt. The acid is 
distilled off, carrying with it most of the Os as 
OsO^; the concentrated solution is neutralised 
by Na^COj, and the Pd is ppd. as PdOy., by 
HgCy, ; NIl^Cl is added to the filtrate, and 
fNHJ^PtCia Is thus ppd. mixed with some 
(NHJyIrClj. The Ir salt may be removed by 
digesting with slightly warm KONAq until the 
undissolvod portion is light yellow; the salt 
IrCly.dNH,Cl is thus formed and dissolved, while 
(NHJjlHClj remains (Wohler a. Muckl6, A. 104, 
36b). Or the NH^.Pt and NXI^Ir chlorides may 
be dissolved in hot water, and the Ir salt reduced 
to IrClj.bNH^Cl, which dissolves, by SO.^ (c/. 
IiUDiUM, vol. iii. p. 46). The residual ammonium 
platinichloride is then heated until all Nil, and 
Cl are volatilised.— 2. Finely-divided Pt ore is 
dissolved in aq%ia regia diluted with 2 pis. water, 
under increased pressure (which aids the solu- 
tion) ; the solution is evaporated, and the resrtduo 
is heated to 125'^, whereby the chlorides of Pd 
and Ir are reduced to the lower chlorides ; treat- 
ment with HClAq dissolves PtCl,, which is ppd. 
as {NH^),PtCl, by addition of NH,C1 (Hertcus, v. 
Hofmann’s CJiem. Industrie auf aer Wiener 
Weltausstellung, 2, 999 ; v. also Dullo, J. pr. 78, 
809).— 8. Commercial Pt is nadted with 6 times 
its weight of Pb, the granulated alloy is treated 
with ^ute HNOsAq (1:8 by volume), which 
dissolves most of the Pb, Cii, Pd, and Rh ; the 
black residue is dissolved in diluted aqua regia — 
Ir remains undissolved— the solution is eva- 
porated with HjSO^Aq, whereby Pb is removed 
as PbSO^, the filtrate and washings are mixed 
with excess of NH4C1 and some NaCl, heated tc 
80®, and allowed to stand for some days ; the 
pp. is washed repeatedly with saturated 
NH.CLAq, and then with very dilute HClAq ; it 
is then dried, heated to dull redness in a Pt 
vessel with KHSO, and a little NH^HSO^, and 
washed with boiling water— Rh goes into solution 
asBh-K disulphate,and finely-divided Pt remains 
(Matthey, Pr. 28, 463). For other methods t). 
Deville a. Debray, A. Ch. [3] 66, 886; 61, 5.— 
4» Pure Pt is obtained by evaporating a solution 
of the ore in aqua regia with HClAq till HNO, 
i| nearly removed, adding NaOHAq M strongly 


alkaline, boiling for a long time (the afltalInHjr 
gradually disappears, owing to fomqation of 
NaClOAq), adding alcohol, and then making the 
turbid liquid acid by HClAq, filtering from olive* 
green IrCl„ and ppg. by cono. NH,ClAq (W. von 
Schneider, A. Suppl. 6, 261). The Pt obtained 
by strongly heating the ppd. (NH,),PtCl, should , 
be dissolved in diluted ofiua re^ia, and re-ppd. 
by addition of NH,C1 ; on heating this pp. pure 
Pt remains (Seubert, A. 207, 8). For another 
method of obtaining pure Pt, v. Mylius a. F5rs* 
ter, B. 25, 605. 

The finely-divided Pt obtained by the above 
methods may be fused into a lump by the use of 
the 0-H flame. The metal is placed in a cavity 
made in a block of lime (made by strongly heat- 
ing marble), which is covered by another block, 
through the top of which a hole is pierced to 
admit the flame (u. Deville a. Debray, A. Ch. [3j 
66, 3S5 ; cf. Platinum in Dictionaky ov Applied 
Ciiemistuy). 

Plathiumblackywhich is extremely finely- 
divided Pt, is obtained by reducing solutions of 
some Pt salts by certain organic reducing com- 
pounds, or by Zn or Mg, &g. PtCl,Aq may be 
reduced by Mg (Bottger, J. pr. [2] 2, 137), zinc- 
dust or Fe in powder (Brunner, A. 109, 253), 
FeSO^Aq and NaOHAq (Hempel, A. 107, 97), 
sugar and Na^COjiAq, or by alcohol. Pt black 
is also formed by fusing Pt with twice its weight 
of Zn, powdering the alloy, dissolving out Zn by 
H.,S 04 Aq, and washing willi very dilute HNO,Aq 
(Dobereincr, A. 17, 67). Loow (B. 23, 289) 
recommends to dissolve 50 g. PtCl, in 50-00 o.o, 
water, to add c. 70 o.c. fonnio aldehyde solution 
of 40 to 45 p.c,, to cool, and then to add gradually 
50 g. NaOH in 50 o.o. water, to set aside for 
12 liours, and then to filter and wash until the 
washings pass through black, when the washing 
should be stopped for some hours, and continued 
when the washings again pass through colourless 
(0 is absorbed and temperature rises) ; the residue 
is washed until quite free from NaCl, and dried 
over HjSO,. Liebig (P. 17, 101) dissolved PtCl, 
in warm cone. KOlIAq, added alcohol to the hot 
liquid till COj came off freely, decanted, washed 
the ppd. Pt, succe.ssively, with alcohol, HClAq, 
KOHAq, and finally, several times, with boiling 
water. 

Crystals of platinum are obtained by 
heating Pt to redness, in a glass or porcelain 
tube, in a stream of dry Cl, for twenty-four 
hours (Hodgkinson a. Lowndes, C. N. 68, 168, 
223 ; Seelhcim, B. 12, 2066 ; Joly, N. 43, 641 ; 
cf. Troost a. Hautefeuille, C. B. 84, 94). Joly 
{N. 43, 641) obtained oubical crystals of Pt, 
about *1 mm. in length, by sprinkling some finely- 
powdered topaz on a ribbon of Pt, and heating to 
bright redness’ by an electrio current for o. two 
hours. Moissnn {C. R. 109, 807) obtained crys- 
talline Pt by heating dry PtF^, in a Pt tube, to 
bright redness. Pt that has been melted shows a 
orystalliue structure when touched with aqua 
regia {cf. Koettig, J. pr. 71, 190; Noguis, C. R, 
47, 832 ; Kalischer, B. 16, 706 ; Mallet, Am. 3. 
[2] 20, 340 ; Phipson, 0. N. 6, 144). 

Treatment of platinum residues. — Pt reri- 
dues accumulated in the laboratory generally 
contain Pt as (NH,),PtCl«; the liquid portion 
usually contains aloohoL The solid part it 
wann^, in a water-bath, with K|00^^ KQHA^ 
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m NaOHAq, and the alcoliolio liquid is added 
little bj little, or HCOgNa is added (Davillier, 
0» B» 84, 444), till the salt is reduced to Pt. 
The blaok residue is washed, dried, boiled with 
HClAq, and again washed and dried (Kndsol, B. 
6. 1169). 

Properties»-~CompaGt platinum is a 
white metal with a greyish tinge; it is easily 
polished, thereby acquiring a very high lustre. 
Much softer than Ag, rather softer than Cu; 
thin plates or wire can be cut easily with scissors. 
Without taste or smell. Very malleable and 
ductile ; a wire 2 mm. diameter breaks with a 
weight of 124 kilos; tenacity is, therefore, o. 
same as Fe. Pure Pt can be drawn into very 
thin wire; by fusing into Ag wire, drawing 
out, and dissolving away the Ag, a wire of Pt 
•0009 mm. diameter is said to have been ob- 
tained (Gaitfe, 0. B. 1877. G25). Most easily 
fused of Pt metals except Pd; very thin wire 
melts in the outer blow-pipe flame; larger 
masses require the 0-H flame. Becomes soft 
and workable much below its m.p. Melts in an 
ordinary fire, owing to combination with C or 
Si (Heraeus, D, P. J. 167, 132 ; Deville, A. Ch. 

[3] 46, 182 ; Boussingault,C. B. 82, 591 ; Schiitzen- 
berger a. Colson, C. B. 94, 1710). Crystallises 
in the regular system, chiefly in octahedral and 
dodecahedral forms (u. Seelhcim, B, 12, ‘2066). 
Said to volatilise to some considerable extent 
when kept molten (Dcville a. Debray, G. B, 44, 
1101). By heating in certain gases, especially 
in Cl, volatile compounds are formed and again 
decomposed. Molten Pt absorbs 0, and ‘ spits ’ 
when cooled rapidly. 

Pt occludes H. According to Graham (P. ilf. 

[4] 36, 63), Pt foil absorbs iivo to six times its 
own volume of H at a dull-red heat ; Berthelot 
(C. P. 94, 1383) says that Pt absorbs from 80 
to 120 times its volume of H, proV-nbly with 
formation of definite compounds. Berliner ( IV'. 
85, 791; cf. Neumann, M. 13, 40) found that 
ordinary Pt foil absorbed 127 volumes of H ; 
foil that had been quite freed from gases and 
cleaned absorbed 200 vola. of H und HO vols. of 
0 or CO. The whole of the occluded gas is re- 
moved, with difliculty, by strongly heating in 
vacuo \ under ordinary conditions about 80 vols. 
of H are retained. 0 is also occluded by Pt 
foil, and the condensed 0 brings about oxida- 
tions, e.g. electrolytic gas (11,^ + 0) explodes 
when exposed to Pt foil at c. 180^ (Berlim;r, 
lx.). Pt is pervious to H at a bright-red heat ; 
Graham (P. M. [4] 32, 401, 503) found that 
489’2 c.c. H passed, per minute, through Pt foil 
I’l mm. thick and having a surface of 1 square 
metre. Oases other than H scarcely diflused 
through at all. 

Pt is not acted on by pure HClAq, HNO*Aq, 
or HjSO^Aq, nor is it attacked by 0 ; various 
mixtures of acids dissolve it. Pt is acted on by 
Cl and by substances which evolve Cl ; alsor at 
high temperatures, by molten alkalis, nitrates, 
KCN, a mixture of alkali carbonates with S, 
by P and Si, and by most of the metals. 

Platinum black is a porous, heavy, very 
finely^vided black powder, which becomes 
metfd-like, grey, and lustrous when robbed ; 
S.Q. 16'8 to 17*6. Pt blaok absorbs large quan* | 
titles of certain gases, especially 0 ; according 
to Pdbeieiner (.A. 17» 67), from 178 to 268 toU. 


0 are oeoinded by 1 vol. Pt blaok. The 0 con- 
densed in Pt black is able to bring about many 
processes of rapid oxidation; H, GO, CjH,, 
OoH^O gas, Ei^O vapour, Ac., are rapidly oxi- 
dised, generally with ignition (o. von Mulder, 

B. T. G. 2, 44; SohOnbein, J. pr. 98, 76; P. 
105, 268 ; von Mulder a. van der Meuleut B. T. C. 

1, 167) ; alcohol is oxidised to acetic acid, fomiio 
and oxalic acids to CO.^ and Hj,0, As.^, to A8.,0. 
(von Mulder, B. T. C. 2, 44). Pt blaok charged 
with II acts as a reducer ; water is formed when 
the liydrogc^ised Pt black is brought into 0 ( Wilm, 

B. 14, 878 ; Berthelot, G. B. 91, 1377) ; aqueous 
solutions of KClO„ KNO„ K,FeCy„.alBoC,H,Nq« 

; Ac., are reduced (Glailstone a. Tribe, 0. N. 87, 
245) ; ozone is reduced to 0 (von M. a. van dor 
j M., Z.C.). One cause of tlie.se actions is probably 
' the heat produced during tlie condensation of 
; tlic gases in the porous Pt (r/. Berthelot, A. Ch. 

; [5] 30, 619); it is not probable that an oxide 
of Pt is fonii^ and tlion reduced (v. V. Mover, 

I J.pr. [2] 14, 124 ; cf. Tommasi, B. 11, 8111.' 

The at. w. of Pt has been determined (1) by 
strongly heating PtCl« (Berzelius, P. 8, 179 
[1813J) ; (2) by determining Pt in K;,PtClg, and 
by finding the ratio of Pt:KCl in the same salt 
(B., P. 13, 469 [1H26J ; Andrews, Chan. QazeUct 
1852. 379) ; (3) by analyses of K^PtClj and 
(Nn,).,PtCl, (Senbort, A. 207, 29 [1800] ; Hal- 
berstadt, B. 17, 2962 [1884]; cf. Dittmar a. 
McArthur, E. Tr. 33, 561 [1888], and criticism 
thereon by Soubert, B. 21, 2179); (4) by deter- 
mining S.H. of solid Pt (Viollo, P. M. [6] 4, 
318). As no V.l). of a Pt compound has yet 
, been determined, the at. w. cannot bo found by 
; the direct application of the law of Avogadro. * 
The older determinations gave 196 to 197 ; Seu- 
ln*rt proved that the true value is o. 194*6, which • 
is between the values for Ir (192*5) and Au 
' (196-8). No coini)ound of Pt has been gasified 
: from which the valency of the atom of Pt in 
‘ gaseous molecules can be determined. Pt is 
; closely allied to Ir, and less closely to Os, in its 
1 chemical properties. It is distinctly metallio 
: physically, and, on the whole, chemically also, 

! Pt(). is both basic and acidic ; Pt forms name- 
i rous acids by combining with H and negative 
■ radicles such as Cl,,, (NO,), Cl.,, (CN)„ (SCN)„ Ac. 

For a fuller account of the chemical relations of 
j Pt V. Noble metals, vol. iii. p. 028, and cf. Ibom 
OUOUP or ELEMENTS, vol. iii. p. 67. 

Pt is used for making crucibles Ac. for labora- 
tory use, and vessels for evaporating oono. oil of 
vitriol, Ac. Apparatus is sometimes platinised 
by placing in hot PtCl,Aq containing KOH and 
some organic reducing compound. 

Bcactions and Combinations. — 1. Is not 
acted on by oxygen ; concerning absorption of 0 
by Pt V. Properties. — 2. Heated to redness with 
' sulphur, in presence of borax, PtS is formed 
I (Dftville a. Debray, C. B. 89, 687).—8. Said to 
i form a compound by 1 mating Pt black with seU* 
nion.—4. With chlorine, bromine, and iodine Pt 
reacts at temperatures above o. 800° (Danger a. 
Meyer, Pyrocixmische Untersuchungen [Braun- 
schweig, 1885] 44, 57). Cl and Br attack Pt ia 
presence of water.— 6. Scarcely acted on by 
fluorine below 100° (Moissan, A. Ch. 1892. 126). 

6. Hydrogen is occluded by Pt ; a oonaiderabls 
quantity of heat is product, and perhaps com- 
pounds are fonned (v. piiiTiimic htdbxds, p, 
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990).-^7. Heated wHh arsenic^ a oomponnd 
PtAikif said to be formed (v. Gm.-K, S, 1192- 
1198;.— 8. Phosphorus combines when heated 
with flnely-divided Pt (Schrotter, J, 1849. 240). 
9. A boride is formed by heating Pt black with 
amorphous horcni (Descotils, A. Ch. [3] 67, 88 ; 
Deville a. WOhlcr, J. 1866. 279).-10. Heated 
to whiteness with silicon, Pt forms several com- 
pounds; also combines with Si when heated 
with silica and carbon {v. Platinum rilicides, 
p. 291).— 11. Softens when heated with carbon 
(v. Platinum CAuninE, p. 289). -12. Alloys with 
many of the more easily fusible metals (u. 
Platinum alloys, in/m).— 13. Pt is not acted 
on by pure hydrochlonc, nitric, or snljiUnriQ 
acid (Scheurer-Kestiier, G. 11. 86, 1082; 91, 
69). It dissolves in warm aq\ia regia, form- 
ing PtOl* (u. Dullo, J. pr. 78, .369). Alloying 
modifies the solubility in acids; alloys of Pt 
with small quantities of Ir or llh are scarcely 
sol. in aqua regia, while an alloy with much Ag 
dissolves in cone. HNO^Aq; Pt, ppd. by -z^nc 
dissolves in cone. HNO^Aq (u. Winklor, Fr. 1.3, 
869; van Kiomsdyk, 11. 16, 387; Wilm, B. 13, 
1198). — 14. Cone, sulphuric acid containing a 
little nitrous acid dissolves small quantities of 
Pt (Soheurer-Kostrier, C. R. 86, 1082 ; 91, 69). 
Nitric acid, containing bromine or hromhydric 
acid, and also hydrochloric acid, into which 
chlorine is passed, dissolve Pt, forming PtUr^ 
and PtCl^ respectively (W agner, IP. J. 1876. 149 ; 
Seubert, A. 207, 16).- 15. Pt is acted on, at red 
heat, by molten alkalis, batpta, nitrates, potas- 
sium cyanide, and by a mixture of alkali car- 
^ bonate and sulphur.— l(j. PtCIj or Ptlir, and 
* Ptlj are formed when Pt wire is heated in iodine 
mono- or iri- chloride, or in chlorine mixed with 
iodine or iodine bromide ; with phosphorus 
pentachloride Pt phosphide is formed ; wiih 
carbon tetrachloride C, CXI,., and Cl are pro- 
duced; hydrogen chloride iQV\mV\.(j\.p, hydrogen 
fluoride produces a soluble Pt salt ; and with 
mercurous chloride Hg and PtCl.^ are obtained 
(Hodgkinson a. Lowndes, G. N. 68, 223). 

Platinum, acids of. The hydroxide Pt(OH), 
reacts with strong bases as an acid. Several 
acids have been isolated containing Pt in 
combination with nioro or less complex 
negative radicles; these are Il^PtCl,, ILPtCl^, 
H^tBr,, H.,PtI«; H,Pt(NO..)„ n,Pt,0(N0,)« ; 
H^tCy,, H.,PtCy,CJ,, H,Pt(SCN)«; H..Pt,S„; 
Pt(NH,),.Cl.SO^; PtCl,.P(OH),. These' acids 
are described as platino- and platini-chlorhydric 
acid, &o. (pp. 283 and 2S2) ; platino-nitrous acid, 
Ao. (p. 284) ; platino-cyanhydric acid, Ac. (vol. ii. 
pp. 844-6) ; thioplatinic acid (p. 281) ; platos- 
ammine-chloro-sulphonic acid (p. 293) ; platino- 
chloro-phosphoric acid (p. 281). 

Platinum, alloys of. Pt alloys with many 
metals by fusing it with them ; with Sb, As, Pb, 
Sn, and Zn heat and light are produced. Alloys 
which seem to be definite compounds have been 
obtained with arsenic (PtAs^., Gohlen, Gm.-K. 
8, 1192); antimony (PtSb.^, Christofie); cad- 
mium (PtCd.„ Deville a. Debray, A. Oh, [3] 66, 
886); Uad (Mb, Bauer, B. 3, 836; 4, 449; D. 
a. D., 0. H. 90. 1196) ; tin (PL,Sa„ PtSn„ and 
Pt^Sn,, D. a. D., A. Ch. [3J 66,886; Debray, 
C, R. 104, 1470) ; and Hno (PtaZn,, D. a. D., l.c.). 
Alloys have also been formed with bismuth 
(Qehlen, Qm,-K. 3, 1192) ; copper (D. a. D., A. Ch, 


1859. 611 ; HAlonis, B. 6, 42) ; gold (Dodd, B, 6 . 
1273); iridium (D. a. D., A. Oh. [8]M, 386; 
Pclouze, C. R. 49, 896 ; Matthey, Pr. 28, 463 ; 
D. a. D., C. R. 81, 839 ; Morin, C. R. 78, 1602) ; 
iron (D. a. D., C. R. 89, 687 ; Daubrde, C. R. 80, 
626); nickel (Helonis, B. 6, 42); potassium 
(V. Meyer, B. 13, 892) ; silver (D. a. D., A. Ch, 
1859. 611 ; H., l.c .) ; sodium (V. M., l.c.). 

Amalgams of platinum. According to 
Crafts [Bl. [2] 49, 8.66), Hg lias no action on Pt 
at the ordinary temperature, but Pt dissolves to 
a very small extent in boiling Hg, air being ex- 
cluded. When acid is present Hg alloys with Pt 
(Casamajor, Am. 6, 6-10 ; Skey, C. N. 22, 282 ; 
krouchkoll,/.<i^ Ph. [3] 3, 139). The amalgams 
are most easily formed by adding sodium-amal- 
gam to PtCljAq; with 13-5 p.c. Pt the amalgam 
is a thick liquid ; with 25*8 p.c. Pt it is solid ; 
an amalgam with c. 30 p.c. Pt lias also been ob- 
tained (Joule, G. J. [2] 1, 378). 

Platinum, antimonide of. An alloy of Pt 
and Sb, approximating to the composition PtSb.^, 
is obtained by melting the elements together in 
the ratio Pt : 2Sb; also by passing Sbll^ into 
ILPtCl^Aq, and removing ppd. Sb and PtCl,^ by 
washing with K.^SAq and KCNAq mixed (Chris- 
toflc, Rechcrchi’s stir Ics Combin. dc VAntimoinc, 
Gottingen, 1803). 

Platinum, arsenides of. An alloy PtAs., is 
said to be formed by lieating Pt black with As 
(Gehlen, Om.-K. 3, 1192). By pa.ssing AsHi 
into PtCl.,Aq, and heating the pp. in dry CO.^, 
PtiAsj is said to be formed (Tivoli, 0. 1885. 
487). 

Platinum-arsenic hydroxide. According to 
Tivoli {O. 1885. 487) a compound PtAsOH is 
produced by passing Asllj, containing H but no 
other impurity, into PtCl,Aq (corresponding 
with 2 g. Pt in 60 c.o. water), and drying the 
black flocftulont pp. at 120'’-! 30°. The compound 
is decomposed by washing with alooliol or 
water; hot cone. H.^SO^ at once separates Pt; 
heating in dry CO^ produces As-^g, Pt^ASj, and 
H._,0. Gibbs (Atn. 8, 289) described some com- 
pounds of Pt and AS.O3. 

Platinum, boride of. Pt and B combine 
when melted together (Descotils, A. Gh. [3] 67, 
88). It is best to heat Pt black and amorphous B 
under borax (WOhler a. Debray, A. 101, 113). 
When excess of B is used, a crystalline compound 
containing 91*8 p.c. Pt., S.G. 17-3, is formed 
(Martius, A. 109, 79). 

Platinum, bromides of. Pt and Br com- 
bine when heated together to above 300° 
(Danger a. Meyer, Pyrochemische Untersuchun- 
gen [Braunschweig, 1885], pp. 44, 67). Two 
bromides are known, PtBrj and PtBr^ ; the V. D. 
of neither ha.s been determined. 

Pl-atinum dibuomide PtBr.^ {Platinoue 
bromide.) Formed by heating HBrAq, b.p. 
126°, with Br and spongy Pt to 180° in a sealed 
tube— H;.PtBr„.irH.O is thus formed — evapora- 
ting to dryness, heating to 0. 200°, and washing 
the residue with boiling water (TopsoS, J. 1868. 
273). Pullinger (0. J. 69, 602) heats spongy Pt 
with Br and HBrAq in a flask with a reilux- 
oondenser, evaporates to dryness, and heats the 
residue to 0. 280°. PtBr, is a brown powder ; 
decomposes slowly at 0. 800° in an air-current 
(P., l.c.) ; insol. water, sol. HBrAq and EBrAq. 
With EBr forms E^tBr^ (v. Platino-bik>ioi>b% 
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p. 382). Oombinei with GO at o. 180^ to form 
PtBr 2 .CO,«a bright red. crystalline solid; melts at 
177-7® ; not very hygroscopic ; sol. alcohol ; de- 
composed by water (Pullinger, Z.c.). This com- 
pound is called by P. carhonyUhromoj^laiinite, 

Platinum tetmabromide PtBr^ {PLaiinia 
bromide). Formed by heating spongy Pt with 
Br and HBrAq in a sealed tube to 180®— or 
by boiling Br, Pt, and HBrAq in flask with 
leflux-condenser (Pullinger, C, J. 69, G02)— 
filtering, evaporating, heating residue at 180® 
till HBr ceases to come ol! ; treating with boiling 
water, filtering from traces of PtBr.^, evaporating, 
and drying at 180® (H. Meyer a. Ziiblin, B. 13, 
404 ; lialberstadt, B. 17, ‘2yV)3). A dark-brown, 
nOn-hygroscopio powder ; sol. aqueous alcohol, 
more sol. absolute alcohol or ether, v. si. sol. 
water (S. at 20° -*41) (H. l.c.)\ somewhat sol. 
glycerin. Pt black separates when solution in 
alcohol, ether, or glycerin is heated. With lIBr 
forms HjPtBrg (u. pLATiNi-BiioMnyDRic acii>, 
p. 2vS2). With many metallic bromides forms 
salts M.2rtBr<. (v. Platinmuiomides, p. 282). 
When spongy Pt is heated with HBrAq and 
excess of IlNOj, small, dark-brown, very hygro- 
scopic crystals of platinum nitwayl bromide, 
PtBr^.2NOBr, are obtained (Topsoe, J. 18G8. 
273). 

Platinum, carbide of. Pt becomes brittle 
and more friabbi when heated to redness with 
charcoal. By heating tlie compound which PtCl, 
fonns with acetone, Zeiso {J. pr. 20, 209) ob- 
tained a black solid, to which he gave the com- 
position PtC^. 

Platinum*, chlorides of. Two chlorides of 
Pt are known, PtCl^ and PtOI^. When Pt black 
is heated in dry Cl at 210 ‘-250®, PtCl., is formed, 
according to Schiitzenberger (C. 2i. 70, 1134, 
1287). Pigeon (C. H. 108, 1009) says that at 
3()0° PtCh and PtCl^ are formed, but th*o action 
is incomplete. Troost a. Hautcfeuille (0. B. 84, 
94) found that PtCl, was formed when Pt was 
heated in Cl to 1400°, and the tube was suddenly 
cooled. 

Platinum dichloride PtCl, {Platinous 
chloride. Plaiinochloride). V.D. not deter- 
mined. 

Formation. — 1. By heating H,PtClotoc. 230® 
(Berzelius, Om.-K. 3, 1081).- 2. By healing Pt 
black in Cl at 240°-250° till no more Cl is taken 
np (Sohutzenborger, C. R. 70, 1134, 1287). - 
8. By decomposing Na.Pt(NaSO,,)^ by HClAq 
(Liebig, A. 23, 23 ; for formation of NaPt(NaS 03)4 
V. PLATiN08ULPnoNATES,p.286). — 4. A solution of 
PtCl, is obtained by passing SO,, into PtCl^Aq till 
ihe liquid becomes red. 

Preparation. —l. HjPtClgAq is evaporated to 
dryness, and the residue is heated in a bath of 
molten tin, i.e. at c. 230®, with constant stirring 
as long as Cl is given off (Berzelius, Qm.-K. 3, 
lOBl). Or the heating is stopped before much 
of the solid is decomposed, the residue is dis- 
solved in water, the dark-brown opaque liquid is 
evaporated, and the PtCl, which separates is 
dried at o. 160® (c/. Magnus, P. 14, 239). - 
2. H,PtCl,.6H,jO is heated in vacuo, in presence | 
of molten KOH, at 100® for 2 or 3 days ; the 
temperature is then raised to 360®, and main- 
tained thereat so long as Cl is given off (Pigeon, 
0. B. 112, 1218). Shenstone a. Beck (C J. 61, 
448)^gay that Ft01|, prepared as direct^ above, 
Voii. IV. 
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always contains small qaantities of some basic 
compound ; and that when the salt is stroUgly 
heated small quantities of HOI and 0 are ob- 
tained, as well as Ol. Shenstone (0. J. Proc, 
1892 93. 38) finds that PtCl, almost free from 
basic compounds can be prepared by heating PtOl, 
in a stream of dry HCl ; a sample prepared in 
this way gave only *16 p.o. of HCl and 0 when 
decomposed by heat. 

Properties and Reactions. — A brown powder J 
S.G. 6-87 ai 11® (Bodeker). H.P. [Pt,Cl*]- 
22,600 (Bertlidot, C. R. 87, G15). InsoU water, 
sol. HClAq in absence of nir. Decomposed by 
heating to redness, giving off all Cl, and leaving 
Pt. According to Shenstone a. Beck (v. IVc- 
paration), the Cl thus obtained contains a little 
HCl and 0, and H.p is also given off. Not acted 
on by HNOjAq or dilute II,SO*Aq; decomposed 
by KOHAq, giving Pt{On) 2 ; by heating with 
cone. H^SO,, ♦nd then with water, Kane ob- 
tained a black powder to which ho gave the 
composition PtC4.3PtO {B. J. 24, 238). 

Combinations.— 'PiGli combsnes with many 
metallic chlorides ; the compounds are described 
as platvno-chlorides (p. 284). With HCl an acid 
I n^PtCl^ is formed (v. Platino-ohlorhydrio aoid, 
j p. 283). With CO the compounds Pt01j,.00, 

! PtC1.^2CO, and 2rtCl.,.3CO are formed. These 
' compounds are produced by passing alternate 
currents of Cl and CO over spongy Pt at 260® 

: (Schiilzenborger, A. Ch. [4J 21, 3501. Pullinger 
: (G. J. 69, 698) found that a fourtn compound 
I is also formed -PtCl, .2COC1, (or PtCl, .200), 

I Carbonyl chloroplaiiniie (PlOlj.CO) combines 
with HCl, and witli various hydrochlorideti of 
: organic b.ases (v. Mylius a. Forster, B. 24, 2424). 

! PtCl, combines with PCI, to form PtOlj.POl, 
i and PtCl,.2L^Cl,; and from these is derived a 
number of complex bodies. By treating 
I PLC1,.PC1, with H,0 an acid PtCl,.P(OH)i, is ob- 
I tainecl, from which various salt-like compounds 
are derived ; similarly PtCl,.2PCla yields an acid 
PtCl,.Pj(OH)a, and this gives many saltdike 
derivatives (Schiitzenberger, A. Ch. [4] 16, 100 ; 
21, 350 ; Baudrimont, G. R. 63, 637 : cf, 
PLATiNO-OHijORopHospnATBS, p. 284). By heating 
PtCl,.PCl, with PtCl, Colchin (0. R. 86, 1402) 
obtained 2PtCi,.PCla. For ainmoniacal deriva- 
tives ol the platino-phosphorus chlorides v. 
Colchin (Z.C.) and Quesneville {M.S. [3] 6, 659), 
also Schiitzenberger {Bl. [2] 14, 97 ; 17, 482 ; 
18, 101, 148). 

Platinum tetrachloride PtCl, {Platinic 
chloride. Platinichloride). V.D. not determined. 

Formation.— 1. By heating Pt in Ol to o. 
1700® (Danger a. Meyer, l.c. 44, 57) ; if a thin 
wire of Pt is heated by an electric current nearly 
to melting, in a stream of Cl, PtCl, is formed 
(Hodgkinson a. Lowndes, G. N. 68, 168, 228).- 
2. By allowing H,PtClg.6H,0 to remain over 
KOH, when it loses 411,0, and then heating in 
Cl to c. 360° (Pigeon, 0. R. 110, 77).—8. By 
heating Pt and Se, mixed with AsCl,, In Cl fv. 
Preparation).— i. PtCl,.5H,0 is obtained ny 
adding AgNO,Aq to H^PtCl^Aq in the ratio of 
H,PtCl,:2AgNO„ heating, filtering from AgCl, 
and evaporating finally over H^SO, (Norton, J. pr. 
[2] 2, 469; 6, 366 ; Engel, Bl. [2] 60, 100; 
Quesneville, M. 8. [8] 6, 669). 

* PreparaHon.—l. Spongy Pt is mixed with 
rather leM than its own weight of Se, the mix- 

U 
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tore is placed in a tube of hard glass filled to water, forming fawn-coloured solution, which 
ons4hird with AsClj, and heated in a stream of almost at once decomposes, with rise of tempera- 
01 till the mass liquefies and boils, when the ture and production of Pt0^.a:H^0 and HFAq. 
tu*be is sealed and heated for some hours at Heated to bright redness in Pt tube, PtP 4 is 
^ 260°; on cooling, the colourless crystals are decomposed to F, and Pt which separated 

separated from the pale-yellow crystals and the in crystals. A compound with PF„ viz. 
yellow liquid, and are heated in vacuo at 110°, PtF^.'iPF,, is formed by passing PF* over spongy 
whereby PtCl^ and SeCl^ remain ; this residue Pt heated to dull redness (M., Bl. [3] 6 , 454). 
is then heated at 300° in a stream of Cl, when The decomposing action of H.,0 on PtF^ explains 
SeCl, sublimes and PtCl, rejnains (Pigeon, C. H. the failure of former attempts to prepare a 
108, 1009).-- 2. Dry Il^PtCl, is , placed in* a fluoride of Pt in the wet way. 
porcelain boat which is heated, in a tube of hard Platinum-iridium, or platin-iridium. An 
glass, to 106° for about 15 liotirs in a stream of alloy of Pt and Ir which remains, mixed with 
dry HCl (Pullinger, G.J. 61, 422). osm-iridiiim, when many samples of Pt ore are 

Properties and Reactions. — H.F. [Pt,CP] heated with aqua regia (cf. IjtiuiuM, vol. iii. p. 
-69,800; [Pt,Cl',Aq] = 79,400 (Pigeon, C. H. 40). 

110, 77 ; 112, 791). A brown solid, said by Platinum, hydride of. Pt black absorbs 

Pigeon to be deliquescent; described by Pul- considerablo quantities of H. According to 
linger as very soluble in water, but not deli- Berthelot (A. Ch. [5] 30, 519), the relative 
quesoent. The hydrate (v. Fot iiation, No. 4) weights of Pt and H are approximately 15:1 and 
forms large, red, monoclinic crystals ; accorjling 10 : 1 ; a considerable quantity of heat is pro- 
to Norton this compound has 51PO, according duccd. No certain evidenco of the formation of 
to Engel 4H^O ;• all II/) except one molecule is hydrides has been obtained; but Thoma’s re- 
removed at 100°, but the last molecule is not suit {Z. P. C.3, 69), that the excess of H, above 
removable without decomposition. Decomposed a definite quantity, absorbed by Pt when Pt is 
by heating to dull redness (Pigeon, G. 11 110, the negative electrode during the electrolysis of 
77) ; in presence of Cl, may bo healed to c. 360°; dilute sulphuric acid, is not easily given up, in- 
in dry HCl slight decomposition occurs at o. 200 ° dicates the probable existence of a compound or 
(Pullinger, lx.). HClAq i)roduces HPlCI^Aq; compounds (c/. P.vllai)Ium, vol. ii. p. 720). 

NH 4 CI ppts. (NH^.FtClj. AgNOsAq ppts. Platinum, hydroxides of; v. Platinum, 

Ag^PtCl, from cold PtCl,Aq, but on heating oxides and nYDROxiDEs of', p. 291. 

AgCl is formed and PtCl^ goes into solution Platinum, iodides of. Pt and I combine 
(Jdrgensen, y. pr. [ 2 ] 16, 345). Pigeon {G. R. directly to form PtI,; the lower iodide PtL has 
112, 791) gives [Ag'TtCl",Aq]^ 12,100, to form also been obtained, but not pure. 

PtOl 4 Aq and 2AgCl ; PtCl 4 Aq is decomposed by Pl.\tinum di-iodide Ptij, {Platmous iodide, 
light, for some measurements v. P'ousscroau Platino-iodide). This compound is described as 
(G,R. 103, 248). a black, heavy powder, insol. water, alcohol, and 

GombinatioTis.— 1. With tvater(v. Formation, acids; giving Pt and I at 300°-360°; decom- 
No. 4, and Properties). — 2 . With hydrogen posed by NaOHAq to PtO^H^. It is produced by 
chloride to form HPtCl^.OH.D ; the compound boiling PtClj with fairly cone. KIAq (Lassaigne, 
HPtClft.2H,,0 was obtained by Pigeon by heating A. Ch. [ 2 ] 51, 113) ; but it has not been obtained 
R 4 ptCl 4 . 6 H ,0 in vacuo at 100° (u. Platini- pure (dementi, J. 18.58. 420 ; Topsoe, Ar. Sc, 
ohlorhxdrio ACID, p. 282). Pigeon (0. 22. 110, 38,297). Thocompound P(,I ,.CO,car 6 on 7 /^^odo- 
77) gives [PtCP,2HClAq] = 24,800.— 3. With platinite, is described by Mylius a. ForsW [B, 
many metallic chlorides to form pJalini- 24, 2424). 

chlorides {q. r., p. 282) — 4. A compound with Platinum tetua-iodide PtI, (Platinic iodide, 
phosphorous chixride PtCl 4 .PCl, is formed by Platini^iodidc). V.D. not determined. Prepared 
treating PtC^PClj with Cl (Schiitzenbergor, Dl. by heating PtO, with HIAq (dementi, J. 1855. 
[2] 14, 97; 17, 482; 18, 101, 148; c/. Daudri- 420); also by the action of cold HIAq on 
mont, 0. B. 63, 637).— 6. A compound with HFtd 4 . 6 HjO (Topsoe, Ar. Sc. 38, 297), and 
nitrosyl chloride^ PtCl,.2NOCl.II,0, is one of evaporating. Pullinger (C. J. 59, 602) obtained 
Ae products of the action of fuming HNO, on Ptl 4 by dissolving spongy Ptin a hot solution of 
H/^tCl^Aq (Weber, P. 131, 441). — 6. Combines I in HIAq, evaporating to dryness, heating to 
with alcohol, and with ethyl sulphide, to form 180°, and washing with water. A brown-black 
PtCl 4 . 2 CjH 40 and PtCl,. 2 (Et). 4 S respectively amorphous powder, insol. water ; sol. HIAq and 
(^hiitzenberger, C, R. 70, 1134 ; Blomstrand, metallic iodide solutions (TopsoS, lx.) ; not 
J.pr, [ 2 ] 17, 189).— 7. Compounds with various wholly decomposed by heating with Na^COjto 
organic bases and metallic chlorides, EtNH„ the m.p. of the carbonate (Pullinger, lx.). Com- 
&o., are described by Jorgensen {J. pr. [2] 33, bines with HI to form HjPtI 4 . 9 H.jO (v. Platini- 
^09)* , , loDHYDRio ACID, p. 283), and with metallic 

• Platinum, chloro-iodides of ; u. Platinum iodides to form salts [v. Platini-iodidbs, p. 283). 
zonoGULOBiDEB, infra. Platinum, iodochlorides of. A compound 

Plat^nm, oyanides of ; and derivatives i PtIjClj is said to be formed, in large red plates, 
V, vol. ii. p. 843. by dissolving Pt and 1 in aqua regia and evapo- 

Platinum, fluoride of. Only one fluoride of rating at 100 ° (Kiimmerer, A. 148, 329). Another 
hM been isolated, PtF 4 . Prepared by heating compound PtIjCl was obtained by Mather, as a 
Ft wire in F, in a Pt or fluorspar tube, to c. 500°; black powder, by evaporating HjPtCl, with a 
if HF is mixed with the F combination occurs small excess of HIAq, 'and heating the residue 
at the ordinary temperature (Moissan, C, R. to 160° {Am, S. 27, 257). 

109, 807). Small buff-coloured crystals, or fused Platinnm-nitrosyl oromide and Platinnm- 
masses of a deep red colour. Dissolves in a little nitrosyl oUoride, v. Platinum nTBABBoninif 
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p, 989 ; and Platikum tbtrachlobidk, Combina- 
tioru, No. 5, p. 290. 

Platinam, oxides and hydroxides of. Three 
oxides have been isolated ; PtO, Pt^O^, and PtO..,; 
hydrates of all are known. PtO forms a few 
salts ; it also dissolves in molten KOH and 
NaOH. PtOjj forms corresponding salts, and 
also combines with alkaline oxides tp form 
plaiviates (g. v. p. 281). 

Platinum monoxide PtO {Platvwus oxide). 
Obtained as a violet powder, by strongly beating 
the pp. formed by CaOAq acting on llaPtCl^Aq 
in sunlight, and washing witli water and then 
with HNOyAq (Dobereiner, P. 28, 181). Also by 
carefully heating PtO^Hj. lleduced to Pt at 
red heat, also by action of reducers such as 
HCOJIAq. Dissolves in molten KOH and 
NaOU, but the compounds thus formed have not 
been examined. A compound which is perhaps 
PtO.CO is described by Mylius a. Forster {B. 
24, 2440). 

Platinous hydroxide PtO.H.,, was obtained 
by Thomsen {J. pr. [2] 16, 224) by adding 
NaOHAq to K-PtCl^Aq (1:12) in the ratio 
2NaOH:K„PtCl„ and heating to boiling. A black 
powder, sol. UC1A(|, llilrAq, and SO^Aq, forming 
corresponding salts. Freshly ppd. PtO.^a dis- 
solves in excess of NaOilAq. 

Thi-platinum TKTUoxiDE PtjO| (Plaiino- 
platinic oxide). A black powder, insol. acids; 
obtained by heating dehydrated NadHCl^ with 
4 parts dry NajCOj till fusion begins, boiling 
with water, then with dilute HN 03 A(i, and finally 
with aq^M rcgia (Jorgensen, Z. pr. [2J 10, 341). 
Loses its 0 at red heat ; easily reduced to Pt by 
H or coal-gas, oven without heating. Prost {Bl. 
[2J 40, 150) describes a hydrate Pt,0,. 011.^0. 

Platinum dioxide PtO.^ UHatinic oxide). A j 
black powder, obtained oy gently, heating ■ 
PtO^H^. PtOj is insol. acids, but sails of this 
oxide are formed from the hydroxide. 

Pi.A’riNio HYDROXIDE PtO^H^. Fomicd by 
boiling PtCljAq for a considerable time with a 
large excess of NaOIIAq, acidifying by acetic 
acid, drying the wliito flocculent pp. in the air, 
and heating the yellow hydrate, PtO ,.211^0, 
to 100^ (Topsoe, B. 3, 402; Freiny, A. Ch. [3] 
31, 478). Also obtained by evaporating 
H.^PtCl,;Aq with excess of Na^COj, rubbing up the 
residue in water, and treating with acetic acid 
(Dobereiner, P. 28, 181; Topsoe, Z.c. ; cf. Witt- 
Btein, P. P. 74, 43). A hydrate PtO,ll,.II,0 
was obtained by Prost {Bl. [2j 40, 150) by add- 
ing water to a solution of Pt 04 n 4 in cone, 
HNOjAq. A reddish-brown powder ; dehydrated 
by heating gently; at a higher temperature gives 
Pt and 0. Heated in H gives Pt. yol. NaOHAq, 
HClAq, HNOaAq, and H.SO^Aq. With acids 
forms platinic salts, PtX,, where X = ^SO^, ;iCO„ 
NO,, Ac. ; with strongly basic oxides forms pla- 
tinates, PtO.Ma;MO (v. Platinates, p. 281). Com- 
pounds with SnO and SnO, are described by 
Delachanel a. Mermet (C. B. 81, 370), Schneider 
(P. 130, 106), L6vy a. Bourgeois (C. if. 94, 1305), 
and Schutzenberger (C. P. 98, 985). PtO^H^ 
dissolves in solutions of certain molybdates and 
tungstates, forming platini-molybdates and 
platini-tungstates {q. v. p. 283). 

Plattnum, oxychloridei ot When AgNO,Aq 
is added to PtCl/q in the ratio PtCl4:2ARNO„ 
or when AgN 03 .\q and H.^tCl^q are heated 


together in the ratio H^tCl,:4AgN Da, • pp. ii 
obtained which has the empirical composition 
PtCl,(OH),.2AgCl ; this substance may be re. 
garded as a compound of the hydrated oxy* 
chloride PtOCk.HjO (JOrgonsen, J. pr. [2] 16, 
Sl.'ii). The pps. formed by CaOAq and BaOAq in 
PtCljAq are supposed to contain oxychlorides 
of Pt (a. Johannsen, A. 155, 204). 

Platinum, oxysulphide 6f, 2PtOS.HjO. PiS, 
slowly oxidises by exposure to air ; by washing 
the product (to dissolve K^SO, and SOJ) and 
drying in a stream of CO,, a black powder is ob- 
tained having the composition 2PtOS.HjO 
(perhaps IIO.PtS.O.SPt.OD). This substance is 
an energetic oxidiser ; H, CO, H,8, SO., take fire 
when brought into contact with it ; NH, is ab- 
sorbed and oxidised to UNO, and UNO, (E. von 
Meyer, J. pr. [2J 15, 1). 

Platinum, phosphides of. Pt and P combine 
when strongly heated together, SchrDtter ob- 
taj^ied a grey metal-like mass, 8.Q. 8‘77, to 
which ho gave the composition PtP.„ by heating 
Pt black in vapour of P {J. 18?9. 240). By heat- 
ing I’tand P to white heat, Clarke a. Joslin {Am. 
5, 231) obtained PtjP, ; and by heating in a 
muille they got PtP, sol. aquareqia but changed 
to insoluble PlP. 

Platinum, salts of. But few salts, excepting 
the halides, are known wherein Pt replaces the 
H of acids; Pt more frequently enters into the 
acid radicle, than the positive radicle, of salts. 

Platinum, solenide of. By heating Pt and 
So, Berzelius obtained a grey, infusible powder; 
perhaps PtSo {Om.-K. 3, 1081). 

Platinum, solooocyanides of; for a double 
salt V. vol. ii. p. 348. 

Platinum, silicides of. A white, crystalline, 
brittle solid, Pt^Sig, was obtained by Guyard {Bl. 
[2] 25, 510) by heating together equal parts of 
Pt black and powdered crystalline Si {cf. Winkler, 
J.pr. 91, 203). According to Miles {Am. 8,428), 
the conditions favourable to the formation of 
compouiul-i of Pt and Si are a high tornperaturo, 
the presence of a reducer such as CO, a basic 
substance such as MgO, and BiF„ In contact 
with Pt (v. also Brown, Am. 7, 173). 

Platinum, sulphides of, Pt and S combine 
when healed together. Two Buli)hido8 have been 
isolated, PtS and PtS^, ; there is also evidence 
of the existence of Pt^Sj. 

Plati.num MONnsuLriiiDB PIS {Platifwus 
sulphide). Obtained by heating Pt black and S, 
and volatilising excess of S, in absence of air ; 
also by heating (NH,).,PtCla with S, out of con- 
tact with air, till NH,Cl and excess of S are 
volatilised ; also by passing H^S into PtCl^Aq 
(Berzelius). Prepared in crystals by heating to 
redness a mixture of 1 pt, Pt, 1 pt. borax, and 
10 pts. pyrites (Devillc a. Debray, A, Ch. [2] 66« 
215). A grey, lustrous solid ; S.G. 6*2. PtS pre- 
pared in the wet way Is a black powder. Un- 
changed in air, even when moist ; unacted on by 
boiling acids ; loses S when heated in air, leaving 
Pt ; reduction In U begins at 19°. A oompoond 
with CO— PtS.CO —was obtained by Mylius a. 
F5rster {B. 24, 2438) by the action of H„S on 
PtCl,.CO. 

Platinum disdlphidi PtS, {Platinie tul- 
phide). Obtained by passing H,S into 
Na,PtCl,Aq, or by dropping H.PtCl^q into solu- 
tion of an alkali hydrosulphide. Also formed 
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bj digestingf in a strong closed dask, 1 pt. Ptd^, 
i pts, alcohol) and 6 pts. CSj, (Bottger, J. pr. 8, 
274) ; and by decolourising lIJPtClBAq by SOj, 
and then beating in a scaled tube at 200*^ 
(Geitner, A, 12y, 858). PtSjjis also a product of 
the action of HCJAq in air on Na^PtaS^ or 
HjPt^Srt (v. Thioplatinates, p. 281). Colloidal 
soluble PtSjj was obtained by Winssinger (7)1, [2] 
49, 452) by passing H^S into very dilute PtCl^Aq, 
and dialysing. A black solid ; as obtained from 
Na^Pt^S,, forms steel-grey needles, rS.G. 5-27. 
PtS.j prepared by one of the wet methods must 
be dried in absence of air, else it is partially de- 
composed. Heated ^pt of air forms Pt,S, and 
Pt^ and S. Oxidised to sulphate by strong 
oxidisers, such as agiia regia, Cl, fuming HNO.„ 
molten KGlOj or KNO^. Freshly ppd. PtS, 
dissolve.s in alkali sulphide solutions forming 
thioplatinates (q. v.), from which solutions it is 
reppd. by acids. Classon (J. pn> [2] 15, 198) 
describes a compound with FtSII. ^ 

Platinum bksquirdlpiiide, Pt^Sj. This com- 
pound is said tef be formed, as a steel-grey, 
metal-like solid, S.G. 6*52, by the oxidation in 
air of H,Pt^S„ (Schneider, P. 13(5, 105 ; 138, (501 ; 
189, 601; 141, 519; US, (533 ; 119. 381). 
Schneider also describes a compound 4PtS.PtS, 
™ PtjS,,. 

Platinum, sulphocyanides of; v, vol. ii. p. 
857 ; V. also Guareschi, Qiom, della li, Accad. 
di Med. 1891. No. 6 ; abstract in B. 25, lief. 7. 

Platinum, thiocarbide of. Pt.^CS^. This 
compound is described by Schiitzenberger (C. It. 
Ill, 891). It is a black powder; obtained by 
passing a stream of N, or H, charged with CS., 
over spongy Pt heated to 400®-450®. 

M. M. P. M. 

PLATINUM • AMMONIUM COMPOUNDS 

(Ammonio-platinum compounds. Ammoniacal 
platinum bases. Platinammines). Whcnasolu^ 
tion of PtCl.^ in IIClAq reacts with NlJ.„more 
than one compound of the form PtCl.^,2NH, is 
obtained. These compounds react with acids, 
oxidisers, ifeo., to form many derivatives con- 
taining Pt, N,H,and negative radicles, in which 
the reactions of Pt and NH, are more or less 
modified. 

The platin-ammonium compounds may bo 
regarded as salts of bases derived from two or 
more NH^ groups, iu whiob part of tlie H is re- 
placed by Pt; thus PtCL2iMl3 may bo called 
platoso-diammoniiim chloride, and formulated 
as N,HjPt.Cl.^. Similarly PtCl3.4NH3 may be 

regarded as jS’ called ammo- 

nium platoso-diammonium chloride. The com- 
pounds derived from PtCl< are regarded, in this 
scheme, as platim-ammonium compounds ; thus, 
Pt01,.2NH3 is C1,P^.NH...NI1,.C1, (o. Hofmann, T. 
1861. [2] 367 ; Weltzien, A. 97, 19 ; Kolbe, J. pr. 
[2] 2, 217 ; Grimm, A. 99, 67). 

This view of the constitution of the com- 
pounds in question was opposed by Claus (J, pr. 
63, 99), Blomstrand (B. 4, 40, 639, 673 ; 6, 1469), 
Jfirgensen (J. pr. [2] 33, 489), and others. Jor- 
gensen found that pyridine, N.C^Hj, forms a 
aomponnd with platinous chloride similar to 
Pt01«.4NH, ; in this pyridine compound, which 
has the composition PtCl..„4NCjHj, the atoms of 
hydrogen cannot be in direct union with N; for 


the constitution of pyridine ii known fo ba 
CH 

0 ^^. Now if the ammoniacal platinum 
CH 
N 

bases ^ are all to bo derived from NH^, by sub- 
stituting H by NH4 groups, it is evident that 
the substituted H atoms must always be directly 
bound to N atoms. But the existence of the 
pyridine compound shows tliat this is not neces- 
sary. Hence l*tCl3.4NH3 may be regarded as 
p.^NH3.NH.Cl 
^^\NH3.NH3Ci* 

The classification and nomenclature of the 
platin-ammonium compounds proposed byBlom- 
striind (Cheinic dcr Jetztzeit, Heidelberg, 1869 ; 
B. 2, 202; 4, 40, (539, 073; 6, 1469) is now 
usually adopted. In the following formuhe It 
stands for a monovalent negative radicle. 
Blomstrand uses the term amminc to distin- 
guish tliese compounds from the amines, which 
contain the group NIL. 

Class I. Plato- or Platoso- compounds. 
Series 1. IHatuscrniammines, RPtNIIali. 

„ 2. Platosainmincs, Pt(NIl3lt)o. 

„ 3. Platodiammines, Pt(NH3.NH3lt)2. 

„ 4. Platosemidianimines, 

Pt(NH3.NH3lOB. 

„ 6. Platomonodiavnnines, 

Pt(NIl3.NH3B)(NH3R). 

Series 2 and 4 are isomeric. Cleve has 
isolated two distinct aniline oompQ;un(l8, 
Pt(NH,.,)2.(C,II,NIL).,.R3 (c/. Jorgensen, J.pr. [2] 
33, 489). 

Class II, Platini- or Platin- cojrpouNDS. 
Series 1. P/rtri?jnw?nmcs, R.3Pt(NH3R)j. 

„ 2. Platinidiammines, 

. R,Pt(NH3.Nn3R)2. 

„ 3. Platini semiduimmines, 

R,Pt(NH3.Nn,U)R. 

M 4. Platinivionodiammines, 

RPt{NH3.NH3)R{NH3R). 

„ 6. Platinitriammines, 

R,Pt(NH3.Nll3.NH,R)2. 

Series 1 and 3 are isomeric. 

Tlie prefixes mono, di, Ac., are used to denote 
the number of NH3 group.s in direct union with 
one another, and not the numberof NH, groups in 
union with the atom of Pt. As the compounds in 
Series 3 contain onediammino chain, (NH3.NII,), 
they are called semidiammincs ; and as those in 
Series 4 contain a diammine and a monammine 
chain, they are called monodiammincs. 

Class III. Diplatinum Compounds. 

These contain 2 Pt atoms ; the group Pt, may 
be divalent, tetra valent, or hexu valent. 


Series 1. 

Diplatodiammines, 


Pt(NH3.NH3R) 
Pt(NH,.NH,R) 
Series 2. 

RPt(NH,.NH,B) 
Diplalosindiammines, ( 

RPt(NH3.NH3B) 
or B(NH,.NH»a) 







Series 8. 
t>^platinammines, 

Series 4. 


BPt{NH^), 

BPt(NH^), 


Diplatinidiammin es , 


RPt{SH,.NH.K), 


Iodides of platinum bases with 4 and 8 
atoms Pt are also known; I.^Pt^.SNHj.Ig, and 

Many organic bases, such as aniline, pynu- i 
ene, Ac., can take the place of NH, in these 
compounds, and the N of NH, is often replace- 
able by P or As. 

Class I. Plato- or Platoso- compounds. 

Series 1. Platosemiammmes, RPtNHaR. 
None of these has been isolated, but Cossa {fi. 
23, 2503) has obtained a compound which pro- 
bably contains platoscmiamniine chloride ; the 
compound is 2 PtNHsCl 2 .rt(Nn;,) 4 Clj. 

ISeries 2 . IHatosainviincs, Pt{NH.,R)2* 
These compounds are generally obtained by 
licating the corresponding platodiammincs, 
Pt(NH;,.NH;,R) 2 , which thus lose 2 NH 3 ; by heat- 
ing Vvith Nli^Aq, platodiammincs are re-formed; 
with oridisers, platirii- compounds are obtained. 

PliATOSAMMINK CHIiOllIDR Pt-NH^ChNlIjCl 
(Peyrono, *4. 51, 1; 55, 205; 61,178). Obtained 
by heating Pt(N^ 3 )^ClJ (plato-diammine 
chloride) to 250°, or by evaporating that com- ; 
pound with HClAq at IOC and dissolving out | 
AraO^ in wat(;r ; also by evaporating with HCI | 
the solution of the corresponding nitrate or 
sulphate. Microscopic, sulphur-yellow crystals. I 
S. 022 at 0°, -77 at 100 Sol. NH^Aq, form- 
ing Pt(NH.,.NH.,Cl).. (plalodianmiine chloride); 
in aqua rajia forms Cl 2 Pt(NH;,Cl)j (platinam- 
mine chloride). With AgNO,Aq, in*ihe ratio 
2 Pt{NH 3 Cl) 2 ;AgN 03 , one half of the chlor- 
ide remains unchanged and one half gives 
Pt(NH 3 .NO,) 2 . Heated to 270°, the chloride is 
decomposed thus : 

3Pt(N 11301)2 = 3Pt + 4NH,C1 + 2UCI + N,. 

Platosernidiammine chloride 
Pt(NH,.NIl 3 Cl)Ci, and platodiannnive chloride 
jpZaiinoMsc/iforidcPt(NU.,.NH 3 Cl) 3 .rtOl 2 (Magnus’ 
green salt), are isomeric or polymeric with jdatos- 
ammine chloride. Other compounds, perhaps also 
isomeric, were obtained by Peyrone (Z.c.) and by 
Cossa {B. 23, 2503). 

Grimm (4.00,07) obtained a double 00 m- 
p bund with AinCl; Pt(NH;,Cl) 2 . 2 AmCl. Jorgen- 
sen (J. pr. [2] 33, 480) obtained the pyridine 
compound Pt(NCJIjCl) 2 ; and also the mixed 
compound rtNO,H^Cl.NH 3 Cl (u. also Hedin, 
Dissertation, Lund ; B. 20, Ref. 108). 

PliATOSAMMINE HYDROXIDE 

Pt.NHjOH.NHjOH. Said to be obtained, as a 
crystalline, very soluble solid, by decomposing 
the sulphate, Pt(NH 3 .NH 3 )Sl) 4 , by BaOAq (Od- 
ling, C. N. 21, 209, 289). The compound thus 
formed may have been the isomeric platosemu 
diammine hydroxide, OH.Pt(NH,.NH,OH). A 
solution of Odling’s hydroxide reacts strongly 
alkaline, absorbs CO, from the air,. neutralises 
acids, decomposes salts of NH4 giving off NH„ 
and ppts. many metallic hydroxides from salts of 
the metals. . 

jPiaxoeaxuixHi oxob ^ 


grey solid, insol. water or NHj,Aq ; heated In a 
retort to 196° gives N, NH,, H,0 and Pt. Ob- 
tained by heating platodiammine hydroxide 
(Pt[NH3.NH,.OHJ^ to 110° (Reiset, 4. Ch. [3] 
11. 417). 

Platosauminx sdlphonateb and Ohloro- 
STJLPU0NATE8 Pt.NH3SO3M.NH, SO, M and 
Pt.NH,Cl.NIl3SO.,M . 4 mmonium platosammine 
snlphonate, rtlNHa-SO^Am),., is formed by the 
reaction of excess of Am2S63Aq on Pt{NH,Ol), 
(Peyrone, 4. 61, 1 ; 55, 205 ; Gl, 178). The salts 
of Ba, Co, €u, Pb, Mu, Ni, Ag, Na, XJO2, and Zn 
have been obtained. Ajnmoniuvt platosammim 
chhrosulpJumate, Pt.N 11 , 01 . NHjSO, Am. H, 0 , is 
obtained, in colourh^.ss rhombic tablets, by lead- 
ing SO, into a boiling solution of Pt(NHaCl)„ 
and neutralising with NHaAq. If the neutralis- 
ation is omitted, platosammine chlorosiilphonic 
acid, Pt.NH3Cl.NH3.SO3H, is obtained (Peyrone, 
I.C.). 

The other^alts of the platosammine series 
wltich have been isolated are the following ; 
M Pt(NH3)2 bromide, MBr» (JSrgensen, J.pr. 
[2] 33, 521, 531, 536) ; cyanm, MCy, (Buokton, 
4. 92, 280) ; iodide, MIj (Clove, Bl. [2J 7, 12 ; 17, 
482; Reiset, 4. Ch. [3] 11, 417); nitrate and 
«t7nf<?,M(N0,)2andM(N02)2(Cleve,Z.c.);5iifp/iate 
and sulphite, MSO^.H.O and MSO,.H20 (Cleve^ 
l.c.) ; and sulphocyanidc, M(CyS)2 (Buckton, lx.). 
Substituted derivatives of the bromide, of the 
form Pt(NH.2RBr)2and Pt.NHaBr.NH^ltBr, where 
R = Kt, Me, or Pr, have been obtained (JOrgensen, 

I.C.). 

Scries ^.—Platodiammincs 
Pt(NTI,.NH.,R)2. Forinod by action of NH,Aq 
on plaiinous salts, platosammine or platosemi- 
dia.nmine compounds. Easily lo.se NH, on 
heating, giving platosammine compounds. Give 
platinidiammino compounds by action of 
oxidisers. 

pLATOblAMMlNK CHLORIDE 

Pt(NH3.N 11301)2.11,0 (Reiset, 4. Ch. [8] 11, 417). 
Sometimes called Reiset's first chloride. Ob- 
tained by the prolonged action of boiling NH,Aq 
on PtCl2, Magnus’s green salt [v. infra), platoa- 
ammine chloride PliNHjCl)^, or platosemidlam- 
mine clilorido Pt(Nir,.NH,Cl)Cl, precipitation 
by alcohol, and crystallisation from water. Also 
formed hv reduction of platinidiammine chloride 
Cl,.Pt(NH3NH3Cl)2, by H2S (Thomsen, /. 1868. 
278). Large, colourless, tetragonal crystals; 
8. 26 at 1G'6°, more sol. hot water ; insol. absolute 
alcohol and ether. Addition of H2SO.Aq; 
HN03Aq, or H.^C^O.Aq ppts. the oorresponaing 
sulphate, nitrate, or oxalate. By gently warming 
with HNO^Aq the salt fNO,).2pt(NH,.NH,Cl), is 
fonned ; Cl, Br, ami FeClsAii react similarlyi At 
240°- 270° NH, is given olf, and Pt(NH,Cl)s is 
formed (v. Platosammine oulobxdx, supr^. 
Combines with PtCl.,, and PtCl,, to form M.Pt04 
and M.PtCl* respectively [M * Pt(NH,.NH,01)J. 
Compounds are know. 4 in which NH,i8 wholly 
or partly replaced by pyridine, also by alkyl 
radicles (JOrgensen, J. pr. [2] 88, 489), and also 
by FEt, (Cahours a. Gm, C. B. 70, 1881). 

Double compounds. Combines with 
various metallic chlorides to form compounds of 
the form M.XCl,, where M « Pt(NH,.Nfl,Cl)„ and 
X>=Pt, Cu, Pb, Hg, 8n, and Zn (v. Thomsen, J, 
1868. 278 ; Buckton, C. J* 5, 218 ; MiUon 
Commaille, C. B» 67| 822). 
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The most Important of these oompotmda Is 

PUTOPUMBfINB OHLORIDB PLATINOUS OHLOBIDE, 

known as Magnus's grem saltt 
Pt(NH^N&,Cl)g.PtCl^ This salt is obtained by 
the action of NH.^Aq on PtCI, in HClAq, or on 
PtCl4 in HGiAq after passing in SOj till AmCl 
ceases to give a pp. (Magnus, P. 14, 242 ; Gros, 
A. 27, 241), Also by adding Pt(NH3.NH3Cl), to 
PtClj in HClAq. It is best prepared by making 
Am^PtCl^, from PICI4 in HClAq treated with SO, 
and crystallised from AmClAq, and heating this 
with HClAq and NH,Aq (Claus, A.*' 107, 138). 
Green, microscopic prisma or needles; insol. 
water, alcohol, and dilute HClAq. Digestion 
with hot NHjAq forms Pt(NH3.NJJ,Cl),; Cl, Br, 
or HNOjAq produces platinidiammines (Gros, 
{.C.; Raewsky, A. Ch. [3] 22, 278). Boiling with 
AgNOjAq produces PtCl, and PtjNHa.NHaNOa),. 
If the empirical formula nPt(NH3)..Clj is given 
to Magnus’s green salt, it is s^en to be iso- 
meric, or polymeric, with platosaminine chlor- 
ide Pt(NH,Cl)„ platosomidianimine chloride 
Cl^Pt.NIla.NHaCl, 

platomonodiammine chloride platinous chloride 
2[Pt(NH,.Cl)(Nn,.NH,Cl)].PtCl„diplatoaindiam- 
mine chloride ClyPt/NHj.NHaCl)., and with a 
double salt obtained by Cossa IB. 23, 2503), 
2[Pt.NH3.Cl,l.Pt(NH3)4Cl,. 

Platodiammine nTDRoxiDE Pt(NH3.NH.,On),, 
Sometimes called ReiseVs first base (ilciaot, 
A. Ch. [8] 11, 417). White, crystalline, deli- 
quescent needles; by decomposing the sulphate 
by the proper quantity of BaOAq, filtering, and 
evaporating in vacuo. Solution in water is 
strongly alkaline, absorbs CO^ from tlie air, and 
drives out NH, from NH4 salts. NHj is not 
given o£f when an aqueous solution is boiled 
alone or with potash. Molts at c. 110®; at a 
higher temperature gives off NII3 and ILO and 
leaves platosammine oxide Pt(NIl3).p‘ (q. o. 
p. 293), 

The other chief compounds of the platodi- 
ammine seriesare the following ; M = Pt(Nll3)4 : — 
carbonates, MCO,.4aq and M(COaH)2 (Peyrone, 
A. 61, 14 ; Reiset, A. Ch. [3] 11, 417) ; chromates 
MCr04 and MCr^O, ; bromide, MBr^-aaq (Cleve, 
Jf. 1867. 821) ; Mide, Ml2.a:aq (Clevc) ; nitrate 
and nitrite, M(NOg)2 and M(N02)2.2aq (Peyrone, 
kc.); phosphate, MHP04.aq (Clove, Bl. [2J 7, 
12; 17, 482); sulphate and sulphites, MSO4, 
MSO„ M(SO,H),.2aq (Cleve, l.c.). 

Series 4. Platosemidiammines, 
PtfKH,.NH,R)R. Generally formed from the 
chloride by double decomposition ; the ohloride 
is a product of the action of NH^Aq or 
(KH4),GO,Aq on PtCl... Prolonged treatment of 
the platosemidiammines with NH^Aq produces 
diammine compounds. Jorgensen ( J. pr. [21 33, 
489) has replaced NH, in these compounds by 
alkyl radicles and by pyridine. 

PLATOfBMinUUMINE CHLORIDE pt^NHj.NHjCl 

Sometimes called Peyrone' s chloride. FtCl, is 
formed by the action of SO, on PtCl4 in HClAq, 
and the solution is heated to boiling with excess 
of (NH4)aCO, until the red solution has beoome 
light-yellow and a greenish-brown pp. forms, 
when the liquid is rapidly filtered. The ohloride 
separates as the liquid cools ; it must be filtered 
off at once (else it may re-dissolve), and crystal* 
Usod from boiling water (Peyrone, A. 61, 14 j 66, 


209 ; 0. also Thomsen, (hn.-K, 8, 1116 ; Clerd, 
[2] 7, 12, 17, 482). Small yellow crystals. 
S. *26 at 0°, 3*6 at 100®. Decomposes at 270®, 
giving off NH, and HCI. Boiling NH,Aq forms 
platodiammine chloride, PfcfNHs.NHaCljg ; 01, 
Br, I, and some other oxidisers produce platini* 
semidiammine compounds, R.,Pt(NH.,.NH3ll)R. 
\Vith AgNO,, and Ag.^SO^, the corresponding 
nitrate and sulphate are formed. 

It is doubtful whether the hydroxide 
Pt(NH,.Nn.,OH)OH has been prepared; the 
compound obtained by Odling (G. N. 21, 209, 
289) was this or the isomeric platosammine 
hydroxide, PtfNH^OH)-, [v. Platosammine hy- 
droxide, p. 293). The other compounds of this 
series which have been obtained are the follow- 
ing; M = Pt.NIl3.NH., bro7;iw/<j. MBr,; chloro- 
siilplmiic acid, MCI.SO,H (Cleve. l.c !) ; iodide, 
ML,; nitrate and nitrite, M(N03)j and 
M(N02)j; sulphate, MSO, ; double sulphites, 
MS0 j. 2X.,S03, X2 = 2NH„ Ba. Co, Ag./, these may 
I be regarded as compounds of sulphites with 
salts of the hypothetical plaiosemiammine 
sulphonic acid PtlNHj.NHa.SOaTIlSOaH. 

Series 5. Platomonodiavimincs 
Pt(NH3.NH3U)(NH3H). Most of tlie salts of this 
series are prepared from tlie double salt of the 
chloride with PtCl.^, 

Platomonodiammine cnLORiDE platinous 
CHLORIDE 2Pt<;^2»^^'^^.PtCl2. This com- 
pound is one product of the action of NH,Aq on 
PtClj in HClAq ; it is prepared by neutralising 
PiClg in HClAq by (NIl4).,G03Aq, heatiag to 
boiling, and adding (NHilaCOaAq drop by drop, 
when it separates in small red tablets (Peyrone, 
A. 65, 209). Fairly sol. cold water, more sol. hot 
water. Boiled with NH.,Aq forms Magnus’s 
green salt, Pt(NH3.NH3Cl)jj.PtCl2. Isomeric, or 
polymerio, with Magnus’s green salt, platos- 
ammine chloride, and platosemidiammine 
chloride. 

Platomonodiammine chloride 

lustrous colourless 

crystals, by adding HClAq to an ice-cold solution 
ol the nitrate. 

Platomonodiammine nitrate 

Formed by decomposing the 

chloride in solution by AgNO,Aq, filtering, and 
evaporating. The sulphate 

is also known (..Cleve, 

Ic.-, Blomstiand, B. 4, 40, 639, 673; 6, 1469). 

Class II. Platini- or Flatin- compounds. 

Series 1. Platviammines, R3Pt(NH,R)je 
These compounds are formed by the addition of 
Cl,Br, or I to platosammincs, or by the action of 
such oxidisers as HNOaAq on platosammines ; 
they are generally changed to platinidiammines 
by heating with NHjAq, and are reduced to 
platosammines by SO-^Aq. The radicles in direct 
union with Pt are replaced with more difficulty 
than those in union with NH,. The nomen* 
olature Is arranged to indicate, first, the nature 
of the radicles in direct union with Pt, and then 
those in direct union with NH,. 

I. Chloro- compounds CyPt(NH,^,. 

ChXiOROPLATINAICMINB ohlobidb Cl^t(N^01U 
Formed by suspending platosamrwie ohlQtl^ 
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in boiling wnter, ind passing in CQ 
until the original citron-yellow particles are 
changed to microscopic yellow octahedra (Ger- 
hardt a. Laurent, C. 22. 30, 273), or until the 
liquid, which is yellow at first, begins to turn 
reddish. Aqua regia, or KMnO,Aq and HClAq, 
may be used instead of Cl (Odliiig, C. N. 21, 
269, 289). A heavy, yellow, crystalline powder. 

B. 1 at 0^ ; 3 at 100". Unacted on by boiling 
cone. HN'O., or ILSO, ; sol. boiling KOHAq 
without evolution of NIIj; sol. NHj,Aq, with 
formation of chloroplatinidiammlno chloride, 
Cl.rt(NH3.NH.,Cl)a. The Cl is ppd. as AgCl only 
after long boiling with AgNOjAq (Grimm, A. 
99, 67). 

CllLOaOPLATINAMMINE NITUITE 

Cl .Pt{NH3.NO ),. rpd. in colourless rhombic 
plates by addition of excess of lIClAq to solution 
of the nitrnto-nitrito, (N03)Pt(NH3.N0..).^, 
which is formed by boiling platosammine nitrite, 
rt(NH3.NO.) ,, witli HNOaAq. 

CHnoIUiCLATINAMMINE GfILORONITRITE 

Cl3Pt(NlI,Cl)(xNH3.NO,), is produced by the re- 
action of KdHCl^ and *(N03).i't(Nli3N0.J^ 

II. lludroxyl compounds 
(OII).,Pt{NH3ll)j. 

IIVDllOXYL PLATINAMMINE HYDROXIDB 

(Oil) ,Pt(NH.,.On)3. Yellow, lustrous crystals ; 
by adding excess of Nir,Aq to a boiling solution 
of tlie nitrato-ihtralo (NOJ,Pt(N 113.1103)2, and 
allowing to cool. Scarcely sol. water ; easily 
sol. dilute acids. Polling KOHAq does not evolve 
Nil,; decomjjoses above 130’, giving off NII3 
aud U.O, and leaving Pt (Gorhardt a. Laurent, 

C. Jd. 3(), 273). 

Hydroxyl rL.\TiNA^niiNE nitrate 
(On)3Pt(NII,.NO,).,. 2aq. Crystalline pp. by de- 
composing CLPt(NMl,Cl)2 by AgNOjAq. Not 
acted on by cold llClAq ; evaporation with 
HNOjAq produces (N03).3pt(NH.,.N03)j,(G. a. L., 
2.C.; ClevG, Bl. [2] 7, 12 ; 17, 482). 

HyDIIOXYL PL.M’IN,\MMINE SULPHATE 
(0II).3pt{XH3)2S0,.aq. Pormed as a pale-yellow, 
hard cru.st of needle-shaped crystals, by decom- 
posing C1.3Pt(NH3.Cl)2 by Ag..SO,\q. Evapora- 
tion with H2 SO,A<i produces the sulpliato-sul- 
ph'ate, S0,.Pt.(NH3).,S04.^a(i ; when IIClAq is 
used, 0l2Pt{NH3)2S04 and Cl..Pt(NIl3Ci)2 are 
produced (Cleve, l.c.). 

The following salts of this scries have also been 
isolated: Bromo-hromide, Pr,3Pt(NH.,Pr)2 (Clevc, 
Z.C.); bromo-7iitrite, Br.^PtlNUs.NOa), (Cleve, 
Lc .) ; iodo-iodide, IjPt(NH3l).3 (Cleve, l.c .) ; ni- 
trate -nitrate, (N03).3pt(NH^.N03)2; nitrato- 
nitrite, (N03)..Pt(NH3.N02)j; nitrato-chloro- 
nitriU, N03.Cl.Pt(NH3N03), (Cleve, 2.c.) ; sul- 
pliato-sulphate, S04.Pt(NH,)3S04.3aq (Cleve, 
lc.). 

Series 2. Platinidiammiiies, 
B2Pt(NH3NH,R)2. Generally formed by action 
of Cl, Br, I, and other oxidisers on pktodiain- 
mines. A largo number of these compounds is 
known. R attached directly to Pt may bo the 
same as, or different from, R united directly to 
NHj. The nomenclature is similar to that of 
the platinammine scries. The radicles in direct 
union with Pt are removed with more difficulty 
than those united with NH,. 

1, Chloro- compounds 
ClR.Pt(NH,.NH^)(NH^H^) ; the R‘g may be 
$he spas or different. 


CHLOBOPLiTnnDumcxini oniiOBiDi 

C1.2Pt(NH,.NHjCl)y By passing 01 into a fairly 
cone, boiling solution of platodiammine ohlor- 
ide, Pt(NIl3.NH3Cl)„ till the liquid begins to 
turn red (Raewsky, A. Ch. [3] 22, 278) ; also 
by dissolving chloroplatinammine chloride, 
CLPt(NH3Cl),.. in NHjAq (Gerhardt a. Laurent, 
G. 11 30, 273). Pale-yellow, crystalline pow- 
der ; scarcely sol. cold water, si. sol. boiling 
i water. IINO.,Aq produces the chloro-nitrato 
CI..Pt(NIl3.Nll3.N03)2; a Utile AgNO.Aq produces 
Hie chloro-Jyidrorql-u Urate 
CHOH)Pt(Nll3.Nli3.N03).3 ; long boiling with 
AgNOjAq is needed to remove all Cl as AgCl. 
Reduced by H.,S, or action of Ag, to 
Pt{Nll3.NH,Cl).2 (Thomson, J. 1868. 278; Jor- 
gensen, J. pr. [2] 33, 489). Forms double 
compounds with PtClj aud PtCl, (Reiset, 
A. Ch. [3] 11, 417 ; G. a. L., Z.c.; Clove, Bl [2] 
7, 12 ; 17, 482). 

The otlieiw cliloro- compounds which are 
known are the following ; Chloro-nitrate, 
Cl.in(NIl3.NH3.NO,)2 (Gros, A. Ch. [2] 69, 
20*4; Raewsky, A. Ch. [3J 22, 278; Hadow, 
G. J. [2] 4, 346) ; chlora-chloro-nitrite, 

Cl.Pt(NH3.NH3.NO,)(NH3.NIl3Cl) ; chUyro-hy- 
droxyUchloride, Cf(OIl)Pt(NU3.NH3Cl)2 (Cleve, 
l.c . ; Hadow, lc .) ; chloro-hydroxyl-carbonate, 
Cl(011)Pt(NH3.Nll3)2C03.H.p (Raewsky, lc.; 
Gros, lc.); chloro-hydroxyl-chroniate and di- 
; chnymate, Cl{OH)Pt(NH3.NH3).,GrO« and 
Cl(0H)Pt(NH3.Nn,)2Cr.,0, (Clove,* lc.) ; chloro- 
j hydroxyl-nitrate, Cl(OU)Pt(NH3.NUj.NOj)a» 
i (Raewsky, lc. ; G. a. L., l.c . ; Clevc, lc .) ; chloro- 
chromate and dichromate, aud chloro-sulphate^ 
MCr04, MCr«0„ and MBOj, where M « 
Cl2JH(NIl3.NIi;)2 (Cleve, l.c.). 
j II. Bromo- compounds. The following 
meiubcrs of this class have been isolated 
; (Clove, Z.c.) ; hromo-hromidc, MBr^*; bromo- 
I chloride, MCI.3 ; hromo-dichromate, MCrjO, ; 

\ bromo ’ nitrate, M(NO,)2; bromo • phosphate, 

' M(P04H.3)._,.2aq (in these formulto 
I 1\I ^Br.3Pt(NIl3.Nn3)2) ; bromo-chloro-chloride, 

' BrClPt(NH3.NH3Cl).3; bromo-hydroxyl -chloride 
1 and nitrate, MCl.^ and M(NOj)2, where 
I U^Br{Oll)Pt(HR,.mi,),. 

I III. Hydroxyl compounds. Hydroxyl 
I nitrate and sulpluUe, M(N03).3 and MSO^, where 
I M = (OH).3Pt{NU3.Nll3)3. 

! IV. lodo- compounds. Iodo-iodide, MI, ; 

\ iodo-nitrate, M(NOj)., ; iodo- sulphate, MSO^; 

! where M-l3pt(NH,. Nil,),. 

I IV. Garhonato- compounds. Carbonato* 

] bromo - carbonate, carbonate • chloro - carbonate, 
and carbemato - nitrato - carbonate, Br3(CO,)R, 
CL(COJlt, and (N03)2C03R, where 

R = 2[Pt(NH3.NH3).J.(C03).2. 

V. Nitrate- compounds (Cleve, f.0.; Ger* 
hardt a. Laurent, G. 11. 30, 273) : 
(NO,).3Pt(NH3.NII..Cl).,.2aq ; 

(N03).3Pt(NH4.NIi3N0 U; 

(N03).2Pt(NHvNH,).3Cr04; 

(N0JJ't(NH3.NH3)..Cr20,; 

0H(N0.)Pt(NH3.NH,.N03)2; 

Cl(N0,)Pt(NH,.NH3)2S04.aq ; 

Cl(NO,)Pt(NH,.NH,.NO,).2. 

VI. Nitrito- compounds (Cleve, lA) 
Hadow, 0. J. [2] 4, 346) : 
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0H(S0JPt(N]^.NH,),S0,.8aq ; 
Br,(SOjPt(NH,.NH;),(SOJ,.aq. 

Series 8. Platinimnidiammines, 
B^t(NH^.NH3B)P. These compounds are iso- 
meric with the platinammines, R,jPt(NH3R)2. 
They are generally formed by oxidising the 
platosemidiammines, Pt(NH3.NHaR)R. 

Chloroplatinisemidiammine chloride 
Cl3Pt(NH3,NHjCl)Cl. Ry chlorinating plato- 
semidiammine chloride, Pt(NH3.NH3Cl)Cl, by Cl 
or aqua regia (Cleve, l.c.). Orange, crystalline 
powder; S. -33 at 0®, 1-62 at 100 V Not acted 
on by cone. R^SO^ or alkali solutions* 

The following salts of this series are known 
(Cleve, Ic.) : 

hromO'bromide, Br3Pt(NH3.NR,13r)Br ; 
hromo-nitrites liraPtCNH^.NIIa.NO^lNOj ; 
chlaro-nitrite, Cl3Pt(NH3.NH3.N03)N03; 
chhrO'hydroxyhnitro-nitritet 
Cl(OH)Pt(NH,.Nil3.NO.,)N03 ; 
trihydroxyhnitrate, (OH),Pt(NH,.NH3.NO,)OH ; 

hydroxyl-sulphate, 

Series 4. PlatinimonodiammhieSt 
R3Pt(NH3.NH3R)(NH3U). Of this series the fol- 
lowing have been isolated (Cleve, l.c.) : bromo- 
nitrate, bromo- 

sulphate, Br,Pt(NII,,,NH,SO,.Nir,).aq ; chhro- 
chloride, Cl3Pt(Nn,.NH;,Cl)(NH3Cl) ; hydroxyl- 
nitrate, (0H)3Pt(NII,.NH3.N0,)(NH3.N03).aq; 
hydroxyl-hromo-nitrate, 

(0H)BrPt(NH3.NH3.N03)(NH3.N03).aq ; iodo- 
bromide, I,Pt(NH3.NH3Br)(NH3Br). 

Series 6. PlatinUriavimines, 
RpPt(NH3jNH,.NH;,R).j. This constitution is 
probably to be given to salts formed by electro- 
lysing ammonium carbamate or carbonate solu- 
tion, using electrodes of Pt (Drcchscl, J. pr. [2] 
20, 378 ; 26, 277 ; Gerdes, J. pr. [2] 2rt, 257). 
The salt formed as described is probably car- 
bonato-platinitriammine carbonate, 

(C0,).Pt<;^g^'|5^jj5^»>C03. By the action 

of HNO„ RBO^, and^ HCl, respectively, on 
this compound are obtained the vitrato- 
nitrate, sulphato-sulphafc, and chloro-chloride, 
(N0,),.M.(N03).„ SO,.M.SO,.aq, and Cl3,M.CL, 
where M « PtjNH^.NHa.Niyj. 

Class III. Diplatinum compounds. 

Pt(NH3.NH,R) 

Series 1. Diplatodiammines, | 

Pt(NH3.NH3R) 

(Blomstrand, J. pr. [2] 3, 207). Cleve {l.c.) gives 
to these compounds the formula 

PyNH.),(NH,)A- 

The following members of this series are 
known: chloride, hydroxide, M(OH)3; 

nitrate, MINO,)-; and sulphate, MSO.; whore 
M.PMNH,),. 

Series 2. Diplatosindiammincs, 
RPt{NH,.NH,R) 

I . The only compound of this 

BPt(NH,.NH3). 

series is the chloride Cl3Pt3(NH,),Cl3. 

RPt(NH,R), 

Series 3* Diplatinammines, I . 


The onfy ehmponhd of sor^ is the {odid$ 
(Cleve, Ic .) ; by treatment 
with HIAq, the compound Pt4l,o(NHJ, and 
Pt3l„{NH,),j are produced. 

Series 4. Diplatinidiammines, 
RPt(NH,.NH3R)j 

I (Cleve, I.C.). The iodo-nitrate, 

RPt(NH,.NH3R)2 

LPt,(NEi3)„(N03)j, is formed by reacting on 
l3Pt(NH3)^(NO.,)2 with NH,,Aq and treating the 
product with HNO^Aq ; most of the other com- 
pounds of the series are formed from the iodo- 
nitrate. Various classes of compounds of this 
series are formed by varying the composition of 
the radicles, R ; the nomenclature is similar to 
that used for the platinidiammines. The com- 
pounds which have been isolated are bromo- 
nitrate, bromo-anhydronitrate, and bromosul- 
phate, M(N03)4, M(N03)..0, and M(SO,),3.2aq, 
where M = Br3Pt2(NH3)8 ; ‘hydroxyl-chloride, di- 
chromate, phosphate, and sulphate, MCi4.aq, 
M(Cr.20,)2, MIHPOJ.^ and M{S04)2.2aq, where 
M - (OH)3pto(NH3)g; iodo-iodide, anhydro-iodide, 
nitrate, anhydro nitrate, phosphate, and sul- 
phate, MI„ Ml^O, M(N03)4.4aq, M(N03).,0, 
M(11P04).2, and M{S04)„ where M = LPt3(NH3), ; 
nitrato-nitrate, (N03)2Pt2(NH3)3(N03);.4aq. 

M. M. P. M. 

PLATINUMS, FULMINATING. Various 
compo inds of Pt, N, Cl, O, and H, all of which 
explode when heated, are formed by the action 
of KOHAq on (NHjl PtClg, or by ppg. Pt(804). 
with NH,Aq and boiling tho pp. with KOHAq 
(Proust, Qchlen's J. 1, 348 ; Doborelner, 0. A. 72, 
104 ; Fourcroy a. Vauquolin, Oe.hlen^s J. 1, 348 ; 
Davy, S. 10, 01). These compounds are classed 
together as fulminating platinums. K. von 
Meyer [J. pr. [2] 18, 305) classilies according to 
the quantities of Cl they contain ; all contain Pt 
and N in the ratio of equal numbers of atoms: 
tetrachloro- compound Pt4N4Cl40,2H..,4, triohlor- 
o.cy-Pt,N,Cl3(OH)0, JIj,, dichloro- Pt4N4Cl20, R.,, 
chhroxy- Pt4N4Cl(0H)0,,2R22. Tetracliloro-ful- 
minating platinum is formed’ by adding 
KOHAq ’drop by drop to Am-PtClg, in the ratio 
4'6KOH : Am .PtClrt, and washing the pp. by 
repeatedly boiling with acetic acid solution and 
then with water. At 150° 4PLO is given off; 
explosion occurs at a higher temperature. 
Dilute R2S04Aq produces R,C204 and evolves 
C0.2. By treatment with ICOHAq, or NHjAq, 
Cl^ is easily removed, a third Cl is removed with 
difficulty, but the fourth Cl remains unattacked. 

M. M. P. M. 

PLUMBAGO. A name sometimes given to 
graphite; v. Carbon, vol. i. p. 680. 

FLUMBATES. Salts wherein PbO, acts as 
acidic radicle, v. vol. iii. p. 132. 

FLUMBITES. Salts wherein PbO acts as 
acidio radicle, v. vol. iii. p. 129. 

PLUMERIC ACID C,„H,„03. [139°]. Occurs 
as calcium salt in the milky juice of Plumeria 
acutifolia (Oudemans, A. 181, 154). Minute 
crystals (from water), v. sol. alcohol and ether, 
si. sol. cold water. Yields salicylic acid on 
fusion with KOH. Reduced by sodium -amalgam 
to crystalline ‘ hydroplumerio * acid 0„H„0..— . 
K4A«»8aq. - Ca(H,A‘»)3 4aq. S. *5 at 20° - 
CaH^A*' 6aq. -26 at 20°.-Oa,(HA«-), 8aq.- 
Ag-^BLA'* aq. Ag,HA‘^ : needles (from 
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0,H,rO^aMe(OH).CO.^. Mol. w. 274. [188®]. 
[a]p = 186^. Constitutes at least 90 p.c. of the 
resin found hj de Vrij in the trunk of an old 
tree, Podocarpits cupressim, var. imbricata 
(Oudemans, A. 170, 213). Plates {from dilute 
alcohol), insol. water, v. si. sol. benzene, v. e. 
sol. alcohol and ether. Dextrorotatory, llesolved 
at 300® into water and anhydride CajHi-X),. 
yields methanthrene C,JI,jOn distillation with 
zinc-dust. The Ca salt on distillation yields 
p-cresol, by drocarpol, Carpono C„ll,„and meth- 
anthrol 0 ,^ 11 , .p. Br added to its alcoholic 
solution forms C,,Ho„lJrEtOa(EtOFl) [above 80®J, 
^,which gives off alcohol when heated for some 
time, leaving C„n.,uBrEtOj [158®]. 

Salta.--NaA'7aq. S. 88at21®. Needles.— 
KA' 3aq.-KA' 4aq.— (N 11 JIIA', aq.-Ba A', 3aq. 
— BaA'j 8 aq. — BaA'^ Oaq. — BaA'.. 15aq. — 
BaOpHjA Baq. — CaA'.,5aq. - PbA'..4aq..— 
PbC„n,„0, aq. — PbILA', lOaq. - CiiA'.^ lOaq.- 
AgA' 2 ‘,aq. 

Mcthjfl ether MqA.\ [174®]. Grains. 

Ethy l el her mW [110®]. Needles. 

Acetyl derivativ e Ci^EiAeOj. [152®]. 
Small needles (from dilute alcohol). 

Nitropodocarpic acid C,,H,^,(NO.JO;,. [205 ■]. 
P’ormed, as well as the di-nitro- acids, by the 
action of HNO 3 (S.G. l-:34). Small crystals, 
insol. water, m. sol. hot alcohol. May bo reduced 
to unstable amido-podocarplc acid, which forma 
C„tt,,NO,HCl Inq. 

Salt3.-(NU,),C,,H„N03 4aq.— 
■KaC„H,oNO, Olaq. Red needles with green 
luStre, V. Boi. water.— Na^C, ,11, gNO-^Oaq. Scarlet 
idates. — BaC,,ll,,jN 05 7aq. Bed needles. — 
BaO„H,,,NOj3aq.— Bn A'. 4aq : yellow needles, 
si. sol. water.— CaCj,H,,jN 04 4aq : orange needles. 

Di-nitro-podocarpic acid 0 , 7 lI^(N 0 .J.P 3 . 
[203°]. Pale-yellow crystals, insol. wafer, m. sol. 
alcohol. — Salts; KjOi^Hj^Np, 5aq. Crimson 
needles, with green rellex. — BaCjjU^jNjOjdaq. — 
AgjO,,H,gN.p, 4aq ; orange pp. ^ 

Sulpho-podocarpic acid 0,,K .(SO,H)Oj 8 aq. 
Got by warming with IipO,. Amorphous mass. 
Salts; Na^A" 7 aq ; easily soluble rosettes. — 
Ba(HA").^ 6 aq. — BaA" 8 aq ; white laminio. — 
CaA" 7aq : thin lamina). 

Hydrocarpol CigH^oO. (220® in vacuo), A 
product of the di.stillation of calcium podocarpato. 
Viscid oil, v. sol. alcohol and ether. Yicld.s 
p-cresol, carpene, and methanthrol CijHiP 
[122®] when distilled. Methanthrol is crystalline, 
sol. KOHAq. 

FOOOPHTLLIN. The resin extracted from 
the root of Podophyllum pcllatum (Guareschi, 
B. 12, 683; O. 10, 16; Busch, Ph. [3] 8 , 443; 
Senier a. Lowe, Ph. [3] 8 , 445). It contains bitter 
and physiologically active ‘ picropodophyllin ’ 
crystallising in needles [ 200 ®- 210 ®J, and several 
resins, e.g. * podophyllo- quercetin ’ [247°-250®J 
and * podophyllio acid ’{Podwissotzky, Ph. [3] 12, 
1011 ). 

FOLTCHBOiTE v . Sitfbon. 

FOLTICSBIBM ; a term generally applied to 
the phenomena of the existence of more than 
one substanoe haring the same composition, and 
lelated in properties, bat with different moleoolar 
irei^ts ; 0 . IsoiaEBisif, roL iii. pp. 79<B1. 


FOIYFOBIC ACID 0,^,A. [above 800®]. 
Occurs in a fungus belonging to the genus Poly> 
por 2 ts, which grows on the bark of diseased or 
dead oaks. The fungus is yellov^but is turned 
violet by ammonia (Stahlsohmidt, A. 167, 177 ; 
195, 305). Bronzed tables (from alcohol), insol. 
water, ether, benzene, CS.^, and HOAo, gl. Bol. 
chlorofonii and alcohol. Alkalis form puiple 
solutions, dceolourisod by zinc-dust. Yields a 
totrahydrido when builiHl with cone. KOHAq. 
»Yiolil.s benzene on distillation with zinc-dust. 
Cone. IINO; forms G, Jl,,(NO,),0, [230®]. KCIO, 
and IICI give C,JI,,C1,0^ [108®] and O^Hc^ClA 
[110®]. 

Sal ts.— KoA" 2aq : purple monoclinio crys* 
tala. — NiiA"2aq; violet needles. (NlldsA" 2aq. 
— BaA" laq.— BaA" 2aq. - SvA" 4aq. " SrA" aq. 
— CaA"3aq; pale-violet needles. MgA"3aq.— 
Ag.A" : insoluble pp. 

'Methyl etjur McA". [187°]. 

Ethyl ether Et^A". [134°]. Needles. 

^Diacetyl derivative C,gIl,MAcj,0^. [205®]. 
Yellow needles, si. sol. alcohol* 

Hydride [163°]. Formed, 

together with the acid [156°] which 

yields Ag.A", by boiling f>olyporic acid with cono. 
KOHAq. White crystalline powder (from hot 
water), sol. alcohol. — Na,A"4aq. — BaA". — 
MiiA"6aq.— Ag A" ; crystalline pp. 

POPPY OIL. The oil expressed from the 
seeds of Papiivcr somnifcnuncAmiidns glycerides 
of liiioloic, stearic, and palmitic acids (Oudo- 
mans, /. 1858. 301; 1803. 333; c/. Mulder,/. 
1865. 323). 

POPULIN is the Bemoyl derivative of Sawcin. 

PORPHYRINE C„[I,,,N,0,. [97°J. Occurs, 
togothor with alstoniiui and alstonidine, in the 
bark of Alstonia consiricta (Ilosse, A. 205, 366). 
Wliite umurphoua substanct!, sol. alcoliol, ether, 
and chloroform. Cone. 11 .SO^ gives a purple 
solution. Its acid solutions exhibit blue 
lluorescenco. — B'.^H J4Cl,j 4aq. 

POTASH. Potassium hydroxide^ q. v., p. 
302. 

POTASSIUM. K. At. w. .3904. Mol. w. 
probably 39 04 (Uaru.say, (7. /. 55, 521; v, infra), 
M.P. 58° (Quincke., J\ 135, 012) ; 62-5° (Bunsen, 
A. 125, 308). B.P. 719®.-731° (Carnelley a. Wil- 
Hams, G. J. 35, 563) ; 607® (Perman, C. /. 55, 
326). S.G. -865 at 15° (Gay-Lu.s3ac a. Thfinard); 
•875 at 13® (P.autnliauur, B. 6, 655). V.D. not 
known with certainty ; v. infray molecular weight, 
S.n./rom - 78° to -l-lO® -166 (Ilcgnault, A. Ch. 
[3] 26, 286). C.E. (linear, 0^-60') *00008416 
(Hagen, Verhandl. d. physihal. Oes. tu Berlin, 
1882, No. 13). Volume at f®-avol, at 0® 
(l + *00023935i4- 00000020y25P) for interval 10® 
to 95® (Hagen, Lc.). K.C. at 0® (Hgat0®-1) 
11*23; at 100® (liquid) 5*586 (Matthiessen, P. 
100, 177). Refraction-equiv 7*51 (Kanonnikoff, 
/. B. 1884 (1), 119). The emission-spectrum is 
characterised by a lino K. in the extreme red, and 
a lino in the violet ; for measurements of all 
the chief lines v. B. A. 1884. 436; for the ab- 
sorption-Bpectrum v. Koscoe a. Schuster, C. N, 
29, 208. H.O. [K’,0] « 66,050 (Woods, P. M. [4] 
2 , 268 ). 

Occurrence. — ' Compoands of K ore widely 
distributed in large qaantities. FeieWt^iea, 
oontain silicates of this metal; eanuUlite, 
eylvine, Ao., oontua KCl; ahm-etone and other 
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minerals contain K3SO4; saltpetre is oliieflj 
KNO,. Sea-water contains c. *5 to *7 g. KCl 
per litre. Potassium salts, e.{/. acid tartrate and 
oxalate, are found in plants. Animals contain 
salts of K, chiefly phosphate and chloride. 

Bistorical.—Polash was dGCompo.‘ e.l by Davy 
(T, 1808. [IJ 6) in 1807, by passing the electric 
current from a Volta-pile of 200 plates, through 
a piece of potash placed in a Pt basin. 
Gay-Lussac a. Th6nard, in 1808, reduced potash 
and obtained the metal, by heating it to ^hite-i 
ness with iron filings (A. Ch. 65, 5^5); In the 
same year Curaudan {A. Ch. 66, 97) showed that 
charcoal could be used instead of iron. Brunner 
S. 88, 517) made this process applicable on the 
argo scale, and B.’s method was modified by 
several workers, especially by Donny a. Mareska 
(A. C;i.[8] 36, 147). 

Formation. — 1. By electrolysing KOH. The 
most effective method is to plac^ a little cone. 
EOHAq, with pieces of solid KOH in it, in a Pt 
basin, to connect this with the negative pold of 
a powerful battery, to pour a little Hg into the 
basin, and place therein the wire from the 
positive polo. The K which is thus formed 
amalgamates with the Hg ; the amalgam, after 
drying, is heated in a small retort, along with a 
little mineral oil, which drives out the air, and 
the K remains when the Hg has been distilled 
off. — 2. By electrolysing a molten mixture of 
KCl and CaCla in the ratio 2KCl:CaCl2. Tempera- 
ture is arranged so that a solid crust remains 
on the surface of the molten mixture. Electrodes 
of gas-coke are used. After electrolysis the 
mixture is allowed to cool for twenty minutes, 
and the contents of the crucible are scraped out 
under petroleum (Matthiessen). Iiinuemann 
electrolyses molten KON {J. pr. 73, 415).— 3. By 
heating KOH to redness with iron filings or 
charcoal.— 4. By heating an intimate mixture of 
KjCOi and 0, or a mixture of K.DO3 or KOH, 0, 
and very finely-divided iron (Castner, C. N. 54, 
218). — 6. By heating sulphide of K with iron 
filings (Dolbear, O'. N. 26, 33). -6. By heating 
potash with sodium under petroleum to 0. 170'^ 
(Williams, C. N. 3, 21). — 7. By the action of Na 
on dry molten K acetate (Wanklyn, C. N. 3, 66). 

Pr^aration. — An intimate mixture of K^GOj 
and 0 is formed by heating cream of tartar 
(K-H tartrate) in a closed crucible. The mix- 
ture is then strongly heated in an iron bottle, 
connected with a flat receiver about 30 centim. 
long, 12 centims. wide, and 6 centims. froip the 
inner surface of one side to that of the other ; 
this receiver is made of two pieces of slieet-iron 
(about 4 mm. thick) screwed together, and has 
an opening at the end farthest from the retort, 
to allow the escape of GO. The reaction may 
be represented thus: KDOj, + 20 = 2K + 3CO. 
The K distils over and condenses in the receiver ; 
when full the receiver is removed, plunged under 
mineral oil and there opened, and the E is re- 
moved by a chisel. E combines with CO at a 
red heat to form a black, very explosive sub- 
stance; the more rapidly the distilled K is 
eooled the less of this explosive compound is 
formed. The distilled motal is purified by wrap- 
ping^ it, when under oil, in a piece of linen, 
heating the oil to 0. 65°, and pressing the molten 
K through the linen; the metal is then redis- 
lilledf from an iron bottle, into a copper tube 


I partly filled with mfneml naphtha, and having 
an opening through which an iron rod may be 
passed to clear the tube which carries the K 
from the bottle into the receiver (Donny a. 
Mareska, A. Ch. [3] 35, 147). Castnor (C. N. 
64, 218) uses as reducer a mixture of C and a 
metallic carbide, or a mixture of very finely-di- 
vided metal and C (conveniently prepared by 
heating a mixture of Fo.^O, and tar in a covered 
vessel), and heats in an iron crucible with an 
exit-tube passing through the lid. The reac- 
tion, using KOH, Fe, and C, may be formulated 
as 3KOH I Fo + 20 - 3K + Fe + CO + CO, 3II. 

Properties. —k silver- white, lustrous metal. 
As soft as wax at ordinary temperatures, brittle 
at 0°, melts at c. 60°. Boils when heated in a* 
stream of H to c. 700^, and forms a bright- 
green vapour. A sublimate, in a very thin 
film on gbiss, shows a rich purple colour in 
transmitted light (Dudley, G. N. 66, 163 ; Newth, 
N. 47, 55). Crystallises in quadratic octahodra, 
which have a greenish-blue sheen. TJiese crys- 
tals are obtained by molting K in a glass tube, 
narrowed at one place, and filled with coal-gas, 
and allowing tiio semi-solidified metal to flow 
slowly through the constricted part of the tube 
(Long, G. J. 13, 122). Sol. liquid Nil,, forming 
a blue liquid, from which the metal is obtained 
by allowing the NH, to evaporate (Seeley, G. N. 
23, 169 ; V . Potassammoniuu, p. 299). Combines 
very rapidly with 0 ; on exposing a freshly-cut 
surface to air, oxidation occurs at once. De- 
composes cold water rapidly. K must be kept 
under a liquid free from 0, such as mineral 
naphtha or rock-oil. 

The atomic wcujht of K was determined by 
Berzelius, Penny, Rfarignac, Polouzo, Millon, 
Faget, and Maumen6, from 1813 to 1846, by 
reducing KC10„ KCIO^, and KIO, to KOI and KI, 
and by converting KCl, KBr, and KI to AgCl, 
AgBr, and Agl. The researches of Stas, in 1860 
and 1865, have determined the at. w. with great 
accuracy. Stas heated KCIO,, thus getting KCl, 
deeomposc(t KCIO, by HClA.q, determined the 
ratio of KCl and KBr to Ag required for com- 
plete ppn., converted KCl into KNO, and KBr 
into AgBr, and determined the ratio of KBr to 
AgNO., required for ppn. (Stas, Bcch. 69, 70, 91, 
118 ; Nouv. R. 244, 303). 

The molecular weight of K is not known with 
certainty. Dewar a. Dittmar {C. N. 27, 121) and 
Dewar a. Scott {Pr. 29,206, 490) determined the 
V.D. of K at c. 1000° ; the earlier results pointed 
to a mol. w. of c. 90, and the later numbers to a 
value c. 45. V. Meyer {D. 13, 391) showed that 
the results were untrustworthy, as vapour of K 
attacks glass vessels. It has also been shown 
that vessels of Cu, Ag, Pt, or Fe cannot be used 
(Rioth, B. 4, 807 ; Meyer, Z.c.). Ramsay (C. J. 
55, 521) attempted to find mol. w. of K by dis- 
solving in Hg, and finding the decrease of the 
vapour-pressure of Hg thereby produced. As- 
suming the mol. w. of liquid Hg to be 200, and 
also assuming that equal vols. of dilute solutions 
contain equal numbers of molecules, the results 
gave mol. w. of K as 29*1 and 30*2; it seems 
probable that the mol. of E is monatomio. 

The only compound of E whose V.D. has been 
determined is KI ; in this moleoole the atom o{ 
E is monovalent. 

E is a very strongly positive elemeni In all 
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ffas tfompoands it reacts as a metal, and does not 
enter into the composition of any negative 
radicles. K forms very few basic salts, and no 
oxyhaloid compounds ; its halide compounds are 
very stable towards heat. E is closely related 
to Cs, Li, Na, and Rb {v. Alkalis, metals of the, 
vol. i. p. 114). 

Reactions, — 1. Heated in dry air or oxygen, 
K.fi and Ka 04 are formed {v. Oxides, p. 301).— 

2. At 'about 300° K absorbs hydrogen readily, 
probably forming K^H (v. Hydride, p. 301).— 

3. Combines with chlorine, bromine, and iodine 
when heated (v. Chlorides, bromides, iodides, 
pp. 299, 300, 302).— 4. Forms compounds with 
sulphur, selenion, and telluiium when heated (u. 
Sulphides, selenides, tellurides, pp. 305, 300). — 
6. Combines with phosphorus [v, Fhosphide, p. 
305),— 6. Alloys with several metals {v. Alloys, 
infra).—!, Reacts rapidly with water, forming 
KOHAq and H.— 8. Heated with hydrogen sul- 
phide forma KHS (w. Hydros ulphide, p. 3U2). -- 
9. Dissolves in liquid ammonia (Seeley, C. N. 
23, 169 ; V . infra, Potassammonium). Heated in 
dry ammonia gas, KNll^ is forjned (u. Amide, 
infra).~lQ. Combines with carbon monoxide to 
form KCO (v. Carbonyl compound, p. 300). At 
red heat decomposes CO with separation of C. — 
11. Decomposes carbon dioxide, and nitrous and 
nitric oxide, when strongly licated with thejso 
compounds. — 12. Reacts with fuoist carbon 
dioxide to form KXO, and HCO.K (Kolbe a. 
Schmitt, A. 119, 251), — 13. Decomposes silica 
and boric acid, when heated with these com- 
pounds, probably forming silicide and boride 
{q. V ., pp. 299, 305). 

PotassiuiD, alloys of. Alloys of K with most 
metals are known; K alloys easily with the 
more fusible metals. The alloys generally 
oxidise in air, and decornposo cold w^ter. K 
forms amalgams with Hg ; according to Joannis 
{C. R. 113, 795), HgigK is formed by letting 
potassammonium {q. v.) in liquid NH, drop on 
to Hg. For polarisation of K amalgam in KCIAq 
against Zn amalgam v. Le Dlano, Z. P. G. 5, 
467. For supposed alloy with NH^, v. infra, 
Potassammonium. 

Potassium, aluminate of; v, vol. i. p. 141. 

Potassium amide, KNHj. Gay-Lussac a. 
Thinard (G. A. 29, 135 ; 32, 23) obtained dark 
olive-green crystals by heating K in dry NH.,. 
Baumert a. Landolt [A. Ill, 1) confirmed G. a. 
T.’s formula KNH^. The compound is formed 
by passing dry NHj into a flask of c. 60 c.c. 
capacity, fitted with a cork carrying an inlet 
and exit tube, quickly throwing in pieces of K, 
continuing the passage of NHj, and heating 
very gently till the metal just ceases to dis- 
solve in the greenish-blue liquid that is formed ; 
on cooling, a yellowish -brown solid is obtained. 
KKH, is a non-conductor of electricity. Melts 
at a little over 100°, at a higher temperature 
EEL, is given off, along with H and N, and 
remains (v. Potassium nitbidb, p. 304). Burns 
when heated in 0, or heated to redness in air, 
giving N and EOH; decomposes in moist air 
to EOH and NH,; must, therefore, be kept 
under rook oil. Reacts energetically with water, 
giving NH, and EOHAq. 

PotMiium-ammoninm ok FotaffammoAliiiii. 

evolving dzj NBj, bom AgCl.xNH„ in a 


Faraday tube containing E in the other end, 
Weyl (P. 121, 697) obtained a substance which 
he regarded as an alloy, or compound, of E and 
NH,. Seeley (C. N, 23, 169) regarded the blue 
liquid formed by dissolving E in liquid NH, as 
a solution, inasmuch as K was obtained again 
when the NH, was allowed to evaporate. Joannis 
{C. li. 109, 900, 965 ; 110, 238) examined the 
vapour-pressures of a solution of K in liquid 
NHj, and also the thermal phenomena attend* 
ing the formation of the solution. lie found the 
vapour-pressure to decrease till a certain value 
was reached, when it became constant, provided 
temperature was not changed ; on removal of 
more NH, a copper-red solid sfparated, and 
thereafter Nil, was given off at constant pres- 
sure, till only K remained. This last part of 
tlie process was regarded by J. as a dissoeiatit)n 
of NHjK; analysis showed this ratio (NH.,:K) 
to bo always atinined when the final part of the 
cluuigo commenced. The heat of formation of 
Nlijlv is given by J. as 6,300 wlien Nil, is gas 
and K solid, and as 1,9(I0 wlien NH, is liquid 
and K solid. Joannis {G. R. lliJ, 795) found 
that NlIjK in liquid NH, is decomposed by Sb, 
Pb, and Hg, but not by Al, Cu, Ag, or Zn ; by 
dropping the liquid on to Hg, and washing the 
protluct with liquid Nil,, he obtained a crystalline 
amalgam Hg,sK. 

By measuring the depression of the vapour- 
pressure of liquid NH, by solution of K therein, 
J. concludes that tlio mol. formula of potass- 
ammonium is NJIJv, (G. R. 115, 820). 

Potassium, antimonide of. Probably SbE,. 
A greyish-while, lustrous solid ; decompojee 
water, giving KOH, Sb, and H. Formed by 
heating the elements together, or by fusing Sb,0| 
with K,00, and C. 

Potassium, antimouates of; v, vol. i. p. 286. 

Potassium, arsenates of; v. vul. i.p. 309. 

Potassium, arsenites of ; v. vol. i. p. 306. 

Potassium, auricyanide of ; v. vol. ii. p. 332. 

Potassium, borates of; v. vol. i. p. 529. 

Potassium, boride of. The brown solid 
formed when boric acid is reduced by heating 
K may contain a compound of B and K. 

Potassium, borofluoride of ; v. vol. i. p. 520. 

Potassium, boronitride of. By very strongly 
heating a mixture of 7 parts "11,0, with 20 parts 
KGN, Balmain {J. pr. 27, 422) obtained a white, 
infusible solid ; insol. water or KOHAq ; dccqm- 
posed by boiling aqua regia, leaving BN (vol. 
i. p. 527) ; heated in steam gave off NH„ and 
left KOH and boric acid. 

Potassium, bromide of, EBr. Formula 
probably molecular, from analogy of El. Melts 
at 699^ (Carnelley, C. J. 33, 279). S.G. 2*695 
to 2-72 at 4° (Schroder, P. IOC, 220) ; 2*712 at 
12*7° (Clarke’s Tables of Spec. Qravities, 2nd ed,, 
31); 2*199 fused (Quincke, P. 138, 141) ; v. also 
Spring {B. 16, 2724). S.H. (16° to 98°) -11322 
(Regnault, A. Ch. [3] 1, 129). Vol. at 40° - vol. 
at 0° (1-h -00012602) (Fizeau, 0. R. 64, 814). 
S. 53*48 at 0°, 04*6 at 20°, 74*62 at 40°, 84*74 at 
60°, 93*46 at 80°, 102-04 at 100° (Kremers, P. 
26, 119); Coppet (A. Ch. [6] 30, 411) gives S. 
64-43-l-’6128t where t varies from- 18-4° to 
110°. Qerlaoh (Fr. 8, 286) oaloolated the 
lowing from Eiemer's data: 
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S.a KBrAq 

POTASSIUM 

5 p.o. 

1*037 

30 p.o. 

1*266 

10 „ 

1*076 

36 

1*309 

15 „ 

1*116 

40 „ 

1*306 

20 

25 „ 

1*169 

1*207 

45 „ 

1*430 


H.F. [K,Br] = 9C,310 ; [K.Br^q] = 90,230 {Th, 
8, 235). [KBr,0‘] = 84,0(;0 {Th., l.c.). 

Formation. — 1. K and Br combine with 
production of much heat {v. Balard, Mcrz, a. 
Weith, B. 6, 1618).— 2. By treating BrAq with 
iron filings and ppg. with K„(50^. — 3. By 
neutralising HBrAq by KOHAq or K.,CO,,Aq, 
and evaporating.— 4. By decomposing CaBr.^Aq 
by K3SO4, filtering after 12 hours, adding K.CO,, 
as long as turbidity is produced, filtering, and 
evaporating (Klein, A. 128, 237). 

Preparation, — A moderately cone, solution 
of KOH, free from K.^COa, is prepared from pure 
KjCOj and pure CaO (y. Potassi^um uydkoxide, 
p. 302) ; to this solution Br is added, little by 
little, till the liquid is slightly yellow; Very 
finely-powdered «^liarcoul, equal to about one- 
tenth of the quantity of Br used, is added, 
and the liquid is evaporated to dryness 
(OKOHAq -t 3Br, = 5Kl3r A<i + KBrO^Aq -f 311,0) ; 
the dry residue is well powdered, and heated to 
dull redness in a closed crucible for some time 
(2KBr03 + 30 = 2KBr -f- 3CO,) ; the residue is ex- 
tracted with warm water, the solution is filtered, 
and evaporated to the crystallising point. 

Properties and Reactions. - KBr crystallises 
in very lustrous, white cubes, sometimes 
elongated to prisms or flattened to plates; it has 
a strongly saline taste. l»lasily sol. water, with 
considerable lowering of temperature; LKBr,Aq] 
■» —6,080 {Th. 3, 235). CUlonne reacts with 
EBrAq to give KClAq aud Br; Br is not set 
free by H,S04 containing N,Os, nor by 
KNOjAq-f-dil. H,S04Aq. KBr heated with po- 
iassium chromate and sulphuric acid gives off 
Br; KOI under similar conditions gives CrO,Cl,. 
Cone, sulphuric acid produces HBr, Br, and 
SO, ; the amount of HBr (the primary product 
of the reaction) thus dcicomposed varies very 
nearly in proportion to the quantity of 11,804 
used ; if the H,b04 is in such largo excess that 
the water formed in the reaction causes no 
sensible dilution, only SO, and Br are produced ; 
by using dil. H,S04Aq (o.30 p.c.) a mere trace of 
Br is obtained, the products being almost wholly 
KHS04Aq and HBrAq {v. Addyman, 0. J. 61, 
Hypochlorous acid solution produces 
KOlAq ‘and KBrO,Aq, with evolution of Br aud 
Cl. Potassium permanganate solution has no 
action even when boiled ; but Br is set free if a 
little H,S04 is added, even without warming, the 
decomposition being soon completed (Hcmpel, 
A. 107, 16(B. Fusion with potassium chlorate 
produces KBrO,. 

Combinations.-— With many bromides of less 
positive metals to form double salts; some of 
these are best regarded as E salts of acids con- 
taining Br and a metal less positive than E, e.g. 
AuBr,.EBr is best looked on as KAuBr4 {v. the 
various metallic bromides). Also with iodine 
bromide, to form KBr.lBr (Wells a. Wheeler, 
Am. 8. (3] 43, 475). Also with some metallio 
chlorides*, thus SbGl,form9 SbCl,.3KBr identical 
with BbBra.3ECl, and therefore to be regarded 
•8 SbE«Cl»Dr. (Atkinson, 0. J. 48, 290). Feit 


(J, pr: [2] 39, 878) describes MgBr,.£l9r. 
analogous to eamallite (Mg0i,.K01.6aq). Sobilf 
(A. 228, 72) describes a compound with arsenuws 
oxide KBr.As40,. 

Potassium tribromide KBr,. According to 
Berlhelot {A. Ch. [5] 21, 370), orange crystals of 
this composition are formed by adding Br to 
KBrAq; no analyses are given. The substance 
decomposes rapidly. B, gives [KBr,Br^ = 2910. 

Potassium, carbonyl compound of. {Car- 
bonic oxide potassium.) The black solid formed 
in the preparation of K was thought by Berzelius 
(P. 4, 31) to be a carbide ; Liebig (/I. 11, 182) 
i found that the .same compound was formed by 
passing CO over K heated just to melting ; Brodio 
{C. J. 12, 269) confirmed Liebig’s result, and 
determined that one molecule CO is absorbed 
for each atom K ; hence the empirical formula 
is probably ECO. Tliis substance is extremely 
e3fplo.sivc; many serious accidents have occurred 
with it. If the CO used is quite dry, and the 
substance is washed rapidly in alcohol as soon 
as it is prepared, the residue is not nearly so 
explosive (Nietzki a. Benckiscr, B. 18, 1833, 
where details of the method of preparation are 
given); probably the alcohol dissolves out un- 
changed K. Pufassium carbonyl is a greyish 
solid ; on standing in air it becomes yellowish 
and very explosive ; it dissolves in water, with 
evolution of much gas (according to E. Davy [A. 
23, 144] this ps contains C,n.J, and generally 
with combustion or explosion ; heated to redness 
it is resolved into K and CO. By exposure to 
moist air, or by other processes of oxidation, a 
series of organic compounds is obtained {v, 
CiiocoNic ACin, vol. ii. p. 275 ; Hkxa-oxy-bknzene, 
vol. iii.p. 678; Tf.tiia-oxy-quinon’e, vol. iii. p.771 ; 
IlllODIZONIC ACID, tliis Vol.). 

Potassium, chloride of, KCl. Formula pro- 
bably molecular, from analogy of Ivl. Melts at 
734° (Carncllcy, C. J. 33, 279). S.G. 1-9775 at 
4° (Playfair a. Joule, C. S. Mc;;j. 2,401); 1*9153 
at 15° (Stolba, J. pr. 97, 503) ; 1-612 at M.P. 
(Braun, C. J. [2J 13, 31) ; 1-87 fused (Quincke, 
P. 1.35, 642) ; v. also Spring (!>’. 10, 2721). S.H. 
14° to 99’ -17295 (Boguault, A. Ch. [3] 1, 120; 
V. also Kopp, T. 155 fl] 71). Vol. at 40° = vol. 
at 0^ (1 + -00011408) (Fizc.au, C. B. 64, 314). 8. 
32 at 10°, 33-4 at 15°, 34-7 at 20°, 37-4 at 30°, 
40-1 at 40°, 42-8 at 50°, 45-5 at 60°, 48-3 at 70°, 
61 at 80°, 53-8 at 90°, 60-6 at 100° (Mulder, 
Scheikund. Verh. 1864. 39); Coppet {A. Ch. [5] 
30, 411) gives S. 28-51 -2837^°, where t° varies 
from -11° to 109°. S. at 0° in alcohol is given 
in following table (Gerardin, A. Ch. [4] 6, 139) ; 
where S.G. of alcohol is at 0°, and S + t° il 
solubility at t° {cf. Schiff, A. 126, 167); 


Alcohol 

S.O. 

s. 


Alcohol 

R.G. 

S. 


*9904 

23-2 

•27 

*9573 

7*1 

*162 

•9848 

19-4 

•255 

•9390 

4-2 

•126 

•9793 

15-7 

•233 

*8767 

1*89 

*061 

•9726 

11*9 

*205 



, 


Qerlach {Fr. 8,281) gives the following data : 
S.a. K(Mq 

1 per cent. 1*0065 U 20 per cent. l*186i 

6 „ „ 1*0326 24 „ „ 1*1667 

10 H 1-0658 24*9 « » U798 

15 . » 1*1004 n 
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HJ'. [K.OI 3 - 105,610 ; CK,Cl,Aq] 101,170 {Th, 8, 
285). 80 parts EGl dissolved in 100 parts water at 
18*2® lower the temperature to *6®, i,e. through 
12*6® (Mdorff, B. 2, 68). Solution of 1 g. KCl 
in 100 g. water freezes at ~ *446° ; saturated 
solution freezes at -10*9® (Rddorflf, P. 114, 63 ; 
122, 337). Saturated solution boils at 108°. 

Occurrence. — In small quantities in sca*\vater, 
and in some mineral springs. As chloride in 
sylvim\ as double chloride, especially as car- 
nallite KCl.MgCl,.6aq. In crude pearl ash, in 
plant ash, and in kelp. 

Formation. — 1. By the direct union of the 
elements ; K burns in Cl at the ordinary tempe- 
rature.— 2. By heating K in HCl gas.— 3. By 
passing Cl over KOH or K1 heated to redness. — 
4. By the action of HClAq on KOH or ICCO.,. — 
6. By decomposing various metallic chlorides 
by fusion with K. 

Preparation. — 1. Commercial KCl ispreparOd 
chiefly from carnaUite. The mineral is dissolved 
in warm water, heated by steam to c. 120®, and 
allowed to cool; at 60°-70®, MgSO,.aq, CaSO,, 
and NaCl separate, and on further cooling c. 
70 p.c. of the KCl ig obtained ; the crystals of 
KCl are washed with a little cold water, to remove 
NaCl and MgCl.., and a product containing c. 
93 p.c. KCl is thus obtained (for details v. Dtc- 
TiON.Miv OF Api’LIKd Ciucmistuy).— 2. Bure KCl i 
is prepared by neutralising pure IlClAq by pure 
KOH or K.COa, evaporating to the crystallising 
point, and recrystal Using from water. 

Properties. — White salt, crystallising in cubes. 
Salino taste. Unchanged in air. DccrepitaU s 
when heated ; melts at c. 7 JO®, and volatilises at 
a higher temperature. Fairly sol. water or uqiie • 
ous alcohol; insol. absolute alcohol, or cone. 
llClAq ; sol. in 20 p.c. KC,lI,0,Aq. 

Reactions. With acidsy KCl ^‘iicrally 
gives K salt of the acid used and IICl. — 2. Said 
to combine with sulphuric anhydride, and 
chromic anhydride, probably forming SOo.Cl.OK 
and CrO.^.C1.0K rosj^^ctively (H. Hose, P. o8, 
117). — 3. Fused with jwtassium, in II, a blue 
substance is formed, supposed by 11. Bose to he 
a subchloride (P. 120, 15). What is probably 
the same substance is formed during elcctroly-ds 
of molten KCl (Bunsen a. Kirchoff, P. 113, 341). 

4. For action of water and oxygen, in presence 
and absence of acid.s, v. Schulze, J. pr. [2] 21, 
407. 

Combinations. — 1. With sulphuric and 
chromic anhydrides,v. Read ions, ^0. 2. — 2. With 
most metallic chlorides ; some of the compounds 
are best regarded as K sails of metal-containing 
acids, e.g. KAuCl, (u. the different me toZ/ic c/r/or- 
idcs). — 3. With iodine trichloride, to form 
KCi.ICl, ; prepared by mixing KClAq and ICl^Aq, 
bypassing Cl into warm KIAq containing HCl, 
or by dissolving 1 part KIO^ in 8 parts HCJAq of 

5. G. 1-176, at 40®-50®. Forma lustrous yellow 
prisms, smelling of Cl; on heating gives Cl, 
KCh and ICl; with water forms KIO, ; ether 
dissolves out ICl, (Pilhol, J. Ph. 25, 435, 606). — 
4 . With Mine monochloride, to form KCl.ICl 
(WeUs a. Wheeler, Am. S. [3] 43, 475). 

. PotMtinm, cyanide of ; v. toI. ii. p. 346. 

Potaitinm, ehromlcyani^eof; ohromisnlpho* 
•yanide of ; and elixomoeyanide of ; «. voL iL p. 

m 


Potaisinm, oobtlti- and eobalto-oyanide of ; 

V. vol. ii. p. 330. 

Potassium, ferrate and ferrite of; v. vol. ii. 
p. 647. 

Fotassinm, ferri- and ferro*cyanlde of; v. 
vol. ii. pp. 339, 336. 

Potassium, fluorides of. Two fluorides are 
known, KF, and KIIF, or KF.IIF. 

Fotas.sium KLuoniiu: KF. Formula probably 
molecular, from anah^gy of KI. Prepared by 
neutralising flFAq by K..CO, in a dish of Ag or 
Pt, evaporating to dryness, and heating till HF 
ceases to be given off. According to Berzelius 
(i\ 2, 218), KF is obtained in crys^ls by slowly 
evaporating an aqueous solution arHS^-iO® in a 
very shallow dish. Dcliquoscciit ; fusible; solu- 
tion has alkaline reaction to litmus, and etches 
glass. Guntz (.4. Oh. (6] 3, 5) says KFAq is 
neutral, but the salt is decomposed in solution 
and becomes alT<alino. Evaporation of a very 
con§. solution gives KF.2II.O, according to H. 
Bose. S.G. 2-454 (Biblokcr); 2-096 at 21-6® 

I (Clarke, Am. S. [3j 13, 291).* Combines with 
' II F to form KF.IIF (y. infra) ; with BF., to fonn 

KBFj (u. PoTASsiOM uoRoi'LUOiUDM, vol. i. p. 626) ; 
with SiF^ to form K^SiF,, (y. p. 305) ; with B;,!), 
to form 2K F.BU.j, obtained by dissolving B.^, 
in molten KF (SchilT, A. 228, 72) ; with TeF^ to • 
form KF.TeF,, by cvai)orating TeO, in IIFAq 
with addition of K.CO, (Hogborn, lit. [2] 36,60) ; 
and with many metallic fluorides. 

PorA.S.SlU.M-lIYl*HO(lKN FI.UolllDB KHF, Of 
Kl'MlF. Prepared by dividing a quantity of 
IIFAq into two equal parts, neutralising one, 
adding the other, and evaporating; also by 
! evaporating KF in acetic acid. Wliite cubes or 
! four-sided tables; o. sol. water, almost insol. 
j dil, IIFAq. When heated gives HF, leaving KF. 

: By electrolysis of HF containing KHF,^, F is ob- 
j tuined (y. FLUtuuNK, vol. ii. p. 561). Moissan 
! (0. Ji. 106, 547) says that two other compounds 
of KF and IlF are obtained by dissolving dry KF 
in licjuid IIF, and cooling ; to these compounds 
he gives the formula) KF.2HF and KF.3HF. 
Guntz (-4. Ch. [6J 3, 5) gives [HF,KFj = 21,100. 

Potassium, haloid compounds of. The com- 
I i)ound 3 KF, KCl, KBr, and Kl jjre the chief 
I halides of K ; as Kl lias been gasiliod and the 
molecular weight corresponds with the simple^ 
formula, it is probable that KX expresses the 
molecular composition of these halides. KIj 
also exists, but is decomposed by heat ; and there 
! are indications of tlie existence of KBr|. KF 
eorabine.s with JIF to form KH1'\, and, according 
to Moissan, also KF.2HF and KF.3HF. 

Potassium, hydride of, K JI. The absorp* 
tion of H by heated K was ob.scrved by Gay- 
Lussac a. Th6nard {A. Ch. 74, 203), and was 
couiirmed by Jacquelain. Troost a. Hautefeuille 
(.4. Ch. [5] 2, 273) found that the absorption of 

II by K begins at c. 2'jO^ and becomes rapid at 
35()"-400®; if the action continuei for soma 
time 126 vols. H are absorbed by 1 vol K. Ths 
product is brittle, and much resembles Ag amal 
gam; it is fusible without change in H or tn 
vacuo *, takes fire in contact with ab ; heated 
in vacuo, dissociation begins at 200® (for vapour- 
pressures of H given off, v. Dissocution, vol. ii. 
p. 398). The formula requires 124*6 vols 
H to I vol S, 
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Potaiiinm, hjdrosxilphlde of. KHS (Potas- 
9iwn aulphydrate). Gay-Lussac a. TWnard 
(i.. Ch, 115, 165) obtained this compound by 
neating K in dry H.^S gas ; it is more readily 
formed by beating K^COi to redness in K^S 
(HjO and CO^ are given off) (Berzelius, P. 6, 
438). By saturating KOHAq with H^S, and 
evaporating the cone, solution over CaO or CaClj 
in vacuo, Schdne (P. 131, 380) obtained lus- 
trous, rhombohedral crystals of 2KnS.Hp ; and 
by dehydrating this in a stream of dry II^S, 
Sabatier {A. Ch. [6] 22, 6) obtained KHS as a 
yellow, amorphous solid. Prepared in the dry 
way, KHS appears reddish-black when molten, 
and white when cold ; it crystallises in prisms ; 
is very deliquescent, and reacts strongly alka- 
line; easily sol. in alcohol. Thomsen ITh. 3, 
236) gives [K,S,H,Aq] = (15,140. KHSAq gives 
off H,S at 70®, according to Breohsel {J. pr. [2] 
4, 20). When a current of an iiert gas is passed 
through KHSAq, Il^S is given off, and ILSAq 
remains (Gernez, C. R. (14, OOfi). Electrolysis 
produces H andiKOH at the negative pole, and 
H.^8 at the positive (Bunge, B. 3, 1)11). KHSAq 
dissolves 8 with evolution of H.8; it ppts. MnS, 
or PbS, from a neutral solution of a Mn or Pb 
salt, at the same time giving off H.^8. These 
reactions distinguish KHSAq from K.^SAq ; the 
latter does not give off 11,8 while dissolving 8 or 
ppg. MnS or PbS. KiiSAq dissolves several 
sulphides of the less positive metals, e.g. Sb, 
As, Sn, forming K thiosalts. 

Potassiam, hydroxide of, KOH {Caustic 
potash. Potassium, or potassic, It ifdratii). 8.0. 
2*1 (Dalton) ; 2-014 (Filhol, A. Ch. [3] 21, 415). 
H.F. [K,0,n]- 103,170; [K, 0,11, Aq] = 110,400 
(r;4. 8,235). 

Formation.— -1. By the reaction between 
K and HjjO, or K.p and H.p, followed by eva- 
poration.— -2. By boiling ICCO^Aq with CaO. — 
8. By adding powdered K.SO, to warm cone. 
BaOAq, evaporating, filtering, and again evapo- 
rating (Schubert, J.pr. 20, 117).- 4. By heating 
KNO, with 2-8 parts tliin copper turnings, to 
redness, in an iron, or copi)er, crucible, extract- 
ing with water when cold, filtering from CuO and 
Ou.p, and evaporating (Wohler, A, 87, 373). - 
6. By heating 1 part KNO^ with 1 part Fo^a, in a 
closed crucible of Cu, H being passed in ; treat- 
ing with water, and drawing off the clear liquid, 
and evaporating it (Schulze, if. 1861. 100). Eva- 
poration of KOHAq should be performed in 
vessels of polished iron, or, better, of silver. 

Preparation.— 1. A solution of pureluCOa in 
10-12 parts water is boiled, in a dish of silver or 

g plished iron, with milk of lime, added little by 
ttle, till a portion of the clear supernatant liquid 
gives no effervescence with an acid; rather more 
than half as much CaO is required as the weight 
of KjCO, taken ; large excess of, CaO should be 
avoided ; water should be added as the boiling 
proceeds, because if the quantity of water is less 
than 0. 10 times the quantity of K.^COs used tlie 
KOHAq begins to decompose the CaCO, formed, 
and the change of K,CO, to KOH stops (Liebig, 
A. 1, 124). When the change is completed, the 
vessel is closed, and, after a few hours, the clear 
liquid is drawn off by a syphon ; the liquid is 
then rapidly evaporated in an iron vessel, allowed 
to stand for an hour or two, the vessel being 
dosed, syphoned off from any pp. that has formed, 


evaporated in a silver dish till the oily Hqaid thiu 
produced begins to volatilise in white clouds, and 
cooled in an exsiccator. Impure KOH may be 
freed from all impurities, except KCl and traces 
of K2CO3 and KCjHjOa, ^>7 dissolving in absolute 
alcohol, allowing to settle, draining off, and 
evaporating, at first on a water-bath, in a silver 
dish ; the resinous matter which is produced is 
removed from the warm evaporated semi-solid 
mass, by a silver spatula, and the KOH is then 
poured out on to a plate of polished iron, or, 
better, of silver. 

Graegcr {J. pr. 96, 188) recommends to heat 
the K^COyAq used with Ag.^COj,, to filter from 
AgCl and excess of Ag^CO^, to boil, in a silver 
dish, with pure CaO made by strongly heating 
pureCaCO.,, to filter tlie solution of KOH through 
pounded marble which has been washed with 
water till free from very fine particles, and to 
evaporate in a silver dish.— 2. Water and benzene 
arc placed in a silver dish, and small pieces of 
K, cut from the inside of a lump, are thrown in 
one by one ; the K remains near the surface of 
si.'paration of the two liquids, and reacts fairly 
slowly with the water. The benzene is removed 
by warming, and the aqueous solution of KOH 
is then evaporated to dryness. 

I Properties. — After fusion, KOH is a white, 
j hard, brittle solid, often showing a fibrous tex- 
j ture. Melts below red heat, and volatilises at 
j full redness in white pungent vapour. Very do- 
liqncBcont ; sol. water with production of much 
heat, fKOH,Aq] = 13,290 (T/i. 3, 235). Easily 
sol. alcohol. Skey [C. N. 30, 48) says KOH is 
very si. sol. ether. Absorbs CO3 rapidly from 
the air, forming KHCO,. KOH has a slight, but 
nauseous, odour, a strongly acrid taste, and acts 
as a powerful cautery towards both animal and 
vegetable matter. KOHAq should be kept in 
glass ve'sscls free from Pb, as it corrodes lead- 
glass; it attacks vessels of glass or porcelain 
when heated in them. To keep KOHAq free 
from carbonate, it is advisable to store it in 
bottles fitted with corks carrying a syphon-tube, 
and a rather wddo tube filled with a mixture c. 
equal parts CaO and Na^SO,, well rubbed to- 
gether, dried over a flame, and passed through 
a sieve to remove tine powder ; the air which 
enters through this mixture is quite free from 
CO,. 

KOHAq is strongly alkaline ; the affinity of 
KOH in solution is large, about equal to that of 
NaOH and LiOH, and about 50 times greater 
than NH,Aq (Ostwald). KOH saponifies ethereal 
salts, and ppts. most of the heavier metals as 
oxides or hydroxides from solutions of their 
salts. 

The table on next page, given by Lunge, shows 
the composition of KOHAq of different S.G, 

Expansion occurs when cono. KOHAq is 
diluted; Frankenheim (J. 1847-8. 69) gives 
V- 1-1- *00041 5t-t--000000577f- as representing 
the volume of KOHAq S.G. 1*2738 at 0°, between 
13® and 100®. 

Reactions.— 1. According to Deville (C. R, 
45, 857), KOH is decomposed to K, 0, and H by 
heating to whits heat*— 2. Strongly heated with 
non-volatile acidic anhydrides, water and potas- 
B. w jalts are formed, ~ 8. Heat^ with Mfosstum, 
E,0 and H are formed; heated with sodium 
onder a liquid free from 0, an alloy of K and Nn 
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1-007 9 1:M 69 8-2 74 83 ! 

1-075 10 150 7-7 9-2 83 99 

1-033 11 IG-G 8-5 101 29 109 

1-091 12 18-2 9-2 10-9 100 119 

1-100 13 200 10 1 12-0 111 132 

1-108 14 21 0 108 12-9 119 143 

1-110 15 23-2 ll-O 13-3 129 153 

1-125 10 250 12-4 14-8 110 107 

1-134 17 20-8 13-2 157 150 178 

1-142 18 28-4 13-9 10-5 159 188 

1-152 19 30-4 14-8 17 0 170 203 

1-102 20 32-4 15 0 18-0 181 210 

1-171 21 34-2 10-4 19-5 192 228 

1-180 22 30-0 17-2 20*5 203 212 

1-190 23 38-0 18-0 21-4 211 255 

1-200 24 400 18'8 22-4 220 21)9 

1-210 25 42-0 190 23-3 *237 2)2 

1-220 20 440 203 21-2 218 295 

1-231 27 40-2 21-1 25-1 200 309 

1-241 28 48-2 21-9 20-1 272 321 

1*252 29 50-4 22-7 27-0 281 338 

1-203 30 52-0 23-5 280 2J7 353 

1-274 31 54-8 242 28-9 308 3(18 

1-285 32 ,57-0 25-0 29-8 321 385 

1-297 33 59-4 25-8 307 335 398 

1-308 31 Gl-0 20-7 41-8 3 ft) 410 

1-320 35 01-0 27-5 32 7 303 432 

1-332 30 00-4 28-3 33 7 377 1 19 

1-345 37 09-0 29-3 34-9 394 109 

1-357 38 71-4 30-2 35-9 410 487 

1*370 30 74-0 31-0 309 425 500 

1*383 40 70-0 31-8 37-8 440 522 

1-397 41 79-4 32-7 38-9 457 513 

1-410 42 82-0 33-5 39-9 472 503 

1-424 43 84-8 34-4 409 490 582 

1*438 44 870 354 42-1 509 <>05 

1-453 45 900 30-5 43-4 530 631 

1-408 46 93-6 37-5 41-6 549 055 

1*483 47 90-0 38-5 45-8 571 079 

1-408 48 99-0 39 0 47-1 593 700 

1-514 49 102-8 40-6 48*3 015 731 

l*o30 50 1000 41-5 49-4 035 750 

1-540 51 109-2 42-5 50-0 055 779 

1-563 52 112-0 43-0 51-9 CSl 811 

1-580 53 11 0-0 44-7 53-2 706 8J0 

1*597 54 119-4 45 8 545 731 870 

1*615 55 1230 47-0 55-9 759 905 

1-634 56 120-8 48-3 57-5 789 940 

U said to be foraed (Williams, Rip, Chim. jmre, 

3, 177).— 4. Iron decomposes KOH at white heat, 
lorming FejO,, H, and K.— 6. Molten KOH acts 
gemrally as an oxidiser : e.g. Fe, As, Sb, Pt, ifec. 
form ferrato» arsenate, antimonate, and platinate 
of K; Cr,0| forms E^OrO^, Ac. Salts are 
^enerallj decomposed by molten ^OH, giving 
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! E salts, and setting free the bases.— 6. ROHAq 
neutralises acidst forming salts.— 7. KOIIAq 
decomposes most metallic salts in solution^ ppg. 
oxides or hydroxides of the metals. -8. According 
to Schone {A. 193, 241), addition of hydrogen 
peroxide to EOHAq produces (v. Potassium 
TETROXIUK, p. 305). 

Conihinaiions.—l. With carbon dioxide, to 
form KHCO^.— 2. With tmf<jr,to form hydrates, 
j Pickering (C. J. 63, 890) obtained EOH.H,0 
' freezing at 143°, K01I.2II.,0 freezing at 35*5®, and 
K01I.4H.0 treozing ■-32-7° (c/. Walter, P, 39, 
192; Schone, P. 131, 147). P. (Z.c.) gives full 
data for freezing points of KOHAq. GOttig . 
(R20, 1094) doiicribL'd two hydrates, 2KOIL9Il.^t) 
and 2KOII.r)lI..O, oliiuined from an alcoholio 
solution of KOH containing some water; but 
in a later paper {li. 2(H 1907) G. says that 
tlie.so hydrates contained alcohol besides water. 

3, With meiiii/l alcohol, to form 3KOll.5McOH 
(Giittig, B. 20, 1832). 4. With ethiilic alcohol, 
toTorin KOH.2KtOII (Kngel, C. li 103,165); 
<l*(-oinpo'3cd by healing to E|^OK, EtOIl, and 
11 , 0 . 

Potassium, iodides of. Two iodides are 
known, KI and KI,. 

Potassium iodiou, KI. Mol. w. 105-57. Molts 
at 031° (Carnelley, C. J, 33, 279). S.G. 8-059 
(Plavfair a. Joule, G. S. Mem. 2, 401) ; 3-077 to • 
3-081 (Schroder, P. 100, 220); fused 2-497 
(Quincke, P. 138, 141) ; v. also Spring (P. 16, 
2724). V.D. 91-5 (Dewar a. Scott, IV. 29, ^00) ; 

81-0 at above 1300°, in N (Mensching a. Meyer, 

P. C. 1, 157). S.II. (20° to 99 ') -08191 
(liognault, A. Ch. |3] 1, 129). Vol. at 40° 
-vol. at 0° (1^-00012790) (Fizeau, 0. P. 04, 
.311;. S. 132-1 at 5°, 130-1 at 10^ 140-2 at 15°, 
144-2 at 20°, 1 52-3 at 30°, 100 at 40°, 108 at 50°, • 

170 at 00°, 184 at 70°, 192 at 80°, 201 at 90°, 

209 at 100°, 218 at 110° (Mulder, Scheikund. 
Vcrhamle.l, Uotterdain, 1804. 102). Coppet (A.Ch. 

[5] 30, 411) gives S. at == 120-23 + -80H8i, where 
i vari('S from —5-9° to 120°. S. in aqueous 
alcoliol is given in following table, (Gerardin, 

A. Ch. [4] 5, 139) ; the values hold for 0° to 
18 °: 


S.U. alcoliol 

S. I S.O. alcohol 

8. 

•9904 

130-5 -9528 . 

78*9 

*9851 

119-4 -9390 

60-4 

•9720 

100 1 -9088 

48-2 

•9005 

89-9 -8104 

11-4 


1 -8322 

6-2 


;H.F. 80,130; [K, I, Aq] « 75,020 (P/i. .3, 

235), 

Formation.—!. By the direct union of E and 
L— 2. By neutralising HIAq by KjCO„ and 
evaporating. —3. I is added to water and iron 
filing.s till the iron is almost wholly dissolved, 
the solution is filtered, and K.^CO, added so long 
as FeCO, ppts. ; the liquid is filtered (if alkaline 
it is neutralised byHi.Vq) and evaporated, any 
I Fep, which separates being filtered off (Baup, 

I J. 'Ph. 9, 37, 122).— 4. By adding I to EOHAq, 

' evaporating, heating with 0, dissolving, filtering, 
and evaporating (u. Preparation).^^. BaIj,Aq is 
formed by the action of I and water on BaS, and 
is decomposed by E,SO,; BaSO, is filtered off, 
and the liquid is evaporated. Liebig {A. 121, 222) 
used Cal, in place of BaL (c/. Pettenkofer, JL 
121,225). 
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IVtfpara^ion. —Moderately, but not too, oono» 
ItOHAq, quite free from K^COy, is prepared from 
K^OOyAq and CaO {v. Potassium htdaozidb, Pre- 
paration, p. 802} ; 1 is added, little by little, to 
the slightly warm liquid till a slight yellow colour 
is produced; very finely powdered charcoal is 
now added, equal to c. ^ of the weight of 
£ used, the liquid is evaporated quite to dry- 
ness, the residue is powdered, and heated, in 
a closed crucible, to dull redness for some 
time (OKOHAq 4 Cl = CKIAq + KIO^Aq + 3H,0 ; 
KIO, 4 3C = KI 4 3CO). The contents of the 
crucible, when cold, are extracted with water, the 
liquid is filtered, neutralised by HIAq if alkaline, 
and crystallised. Morse a. Burton [Am. 10, 321) 
recommend to remove traces of KIO^ by boiling 
for some time with Zu amalgam and water, 
filtering, and crystallming ; neither Zn nor Hg 
is found in the filtrate. The Zn amalgam is 
made by agitating zinc-dust with llg in presence 
of tartaric acid solution, and washing with water. 

Properties.— White cubes ; non-dcliqucsd^mt. 
Has a sharp tastg. Solution in water is attended 
with fall of temperature ; 140 ptn. in 100 pts. 
water at 10’8^ produce a fall to -ll*7‘^(RudorlT, 
P. 186, 276). 

Beactimis — l. Unclianged in dry air, but 
decomposed in ordinary air when chimed to 
sunlight (v. Downes a. Blunt, Pr. 29, 310 ; Ijocw, 
Fr. 1870. 251). Air containing ozone also do- j 
composes KI (Houzeau, J. 1858. 60).— 2. Heated \ 
in air to' 230'^,8ome KIO^ is formed.— 3. Heated 
in steam, I is evolved (Petterson, Fr. 1870. 362) 
and HIAq formed (Seliindler, Pharm. 31, 
33). — 4. Decomposed, with separation of I, and 
formation of KOIl.by heating with lead dioxide, 
manganese dioxide, arsenic oxide, antimonic 
oxide, chromium trioxidc, hydrogen peroxide, &o. 
{v. Weltzien, A. 138, 134).— 5. Chlorine decom- 
poses hot KI to KCl and I. KlAq with ClAq 
gives KClAq, and I ; with excess of Cl, IClj is 
formed and remains in solution, or combines with 
the KCl and separates as KCI.ICI3, according to 
the quantity of water present. Bromine acts 
similarly to Cl. — 6. Nitrous acid solution sets I 
free; KNO^and dil. lIClAq act in the same way 
{v. Price, C.J. 4, 155).— 7. Cone, sulphuric acid, 
or nitric acid, decomposes KI wlien heated with 
it, giving sulphate or nitrate of K, and I; with 
H^SO,, SO3 and 1J;,S are also formed. Addition 
of cone. H.jSO, to KIAq, or evaporation with 
HNOaAq, sets I free. If KI.\q contains KIO, a 
few drops of a dilute acid sullico to give free I 
(6HIAq + HIO.,Aq «= 3lj ♦ 3H.p). Aqua regia sots 
1 free from KIAq (for the delicacy of this reac- 
tion V. Harting, J. pr. 22, 46).— 8. Heated with 
sulphuric anhydride, K^SO,, SO^, and I are 
formed (H.Rose, 38, 121).— 9. Manganese dioxide 
and sulphuric acid produce I, MiiSO,, and i 
K,SOf when heated with KI.— 10. KI fused 
with potassium-hydrogen sulphate gives K^SO^ 
and I. — 11. Fusion with potassium chlorate 
produces KIO;,.— 12. Heating with barium 
nitrate forms KIO, and Ba0.j (Henry, J. Ph. 18, 
846).— 13. By heating with ammanium chloride, 

I, Ami, and KCl are formed. — 14. Cone, potas- 
tium ferricyanide solution gives I and 
K^FeCy^A^l 1 on dilation the action is reversed 
(Mohr, A. 105, 67).— 16. Heated with potassium 
borate, KIO, and a polyborate (? probably 
are formed (Sohifi, A. 228, 72). 


C^Hnation$.-^t With most ioduUt cf leet 
positive metals (v, various metallic iodidet)* 
Several of the compounds produced are best re- 
garded as K salts of metal-containing acids (v. 

I Remsen, Am. 11, No. 6). — 2. With arsenious 
oxide to form KI.As.O, (Schilf, A. 228, 72).— 
3. With potassium ferricyanide, to form a very 
unstable compound, KI.K.,FeCya (Preuss, A. 29, 
323 ; Mohr, A. 105, 57 ; Blomstrand, J. pr. [2] 
3,207; Kern,(7. N. 33, 184). 

Potassium tiu-iodidk KI,. Dark-blue, lus- 
trous needles ; almost black by reflected -light ; 
melts at 45*^; S.G. 3-498 at c. 15° ; by saturating 
! KIAq with I, and evaporating over H.^SO, (John- 
I son, G. J. 31, 219). Very deliquescent; in a 
little water some I is deposited ; sol. alcohol, in 
I a very small quantity water, and in saturated 
solution of I in KIAq. Agitation with CS., of cone. 

; KIAq saturated with I abstracts the dissolved 
j I (Baudrimont, G. 11. 51, 827). Jorgensen {J.pr, 
[2J 2, 317) found, however, that CS.^ did not 
j remove the I from an alcoholic solution of KI 
i containing excess of I in ratio KI:2T, and tliat 
alcoholic KI completely decolourised solutions 
' of I in CS,. 

I Potassium di-iodide ?KI,. A solution of 3 
pts. I in 4 pts. KI in water is said by Guyard 
\BI. [2] 31, 297) to contain an unstable com- 
pound of this composition; with Pb{N03) Aq or 
Pb(C.,n,0,),Aq, this solution gives an almost 
black pp., sai(l by G. to bo Pbl^. 

Potassium, iodobromide of. The compound 
KBr.IBr may be called iodobromide of potassium ; 
V . Potassium nROMir>E, Gombinatiems , p. 300. 

Potassium, iodochlorides of. The compounds 
, KCl.IClj and KCl.ICl may bo called iodochlorides 
j of potassium ; v. Potassium culomde, Combina- 
tions Nos. 3 and 4, p. 301. 

Potassium, iridicyanide of; v. vol. ii. p. 
332. 

Potassium mangani- and mangano-cyanide 
of ; V. vol. ii. p. 342. 

Potassium, nitride of, K,N. Formed by 
heating to redness KNHj (u. Potassium amide, 
p. 209) in absence of 0. A dark-grey, almost 
black, solid. Sublimes partially at white heat. 
Takes fire in air, with evolution of N ; reacts 
with water to give KOHAq and NH,. K,N is a 
conductor of electricity. Combines with S and 
P (Gay-Lussac a. Thdnard, A. Oh. 65, 325). 

Potassium, nitroprusside of; v. vol. ii. p. 

341. 

Potassium, osmocyanlde of; v. vol. ii. p. 
343. 

Potassium, oxides of. Two oxides have been 
certainly isolated, K,0 and K.,0^ ; there are 
indications of the existence of others. 

Potassium oxide K,0 [Potassium mon- 
oxide). A mixture of KjO arid K,0, is formed 
by burning K in air; when K is burnt in a 
stream of dry 0 only K^O, is produced, but on 
strongly heating this product 0 is given off, and 
K,0 remains (Davy, T. 1808 [1] 6). K.,0 is also 
formed by heating KOH and K in the ratio 
EOH : K ; according to Boketoff [Bl. [2] 87, 
491), K and KOH do not react. B. says that 
K.^0 may be prepared by heating a mixture of 
K^O^ and K in a silver dish. To prepare pure 
K,0 Kiihnemanh [C. 0, 1864. 491) leoommends 
to lead air, freed from CO,, over K heated just 
to fusion ; tfie E spreads ont into 1^ thin layer 
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Instroas solid ; S.G. 2*656 (Karsten, S. 65, 894) ; 
melts at full red-heat, and volatilises at a very 
high temperature. Thomsen (Th. 8, 235) gives 
[K SO, A.q] = 165,460. K,0 reacts with water to 
form KOllAq, with production of much heat. 
Von Schaffgotsch {A. 43, 17) says that 
KjO.Fep, is obtained, but not pure, by heating 
Fe^O, with KaCO,. j 

Potassium tetiioxide K^O, {Potassium | 
mroxide). The formation of this compound by j 
lieating K in dry air or 0 was observed by Gay- 
Lussac a. Thtmard {/I. Ch. 65, 325). The pre- 
paration and properties of the compound were 
examined by Vernon Harcourt {G. J. 14, 267). I 
Prepared by heating K till it melts, in a liard j 
glass llask filled with N, then sending in a slow 
stream of dry air, and continuing to heat in the 1 
air-stream until the metal is completely clianged • 
to a yellowish amorphous 'Solid, and heatiifg 
this for some time in dry 0. It is also formecl j 
by throwing small pieces of K into molten KNO, j 
(Bolton, G. N. 52, 230). A mixture of K,0, | 
with KOH.H.p is said to bo formed by mixing 
equivalents of KOH and H./)j in Aq, and eva- 
porating in vacuo (Schdne, A. 193, 241). K^O, 
is an amorphous powder, having the colour of 
I'bCrO,. It begins to soften at 280^, and melts 
at rod heat to a black liquid, which crystallises 1 
in leallets on cooling. At white heat gives off , 
0 and leaves Kp. Deliquc.sccs in moist air, • 
giving off 0. In water forms KOHA<j and lip.Aq, 
and evolves 0. Heated in H produces KOI! and i 
up. Kp, oxidises P, S, 0, dc., and many ! 
metals to their highest oxides. Ileacts witli ^ 
CO, when heated, giving KpOj, and 0. No 
action with Np ; with NO forms KNOj and , 
KNOa, and gives off N oxides. 

Oxides op Pota.ssium other than ¥p and 
KPi. Harcourt (he.) asserted the existence of ; 
KPj, obtained by oxidation of K. Lupton {G.J. ' 
1876. [2j 565) thought that the oxides Kp,, Kp.,, | 
and KP4 are formed by the action of air on K 1 
at C- 65° ; these oxides maybe regrrded, accord- I 
ing toL., as 3Kp.Kp„ Kp.KP2,and2Kp.Kp, 
respectively. The substance described as a sub- 
oxide, Kp, is said by L. to be a mixture of K 
and Kp. Schdne {A. 193, 211) obtained 

K.pp„ probably K-Pj/in^Oj, by evaporating, 
in vacuo, at — 10°, a mixture of 1 equiv. KOH 
and 2 equivs. Hp, in Aq. 

Potassium, phosphide of. K and P combine 
when healed under rock-oil, or in N, forming a 
dark-yellow solid (Magnus, P. 17, 617; Vigier, 
A. 122, 831). A compound, or compounds, of K 
and P seems also to be formed when K is heated 
in PH„ and also when K is heated in P in a 
stream of H (H. Hose, P. 12, 647). The com- 
ound prepared by Bose was a crystalline, red- 
ish, lustrous solid ; decomposed by water, 
giving KH,POjAq and PHj, and burning, 
when heated in air, to K phosphate. 

Potassium, platinooyanide of, and allied 
icUta ; V. vol. ii. pp. 844-5. 

Potassium, salts of. Comwunds formed by 
ftplacing H of acids by K, The chief salts of 
K, besides the halides and sulphides, are rar- 
honateSt chlorate and perchlorate, chromate and 
derivatives, iodate and periodates, nitrate and 
nitrite, phosphafgt ami dermtivee, sUicafee, 
Yoi*. lY, ^ 
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[ sulphates and derivatives, sufpliite, thiosulphate 
(u. Carbonates, Phosphates, &o.). 

Potftisinm, lelenides of. Berzelius (Xshr- 
buch, 5th ed. 2, 22*2) investigated the oonditioni 
of combination of K and Se, without isolating 
and analysing any definite compounds. Se aud 
K combine when molted together; a steel-grey 
solid sublimes, which dissolves in water witn 
formation of a red liquid that decomposes in 
air with separation of So, and gives off H^Se 
with acids. •Compounds of Se and K are also 
formed by reducing K.ScO^ or K.^SoO, by 0 or H 
at red heat (Wohlor a. Dean, A. 97, 5 ; Bathke, 
A. 152,211). Mixtures of solenato aud solonidea 
of K are formed by fusing KOH or KaCO, with 
Se. Bolling KOHAq dissolves So, forming a 
brown liquid, from which a brown powder sepa- 
rates on evaporation, and which gives Be when 
heated with acids, or when diluted and allowed 
to stand in air. • 

Fabre (C. ii. 102, 613) obtained KjSe.a;H,0, 
a: = 9, 14, and 19, by passing a rapid current of 
lI,jSb into KOHAq of diffcrent*concontrations ; 
these hydrates of potassium inomsclcnide are all 
very easily decomposed. Fabre (C. ii. 102, 703) 
give.s the following tliermal data: [K*,So] « 93,340 
from solid elements; [2KOHAq,H.^SoAql » 7,520; 
[2KOHAq.H,SeJ = 16.020 ; [K‘So,Aq] - 8,540. 

Potassium, seleuooyauide of, v, vol. ii. p. 848. 

Potassium, selenostaunate of, K.^SnSe, 8aq. 
Yellow, unstable crystals ; by saturating K.BeAq 
with SnSo, and evaporating in vacuo (Ditto, 
G. ii. 95, 041). 

Potassium, selenothiostannate of, 

KSnSe^S 3aq. Yellow,. ootahodral crystals ; by 
boiling IC^SAq witli Sa and Se, and evaporating 
in vacuo. Sol. water, with red colour. Both 
solid and solution in water very readily undergo 
decomposition, with separation of Se (Ditto, I.C.), 

Potassium, silicide of. By reducing S.O, by 
K, Berzelius obtained a brown solid, which re- 
acted with water to give H, KOHAq, and SiO, 
{Lchrbuch, 5th ed. 2, 84). 

Fotassiam, silioofluoride of, R.4SiF4. Pre- 
pared by adding H-^SiPaAq to a fairly cono. solu- 
tion of a K salt, washing, and drying. Small 
tcsscral white crystals. Preis {Listy Chem. IS, 
150 ; abstract in G. J. 58, 694) found hexagonal, 
and also regular, crystals of this salt, along 
with GaSOp in a basin whorein phosphoric acid 
had been prepared from pJwsphoritc. K,SiFf 
is isodimorphous with the ammonium salt. S.G. 
2*665 at 17*6° (Stolba. J, pr. 97, 603). Easily 
sol. hot water, very si. sol. cold water. Melts at 
low red heat, giving off SiF, aud leaving KF (v. 

I Bothe, llof man's ^Bcr. ilbcr die Bniwick. der 
; Chem. Industrie, 1, 318). Decomposed by oono. 
li^SOp giving off SiF, and HF. Decomposed by 
boiling (not cold) solutions of alkali hydroxides 
or carbonates, with separation of gelatinoui 
silicic acid and formation of KF. 

Potassium, lillconitride of. The white, in- 
i fusible solid, obtained by heating SiO, with 
EGN, is probably a compound of K, Si, and N 
(Balmain, P, M. October 1842). 

Potassium, sulphides of. K and S combine 
when heated together, the K burning brilliantly. 
Five compounds of K and S are known : K^S, 
K,S„ KjS,. ¥,84, and K.48,. They are all sol. 
j water, the polysulphides also in alcohol. K-^SAq 
is colQurleis ; solutions of the others are coloured 
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yellow!^ brown, the colour being deeper the 
greater the proportion of S. Solutions are deoom* 
poted by acids ; K.^SAq with evolution of H^S, 
the other solutions also with ppn. of S. Sola- 
iioDB decompose in air ; K^SAq to K^S^^O^Aq and 
EOHAq, K^S^Aq to K^Sp^Aq, and the others to 
E^S^OfAq with separation of S. Solutions of the 
polysulpnides react with KaSOjAq to form K^SAq 
and E.jS.P 3 Aq; these solutions are reduced to 
KjSAq by shaking with Hg. With EtI or EtBr 
they form Et^S.^, which dissolves the S set free ; 
these solutions dialyse unchanged (Spring a. 
Demarteau, Bl [3] 1, 811). 

Potassium monosulphidb KjS. Formed by 
reducing dry K.SO 4 ; by heating in H (Berzelius, 
P. 6, 488) ; by heating with C (Berthior, A. Ch. 
22, 283; Bauer, J. pr. 76, 246; Wittstock, P. 
66 , 636). Not obtained free from polysulphidcs 
by these methods ; if vessels of glass or porce- 
lain are used the product contains SiO.,„ as KB 
acts on silicates. The product of the foregoing 
reactions Is 'a brown, crystalline, deliqueflcent 
solid ; sol. in ^{';ater, with production of much 
heat and formation of KSHAq and KOHAq; 
Thomsen {Th. 8 , 285) gives [K*,S,Aq]=> 113,300. 
Sabatier {A. Ch. [5] 22 , 6 ) says that KB has 
never been obtained pure. An aqueous solutioai 
of K,S is prepared by saturating KOHAq with 
H,S, and adding an equal quantity of the same 
KOHAq. By evaporating this solution in vacuo 
at a low temperature, the pentahydrate K.^S. 6 H.O 
is obtained in orthorhombic crystals, which lose 
89aO by heating to 150”, out of air (Schonc, P. 
181, 380 ; cf. Sabatier, l.c.). K^SAq is colourloss 
out of contact with air ; it is very alkaline and 
caustic ; in air it becomes yellow, H^S is given 
off, and K^GOjAq and K,S),OaAq are formed. 
KfSAq dissolves S, forming polysulphides : it 
dissolves Fo or Fo.Pj,, forming a green liquid. 

Potassium disdli'Hidb K^S,. Formed by 
allowing an alcoholic solution of K,S to stand 
in air till the surface is covered with a film of 
EjS-jO,, then pouring off, and evaporating in 
vacuo (Berzelius, l.c.). Also by heating 2 equiva- 
lents KHSO^ with 7 or more equivalents 0 
(Geiger). Berzelius obtained KjS.^ by heating 4 
equivalents KjCO, with rather loss than 7 equiva- 
lents S. A yellowish red, deliquescent solid; 
E,S,Aq is yellow ; in air it oxidises to K.^S.jO,Aq 
without separation of S ; acids give off HjS and 
cause ppn. of S. 

. Potassium TBisuiiPHiOE K.^S,. Formed by 
passing OS, over K^GO, heated to redness (Ber- 
zelius, lx. ; cf, Schdne, l.c.). Also by heating 
*100 parts K^CO, with 68*22 parts S to dull red- 
ness, till GO, ceases to be given off ; the product 
contains some K,S 04 . Also, with some S, by 
pass^ BL^S over strongly-heated K^SO,. By 
heating K 8 S 4 to over 800®. A yellowish-brown 
solid, black when molten ; not decomposed at 
900®, gives off S at white heat (B.). Easily sol. 
water and alcohol ; K^S^Aq in air gives K 3 S. 40 ,Aq 
with separation of S; decomposed by acids, S 
separating and H^S being evolved. 

Potassium tbtrasulphidb K 2 S 4 . Formed by 
passing OS, over strongly-heated K^SO, so long 
as GO, is produced. Also by melting K,GO, with 
1 to 2 parts S, heating till excess of S is removed, 
and then reducing EjSO, formed by heating in 
H,S* A red-brown, crystalline solid (B., 2.c. ; 
|,c.). Decomposed at 800®-900® to K,S, and S. 


The dihydrate K,S 4 . 2 ii 3 U is ootamea oy oouing 
K^SAq with the proper quantity of S, and evapo- 
rating in vacuo (S., l.e.). Sabatier {A. Ch. [ 6 ] 
22, 53) obtained the octahydrate, by 

adding 90 p.c. alcohol to K, 84 Aq, separating the 
brown oily liquid, and lotting it crystallise. 

Potassium pentasulphidb KB,,. Formed by 
heating any of the lower sulphides with 8 until 
the excess is removed ; Schdne (2.(;.)‘says tempe- 
rature should not exceed 600® {v. B., l.c.), A 
solution of KBs, containing also K,S,0„ is 
formed by heating K,COsAq with S (Fordos a. 
Gdlis, C. 23, 211) ; or by digesting a solution 
of a lower sulphide with S (B., l.c.). A red, 
fusible solid ; decomposed by heating in steam, 
giving K^S 04 and HB (Drechsel, J. pr. [2] 4, 20). 
i Very sol. water, also in alcohol ; KBjAq slowly 
decomposes in air, giving K,B.O;,Aq, K^CO,Aq, 

I and S ; acids evolve H^S and separate S. 

[ Liver of sulphur. This name is given 
to the brown solid obtained by heating S with 
K,,C 03 in a closed vessel ; it contains various 
sulphides of K, along with K,S 04 , and generally 
some K,COa. 

Potassium, sulphydrate of; v. Potassium 
HYDaosDLrninE, p. 302. 

Potassium, sulphocyanide of ; v. vol. ii. pp. 
361-2. 

Potassium, telluride of. Probably K.Te. By 
heating together K and To in H ; also by heat- 
1 ing a mixture of 100 pts. H./reO.,, 20 pts. KOH, 
and 10 pts. C. A brittle, crystalline, copper- 
coloured solid. Easily sol. water; exposed to 
air Te separates from the solution. HClAq 
evolves H,^Te (Davy; v. also Berzelius, Lehr- 
buck (5th ed.) 2, 247). 

Potassium, tellurofluoride of, KF,TeP 4 ; v. 
Potassium fluoride, p. 301. 

Potassium, thio-arsenates and tbio-arseuites 
of; V. \ol. i. pp. 317, 316. 

Potassium, thiooarbonate of; v. vol. i. p. 
703. M. M. P. M. 

PBASEODYHIIJM. The constituent of di- 
dymium which yields green-coloured salts ; v, 
Didymium, vol. ii. p. 383. 

PBEHNITENE v. c-Durenk. 

PBEHNITIC ACID C,„H,0, i.e. 
GaH,(GO.;i) 4 [l: 2 : 3 : 4 ]. Mol. w. 254. [237®-250®]. 
Formed by heating either of the tetrahydrides of 
pyromellitio acid with H.^S 04 (Baeyer, A. 166, 
325), and by the oxidation of c-durene and of 
c-tetra-ethyl-benzeno (Tdhl, B. 21 , 907 ; Galle, 
B. 16, 1746 ; Jacobsen, B. 17, 2518). Grystal- 
lises from water in large prisms (containing 2 aq) 
resembling the mineral prehnite. Converted by 
fusion into an anhydride C,uH 40 , [239®]. 
May be reduced to a viscid hydride.— KHaA'’'aq. 
— BaH„A,'’ 3aq.— BaH;,A'» aq : needles.— PbaA^"^ ; 
small needles, insol. water. 

Methyl ether Me,A'\ [104®-108®]. 

PBEHNITOL V . c-Durbnol. 

PBEHNOMALIC ACID C,„HA 
CaH.,(OH)(COjJI) 4 . Oxy-prehnitic acid dihydride, 
[210®]. A product of the action of H^S 04 on the 
tetrahydrides of mellitio acid (Baeyer, A. 166, 
825 ; B. 4, 276). Needles, readily converted by 
heat into an anhydride GmHiiO,, [210®]. By 
heating with H 38 O 4 , or by treatment with Br, it 
is converted into prehnitio acid*— Ag4A'\ 
PRimjLA OAXPHOB GhH,A. [49®}. 
(above 2 (M®). Oontained in the root of pr^m^d 
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(tfut8cb!er» A. 185, d2^). Six-sided plates, 
▼. sL sol. water, ▼. sol. alcohol and ether. Smells 
like anise. PeOl, colours its aqueous solution 
▼iolet. Yields salicylic acid on oxidation. 
FBIMULINE BASE 0 ,hH„N,S, t.e. - 

C,H.Me<^^aC.II,<*2[>0.0,E.<g>O.O.H.Nn^ 

Prepared by heating p-toluidine (2 mols.) with 
sulphur (4 or 5 atoms), H^S being evolved (Green, 
C. iT’. 66, 234). Yellowish powder, nearly insol. 
all solvents. Not decomposed at 400*^. Its salts 
are decomposed by water. The Na salt of its 
Bulphonic acid (primuline), is taken up by 
unraordanted cotton. KGH at 2G0® yields amido- 
tolyl-mercaptan and p-ainido- benzoic acid (Gat- 
termann, B. 22, 425, 1000). 

Dehydrothiotoluidine C,,H,.^SN2 t.e. 
C.H,Me<3^C.C.n,.Nn,. [101°]. (134=’ at 

766 mm.) (Pfitzinger a. Gattormann, 2?. 22, 106Q}. 
An intermediate body in the preparation of 
primuline. Formed, together with primnline 
base, by heating ^’-tohiiJino with S (DahlA Co., 
O. P. 35700 ; Green. C. J. 55, 230). Got also by 
the action of HI and P upon primuline (Jacobsen, 

B. 22, 330). Yellowisli iridescent needles (from 
isoarnyl alcohol), v. sol. HO.Vc, si. sol. hot alco- 
hol, V. si. sol. benzene, almost insol. boiling 
water. Its alcoliolio solutions have violet-blue 
fluorescence. Ppd. by adding water to its solu- 
tion in ilClAq. 

Reactions.-— 1, Yield.s 2)-toluidine on distilla- 
tion with zinc-dust. —2. Yields primuline on 
heating with S. -3. Converted by diazotisation in 

boiling alcoholic solution into OuHjMec^g^CPh 

[123°]. — 4. When diazotised and boiled with 
water it gives C,4H,,(OH)N^S [256°J, which gives 
C„H„(OAc)N.,8 [132^].-6. Fuming HSO. (con- 
taining 70 p.c. SOh) forms, below 50'^, a sulphonic 
acid t;nH,,(S03lI)SN.^, which crystallises in 
yellow needles (containing aq), or orange plates 
(containing 2aq), si. sol. hot water, and forms 
NHjA'aq, si. sol. hot water, CuA'22iq, a reddish- 
brown pp., and AgA', a white pp. — 6. Riel 
yields C,,H,„(NMe,)NS [197^] (4.34°), and 

C, 4H,9(NMe.,I)NS, a bright-yellow powder, v. sol. 
water. MeOH and HCl at 150°-200° give 
0,,H,9(NMe,Cl)NS, a yellow powder which forms 
(C„H,oNS.NMe3Cl) PtCl« [234"’]. 

Acetyl derivative C,,II,,AcN,^S. [227°]. 
White plates or prisms, si. sol. 110 Ac. 

PBOPACONIC ACU) v. Lactone of Oxr- 

BUTTLKALEIO XCIl). 

PBOPANE C,H, i.e. CH,.CH.,.CH,. Mol. w. 
44. (-17°). S.(alcohol)6. H.F.p.35,110. II.F.v. 
83,370 (Thomsen, Th. 4, 52). Occurs in the 
gases given off from the petroleum springs of 
the United States (Ronalds, C.J.lH,5i\ Lefevre, 
JS. [2] 6, 185). Formed by the action of HI on 
propyl iodide, allyl iodide, isopropyl iodide, 
acetone, and glycerin (Berthelot, Bl. 7, 60 ; 9, 13, 
184). Prepared by heating n-propyl iodide 
(9’6 pts.) with AlCl, (2*5 pts.) at 140° (Kohnlein, 
B. 16, 660), or by heating isopropyl iodide with 
xino and HCLAq (Scborlemmer, A. 150, 209). Gas. 
On compression with water at a low tempera- 
ture it yields a hydrate, dissociating at 8-5° 
(Vaiard,aB. 111,802). 

Pi'Bpoifo-, Bxoi|o-|oi) 0 !-,BaoiiQ- 


KiTBo-, Oblobo*, Ohlobo-xoso-, Di-ohloboottro-^ 
Dmqdo, and Nitbo- PnopaNi. 

PBOPABE CABBOXTLIO AOXD v. Buttbic 

ACID. 

Propane dioarboxylio acid v. GLtJTiBiOi 
Ptrotabtaric, and Ethtl-kalonio Acms. 

Propane trioarboxylio acid O^HhO, f.e. 
CH,.CH(CO.,n).CH(CO.,H), (Bisohoff, B. 18, 
2164; 14, 614 ; 15, 1107; 17, 2783; 22,8180; 
A. 214, 53). [146°]. Formed by saponifying 
the ether with dilute alcuholio potash. Crystals 
line mass, e. sol. water, alcohol, and ether. 
Splits up when heated alone, or with dilute 
llClAq, into GO, and pyrotartarie aoid. Bromine 
forms bromopyroJartario and bromoorotonio 
acids.— BajA'",: bulky pp. 

MethyUdi-eihyl of her MeEt^'". (268°), 
S.G. y* 1078. Formed fiom methyl e-ohloro- 
propionate and sodium malonic ether. 

Ethyl eth^r Et,A'". (270*3° cor.). S.G. 

1*0698. jud" 1*4288 at 20°. Formed from 
sodtum malonie other and a-bromo-propionio 
ether. Oil, miscible with aleohol and ether. 
NaOEt yields 0,H,Na(CO,Naj(CO^t),. 

Propane tricarboxylic acid 
CH,.C(CO,H)..CIl,.CO,H. 

Methrjl 'ether Me, A'". Oil (Barthe). 

Ethyl ether Et,A'". (273*6° oor.). S.G. V 
1*077. Mn* 1*4311 at 20°. Formed from sodium 
niethyi-malonic other and||thloro-aoetio ether, 
and also from sodium ethane tricai boxylio ether 
and Mol or MeCl (BIschofT a. Von Kuhlberg, B. 

23, 635). Yields on siipouiflcation pyrotartarie 
and a little succinio acid. 

Methyl ether of the mono- nitrile 
CH,.C(CN)(CO,Mc).CH,.CO.,Mo. Formed from 
inctnyl cyanosuccinate, MeOH, and Mel 
nt 70° (Bartho, Bl. [3] 1, 303 ; 0. li. 108, 
297 ; 112, 1013). Oil. The corresponding 
CU,.C(CN)(CO,Et).CHyCO,Et is also an oU (185° 
at 35 mm.). 

Propane tricarboxylic aoid 
CO,H.Cll,.CII,.CII(CO,H),. 

Ethyl ether Et,A"'. (161° at 13 mm.). 

S.G. 1*0808. Formed from sodium malonio 
ether and /3-brorao-propionic ether (Emery, B. 

24, 282). The free acid splits up into CO, and 
glutaric acid on boiling with HCIAip 

Isomeride v. TuicAKHAUiyLic acid. 

Propane tetracarboxylio acid 
COH.CH,.CU(CO,U).CH(CO.,H),. 

Ethyl ether Et^A” (204° at 18mm.)* S.G. 
Y 1*1184. Formed from sodium malonic ether 
and chloro-succiiiic ether (Emory, B. 28, 3759). 
Oil, V. sol. alcohol and ether. The free aoid 
splits up into CO, and tricarballylio acid. 

Propane tetracarboxylio aoid 
(CO.,H),CH.CH,.CH(CO,H),. Dicarboxy^glutaric 
acid. [170°]. An acid formed by the action of 
sodium amalgam on dicarboxyglutoconio ^ther 
C,H.,Et,09 in alkaline solution (Conrad a. (Hltb- 
zeit, A. 222, 257). One of the products of the 
action of cbloro-di-methyl oxide on sodiUm 
malonic ether (Kleber, A. 246, 106). Got also 
by boiling its ether with dilute alcoholic potash 
(Guthzeit a. Dressel, B. 21, 2234 ; 22, 1423 ; A, 
266, 174). Crystalline powder (from ether), ▼. c. 
sol. water. At 180° it splits up into CO, and 
glutaric aoid [98°].— Ba,A‘^2aq.-Ca,A‘’2aq.— 
Pb,A'’ 2aq. 

^thyl ether (235° at SOmm.). 



ao6 


PROPANE OARBOXYLlO AOTO. 


8.0. U 1-116. Formed from sodiam malonio | 
ether by treatment with CH^Cl, or GHjtl,, and 
got also by reducing dicarboxy-glutaconio ether 
with zino-dust and HOAo (W. H. Perkin, jun., 
0. «r. 59, 993 ). Oil, with very bitter taste. 
NaOEt forms a di-sodium derivative, whicii ro- 
aots with EtI forming oily (o. 248® in 

vactio). • 

Propyl-tri-ethyl ef/icr EtjPrA‘\ (195°- 
202® at 16 mm.). Formed from propyl triethyl 
dicarboxy-glutaconate, zinc-dust, and HOAo. 
Colourless oil. 

Propane tetracarboxylio acid 
CO.;a.CH.,.C(CO,H).,.CH.,.CO.,H. [151®]. Got by 
saponifying its ether with alcoholic potash. 
Prisms (from water), v. sol. water, alcohol, and 
ether. At 170® it splits up into COj, and tri- 
carballylio acid.-KJlA''' 2 iaq (at 100®).— 
Zn.^’’ 3aq (dried at 100®).— Pb.A'’ aq.— Ag,A‘’ : 
insoluble pp. 

Ethyl ether Et 4 A‘'. (295® uncor.). ?.G. 
W 1*102. Formed from malonic ether, alcoholic 
ffaOEt, and chibro-acetio ether, followed by a 
second dose of NaOEt and ch loro-acetic ether 
(Biflchoff, B. 13, 2103 ; A. 214, 61). Oil. 

Ethyl ether of the . viono-nitrile 
CO.,Et.CHa.C(CN)(CO.,Et).CH,,.CO.,Kt. [41°]. 

(200®-216° at 10 mm.). Formed from sodium 
cyano-succinic ether and chloro-acetic ether 
(Haller a. Bartho,^. E. 106, 1413). White 
crystals, sol. alcohol and ether. 

Methyl ether of the mono-nitrile 
CO,Me.CH,.C(CN) (CO.,Mo).CH.,.CO.,Mo, [47®]. 
Prepared in like manner (Barthe, C. 12. Ill, 
844). Prisms, insol. water and alkalis. 

Propane pentacarbozylic acid 
CH(CO^)^C(CO,H),.CHj.CO.,H. [161°]. Got 
by saponifying its ether. Spherical aggregates 
(from ether).— KjA’ 4aq.— BajA’j 4aq: crystalline 
pp. 

Ethyl ether EtJA^ (276®-280® at 188 
mm.). S.G. 1*121 (Bischoil, B. 15, 1107 ; 
21, 2118). Formed from sodium-malonio ether 
and CCl(C 0 . 4 Et). 4 .CH.^.C 0 .^t. Formed also from 
sodium ethane tricarboxylic ether and chloro- 
aoetic ether. Oil. 

Reference, — Oxtpropank tricarboxylic acid. 

PBOPANE PHOSPHONIC ACID 
0,H,.P0(0H),. [60®-70®]. Prepared by oxida- 
tion of propyl-phosphine with fuming HNO, 
(Hofmann, B. 6, 804). Wax -like mass, sol. water. 

PBOPAKS SULPHONIG ACID 
CH,.CH^OH 2 .SO,H. Formed by oxidation of 
propyl mercaptan with nitric acid (S.G. 1*3) 
(Spring a. Winssinger, Bl, [2] 48, 110). ICl, at 
160® forms ohloro-propane sulphonic acid, CCI 4 , 
and 0 , 01 ,. 

Propane snlpbonio acid (OH,).mOH.SO,H. 
[below 100°]. Formed by oximsing isopropyl 
mercaptan with HNO,. Obtained also from 
acetone by successive treatment with PjS, and 
HNO, (Olaus, B. 6 , 660 ; 8 , 633 ; Spring, Bl. [ 2 ] 
40, 66 ). Orystalline. Its salts are v. e. sol. 
water. 

Propane diinlphonio aold 
CI]^(80,H).0HyCH,(S0,H). Formed by boiling 
trimethylene bromide with a saturated solution 
of ammonium sulphite (Monari, B. 18, 1845). 
Deliquescent needles, v. soL water and alcohol. — 
Ka|A'' djaq.— BaA'' 2 aq ; very soluble ueedlea* 


Propane disnlpbonlo aelA 

OH,.OH(SO,H).OH,(SO,H). , Formed in lika 
manner from propylene bromide (M.). — Naj,A"aq. 
— BaA" ; sparingly soluble crystals. * 

Propane disulphonio acid C 3 H 4 {S 03 H). 4 . Got 
from butyramide and fuming H.BO, (Buckton 

а. Hofmann, A. 100, 153), and also by heating 
butyric acid with CISO 3 H at 140® (Baumstark. 
A. 140, 83).— BaA".— PbA": crystallino. 

Propane trisulpbonic acid 
CH,(SO,H).CH(SO,H).CH 2 (SO,H). Got by boil- 
iug s-tri-chloro-propane with aqueous KoSO, 
(SchiiuiTelin, .4. 148, 117).— Ba, A"'.,; crystalline 
powder, si. sol. water. 

References -CuLORO- and Oxy-propanb sul- 

PUONIC ACID. 

DIPROPABGYL O.H, i.e. 
CH:C.CH...CH,.C:Cn. Hexun&ne. ( 86 °). S.G. 
IS -81. H.F.p. -96,040. H.F.v. - 97,200 (Thom- 
BMi, Th.). Formed by distilling diallyl tetrabrom- 
ido with solid KOH, and boiling the resulting di- 
bromo-diallyl with alcoholic potash (Henry, B. 

б, 956; 7,21; 14,399; 17,1132). Limpid, highly 

refractive oil, v. sol. ether. Burns with smoky 
flame. Combines with explosive violence with 
bromine, forming OJIijBr^, a thick liquid S.G. -2 
2*464, from which, by further action of Br, crys- 
talline CJI^Br^ [141®] can be obtained. Iodine in 
KI forms dipropargyl tetraiodide [113°] 

crystallising from CS.^ in prisms. Dipropargyl 
gives with arnmoniacal cuprous chloride a 
yellow pp. Cu,C„H 4 2 aq, which explodes at about 
100®. Aqueous AgNO, ppts. Ag^C^H^ 2!iq, which 
explodes below 100®. Dipropargyl is very easily 
polymerised, forming a resin. 

PROPARGYL ALCOHOL C,n,Ot.e. 
OHiC.CH^OH. Mol. w. 66 . (115®). V.D. 1*88 
(calc. 1*93). S.G. 2-0 .0715. jU/ 9 - 1-437. li<x> 

= 24*01 jfBriilil). H.F.p. -3,600. H.F.v. -4,370 
(Thomsen, Th.). Formed by boiling bronio- 
allyl alcohol with KOHAq (Henry, B. 5, 274, 
449, 669 ; 6 , 728 ; 7, 20, 761). Formed also 
from propargyl amine oxalate, NaNO.^, and HCl 
(Paal a. Hempel, B. 24, 3039). Colourless 
liquid of peculiar odour, sol. water. 

Reaciions. — 1. Arnmoniacal CuXlj ppts. 
canary-yellow Cu.j(C 3 H 30)2 which explodes when 
heated, and is decomposed by dilute acids with 
reproduction of propargyl alcohol.— 2. Ammo- 
niacal AgNO, ppts. white AgCaHjO. — 3. Anhy- 
drous BaO forms Ba(C 3 H 30 ). 3 C 8 Hp, crystallising 
in small plates.— 4. On heating with solid KOH 
it yields formic acid and acetylene. — 6 . HBr 
forms bromo-allyl alcohol. — 6 . HNO, yields CO, 
and oxalic acid. 

Acetyl derivative C,H,.OAc. (126®). 
S.G. 1*0052. HP = 1*427. Boo -39*71 (Briihl), 
Got from the alcohol and AcCl. 

Methyl ether C,H,OMo. (62°). S.G. 
“5 *83. H.F.p. -10,910. H.F.v. - 12,360 (Thom- 
sen, Th.). Formed by boiling s-tri-bromo-pro- 
pane with KOH dissolved in MeOH (Liebermann, 
A. 135, 287) and by boiling the dibromide of 
methyl allyl oxide with alcoholic potash (Henry). 
Arnmoniacal AgNO, ppts. lemon-yellow 
OjH^Ag.OMe, whence I in KI forms oily 
O-HJ-OMe [12°]. 

Ethyl ether C,H,OEt (81°-85®). S.G. 
*8326. 1*4096. Boo -89 5 9?his 

body is fanned by the action of alcohoUo potash 
oi» CH^r.GHBr.OL^r, on CH,.CBr^Oej8r, 







eti dlehluropropylene, or on ethyl bromo- 
ftllyl oxide (Liebennann, A. 135, 278 ; 158, 
230 ; Henry, B. 5, 274 ; Baeyer, A, 138, 196). 
Mobile IRiuid, with penetrating odour, v. si. sol. 
water, miscible with alcohol. Combines with 
Br, forming C4U;,Hr...OEt. Boiling very dilute ; 


1948). Flat prianiB, readily resolved into the 
parent substances by dilute aoidSr alkalis, or 
even boiling water. 

PB0F£NTL o.AMID0.FHSNTL KSROAP. 
TAK C,H,NS ».«. 0,H.<|>CEt. (8S3°). 


(1 p.c.) H„SO^ splits it up into alcohol and pro- , Formed by heating o*amido. phenyl mercaptan 
pargyl alcohol. Sodium forms C^H.NaOKt. j with propionyl chloride at (Hofmann, B, 
Alcoholic silver nitrate forms crystalline 13, 21). Heavy oii.--B'jHjPtC4 : large prisms. 
(C,H.Ag.OEli,AgNO, converted by ammonia ; PROPENYLAMINE CH,.OH:CH.NH,. 
into amorphous C,H AgOLt, whence 1 in KI | p’ormed by«the action of baryta on /8-bromo- 
forms crystalline CJl.JOEt and oily C.IUjOEt. | propylamine (Hirsch, B, 23, 968). Does not 


An ammoniacal solution of AgCl adih'd to an 
alcoholic solution of CjH,OKt ppts. white 
(CjH^AgOEt) AgCl. Ammoniacal (JUjCL^ gives 
yellow amorj^hous C,ll,CuOEt. 

Isoamyl ether (140^-145°). 

PROPARGYLAMINE Formed by 

the action of NaOEt on broino allyl-amine and 
on di-bronio-propyl-amino (Paala. Hermann, 

22, 3OHO). The free base has not been isolated. 
— B'H CJ),. [113'’!. Largo tables (from water), 
el. sol. alcohol. Gives a white pp. with am- 
moniacal AgNO,.- B'C,H,(NO,),OH. [189°]. 

Large red plates or tables.— ii'HOl. — BTIBr. 
[iy()’-171°J.-B'HI. [205°J. White plates, V. 
e. sot. water. 

PEOPARGYL-ISOAMYL-AMINE CJI.jN i.c. 
Callj.NIIC.lJ,,. Formed from di-bromo-isoamyl- : 
amino and NaOEt (Paal a. Hermann, B. 22, ' 
3(^84). Litiuid. — B'lLO.O, aq. [204 ]. White j 
needles (from water).— B'lllJr. [186*’]. Pearly i 
plates. I 

PROP ARGYL BROMIDE CH:C.CH,Br. (89°). ' 
H.O. -14 l*o9. Eoriued from propargyl alcohol 
and PBfa (Henry, B, 6. 72.s). laquid. i 

Propargyl tribromide v. Tiu-intoMO-pnoPYL- I 
EKE. 

PROPAROYL-ISOBUTYL-AMINECJI,,N i.e. i 
ClIiC.CH^.NH.f Hd'r. (13o ). Formed from ; 
di-bromo-propyl-isobutyl-amino and NaOEt 
(Paal a. Heupel, B. 24, 3040). Liquid, miscuble 
with water.- B'HCl. [148°j.-B',H,PtCl,. j 
[172’].-— B'n.jCG,. [210°]. Needles and plates, 
m. sol. cold water. 

PROPARGYL CHLORIDE C,H,C1. (6.0°). 

S.G. 4 1 "0 15. Formed from pro])argyl alcohol 
and PCla (Henry, B. 8, 398). Mobile oil. 1 

PROPARGYLIC ACID is Puopiolic acid. I 
PROPARGYL IODIDE OILC.CHJ. (c. 115°). | 
B.G. 2 2-018. Formed from propargyl bromi<le | 
and Nal in alcohol (Henry, B. 17, 1132). Yellow- 
ish liquid. Iodine forms CIILCI.CH J. j ll 'J. 

PROPARGYL-PROPYL-AMINE C,H„N i.e. 
CaH,.Nn.CaH,. The salt B'HBr [180°] is got 
from propyl bromide and propargylamine (Paal 
a. Hermann, B. 22, 3084). 

PROPARGYL SULPHOCYANIDE CaH^SCN 


decolourise bromine water. — B',H^l,2BiI, : six- 
sided plates. 

PR0PENYL.BENZENE SULPHONIO ACID 

CILtCMe.C^n^.SOJI. The salts of this acid ar« 
formed by heating Iho dry salts of the acid 
CMe.(011).C, ll,.RO.,II (U. Meyer, A. 219, 802). 

Amide CJTaSOjNlIj. [152°]. 

o-PROPENYL-BENZOIC ACID 
Clf,:CMo.C„II,.CO,H. [61°]. Formed from di- 
nudhyl-phlhalido and KCy at £60° (WisUoenus, 
A. 248, 64). Noodles (from water). 

^-Propenyl-benzoic acid 
CIL.CMc.C,H,.CO..II. [101°]. Formed by heat- 
ing*(Ciy,.C(OJl).C„H,.COJI with dilute HCI on 
a water bath (K. Meyer a. J. Itosicki, B, 11, 
1791 ; A. 219, 270). White satiny plates {froiu 
1 pt. alcoliol and 1 pt. watef) or slender needles 
(from water). Hi. 8(d. hot water, v. e, sol. alcohol 
and etlier. Sodium amalgam reduces it to 
cuminic acid. 

Halts. — NH^A'. — BaA', aq. — CuA'gTaq.— 
Ag.\' : amorplious pp. 

Methyl ether.- McA' [53°]. (254° cor.). 
V.I>. 6 09. Insol. water. 

Isoproponyl-bensoic acid CjHj.C^Hi.COjH 
[255’- 260’]. By boiling oxy-propyl-benzoio 
acid (CH,)..C(OH).CJl,.CO,lI with fuming HCI 
(It. Meyer, 12, 1070; A. 219, 281). Minute 
needles grouped in stars (from alcohol). Insol. 
water. Docs not decolourise bromine, and is not 
reduced by sodium amalgam, but is converted 
by 111 into cuminic acid. Hence it would appear 
to be a i^olyraerifle of proi)cnyl-benzoio acid, not 
containing a C;C group. 

Halts. — NH,A'aq. SI. sol. water.— BaA',aq. 
— CaA'jl.^aq.— CuAV- AgA': pp., insol. water. 

Methyl ether Me A'. [83’]. Decomposed 
by heat. 

lieferc7ices.—A.mDO-, Nitro-, and Oxi- Pbo- 

rENYI.-inCNZOlO ACIIl. 

PROPENYL BROMIDE v. BaoMO-PuopiLBifB. 

PROPEN YL CARBINOL v. Butekyl alcohol. 

PROPENYL TRICARBOXYLIC AGIO v. Pao- 


PANKTIUCAllBOXYLIO ACID. 

PROPENYL CHLORIDE v. Ghlobo-pboptl- 


Formed from propargyl bromide and potaK.sium j bne. 


Bulphooyanide (Henry, B. 6, 729). Oil, smelling 
like mustard. Decomposed by heat. 

PROPARGYL-DI-THIO-CARBAMIC ACID 

CH:C.CHj.NH.CS^ [116°]. Formed by boil- 
ing propargylamine with CS.^ and alcohol (Paal 
a. Heupel, B, 24, 3041). Needles (from dilute 
alcohol) or plates (from benzene-ligroln). 

PROPENTL-o-AMlDO-FHENOL CABB- 

OXmO EIHBB CA<ijH>CUe.CH,CO,E». 
[108^. Formed by heating a mixture 0 ! o-amido- 
phenol and aoetoaoetio ether (HanUeeb, H. lO, 


FROPENYL-PHENOL. Methyl dinvaOvtv. 

Anxthol. 

PROPENYL-IBOPROPYL BENZENE 
i.c. Pr.C,H*.CH:CHMe. (230°). B.O. ML -890. 
Got by boiling rr.C,H,.CH,^.CBrMe.CO|H with 
Na,CO,Aq (Perkin, C. J. 1877, ii. 660). Di- 
brotnide C,oH„Br, [69°]. 

PROPENYL.8ALICYL10 ACID e. OxT-PBO 

PEHTL-BENZOIC ACID* 

FBOPEPTONE v. Fbotxxdb. 

FBOPHSTIH A bitter reein got 

from the fruit of Cwnmitprophetarim, split np 



m tnojpHfitm. 


-by iK^ilisg dilate HCIAq into glucose and pro< 
pbeiebi (Walz. /. 1859, 560). 

PEOPINfNE 17. Alltlenk. 

PBOPINEEE DIPHTHAIIDE C,.H,,04 U 

OA<a3:o°“®'°°6.TO>‘=A- Formed by 
heating phthalic anhydride (3 pta.) with pyro- 
tartario acid (3 ptt.) and sodium acetate (1 pt.) 
at 240®~290° (Roser, B. 17, 2776). Fine yellow 
needles, not melted at 280**. 

PBOPIO^UANAHINE i.e, 

OH.Ue.g^.C|NHj^j,2_ 

idine propionate at 230° for an hour (Haaf, J.pr. 
[2] 48, 78). Granules (from N aOHAq) or dimetrio 
prisms (from water). 

PBOPIO HOMO-PEBULIC AGIO v. Di-oxt- 

PHBNTL-CBOTONIO JlCZD. 

PEOPIOLIC ACID 0,HA CHIC.COJI. 

Proj^argylic acid. [6°]. (c. 14%°). Fornted by 

boiling the acid K salt of acetylene dicarbo»ylic 
acid with water (Bandrowski, B. 13, 2340). 
Liquid, solidifyihg at about 4°. Smells like 
acetic acid. Turns brown in air. Sol. water, 
alcohol, and ether. Reduces HgCl^^, AgNO„ and 
PtCl^. 

Reactions. — 1. Ammoniacal AgNO, gives a 
white crystalline explosive pp. — 2. Ammoniacal 
OUjClj gives a green amorphous explosive pp., 
turning brown.— 3. Sodiim-avialgam reduces it 
to propionic acid.— 4. Combines with HCl, form- 
ing j3-ohloro-acrylic acid. HBr and HI act in 
like manner.— 6. Br forms di-bromo-acrylic acid 
[85°],- 6. I forms CHl:CI.CO.H [104°] (Bruck, 
B. 24, 4120). 

Salt.— KA'aq, Transparent prisms, v. sol. 
water, deflagrating at 105°. 

Ethyl ether EtA'. (119°). V.D. 3*47. 
Liquid, smelling like horse-radish. Oxidised by 
alkaline K^eCy* to diacetylene dicarboxylio 
acid (Baeyer, B. 18, 677, 2269). 

Reference. — Bbomo- and Iodo- Pbopiolic 
A om. 

PBOPIONAMIOE 17. Amide of Pbofionio 
A on>. 

PBOPIONAMIDINE C,H,N, i.e. 
OEt(NHhNHy The hydrochloride is formed by 
leading HCl into a solution of propionitrile in 
isobutyl alcohol, and heating the product with 
alcoholic NH, (Pinner a. Klein, B. 11, 1484 ; 17, 
176 ; 18, 2845). Very unstable oil, si. sol. ether. 
On heating with NaOAc and Ac^O it yields a base 
[204°].-B'I1C1. [129°]. Needles, insol. 
ether.-B'.^,PtCl,. [200°].-B'HNO,. [116°]. 

Crystals (from alcohol), v. sol. water (0. Lessen, 

A. 266, 167). 

Reference. — Oxy-pbopionamidine. 

PBOPIONE 17. Di -ETHYL KETONE. 
PBOPIONIC ACID C,H40,i.e.CH,.CH2.C0,H. 
'Metacetonic acid. Mol. w. 74. [— 23 ](Petters- 
aon, J. pr. [2] 24, 296). (140-7° cor.) (Zander). 

B. G.V -9946 (B.); ^-9983; ^ -9896 (Perkin). 

M.M. 3-462 at 20°. 1-391. Boo -28 01 

(Brflhl). S.V. 85-3. O.E. {0°-10°) -00106. H.F.p. 
109,460. H.F.V. 107,710 (Thomsen, r/».). S.H. 
•440 at 0° (R. Sohifl, A. 234, 300). Critical 
temperature 340° (Pawlewski, B. 16, 2634). 
Occurs in the fruit of Oingko biloba (B^ohamp, 
A. 180, 864), in suint (Buisine, Bl. [2] 48. 689), 
and in wood vinegar (Anderson, O. N, 14, 267 ; 
JBarr4, if. [2j 5, 446). 


Formation.— h By oxidation oi metaoetofld 
with chromic acid (Gottlieb, A. 62, 121).— 2. By 
potash-fusion from sugar, starch, maimite, and 
angelic acid (G.).— 3. By reduction of acrylic 
acid (Linnemann, A. 125, 317), of lactic acid 
(Lautemann, A. 113, 217), and of pyruvic acid 
(Wislicenus, A. 126, 229). — 4. By heating potas- 
sium oxalate with dry NaOEt (Van’t Hoff, B. 6, 
1107).— 6. By heating NaOEt with CO at 180° 
(Frdhlich, A. 202, 290; cf. Hagemann, B. 4, 
877).— 6. From ZiiEt,, sodium, and CO^ (Wank- 
l}n, A. 107, 125).— 7. Together with di-ethyl 
ketone, by heating ZnEt.j with CO, at 160° 
(Schmitt, J. pr. [2] 42, 568). - 8. By the action 
of sunlight on a solution of succinic acid con- 
taining a uranium salt (Seekamp, A. 133, 253). 
9. By heating barium succinate with NaOMe for 
8 hours at 300° (Mai, B. 22, 2133). — 10. Among 
the products of destructive distillation of colo- 
phony (Uenard, G. R. 103, 157). 

Preparation. — 1. By oxidation of n-propyl 
alcohol (Pierre a. Puchot, A, Gh. [4] 28, 76). — 

2. By saponilication of the njtrile (Linnemann, 
A. 148, 251 ; Beckurts a. Otto, B. 10, 262).— 

3. By heating lactic acid with HIAq (Freund, 
J.pr. [2] 5, 446). 

Properties. — Liquid, miscible with water, 
alcohol, ether, benzene, and ligroin. Separated 
from its aqueous solution by CaCla, but not by 
NaCl and Na.SO^. Heated in a scaled tube with 
ICl, it gives* C,C%, CO 2 , and HCl (Krafft, B. 9, 
1085). On boiling tho dry acid with Br and P 
for some time the product is a-bromo-propionio 
acid (Volhard, A. 242, 141). 

Salts.-NH,A'.-(NHJHA', (Sestini, Z. 
1871, 34).— NaA'. S. 99 at 15° ; 187 at 100° 
(U.). S. (alcohol) 2*4 at 20°, 3 at 100°.-NaA'aq.- 
KA'aq : deliquescent plates (Uenard, G. R. 104, 
913). S. (of KA') 178 at 16°; 309 at 100°.— 
lOlAV— LiA' aq. -CaA', aq. S. 54 at 17° (L.) ; 
41 at0°; 39 at80°(K.). Needles, insol. alcohol. — 
Ca.^HA's 5aq.~BaA'2 aq. S. 60 at 17° (Linne- 
mann, A. 160, 220) ; 48 at 0° ; 68 at 80° (von 
Krasnicki, M. 8, 605). — BaA'.j 6aq.— BaHA'^ 3aq 
(Mixter, Am. 8, 343).— SrllA', 3^aq : long thin 
crystals. [67°-75°]. — SrA'^Oaq" Crystals.— 
Ba,Mg,A',g 12aq (Fitz, B. 13, 1312 ; 14, JOSS).— 
MgiPbjA'iB 12aq.— Ca^PbjA',, 12aq : raonometrio 
crystals.— BaCa^A'^: monometrio octahedra.— 
SrCa^A',.— MgA '2 aq.— Ba^A'inAc. (Fitz, B. 11, 
1897)*. — PbA'.,.* [100°]. Crystalline mass.— 
Pb,A%0,. S. 0 . 1*1 at 14°.— Pb A'^O. S. 8 8 at 20° ; 
6-3at85°.— CuA%aq: green prisms.— Cu^A'-^O aq 
— ’‘CdA'j. V. e. sol. water. — ZnA', aq : needles. 
S. (of ZnA'„) 32 at 15°.-HgAV [110°]. S. 19*2 
at 15°.— Hg,A%. [226°]. S. 1*4 in the cold.— 
NiA'j2aq.— CoA’j 3aq.— FeA'*: pale-green oryi- 
stals.— Fe.A'g.— Al^A'^O : white pp. — Cr^A'^O. — 
AgA'. Crystals. S. *9 at 18. 

Methyl ether MeA'. (80°). S.G. J -9878 
(Elsasser, A. 218, 313) ; § -9403 (Gartenmeister). 
C.E. (0°-10°) -001296. md» 1-3812. HJP.p. 
107,380. H.F.V. 105,010 (Thomson, 2%.). S.V. 
104-6. 

Ethyl ether EtA% Mol. w. 102. (90° oor.)» 
S.G. 9 -9124 (E.); \\ *8968? if *8868. M.M. 
6-452 at 16-7° (Perkiii). C.B. (0^-10°) •001216. 
S.V. 127-7 (R. Sohiff. A. 220. HO). Formed 
from AgA' and Etl and alio by distilling tin 
acid with alcohol and HySO«* OR. 
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Pr^pyt $ther Prk\ (193<’ cor.). S.G. J 
<9C19 (^sawer. A. 218, 821) ; ^ *8868 ; «f ‘8781 
(Perkin, C. J. 45, 497) ; S *9023 (Qartenmeister). 
M.M. 6-429 at 21 3^ C.E. (0°-10®) ‘001052. 
S.V. 160. 

Isopropyl ether VtM. (110® cor.). S.G. 

5 -8931 (Pribram a. Handl, .U. 2,687) ; J|‘8717 ; 
^f‘862C. M.M. 6-695 at 14”. 

n Butyl ether (145°). S.G. g 

‘8963. S.V. 173-2. C.E. (b®-10 ) -00106 (Gar. 
tenmeist&r, A. 233, 265). 

Isobutyl ether PrGlI.A'. (137°). S.G. 
e ‘8876. C.E. (0^-10°) ‘001015 (E.). S.V. 174 ' 
(B. Schiff, A. 2-20, 332). | 

Isoamyl ether C,,II,,A'. Mol. w. 144. 
(160°). S.G. ; -8877 (El.<ii.ssRr, .1. 218, 330). 
C.E. (0°-10°) -00099. S.V. 197 (SchiH) ; 195 
(E.). 

Heptyl ether C,H,,A'. (208°). S.G. g 

‘8847. C.E. (0° . 10") -00096. S.V. 247-1 (Gar- 
tenmeistcr). 

Octyl ether (226°). S.G. g-8833. 

C.E. (0°-10°) -00093. S.V. 270-.5 (Gartonmeister). 

Ethylene ether C.,H,A'... (211° cor.). ; 

S.G. i or)44 (Perkin, C. J. If),* 505). I 

Phenyl ether PhA'. (‘200° i.V.) at 744 : 
mm. I 

c;iior icZfl c.n,.coci. (so°). s.G.^^M- 0640 ; 

(Bruhl, A. 203, 14 ; cf. Scstini, DL [2] 11, 470). ' 
A*^ = l-4i07. Iljo =34-12. ZiiMCa, followed by' 
water, forms methyl ethyl ketone and oily 
CsH,*0 (168°). S.G. 2 -877 (Pawloff, A. 188, , 
138). I 

Bromide C.H.OBr. (104° i.V.). S.G. t? 
1-52 (Lobry de Pruyn, R. T. C. 3, 389). 

Iodide 0.14,01. (128°). I 

^Anhydride (0,11.0)., 0. Mol.w.l30. (102°) 
at 708 ram. (L.) ; (165°) (Limpricht a. Uslar, A. 
94,32‘2); (167°).(Kahlbaum, /A 16, 2181} ; (169°) 
(Perkin, C. /. 28, 10). Formed by tne action 
of Pb(N 03)2 (also of nitrates of other heavy 
metals) upon propiouyl chloride PbCl.^is formed, 
and N,0, and oxygon evolved ; the yield is 77 
p.c. of theoretical (Lachowicz, B. IS, 2991). 
Reacts with hydroxvlamine hydrochloride, form- 
ing CH,.CIi..C(OH):NOH [85"J (Miolati, B. 26, 
700). 

. A?7V(feC,H;NO,i.e. C.,H,.CO.NH.,. Mol. w. 
73. 179°]. (213°). H.C.p. 436,000. H.C.v. 

436,600. H.F. 88,400 (Berthelot, C. R. Ill, 145 ; 
A. Ch. [6] 22, 20; Bl. [3] 4, 229). Formed from 
propionic ether and NH, (Dumas, C. R. 2.’», 657 ; 
Sestini, Cimento, 4, 21 ; L. Meyer, B. 22, 24). j 
Prepared by heating ammonium propionate at | 
230° under pressure ; the yield being 55 p.c. of | 
the theoretical amount (Hofmann, B. 15, 981). 
Got also by heating propionic acid (46 g.) with 
ammonium sulphocyanide (18 g.) for 4 days, and 
distilling the product (J. Schulze, J.pr. [2] 27, 
617).— B'jHCl. Needles, v. e. sol. water, v. si. 
sol. ether.— Hg(NH.CjlI,0),. Large dimetrio 
plates, si. sol. cold water. 

Bromo-amide C,H,O.NHBr. [80°]. 
Formed from propionamide, bromine, and 
KOHAq (Hofmann, B. 16, 753). Colourless 
needles, sol. alcohoL Converted by hot KOHAq 
into ethylamino.— C,H,O.NNaBr,. [c. 100°]. 
Needles. - 

AcetyUamideOAO,IiWLo, [82°]. (230°- 
$40°). Formed from propionamidine hydro- 
thloride, NaOAe, and A^O, a oompoond K» 


[204°] being formed at the aame ttme (Pinner, B. 
‘22, 1604). 

Imide (0,H,0),NH. [164^] (Otto a. Mger, 
B. 23, 759). (210°-220°). Formation,--^!. By 
heating the amide in a ourrent of HOI.— 2. By 
heating the amide with the chloride and AlOl,.— 

3. By the action of AlCl, at 100° on a mixture of 
propionitrile with AcCl or pippionyl chloride.— 

4. By heating propionic acid with propionitrile 
for some hours at 200°. Properties. — Beot- 
angular tables or silky needles, si. sol. cold water. 
May bo sublimod. 

Anilide C,U,ONHPh. [105°]. S. ‘42 at 
24°. Formed by heating the amide with aniline 
(Kolbe, B. 16, 1200). PlatesJ’ sol. other. With 
oxalic ether, benzene, and NaOEt it forms 

M^,^H C 0 >NPh [192°] (Wislicenus a. Battler, 

B. 24, 1256). 

Methyl-an ilide OjH.O.NPhMe. [ 68 * 6 °], 
Formed from the anilide and Mel (Norton a. 
Alren, B. 18, 1998). 

Ethyl - p . toluide C^HjO.NHC^H^Me. 
(c. 270°). From the chloride and cthyl-toluidine 
(Norton a. Livermore, B. 20, 2271). 

Nitrile CjH N, i.e. Et.CN. Propionitnle. 
Ethyl cyanide. (97°). S.G. t -7998 ; -7816 

(Perkin, C. J. 65, 701) ; $ -8010 (Thorpe). C.E. 
(0®-10°) -00125 ; (0°-l()() ') -00148. M.M. 3-831. 
fin 1'3G59 at 24° (Gladstone, C. J. 69, 290}. 
ILF.p. -9,670 (Thomsen, Th.) \ +8,700 (from 
diamond) (Berthelot, C. B. 108, 1219). H.P.v, 
-10,830. U.C. 446,700 (Berthelot); 471,460 
(Thomsen, Th. 4, 129). S.V. 78‘4. Forma- 
tion.— i. By distilling dry KCy with KEtSO, 
or Ba(EtSO,)j (Pelouzo, A. 10, 219).— 2. By 
boiling KCy with EtI and alcohol (William- 
son, P. M. [4] 6, 205 ; Buckton a. Hofmann, 
C’. J. 9, 250; Rossi, A. 169, 70). -8. From the 
amide and PjOj ^Dumas, A. Cl, 334). 4. From 
ZnEt.^ and cyanogen or CyCl (Gal. Z. 1868, 252 ; 
Frankland a. Graham, C. J. 37, 740).— 6. Bvthe 
, action of Ac.O on theoximof propionic aldehyde 
in the cold (Dollfus, B. 25, 1916). Prepara- 
tion.— The nitrile cannot bo freed from alcohol 
by distillation, since the compound C,Hj^N3HOEt 
boils constantly at 79°, and is not decomposed by 
water or CaCl,j. It is best, therefore, to prepare it 
from the amide. I’rqpcrfics. — Colourless liquid, 
V. sol. water, but separates on addition of NaCl or 
CaCij. Miscible with alcohol and ether. Oombinei 
with metallic chlorides, yielding (C,HjN)Sb01(, 

C, HjNAuCl„ C,H,NPtCl„ (C,HjN),SnCl„ and 
(C,I1,N) .TiCl, (Henke, A. 106, 280). Forms also 
(C,n;N);FcCy, 6 aq, (C,H,N) .FeCy^.t,CL 6 aq 
(Buff, A. 91, 253), and (EtCy),PtCy. 2aq fPhan, 
A. 107, 315). Reactions.— 1. Potash forms pro- 

; pionic acid. Dilute H^SO, acts in like manner, 

I 2 . Dry chhrine forms CHi,.CClj.CN (Otto, 21* 116, 

I 195),— 3. Bromine forms CjH^NBrj [64°], con- 
verted by water into fC,H,BrO) 2 NH (Engler, A» 
142, 05). -4. Dry 11 ul slowly forms C^«N01 
I [ 121 °] (Gautier, A. 142, 289), while HBr dvef 
C,H,NBr, [50°-65°] (Engler, A. 149, 807). Hi 
below 0 ° forms EtCI^Hj crystallising in platei 
' (Biltz, B. 25, 2542).— 6. Sodium converts it on 
i heating into the polymeric cyanethine {q. v,). 
Sodium added to its solution in dry ether gives 
I off H and ethane, and forms a product which is 
^ left when the ether is evaporated as a whi te powder 
' (Et.C(Na).CMeNa.CN ?). This powdor is ooa- 
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verted ]by water into [48®] (268® tincor.), 

and by HOlAq into C«H,NO or 0,Hj.CO.CHMeCN 
(193*5®). The white powder treated with Mel 
yieldfl 0,H„Nj [43®] (202°), whence HClAq forms 
liquid 0,H„N0 (175°), S.G. e -946, mol. w. 125 
(oDS.). EtI and HClAq acting on the white 
powder yield ChH„NO (195°), S.G. a -943 (E. 
von Meyer, J,pr. [2] 38, 336 ; Hanriot a. Bou- 
veault, a E. 108, 1171 ; Bl. [3] 1, 651). The 
compounds C^HnNO and C^HjjNO are converted 
by heating with HClAq in scaled tubes into 
ethyl isopropyl ketone and ethyl butyl ketone 
respqptively.— 6. A mixture of propionitrile and 
benzonitrile in ethereal solution is converted by 
JNa, followed by water, into CPh(NH).CHMe.CN 
[97°], whence warm dilute HClAq forms oily 
CA.CO.CHMe.CN (E. von Meyer, J. pr. [2] 39, 
189). — 7. Zinc and HClAq yield propylamine 
together with smaller quantities of di- and tri- 
propylamine (Pisanello, O. 10, 446). — Ac..O at 
200° forms C,H„NA (220°) (Gautier, Z. 
1869, 127). 

Beferences. — ^mido-, Bromo-, Bromo-nitro-, 
Ohloko*, CniiORo-BROMO-, loDo-, Nitro-, and 

OxV-AMyO-PROPIONIG ACID and PUOPIONITftIDE. 

PROPIONIC ALDEHYDE 0,H«0 i.e. 
CH,.CHj.CHO. Mol. w. 68. (48°). S.G. 

•8066 ; *7966 (Perkin, G. J. 45, 476) ; f -BOGO 

(Bruhl, A. 203, 13). S. 16 at 20°. MM. 3 332 
at 13-6°. 1'3()8. Koo = 25*42. S.V. 75*4. 

H.F.p. 66,240. H.F.V. 63,790 (Thomsen). Formed 
by oxidation of propyl alcohol (Michaelson, A. 
134, 69 ; Chancel, A. 161, 301 ; Lioben a. Zeisel, 
M. 4, 14) and by distilling calcium formate with 
calcium propionate (llossi, C. E. 70, 129). Pun- 
gent liquid, sol. water. Readily oxidised by air. 
Reduces ammoniacal AgNO,, forming a mirror. 
Readily dissolves in aqueous NaHSOa. Decom- 
osed by hot KOHAq. Coloured brownish-red 
y alkaline sodium nitroprusside, the colour 
being destroyed by HOAc (Von Bitto, A. 267, 
876). 

Eeactions.—l. Reduced in aqueous solution 
1)y sodium-amalgam to n-propyl alcohol. — 
2 . H,S passed into its aqueous solution, acidiOnd 
by HCl, forms oily (C3H„S)CjH«0 (Alexejei!, B. 
10, 1789).— 8. Dry ammonia passed into pro- 
pionic aldehyde dissolved in ligroin cooled by a 
freezing mixture forms a white flocculcnt pp. of 
OaH„(OH)NH„ which readily deliquesces, form- 
ing 0,jH,gN, [74°], crystallising in triclinic tables, 
a:6:c *■ 1:1*186: *801, insol. water, sol. alcohol and 
ether (Waage, M.4, 708).— 4. PH, and HCl form 
(CH,.OH,.CHO),PH,Cl [128°], while PH, and 
HBr give (0,H,0),PH,Br [106°]. These com- 
pounds are decomposed by water (Messinger a. 
Engels, B. 21, 831). PHJ at 0° forms, in like 
manner, (C,H,0),PH,I [96°] (Girard, A. Ch, [6] 
2, 24). — 6. Mercaptan and ZnCl, give 
OH,.OHj.CH(SEt), (198°) (Fromm, A. 253, 160). 
6. Propyl alcohol and HOAc at 100° form 
CHEt(OPr), (166° cor.) (Schudel, M. 6, 247). 

Oxim C,H4.CH:N0H. (131°). Formed 
from the aldehyde and aqueous hydroxylamine 
(Petraozek, B. 15, 2784). Liquid, sol. water. 
It is a si/n-oxlm, because it is converted by 
Ao,0 and ether in the cold into propionitrile 
(Dollfus, A. 25, 1915). 

PhenyUhydrazide OHEt:N,HPh (152° 
M WGUo) (Bischofif, B. 23, 1916). 


Ba/erencss.— Brovo*, Ohloiio*, tono-, and 
OxT- Propionic aldehtoe. 

PROPIONIC lUIDO-ETHTL ETHER 

Cj 5 H 3 .C(NH).OEt. The hydrochloride, B'HOl, 
formed by passing gaseous HCl into a mixture 
of propionitrile and alcohol diluted with ether 
(^ vol.), crystoUisGS in prisms, decomposing at 
about 92° into EtCl and propionamide (Pinner, 

B. 16, 1664). 

PROPIONITRILE v. Nitrile of Propionic 

ACID. 

PROPIONYL-ACETOPHENONE v. Phenyl- 
Methylene-ethyl-diketonk. 

PROPIONYL-BENZOIC ACID v. Phenyl 

ETHYL KETONE CARBOXYLIC ACID. 

PROPIONYL BROMIDE v. Bromide of Pro- 
pionic ACID. 

PROPIONYI-BUTYRIC ACID 

C, H,.CO.CMo,.CO,H. 

Methyl ether (188° uncor.). Formed 
by the action of MeOII and HCl on the nitrile 
C,H,.CO.CMe 2 .CN (176°), which is got by the 
action of cold HCl upon CJI-,.C(NH).CM 02 .CN 
[43°J which is made by the action of McI on the 
jiroduct of the action of Na on propionitrile 
(Bouveault, C. E. Ill, 531). Liquid. 

PROPIONYL CHLORIDE y. Chloride of Pro- 

r-IONIO ACID. 

PROPIONYL CYANIDE C,H,NO i.e. 
CH,.CH2.C0.CN. (109°). Prepared by heating 
propionyl chloride (12 g.) with silver cyanide 
(8g.) in closed tubes for 1 hour at 100°. The 
product is fractionally distilled (Claisen a. 
Moritz, C, J, 37, 692). HCl converts it into ethyl- 
glyoxylic acid {q. v.). 

Di-propionyl di-cyanide (Et.CO).,C.,N.,. [69°|. 
(208°). V.D. 5-6 (calc. 5-7). Obtained' in the 
preparation of the preceding (C. a. M.) and by 
the action of AgCy on propionyl bromido (Lobry 
do Bruyn, E. T. C. 3, 390). Prisms, si. sol. 
water, sol. alcohol and ether. 

PROPIONYL-CYANO-ACETIC ETHER v, 
Cyano-aoetio acid. 

PROPIONYL-MALONIC ETHER C,oH„0, 
i.e. C,II,.CO.CH(C02Et),„ (239°-242° uncor.). 
Formed by the action of propionyl chloride upon 
sodio-malonio ether (Lang, B. 20, 1326). Colour- 
less liquid. 

PROPIONYL-PHENOL v. Oxy-phenyC ETuih 

KETONE. 

a-PROPIONYL-PROPIONIC ACID C,Hi,0, 
i.e. CH,.CH 2 .C 0 .CHMe.C 0 . 2 n. 

Methyl ether CjHj.CO.CHMc.CO^Mo or 
C2H,.C{OH):CMe.C0.2Mo. (187° cor.). S.G. ai! 
1*07. Formed by the action of Na on methyl 
propionate (Pingel, A. 245, 84). Colourless 
liquid with aromatic odour. Converted by am- 
monia into CjHi^NO^ and a hygroscopic sub- 
stance 0 , 2 H, 2 N .204 (?) [82°]. Aniline forms oxy- 
methyl-ethyf-quinoline [295°] (Bouveault, C. E. 
Ill, 41). NaOHAq yields a mixture of di-ethyl 
ketone and methyl ethyl ketone, NaOEt followed 
by alkyl iodides yields the alkyl derivatives : 
C,H„MeO, or CEt{OMe):CMo.C 02 Me [194°], 
C,H„EtO, (208°), 0,H„PrO, (220°), and 
0,H„(CH2Pr)0, (231°), aU being liquid. 

Ethyl ether EtA'. (199°). S.G. 2 -995; 
a* *983. Formed by digesting propionic ether 
in Et-^O wiBi Na (Oppenheim a. Hellon, B. 10, 
699; Israel, A. 231, 197). Gives no colour with 
FeOl,. Ammonia forms G^^^NO, (195°), insoL 
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tnd * bjrgnstopio BnbtUnoa [75°]. 
NaOilAq forms di-etbyl ketone. NaOEt and 
EtI yield propionic ether and CHj.CHBt.OO.H 
(Genther, A, 239. 38(3). Na followed by EtI 
added to the solution in benzene forms 
C^ 4 .C(OEt):CMe.CO,Et (200^), 8.0. -abO. 
Reduced by HI and P to CliMoPr.COJI (193 ^). 
Nitrous acid yields Ct£j.C(NOlI).COEt [04 j 
(Hantzsch a. Wohlbriick, B. 20, 1320).* 

Amide CAO.CllMe.CO.NII,. [153^]. 
Formed by adding water to the product of the 
action of AlCl.^ on a mixture of propionyl chloride 
and propionitrile (Otto a. Triigcr, B, 22, 1155). 
Needles, si. sol. cold water. 

Nitrile C, ,11 ,CO.GIIMo.CN. (o. 183®). 
Formed by the action of cold cone. llClAq on 
the product of the action of Na on propionitrile 
(Meyer, J. jir. [2] 38, 330). Oil. Converted by 
ammonia into the imide Mo®!. Hvdroxvlamine 
forms the oxim C,lI,.C(NOH).CHMe.CN [41] 
(180® at 200 mm.) (llanviot, C. A*. 112,791)). 
Aniline yields amido - methyl - ethyl - quinoline 
(Hanriot a. Ilouvoault, Bl. [3] 1, 552). 

Propionyi-propionic acid 
CH,.GH.,.CO.CH.,.CH,,.CO,H. [33®]. A product 
of the action of boiling water on di-bromo liexoio 
acid (from hydrosorbic acid and Jir) (I'iitig, M. 
268, 60). Crystalline, v. e. sol. water, alcohol, 
and ether. -CaA'.^l .aq: plates. —AgA'. 

PROPIONYL • PROPIONIC ALDEHYDE 
C,H,.CO.CHMc,ClIO. [c. 40®]. (105®). Formed 
by adding a well-cooled mixture of formic etlicr 
(11 g.) and di-ethyl ketone (13 g.) to NaOEt 
(10'5 g.) susjx ndcMl in dry ether (10 g.). After 
12 hours the product is acidified and distilled 
under 50 mm. pre.^.sure (Claisen a. Mcycrowitz, 
B. 22, 3273). Crystals, v. sol. water. Deliquesces 
and turns brown in air. NHj forms deliquescent 
crystals of (C,JI,„0.,)NH3. Cu(OAc)., added to its 
alcoholic solution* forms Cu(G,jH .O.J, [168 ’]. 
Phenyl-hydrazino produces (283' ). 

PROPIOPHENONE V. PlIKNYL KTUYL KETONE. 

PROPYL. The radicle CjH,. w-Propyl 
CHyCHj.CIIj changes in some reactions to iso- 
propyl (CHj)gCH and vice versd. 

Br changes to Br : 1. Wiicn cumyl alcohol is 
reduced to w-cymene by boiling with zinc-ddst 
(Kraut, A. 192,22.3; Jacobsen, B. 12, 431). - 
2. When cumyl chloride is reduced to n-cyracne 
by zinc and HCl (J. 1879, 369). — 3. \yhen 
nitro-cymylone chloride is reduced ton-cymidino 
by boiling with zinc and HCl (Widman, B. 13, 
166; 19, 245).— 4. When i.sopropyl-cinnamic acid 
is reduced by sodium-amalgam to n-cumyl-pro- 
pionic acid. — 5. When o-amido-isopropyl-ciu- 
namio acid is reduced by sodium-amalgam to 
{D. b)-rt-propyl-{Py. 3)-oxy'quinolin0 dihydrido. 

Pr changes to Pr: 1. When n-cynieiie is 
oxidised to cuminio acid— (a) by passing through ! 
the organism, (6) by air and gaseous NaOH 
(15.6,749; 12,612; 11,369; 14, 1144).— 2. When 
n-oymene sulphonic acid is oxidised to oxy- 
isopropyl-Bulpho-benzoic acid by alkaline KMdO^ 
(Meyer a. Boner, B. 14, 1136, 2391 ; A. 220, 6).— 
8. When n-cymene is oxidised to oxyisopropyl- 
benzoio acid by alkaline KMnO^.— 4. When 
thymol is oxidised by EOH fusion to the oxy* 
oominio acid, which is obtained from m-nitro> 
enminio acid by reduction and diazotisation 
(Bartht B. 11, 1571).— 6. When carvacrol (which 
mtains »*propyl| since by distillation witn P^S, 


ALCOH(«,. m 

it gives w-cymene) is oxWised kjr KOH fusion to 
the oxy-cuminic acid [93®], which isobtainod from 
o-amido-cuminio acid by diazotisation (B. 6, 936; 
9, 1061).— 0. Since cuminol is always accom- 
panied in plants by n-oymene, it is probably 
I produced by oxidation of the latter.— 7. When 
n-propyl bromide is boiled with AlBr,(Ou8tav8on, 
C. J. 44, 565). 

From the above may be deduced the general 
law : When a propifl group in a benzene deriva* 

1 five occurs in the juira- position to Me, CHO, or 
CO.H, it is predisposed to be normal by Me, iso 
bg CHO or CO.H (Widman, B. 19, 251^273, 
2769, 2781 ; cf. Filcti, Q. 16, 300, 497). 

Dipropyl v. Hexane. 

DI-PROPYL-ACETAL v. Aldetiyde. 

PROPYL ACETATE v. Acetyl derivative of 
Propyl alcohol. 

PROPYL-ACETIC ACID v. Valerio acid. 
Di-propyl-a'^stic acid v. Ocroi.] Arm. 
PROPYL-ACETOACETIC ETHER v. tol. i. 

р. 23. 

DI-PROPYL- ACETONE v,* Methyl heptyl 

KETONE. 

PROPYL-ACETYLENE v. Pentinkm!. 
DI-PROPYL-ACRYLIC ACID v. Ennenok; 

ACID. 

n-PROPYL ALCOHOL 0,H,0 i.e. 

CTl,. CIL.cn., OH. .Mol. w.r)().(97'4®i.V.). S.G. || 
•8177 (/L'lnder, A. 224, 79); ]?-80H8; -8026 

: (Perkin); -8014 (Briihl, A. 203, 26H). C.E. 

^ (0 10®) •00082. M.M. 3-77 at 15*6®. ma 1*3901. 

. lt .,5 28 0. H.F.p. 82,000 (Dcrthelot) ; 6.3,690 
(Tliomscn). B.V. 81-3 (R. HcliiiT, A. 220, 101). 
S.ll. -670 (Diucouolf, Bl. [2] 38, 172). 
in fusel oil, especially in that of wine (Chancel, 
0. ll. 37, 410 ; 68, (>59, 726 ; Pierre a. Puchot, 
C. It. 66, 302 ; 70, 40() ; Linneinann, A. 160, 
195; Filtig, ^.[2] 4,44; Ekman, Chem. Zeit. 
12, 561). Thus 40 g. of it were found in 100 
litres of old cognac {(Irdonneau, G. U. 102, 217 ; 
Clandon a. Morin, C. B. 104, 1187; 105, 1019). 

: A litre of potato-fusel oil was found to oon- 
1 tain 30 o.c. of n-propyl alcohol, 130 o.o. of 
! isoprojjyl alcohol, 115 c.c. of butyl alcohols, 335 

с. c. of amyl alcohols, 123 c.c. of water, and 245 
c.c. of other bodies (Itiibuteau, C. li. 87, 501). 
Proj)yl alcohol also occurs, togetlier with iso- 
propyl alcohol, among the products of the lactio 

! and butyric fermentation of sugar (Bouchardat, 

■ G. R. 78, 1115 ; Meyer a. Forster, B. 9, 535), and 
in the fermentation of glycerin (Fitz, B, ld| 86, 
1311). 

Formation . — 1. By reducing propionic an- 
hydride with Bodium-arnalgam (Linnemann, A, 
148, 251; 160, 231; 161, 18). -2. By adding 
sodium-amalgam and dilute to a solution 

' of propionic aldehydip (1 pt.) in water (18 pts.) 
(Rossi, C. H. 70, 129).— 3. By heating allyl aioo- 
j hoi with KOH (Tollens, Z. [2] 7, 242). 

I Projpertiea.— Liquid with alcoholic odour, 
miscible with water, but separated from the 
solution by CaCl^ Does not yield isopropyl 
alcohol when heated in sealed tnbei (Aron- 
atein, B. T. G. I, 134). When propyl alcohol 
(71*46 O.O.) is mixed with water (28*54 o.o.), con- 
traction (1*85 O.O.) is observed (Ramsay a* 
Young, C. J, Proc. 4, 101). 

Beactions.—l, Chromic add oxidises it to 
propionic aldehyde and acid.— 2. HBr and 
H ^04 give propyl bromide, propylene bromidOi 
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And d|Hj6r^ (Niemilovitch, M. 10, 820).— 3. I 
And EO^q form iodoform (Lieben, A, Su^l. 

7, 280).— 4. Fused ZnCl^ forms propylene, isb- 
bntyl Alcohol, GH2:CMe„ and GHMo:CHMe (Le 
Bel a. Greene, (5. B. 89, 413).— 6. Phospho- 
platinous chloride followed by water forms crys- 
talline P(OPr)3PtCl3 (Pomey, G. B, 104, 364).— 
6. Calcium chloride yields (C3H„O)3Ca0l2 crys- 
tallising in needles (Gottig, B. 23, 181). 

Metallic derivatives. KOPr (De For- 
crand, C, B. 104, G8).— NaOPr2HORr (Frohlich, 
A. 202, 296). Ba,{OPr),(OH)3. Formed by 

heatilltg propyl alcohol with BaO under pressure 
(Destrem, il, Ch. [6] 27, 32). Yields propylene, 
methane, and hydrogen when heated. The cor- 
responding lime compound yields di-ethyl ketone 
when heated.— Al(OPr)3. [c. 60°]. S.G. ^ 1-026. 
Formed in small quantity from propyl alcohol. 
All,, and A1 (Gladstone a. Tribe, C. J. 39, G). 
Isopropyl alcohol does not reactVn this way. 

Acetyl derivative PrOAo. Propyl accMtc. 
(102°). S. 1-6 at 16° (Linnemann, A. ICl, 30). 

8. G. I -9091 (E.) ; -8856 (liriihl) ; g -9093 

(Gartenmeister) ; *8933; U *8840 (Perkin, 

0. J, 4ff; 421). G.E'. {0°-10°) -001197 (Elsiisser, 

A. 218, 320). S.V. 128-3. 1-3890. Roo 43-11. 

M.M. 6-487 at 16-2°. Li(juid. Not changed 
into isopropyl acetate by heating in a sealed 
tube (Aronstein, 72. T,C. 1, 134). 

Beneoyl derivative BzOPr. (230° cor.). 
S.G. A4 1-032 (Linnemann). 

Isopropyl alcohol (CIl3).^GH.On. (83° cor.). 
S.G. I *7996 (Zander); {I -7914; H -7815 
(Perkin) ; -7887 (Briihl, A. 203, l2). lU/t 

= 1-3821. Roo 27-99. M.M. 4 019 at 17-9°. S.V. 
81*7 (R. SchifI, A. 220, 331) ; 82-8 (Zander). 
G.E. (0°-10°) -00108. ILF.p, 71,000. HJF.v. 
68,970 (Thomsen, Th,). 

Formation. — 1. By distilling PrO.SOgH (made 
from propylene and H.^SO^) with water (Berthe- 
lot, J. 1866, 611). — 2. By reducing acetone or 
propylene oxide with sodium-arnnlgam (Friedel, 
M. 124, 327 ; Linnemann, A. 140, 178).-3. By 
heating -a solution of n-propylamine nitrite 
(Linnemann, A. 161, 43; B. 10, 1111; Meyer, 

B, 9, 636). — 4. By the action of sodium-amal- 
gam on (CHaCl).^CH.OH dissolved in wet ether 
(Buff, Z. [2] 4, 124).-6. From CII,I.CH,On by 
successive treatment with ZuMe^ and water 
(Butlerow a. Ossokin, A. 146, 257). 

Preparation, — 1. Acetone (1 vol.) is diluted 
with water (6 vols.) and sodium-amalgam is 
slowly added. The liquid is distilled and the 
process repeated upon the distillate (Linnemann, 
A, 186, 87). — 2. By boiling isopropyl iodide 
(1 pt.) with water (10 pts.) and Pb(OH)j (Fla- 
vitzky, A. 176, 380).— 3. «By heating isopropyl 
iodide (1 pt.) with water (20 pts.) at 100° for 40 
hours (Niederist, A. 186, 891). 

Prqperfics.— Liquid with peculiar odour, not 
solid at - 20°. Inactive to light. Miscible with 
water, yielding on distillation the hydrate 
(0,H«0),2aq (80°), S.G. ^ -832. When K,CO, 
is added to an aqueous solution of the alcohol a 
hydrate (G^O),aq separates (Erlonmeyer, A. 
126, 8Q7). After drying over CuSO^ the hydrate 
(PiH,0),aq(81 ) S.G. 15 -800 is left. Dilute 
OrO, forms acetone. Bromine forms acetone 
And FrBr. 

Acetyl derivative PrOAo. Isopropyl 


acetate. (91°). S.G. A -017 (Friedel, A. lU, 
327 ; Pribram a. Handl, M. 2, 686). 

Benzoyl derivative PrOBz. (218°) 
(Silva, Bl. [2] 12, 225). Liquid. Split up by 
distillation into benzoic acid and propylene 
(Linnemann, 4- 161, 61). 

i2r/m?zcc5 .— Bromo-, Ghloro-, Chloro-iodo-, 
and loDo- Propvl ALConoL. 

PROPYL ALDEHYDE v. Propionic aldk- 

HTDE. 

PROPYL-DI-ALLYL-CARBINOL v. Decinyi. 

ALCOHOL. 

PEOPYLAMIDOACETIC ACID 

NHPr.CII..CO,H. Formed from CH..Br.CO..Et 
and NH.,Pr (Chancel, Bl. [3] 7, 409 ; C. B. 114, 
750). Needles, v. sol. water and alcohol, insol, 
ether.— (HA') JLPtCla aq.— CuA'2 2aq : crystals, 
V. sol. water and alcohol. 

. PROPYL-AMIDO-ISOPROPYL ALCOHOL 
CJT.^NO t.e.CH,.CH(OH).CH2.NHC,H;. Formed 
by heating allyl-propyl-amine with H.^SO, (3^ 
pts.) at 135° (Liebermann a. Paal, B. 16, 532). — 
B';jH.^PtCla 2aq : nodules (from water). 

Di-propyl -ainido-i8 opropyl alcohol 
CH,.CII(OU).Cn,.N(C3H,),. Formed in like 
! manner from allyl-di-propylamine.— B',^n.^PtClg. 

1 w-PROPYLAMINE C^HoN i.e. 

' cn3.cri..cn,.NH.,. moI. w. 59. (49°). s.g. 

-7222; -7144. H.F.p. 22,760. H.F.v. 

20,420 (Thomsen, 77i.). S.V.86-'6. M.M. 4-564 
(Perkin, C. J. 65, 693), po = 1-3873 (Gladstone, 
C. J. 69, 290). 

Formation. — 1, By reduction of propionitrile. 
Using 36 g. of propionitrile, 600 g. alcohol, 
200 water, zinc, and 500 g. of 20 p.c. IIClAq, 
thoyield is 9g. (Mendius, vl. 1-21, 129 ; Linnemann, 
A. 161, 44), — 2. From n-propyl iodide by succes- 
sive trcajiment with silver cyanato and KOHAq 
(Silva, Z. [2] 6, 638).— 3. By heating n-propyl 
iodide with alcoholic NH3, and distilling the 
, product with potash. Tho fraction boiling be- 
low 78° is mixed with alcohol and oxalic ether, 
and tho di-propyl-oxamide [lGl-5°] thus formed 
distilled with alcoholic potash (Vincent, C. B, 
j 103, 208). n-Propyl iodide heated with cone. 
I NHjAq for 13 hours at 100°-150° forms propyl- 
I amiuo hydriodide and NPrJ (Malbot, A. Ch. [6] 
j 13, 480, 646).— 4. When w-propyl chloride is 
heated with aqueous ammonia in equimolecular 
[ proportions at 140°-1G5°, one-lifth of the pro- 
duct isn-propylamino and is nearly all contained 
in the lower layer. The upper layer .consists of 
free di- and tri- propyl-amines, water, and alco- 
hol (Malbot, C. B. 104, 998).-5. By heating 
7i-propyl nitrate with alcoholic NH, at 100i° 
(Wallach, A. 214, 311). 

Preparation.— 1. A mixture of equimolecular 
quantities of bromine and butyramide is run into 
an excess of a 10 p.c. solution of KOH at 60° and 
the propylamine distilled off ; tho yield is 80~90 
p.c. (Hofmann, B. 15, 769). It may be dried 
over CaO and afterwards over Na. — 2. PrOl 
(1 mol.) heated with aqueous NH, (1 mol.), and 
enough alcohol to effect solution, in sealed tubes 
at 110° forms 45 p.c. propylamine, 85 p.c. di- 
propylamine, and 20 p.c, tri-propyi-amine 
(Chancel, Bl. [8] 7, 406). The product is 
neutralised with HCl, the alcohol distilled off, 
cooled, filtered from separated NH«C1, the wynp 
mUed with tIaOH, distilled, and fiaot ion a t iA 
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The bases may be farther porified by means of 
tUeir oxalates. 

Projjerfies.— Mobile liquid with ammoniacal 
smell : mixes with water, becoming hot. When 
wet it boils at 78®-82®. Its aqueous solution 
ppts. salts of Cu and Fe, the pp. not dissolving in 
excess, but with AgNO, it gives a pp. sol. 
excess. 

Reactions. — 1. Chromic acid yields propionic 
acid (Chapman a. Thorpe, A. 142, 17G).~2. Ni- 
trous acid forms n- and iso- pro])yl alcoliols and 
propylene (Meyer a. Forster, B. th 63r>).— 3. 
Benzoic aldehyde forms C,iIj.CH:NPr (210'^) 
(Zaunschirm, A. 24'), 282).— 4. Oxalic ether 
added to a mixture of equal volumes of propyl- 
amine and water forms CONIlPr.CONHl’r and 
CO,H.CONIlPr [110 ’], which yields CaA', 2aq. 
8. 1-38 at 17^. 

Salts.—B'HCl. [iri3‘']'(Topsoo, J. 1833, 
621). -B'UIIg.Clj.- iniHgjCl„.~B'HAuCl,.— 
B'.^H.^PtCl,j. Monoclinic crystals. — Oxalate. 
NR,Pr C,H,0, ‘aq. Plates. S. 14-8 at 18° ; S. 
(alcohol) -0 at 18 — Picrato [133'^]. 

Nitramine CII,.CH,.CH,.NH.NO,. (120° 
at 40 rnm.). S.G. 15 1-102. Formed by heating 
PrN(NO.,).CO.^Et in a current of dry Nil,, and 
decomposing the product with dilute 
(Thomas, It. T. G. 0, 75). Liquid, crystallising 
at --23°. Decomposes at 112 SI. sol. water ; 
decomposes carbonates. - PrN K.NO .. Foune<i 
by dissolving the nitramine in alcoholic pot.asii 
and ppg. with other. Small pearly plates, form- 
ing an alkaline solution in water.-— PrN. \g.N(.).. 
Slender needles, blackening in light. AcCl 
yields N.p. 

laopropylamine (ClIj^Cri.NfL. (32°). S.O. 
M -COO. 

Formation. — 1. By the action of IIClAq on 
isopropyl-carbainine (Siursch, A. 148, 203 ; 
Gautier, G. R. G7, 723). -2. By running a mi.x- 
turo of bromine (1 mol.) and isobuiyrannMc* (1 
mol.) into an excess of a 10 p.c. solution of 
KOH at G0° ; the yield being Go p.c. (Hofmann, 
B. 16, 7G8). — 3. By reducing acc*oxim dissolved 
in alcohol with sodium-amalgam and IlOAo at 
40® (Goldschmidt, B. 20, 728).— 4. By heating 
isopropyl iodide with cone. NII,Aq (Malbot, 
0. R. Ill, G50 ; cf. Jahn, U. 3, IGfi). 

Preparation.— -By reduction of a solution of 
acetone-phenyl-hydrazidc (1 pt.) in 9G p.c. al- 
cohol (10 pts.) by means of acetic acid (25 pts.) j 
and sufficient *67 p.c. sodium-amalgam, thelem- 


Bl [9] 46, 287) or of aqaeoas NHj on PrCl at 
190° (Malbot, C. R. 105, 676). PuriHed by 
means of its nitrosamine. Liquid with am* 
moniacal smell, si. sol. water. The pps. iiiat it 
forms with salts of Ag and Al are sol. excess ; 
those with salts of Cu and Zn are insol. excess. 

Salts.— B'U..C.O,. Flat needles. 8. 6 at 
17®.' S. (alcoliol) '33 at 18° (Chancel, Bl. [3] 7, 
40G). Picrate. [75°]. S. 2 2 at 19°. Melts 
under water at 15°. 

‘Nitrosymine Pr.N.NO. (200°). S.O. ® 
*931. Liquid smelling’ like hay. Decomposed 
by HClAq, with formation of dipropylaminSf 

Nitramine Pr.N.NO,,. A liquid, got from 
I PrNK.NOj and PrBr (Thomas, R. T. C. 9, 79). 

I Di-isopropylamino rr.NlI. (84°). S.G. 32 
• 722 . A product of the action of alcoholic NH, 
on PrI at 100° (Van der /ande, R. T. G. 8, 202 ; 
cf. Sicrsch, Z. [2] 6, 145). Li/piid with very 
ammoniacal dllour, iniseihlo with water. — 
B'MNO,,. [138°].- B'.,H ,PtCl, : orange tables. 

Nitrosamine Pr.,N.NO. f4G°]. (195°). 

Nitramine Pr.N.NO^,. fbO® at 10 mm.). 
Formed from PrNAg.NO/ and PrI (Thomas, 

R. T. C. 0. 82). Liiiuid. 

Tri-H.propylamine l>r,N. (157°). 8.G. « *770 ; 

*700; V:, ’751 (Perkin). S.V. 222'1 (Zander, .4. 

214, 17ij. M.M. 11GG4. m,>« 1‘4171 (Glad- 

stone, C. J. .59, 290). C.K. (O’- 10°) 00105. A 
product of the action of PrI on alcoholic NH, 
(V.). It is tlie chief product got by heating 
PrCl with cone. NJl,Aq (Malbot, A. Ch. fG] 13, 
480, olG). Purified by nutans of its picrato 
(Chancel, Bl. [3J 7, 407). Liquid with faintly 
; ammoniacal odour, almost iiuiol. water, — 

1 Picrate. S. *3 at 13°; S. (94 p.c. alcohol) 4*4 
' at 19°. 

Propylo-iodidc Pr,NI. Tim chief pro- 
duct of the action of PiT on NlI.,Aq at 150°- 
190°. Prisms. Yields (Pr,N(;l) JTCl, and deli- 
quescent Pr,N01I, which is decomposed by heat 
into Pr,N, propylene, and water (Uoemer, B. 6, 
784 ) . , 

Refcrcnces. -BnoiAO’, Ciiloko-, CuLono-iODO*, 
and OxY- pnopYLAMiNK, 

PROPYL-ISOAMYL-GLYOXALINE 
i Oxalisoamyl-hntyline. (251°). 

S. G. -920. Formed from propyl-glyoxaline 

and Cf,n,,T (Jlieger, M. 9, G09). 

PROPYL I80AMYL OXIDE Pr.O.C.H... 
(125°-130°) (Chancel,^. 151,305). 


perature being kept below 25° ; the yield is 70 
p.o. of the theoretical (Tafcl, B. 10, 192G). 

ProperHe-s . — Mobile liquid, with ammoniacal 
smell, miscible with water. Converted by nitrous 
acid into isopropyl alcohol. 

Salts. — B'HCl. [140°]. Deliquescent 
cubes.— B^aBL^tCla : orange plates, m. sol. Aq. 

Nitramine PrNH.NO.^ [-4°]. (91°). 

S.G. 1-098. Formed from PrN(NO,).CO^t 
by successive treatment with dry NH, and dilute 
H^S 04 (Thomas, R. T. C, 9, 78). Needles.— 
PrNE.NOr Slender hygroscopic needles. — 
PrNAg.NO,. Thin plates. Converted by PrI 
into PrNPr.NO, (67° at 10 mm.). 

W-^propylamlae Pr,NH. (110°) (P.; 0.); 
(98°) (V.). S.a. M -7480; if *7867 (Perkin, O.J. 
U,m). M.IL 7, 549.m»» 1‘4088 (Gladstone. 0. 
J. 69, 990). A podoot ot the action of alcohoUo 
li^OD PrI at 100° (Vincent, C. B, 103,908; 


PROPYL- ANILINE C„H,jN t.s. PhNHPr. 
(222° i.V.) (Pictet a. CrC-pieux, B. 21, 1111). 
H.G. '4” -949. Formed by heating aniline with 
PrBr (Claus a. Uoques, B. IG, 909 ; Wacker, A. 
243,290). Liquid. Salt 8.- •‘B'HCl. [160 ].— 
•‘By L^Cp^. [162°]. Large tables, v. sol, water. 

Formyl derivative PhNPr(CHO). (969° 
i.V.). S.G. 1044. Got from formanilide and 
«-propyl bromide. 

Acetyl derivative PhNPrAo. [48°]. 
(269° i.V.). Hexagonal plates (from ligroJn). 
Nitrosamine. Yellow oil. 
Isopropyl-aniline PhNHPr (213° IV.). 
Liquid. Yields an oily nitrosflunine. — B'»ELPtCL. 
Red prisms (P. a. 0.). ^ ^ 

Formyl derivative PhNPr.NO. (264°iV.). 
Formed from formanilide and PrBr. 

Acetyl derivative VhBVtJie, (89°3. (906° 
LV.). Transparent leaflets (from Ugroln). 
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. Dl^propyl-aniUne NPhPr*. {U5^ i.V.)! 
fl.G. g *9240. S.V. 243*1 (Zander, A. 214, 168). 
O.B. (0®~10°) *00081. Formed from aniline and 
PrI (Lippmann a. Fleissner, M. 3, 711).— 
Decomposed by water. 

Di-isopropyl-aniline NPhPrj. (220® i.V.). 
S.G. ^ *9338. S.V. 236*4 (Zander). C.E. (0®-10°) 
•00087. 

i^e/crencfls.— N itro- and Nitroso- Puopyl- 

AHILXNE.* 

DI-PEOPYL-ANTHRACENE DIHYDRIDE 
Cj,H^ U. Formed from di- 

propyl-anthrone. III/ and P at 140®-170^ (Hall* 
garten, B. 22, 1070). Plates, goltinpj soft at 47®. 
Di-isopropyl-anthracene dihydride 

Formed by boiling CyH,Pr.ClIoCl alone or with 
ZnClj (Errera, O. 14, 280). An;orphou3 yellow 
powder, insol. alcohol, sol. ether. Its solutions 
are red with green fluorescence. * 

PROPYL-ANTHRANOL. Propyl deriva- 

Hve. C„B„0 i.e. [72"]. 

Formed by boiling anthranol with KOHAq and 
PrI (Hallgarlon, B. 22, 1070). Needles, sol. 
other and alcohol, insol. alkalis. Chromic acid 
solution converts it in the cold into propyl- 
oxanthranol C,,H,u0.j [164®], v. sol. benzene. 
DI-PROPYL - ANTHRONE C^H^O ».«. 

[124®]. Formed, together 

with the preceding body, by boiling anthranol 
(6 g.) with KOI! (6g.), water (25 c.c.), and PrI 
(13 g.l (Hallgarten, B. 22, lOGO). Trimctric 
crystals, sol. hot alcohol. CrOj in HOAc oxidises 
it to anthraquiuone. 

TRI-PROPYL- ARSINE v . vol. i. p. 319. 
PROPYL-BENZENE v . Cumknk. 
Di-«.propyl-benzene Cull4pr..[l:4]. (219®). 

Formed from p-di-bromo-ben/cno, n-propyl 
bromide, and Na (Korner, D. 11, 18G3 ; A. 210, 
223). Formed also, together with the ?n-isoiner- 
ido, by the action of AlCl., and IlCl on 7i-cumenc 
(Heise a. Tohl, A. 270, 1G5). Liquid, volatile 
with steam. Bromine forms [48®]. 

n-iso-Di-propyl-benzene C„H4PrPr[l:4]. 
(212® cor.). S.G. 2 *871.3. Formed from 
ObH^Pt.CHjCI and ZnF.t.^ (Paterno a. Spica, B, 
10, 1746) and from PrBr, p-bromo-cumcno, and 
Na. Formed also, together with tlie?^- isomeride, 
by the action of Aid, at -2® on a mixture of 
»-oumeno and PrBr (Heise, B. 24, 772). 

w-Di-lsopropyl-benzene C„H4Pr2[l:3]. (204®). 
Formed, together with the p- isomeride, by the 
action of propyl or isopropyl chloride on benzene 
in presence of AlCl, (Silva, Bl. [2] 43, 320 ; 
Uhlhorn, B. 23, 3142) and by the action of AlCl, 
and HCl at 100® on enmono (H. a. T.). Yields 
isophtliallo acid on oxidation. 

p-Di-isopropyl-benzene CaH4Pr,[l:4]. (o. 

202®). Formed as above. Yields terephthalio 
acid on oxidation. 

PROPYL-BENZENE BDLPHONIC ACID v, 

OUMXNB SULPnONIO ACID. 

p-jR-n-propyl-bensene sulphonio acid 
C,HJPr,.SOJEI- [62°]. . Formed from di-propyl- 
•b^eoe and fuming H^SOi (KOmer, B, 11, 1865 ; 
216, 224 ; Bemsen, Am, 6, 162). Deliquescent 


needletj, with pearly lustre.— NaA'daq.—ICA'daq, 

— BaA'j ^aq. — BaA'™ 2aq.— CaA ^ 9aq. — PbA', aq. 

Amide CBH,Pr.»SOaNH 2 . [103®]. Hexagonal 
crystals (from alcohol), si. sol. hot water. 

n-iso-Di-propyl-benzene snlphonic aeid 
[1:4:®] CeH^PrPr.SOsH. [60®]. Needles (Heise, 

B. 24, 771).— BaA'j a:aq.— PbA'„ aq ; minute 
needles, m. sol. cold water.— PbA'j 8aq : needles. 

Amide. [9G®]. Needles. 

m-Di-isopropyl benzene snlphonic acid 

C, jH.,Pr2.SO.,H [1:3:®]. Formed by shaking with 
n,Sb, (1^ pts.) the fraction (200®-210®) got by 
the action of AlCl, on a mixture of PrCl and 
benzene, and separated from the accompanying 
p-di-isopropyl-benzene snlphonic acid by means 
of itsBa salt (Uhlhorn, B. 23, 3142).— BaA'22aq: 
needles, si. sol. water. -CuA'5 4iaq.— MgA'j[4aq. 

Amide C«H,Pr.,.SO,NH,. [145®]. 

p-Di-isopropyl-benzene snlphonic acid 
CJl,rr,(SO;,H) [l:4:2j. Formed as above.— 
BaA'o: nodules, v. sol. water. — CuA'jCgaq. 

Amide CJl,Br,.SO,NH.,. [102®]. 

7a-Di-7i-propyl-benzcne disnlphonic acid 
CrtH.Pr„(S03lI)2. Deliquescent tables (Heise). — 
K.A"®aq.— BaA" l.\aq : tables, v. sol. water.— 
BbA"14aq: tables, v. e. sol. warm water. 

Amide. [105®]. Needles. 

PROPYL-BENZOIC ACID v. Cuminio AOii). 

PROPYL-BENZOYL-ACETIC ACID v. Benz< 
OYL-ACETio ACID and Phenyl butyl ketonb 
CAUJiOXYLIC ACID. 

PROPYL-BENZYL- v. Cuminyl-. 

n-PROPYL BORATE (PrO) 3 B. (172®-175®). 
S.G. M *867 (Cahours, C. li. 70, 1383). 

Isopropyl borate (PjO);,B. (140® cor.). 

Formed by heating B.O, with isopropyl alcohol 
at 120® (Counoler, J. pr. [2J 18, 380). Mobile 
oil, slowly saponified by water. 

7t-PR0PYL BROMIDE PrBr. (71®). S.G. »- 
1*3835 (Zander, A. 214, 159) ; “4® 1*3520 (Briihl, 
A. 203, 13); 1*3G11 ; U 1*3474 (Perkin). 

C.E. (0®-10'-) *00123. M/j-l-*i400. -38*20. 

S.V. 97. M.M. 6*885 at 10*2®. II.F.p. .30,850. 
lI.F.v. 29,110 (Thomsen, Th.). Formed from n- 
propyl alcohol and HBr (Linnemann, A. 101, 
40; Pierre a. Puchot, J. Ph. [4] 13, 9). When 
heated in scaled tubes at 280® it partially changes 
to isopropyl bromide (Aronstein, 11. T. C. 1, 134). 
When heated for a short time with AlBr, it is 
completely changed to isopropyl bromide (Kokul6 
a. Sclirotter, B, 12, 2270; Gustavson, J. R. 15, 
61). Bromine forms propylene bromide. — 
C,H.Bi*(H2S)..23aq (Do Forcrand, A. Ch. [5] 28, 
35).' 

Isopropyl bromide PrBr. (00®). S.G. |{ 
1*3397 (Z.) ; ^ 1*3097 (B.) ; H 1-3198 ; ^ 1*3052 
(Perkin). C.E. (0®-10®) *06127. /i^= 1*4317. 

Boo 38*58 (Briihl). M.M. 7*003 at 17*1°. S.V. 99. 

Formation.— 1. From isopropyl alcohol and 
HBr at 150® (Linnemann, A. 136, 41). — 2. From 
tt-propyl bromide and AlBr,.— 3. From propylene 
bromide and HI (Linnemann, A. 161, 67). 

Preparation. — By adding bromine (65 g.) 
gradually to PrI (100 gA in the cold; the yield 
being 45 g. (B. Meyer, J. pr. [2] 34, 106). 

Properties. — Liquid, not attacked by OL 

ISOFROFYL-BUXENTL-BENZENS v. Bv* 

tenyl-cumenb. 

n-FROFYL-ISOBUTYL-AHINB O^jN le. 
PrNH.C 4 H,. (124°J. Formed by reduomg i^ 
butyl-propargyl-amine in alooholio solntion with 



raOPYL-CRESOL. 


91^ 


8048).-B'Ha. 
klleB. 

ftTfivn 

OXYLIC ACID C^„NO, t.«. 
CO,H.OM0,.NH.CMa,.CH,.CO,U A product of 
the oxidation of triacetonamine with chromic 
acid mixture (Heintz, A. 198, 69). Crystalline 
grains, m. sol. hot water. Yields amido.isO' 
butyric acid when lieated. — H..A"llCi. — 
KHA''2aq. — Zn(nA'')2 Oaq. — ZnA"aq. — 
CuA" aq.— A kH.V'.“ Ag.A"IINOj aq ; grains. 
PBOPYL-ISOBUTYL-GLYOXALINE 

C,„H„N., i.e. Oxal-propyl-ho^ 

amyline. (241® at 7:i8 rnm.). S.G. .915. 
Formed from isobutyl-glyoxaliiie and PrBr 
(Radziszewski a. Szul, li. 17, 1295). Liquid. — 
B'jHJP^Clg; minute orange prisms. 

Propyl-butyl-glyoxaline cH’N(c|nj)^* 

(243®) at 728 mm. S.G. ‘938. Formed frohi 
propyl-glyoxaline and butyl iodide. Oxidised by 
to butyl-oxamide [I'JB®] (Uieger, M, 9, G09). 
— B'IIZnCl,.-B'2H,CdCl,.~Byi,l’tGl«. 

Propyl-isobutyl-glyoxaline 

(232®) at 73G mm. S.G. -9, 10. Formed from 

propvl-glyoxalino and isobutvl iodide (Rieger). 

PROPYL ISOBTJTYL KETONE Pr.CO.C,H„. 
(155®) at 750 mm. S.G. " ‘831. Formed from 
isovaleryl cliloride and ZaPij (Wagner, J. i2. 16, 
668). Li(iuid. 

Isopropyl isobutyl ketone Fr.CO.CII.Fr. 
(ICO®). S.G. *8(15. Formed by oxidising see- 
octyl alcohol with cold dilute K.Cr.O, andU.^SO^ 
(Williams, C. /. 35, 130). Liquid, not solid ut 
-17°, Does not form a crystaliine compound 
with NaHSOj. 

PROPYL-ISOBOTYL-MALONIC ACID 

C,Hu.CPr(CO.,lf),.. [129°]. This app- ars to bo 
the compositi'tn of the acid got by saponifying 
C,H,.C(CaH.,)(COjEt)2 (249 ), which is got from 
malonio ether, isobutyl iodide, allyl iodide, and 
NaOEt (Ballo, B. 14, 335). 

PROPYL BUTYL OXIDE Pr.O.CJI,. (117^. 
S.G, 9 *7773. C.E. (0°-10°) ‘00124. S.V, 174‘4 
(Dobriner, A. 243, 7). 

ISOPROPYL-ISOBUTYL-PHOSPHINE 
PHFr.CH.^Fr. (140®). Formed from isopropyl- 
phosphine and isobutyl iodide at 130° (Hofmann, 
B. 6, 300). 

ISOPROPYL-ISOBUTYL-QUINOLINE 
w4=^Sl,,Pr- (296°) at 710 mm. Formed i 
by the action of isovaleric aldehyde and cone. ! 
BClAq upon aniline (Spady, B. 17, 1718 ; 18, ! 
8373).— B',JLi’tClrt. Yellow needles, si. sol. 
water.— B'C,il.(N02)i,0H. Large yellow plates. 
— B'HClaq. *— B'HNO^aq. - B ILSO,. — 
B'H^Cr^O, : orange needles, sol. hot water. 

Meihylo-iodide B'Melaq. Yellow 

needles, v. sol. alcohol. — B'^MeBtCIg : yellowish- 
red triclinic prisms. 

PROPYL-TRIGARBALLTLIC ACID 
CHPr(CO.;H).CH(CO,H).CH,.CO,H. [162°]. 

Formed by saponifying its ether, which is made 
by the action of fumaric ether on sodium propyl- 
malonic ether (Anwers, B. 24, 311, 2898). Prisms 
(containing acaq), v. e. sol. ether. 

Ethyl ether £t,A'^. (206^ at 16mm.). 
M. Y im 


lodinm (Paal a. Henpel, S. 34, 
[186®].-B'H,C,0^. [224°], Ne( 

ISOPBOPYL-BUTYL-AMIHR 


Isoprcpyl-trlearballylie acid 

CHl»r(CO,]p.CH(CO;5H).CH,.CO,H. [163®]. Pre- 
pared in like manner from isopropyl-malonio 
ether. Plates or prisms, ▼. si. sol, ligroln. 

Ethyl ether (206® at 20mm.). 

S.G. V* 1*085. 

PROPYL CARBAMATE NIL.CO.OPr. [62®]. 
(195°). Formed by healing urea with propyl 
alcohol (Cahours, C. R, 76, 1387). Formed also 
from CLCOaPr and NII3 (Uoemer, B. 6, 1102), 
rri?ms, v.e. sol. water and alcohol. 

Isopropyl carbamate NUj.CO.OFr. [87®]. 
Formed from Ci.COjPr and dry NH, (Spioa a. 
Varda, G. 17, 166). Hygroscopic needles. 

ISOPROPYL-CARB AMINE FrNO. (87®). 
S.G. 9 ‘760. Forme<l from isopropyl iodide and 
AgCy (Gautier, C. B. 67, 723; A. 149, 166). 
IlClAq forms isopropyl-formamide. 

PROPYL-CARBAMIC ACID NlIPr.COjH. 
Methyl ether MeA'. (180® at 756mm.). 
S.G. -992. luquid (Thomas, R. T. 0. 9, 71). 
Th8 nitraniino NPrfNO.J.CO^Mo. S.G. 1* 
1‘187 is made from NAgrr(NOJ and Cl.CO.^Mo. 

Ethyl ether YAK'. (186*. Formed from 
propylamine and cliipro-formic ether (Schreiner, 
J.pr. [2] 21, 125). 

Isopropyl-carbamio acid NHPr.COJI. 
Methyl ether MeA'. (165‘6°). S.G. « 
•981. Liquid. Thonitramine 
NPr(NO,).CO.,Me S.G. 1159 is also liquid. 
PROPYL-CARBINOL v. Butyl alcosol. 
Di-propyl-carbinol v. IIkpttl alcohol. 
DI-PROPYL-CARBOBENZONIC ACIDS 

Two acids of this formula [139°] and 
[90 '] are formed by heating plienyl benzyl 
Imtone with M-pro])yl alcohol and KOH (Zagu- 
mc.iny, A. 184, 106). The acid [139®] forms a 
di-iiitro- derivative (176°], 

PROPYL CARBONATE CO(OPr),. (168® 
cor.). S.G. ^ ‘949 (Roese, A. 205, 230). 

Propyl orthocarbonate C(OPr),. (224® cor.). 
S.G. 8 *911. Formed from NaOPr and ohloro- 
picrin (Roe.se, A. 205, 253). 

n-PROPYL CHLORIDE PrCl. Mol. w. 78^. 
(40° i.V.). S.G. g ‘9123 (Zander, A. 214, 166) ; 
'f m)8 (Briihl, A. 200, 179), ^ ‘8930 j *8813 
(Perkin). M.xM. 6056 at 16®. 1*3934. 

R.^ .-.33‘.36. S.V. 91‘6. H.F.p. 37,760. H.F.v. 
36,020. C.l-J. (0°-10°) *00137. Formed by the 
action of chloritio on propane and on PrI. Pre- 
pared by saturutiiig n-projiyl alcohol with gaseous 
llCl, and heating at 125° with cone. HGlAq 
(Malbot, Bl. [3] 2, 136 ; cf. Pierre a. Puohot, 
.4. Ch. [4] 20, 234). Acts with extreme slowness 
on alcoholic Nil, (Vincent, Bl. [2] 46,604). Not 
changed to PrCl by heating in sealed tubes 
(Aronstein, B. T. C. 1, 134).-PrGl(H.,S), 23aq 
(De Forcrand, A. Ch. [6] 28, 34). 

Isopropyl chloride PrGl. (36°). S.G. g *8825 
(Z.); U ‘8688; -8575 (P.). M.M. 6‘169 at 

17'2®. S.V.94. C.E.{0°-10‘^) 00142. Formed 
from isopropyl alcolic' and HCl. Chlorine con- 
verts it into CH,.CC4.CH, and GH,.CHCl.CHjGl. 
Partially converted into NH^r by heating with 
cone. NH,Aq at 140° (Malbot, C. Ill, 660). 
ISOPROPYL CINNAMIC ACID v. Gcxtl. 

ACBYUO ACID. 

References.’— hmDO’, Chlobo-, and 4 Iitbo- 
Pboptl-cinnamic acids, 

PROPYL-m-CRESOL 0,;H,MePr.OH. (230®- 

336® at 734 mm.)* Formed, together with its 





pmpyl and di-propyl-m-oresol, by heating 
iM«et!esol with propyl alcohol and MgCl, (Maz- 
feara, 0» 12, 1B7, 832). Liquid, si. sol. water, 
sol. alcohol and ether. Not solid at - 15^ Not 
coloured by FeCl,. Yields a crystalline nitroso- 
derivative [140°J. 

Methyl ether MeA'. (226°) at 740 ram. 

Propyl ether PrA'. (235°- 240°). 

Acetyl derivative AcA'. (240°) at 743 
mm. 

l8opropyl.7n-creflol CflHjPrMo.OH. (238°). 
Formed in like manner by heating »7i-cresol 
with isopropyl alcohol and MgCl.^ (Mazzara, Q. 
12,605). Oil. Yield8C,H,(NO)PrMe.OH[167°]. 

Methyl ether MeA'. (216°-220°). 

Isopropyl ether PrA'. (230°-236°). 

liomeride v. Tuymol. 

Propyl.O'Oresol v. Carvacrol and Cymknol. 

Isopropyl-cresol CuH^PrMe.OH. (229° cor.). 
S.G. 5 1*0012. Formed by potash-fusion from 
the tn-isocymene derived from baniphor (Spica, 
G. 12, 652). Not coloured by FeClg. 

Ethyl ether ¥Ah! , (2'28° cor.). 

Di-propyl-m-l/resol C,H,Pr,Me.On. (250°). 
Formed as above. Liquid, yielding a liquid 
acetyl derivative (255°-260^. 

Di-isopropyl-M-cresol C,HoPr.^Me(OU). 

(261°), Formed at the same time as isopiopyl- 
m-oresol (M.). Liquid smelling like phenol, si. 
sol. water, insol. dilute potash. 

Methyl ether Mo A'. (243°). 

Acetyl derivative AcA'. (255°-260°). 

ISOPBOPYL-CUMIDINE C.H.Pr.Nlirr. 
(246°-260°). A product of the action of aniline 
and ZnCl.^ on isopropyl alcohol (Louis, B. 10, 
111). Liquid. Fonns a granular picrate. 

ISOPBUPYL CYANATE v. vol. ii. p. 315. 

PBOPYL CYANIDE v. Nitrile of Butyric 
Aom. 

PBOPYLENE C,H,. Mol. w. 42. S. -44 at 
0°; *22 at 20° (von Than, A. 123, 187), S. 
(alcohol) 13. S. (H SO,) 200 (Berthelot). H.F.p. 
8,220. H.F.v. 2,060 (Thomsen, T/i.|. 

Formation.— 1. Bypassing fusel oil, valcrio 
acid, or light petroleum through a red-hot tube 
(J, W. Ileynolds, A. 77, 118 ; Prunier, J. 1873, 
847).— 2. By distilling calcium oxalate with 
KOAc (Dusart, A. 97, 127).— 3. By the action of 
mercury (containing a trace of zinc) and fuming 
HGLAq on allyl iodide (Berthelot a. De Luca, A» 
92, 306).— 4. Mixed with H (i vol.), by reducing 
allyl iodide in alcoholic solution with granulated 
sino and HClAq (Tollcns a. Henninger, A. 156, 
156).— 6, From allyl iodide and HI (Butlerow, 
A. 145, 271).— 6. A product of the action of 
ZnEt, on CCl^ (llieth a. Beilstein, A. 124, 242) 
on allyl iodide (Wurtz, Bl. 5, 51) and on GHBr, 
(Beilstein, Bl. [2] 2, 61).— 7. By boiling n- or 
iso* propyl iodide with alcoholic potash (Freund, 
M. 8, 633 ; Erlenmeyer, A. 139, 228).-8. To- 
gather with other hydrocarbons, by treating 
propylene bromide with water and sodium* 
amalgam or with zinc and HClAq (Prunier, C. B. 
76, 98).— 9. By heating CCljMe,. or CBr.jMe,with 
Na at 140° (Friedel a. Ladenburg, Z. 1868, 48 ; 
Eeboul, A. Ch. [6] 14, 488).— 10. Together with 
oresol, by heating thymol with (Engelhardt 
a. Latschinoff, Z. 1869, 616).— 11. In the manu* 
laoture of oil-gas (Armstrong, C. J. 49, 74). — 
12. Together with ethylene, by heating allyl 
ll^hol with PA (B6hal. A. Ch. [8] 18» 860),- 


18. By heating N(0,Sr,), with 0,H,C1 at 190* 
(Malbot, A. Ch. [6] 13, 646). 

Preparation.— 1. By dropping propyl alcohol 
on strongly -hbated ZnGL^ (Le Bel a. Gceene, Am, 
2, 23).— 2. By pftsing gaseous HI into allyl 
iodide, PrI being also formed (Malbot, C. B. 107^ 
114 ; Bl. [2] 60, 449).— 3. By pouring an alco- 
holic solution of allyl iodide on zinc (Gladstone 

а. Tribe, B. 6, 1550 ; Niederist, A. 196, 368). — 
4. By dropping propyl alcohol (4 pts.) on PjO, 
(3 pts.) (Beilstein, B. 15, 1498). — 6. By mixing 
isopropyl alcohol (200 g.) with ZnCl.^ (650 g.) and 
heating after twenty-four hours (Friedel a. Silva, 
J. 1873, 322). 

Properties. — Colourless gas, liquefied by a 
pressure of eight atmospheres (Moltschanoffsky, 
J. ll. 21,31). Unites with Cl and Br. Its solu- 
tion in H.BO^ yields isopropyl alcohol on distil- 
ling with water. Cuprous chloride in HClAq 
absorbs it somewhat. HClAq heated with pro- 
pylene for seventy hours at 100° forms isopropyl 
chloride (Berthelot, A. 104, 181) ; HBr and HI 
act in like manner. Dilute CrOj forms acetone 
acetic acid and CO.^ (Berthelot, A. 150, 373). 
Alkaline KMn04 forms formic and acetic acids 
(Truchot, C. R. 63, 274). KCl added to a solu- 
tion of propylene in PtCl^ and HClAq ppts. 
C3n,,PtClaKCl aq (Birnbaum, A. 145, 72). 
Di-propylene v. Hexylene. 

References. — Bromo-, Di - bromo - ioi>o-, 
CiiLORo-, Chloro-iodo-, Di-ohloro-nitro-, and 

lODO- PROPYLENE. 

PROPYLENE-AC^TOACETIC ACID v. Aceto- 
ACETIC ACID and Methyl trimetuylenylmetuyl 

KETONE CARBOXYLIC ACID. 

PBOPYLENE-ALLYL.il^.THIO-UREA 

CH,^N(C H propylene- 

\j/-thio-urea and allyl iodide (Hirsch, B. 23, 973). 
Oil.- B'CbHjNsO,. [126°]. Triangular prisms. 

Isomeride ^™Nn>0;NO.H.. [6C»]. Got 

from A-bromo-propyl-amine and mustard oil. 
Prisms (from ligroin).— B'CJI,N.,0,. [130°].— 
B'CjANCS. [52°]. White prisms. 

PROPYLENE-DIAMINE C^H.^N, t.e. 
CH,.CH(NH2).CH,.NH2. (119°). S.G. W .878. 
Formed by heating propylene bromide with 
alcoholio ammonia at 10d°-160° (Hofmann, B. 

б, 308; Stracho, B. 21, 2368). Hygroscopio 
liquid, fuming in the air. Yields a hydrate 
(C3H,oN2),aq, boiling at the same temperature as 
the base, and dehydrated by Na. Benzoic alde- 
hyde forms oily C3H,(N:CHPh)2, decomposed by 
HCl into the parent substances. Acetoacetio 
ether forms oily G.,H,(NH.GMe:GH.002Et)2. 

Salts.— B"H2Cl2. [220°]. Very hygroscopio- 
needles.— B"H.2ptGl„. Small fonr-sided tables. 

Acetyl derivative C,Hs(NHAo),. [139°]. 
Needles, v. e. sol. water and alcohol. 

Benzoyl derivative CsHgBzjN,. [198°]. 
PBOPYLEN£-AMYL.i^.THIO-UB£A 

[sn (2671. Formed 
by heating allyl-amyl-thio-urea with eono. 
HClAq at 100° (Avenarins, B. 24, 264). 

FBOPYLEKB BBOXIDE v , Dx-bbomo-pbo- 

PANl. 

PROPYLENE TBIOAREOXYUO AOID, 
Ethyl ether CO^t.OH;CH.OH((XVBt)|. (17^ 



;; 


fti Fomil by fhe aotion of water or of 

1I.OHA, opon [94»]. 

which is ^ot by distilling di-carboxy-glutaconio 
ether in vmuo (Gatlizeit a. Dvessel, JB. 22, 1425). 
It is identical with iso-aconitic ether. 

Isomeride v. Aconitio acid. 

Propylene tetra-carbozylic acid 
(CO^),CH.C(CO,n):GILCO,H. [l‘J2°}. Got by 
saponifying its other. Colourless crystals (con- 
taining 2a(i). Gives off CO; at 180^. 

Salts. Saq. — l|aq. — 

3^aq. 

Ethyl ether Et.Ai^ (220°- 230° at 40 : 
mm.). Formed from sodium-malonic ether and 
bromo-maleio ether (Sehacherl, A. 220, 91). 
Isomerides. — Dicauhoxy-glutaconic acid and 

TrIMETUTLENB TETRACAnnoXYLIC ACID. 

PROPYLENE CHLORHYDRIN v. CnnoKo- 

PROPYL ALCOHOL. 

PROPYLENE CHLORIDE v. Dicitlouo- 

PROPANB. ! 

• PROPYLENE CHLOROBROMIDE v. Chloro- j 

BROMO-FROPANR. 

PROPYLENE GLYCOL C,H,0,t.g.C,H,{0II),. I 
Di-oxy-ijropane. Mol. w. 70. (180 ’). S.G. |j ' 

1-0527 (Z.). C.E. (0°-10°) -OOOOO. S. (ether) 
11. S.V. 85*2 (Zander, A. 214, 177). 

Fonnation.^1. lly saponifying its acetyl- 
derivative (Wiirtz, A. Ch. (3] 55, 43B).— 2. Dy 
reduction of CrLCl.CH(OH).CU/)II by sodium- 
amalgam (Lourenyo, G. ii. 53, 1043).— 3. Hy 
heating propylene bromide with PbO and much 
water at 150° (Jdtekoff, J. H. 10, 210).— 4. lly 
boiling propylene bromide with aqueous K,.COj 
for some days (Hartmann, J.^pr. [2] 10, 383).- 

6. By boiling propylene bromide (1 pt.) with 
water (30 pts.),the yield being 43 p.c. (Niederist, 
A. 100, 350).-— 0. By the action of the copper- 
lino couple and some HClAq on the product of 
the action of AcBr on glycerin (Hanriot, C. U, 
86, 1130).— 7. By treating allyl alcohol with 
dilute H^SO, (20 p.c.) or IICl (10 p.c.) (Solonina, 
Bl [2] 46, 816). 

Preparation. — Q:\ycQx\n (1,300 g.) is distilled 
with NaOH (500 g.) and the aqueous layer con- 
centrated and distilled; the yield is 140 g. 
(Belohoubok, B. 12, 1872 ; Morley a. Green, G. /. 
47, 182). 

. Properties. — Liquid, with sweet taste; 
miscible with water and alcohol. 

Reactiom. — 1. Water containing a trace of 
HCl forms propionic aldehyde at 215° (Linne- 
mann, A. 102, 61). It also yields propiojiic 
iddehyde on heating with ZnCL, (Flavitzky, li, 
11, 1256).— 2. Conc.HIAq forms isopropyl iodide 
(Wurtz, A. Suppl. 1, 381).— 8. PCI, forms di- 
obloro-propane. — 4. KOH at 250° forms oxalic 
acid and H. — 6, Ghromic acid mixture forms 
acetic acid (Flavitzky, J7. 11, 1256).— 6. Oxidised j 
by platinum black and air to lactic acid. — | 

7. Glyceryl trimetric forms, at 100°, oily ; 

CH,.CH(O.NO).CH.,.O.NO (100°), S.G, 2 1-44, I 
wluch explodes in sunlight (Bertoni, C. C, 1837, I 
8JS). j 

Acetyl derivative CfBtiOti.e. | 

C^(OAcV Propylene acetate. (186°). S.G. 
>1*109. S. 11. Formed by heating CgHiBr, 
with AgOAe and HOAo (Wurtz, ii. 105, 202). 
lieiitnl 


Mono-hcntoyl derivative 
OH,.CH(OBz).CE[«OH. Formed from the amine 
CH,.CH(OBz).CH«NH, imd HKO, (Gabriel a. 
Heymann, B. 23', 2501). Oil. 

Di-henuoyl derivative 
CH,.CH(OBz).CH,OBz. (240° at 18 mm.). 
Liquid (Friedel a. Silva, C. R. 79, 1379). 

Di. nitrate C,H„(O.NO,) 4 . S.G. « 1*335. 
Formed by dropping propylene oxide into 
' strungly-cooled fuming 11 NO, (Henry, A. Ch. 

I [4] 27, 261). Oil. 

I Chlorhyd^in t’. Chloro-proptl aloohol, 
Bromhydrin v. BiioMOrpRorYL alcohol. 
lodhydrin C,H,,IjOH). (105° at 60 mm.). 
Formed from propylene oxide and HI (Mar- 
kownikoff, 1870, 42:}). Liquid. 

Active propylene glycol C,Hy{OH).,. an* 
-4° 35' to —1° 15' in a 22 mm. tube. Formed, 
together with proj)ionic and lactic acids, by 
allowing Bacterium iermo to breed in ordinary 
inactive propylclic glycol (liO Bel, G. Ii. 92, 632). 
Yicids active propylene o.xido (35 ’) a„» -f 1° 10' 
in a 22 mm. tube. • 

n-Propylene glycol v. fl'iii - iinTnYLKNa 

OLYCOL. 

PROPYLENE IODIDE v. Di-iodo-propank. 
PROPYLENE MERCAPTAN C,H„{SH),. 
(152^ in vacuo). Formed by reducing propylene 
suipbocyanido with Zn and HClAq (Ilagolberg, 
Ii. 33, 1087). 

PROPYLENE OXIDE C,H,0 i.o. 

01^— Mol. w. 58. (35°). S.O. » *869. 

V.D. 2-0. Formed by warming propylene ohloro* 
hydrin with KOJlAq (Oser, iJt. 186(),237; Morley, 
JJ. 15, 179). Dried over KOII. Neutral liquid, 
smelling like acetone. Miscihle with water, aloo- 
liol, and ether. Keduced hy sodium- amalgam 
to isopropyl alcohol. Yields acetic acid when 
oxidised hy moist AgG (Linnernann, M. 0, 869) 
PROPYLENE-OXIDE C^BOXYLIG ACID v. 
Metiiyl-olycidio acid. 

I PROPYLENE PHENYL ETHYL XETATS 
I ^”'^ °>CPhEt. (235“ cor.). S.G. « -988. 

Formed by dropping C3H,jC1.01iz into a miitura 
of ZnEt., and toluene, and then adding water 
(Morley a. Green, C. J. 47, 134 ; B. 17, 3015). 
Oil, with pleasant odour ; sol. ether. Not 
attae.kcd by alcoholic potash, by AcGl, by Na, 
bv bvdroxylamine, by phenyl-hydrazine, or by 
HCl^i at 155°. HI at 2O0° yields PrI and 
phenyl ethyl ketone. By dissolving ift H^804 
i and pouring into water, it is split up into 
i propylene glycol and C^Hi.CO.C^Hj. Nitric acid 
o;;idises it to acetic and benzoic acids. Bromine 
I forms a mono-bromo- derivative (230°). 
i PROPYLENE - PROPYL - - THIO - DREA 
; ^i2^-^>C.NHPr. [237°]. Formed by heating 

allyl-propyl-thio-urca with cone. HClAq at 100® 
(Avenarius, B. 24, 264). Oil. — P i o r a t e [128°3* 
PROPYLENE SULPHIDE C,H,S. Formed 
from GsH^Br, and alcoholio Na,S (Hus«mann,A« 
120, 290). Amorphous powder. 

PROPYLENE BULPHOCYANIDE 0,H.N,8, 

I i.e. CH,.CH(SCy).CH.^(SCy), Formed by heatinn 
CsH^Br, with potassium Bulphocyanide and 
: alcohol at 100° (Hagelberg, B. 28, 1086). InioU 
water, aol. alccdiol and ether. 
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PROmENE DIStJLPHOJrtO Ada. 


PBOmsmS BISITLPHONIC ACID «. Pbo- 

fAXm DISULPHONZO ACID. 

PSOPTLENE BULPHONIC ACID 

CH3 :OH.CHj.SO,H. Formed by boiling allyl 
iodide with cone. Kj,SO^q (Von Rad, A, Kil, 
218).-~KA'. Crystalline 8olid.-(KA'),KJ,.— 
(KA'ljKI,. White solid. 

PBOPTLENE TBI-THIO-GABBONATE 
0,He:CS,. S.a. 22 1*81. Formed from CABr., 
and NajCS, (Husemann, A. 126, 269). Thick 
liquid, of disagreeable smell. 

PROPYLEEE.»)/.THIO-DREA t.e. 

0g^g^C:NH. Imido-methyUthiazole tetra- 

hydride. Formed by heating allyl-thio-urea 
with HGlAq (S.G. 1*17) under pressure at 100° 
(Gabriel, B. 22, 2985). Formed also from 
jS-bromo-propyl-amine hydrobromido and po- 
tassium sulpliocyanide (Hirsch, IJ, 23, 965). 
Liquid. - B',II.iHGl„. [212°]. -- B'HAuCl,. — 
B'C^H^N^O,. [200°]. — Mothylo - iodide 
[172°]. Colourless prisms. 

PBOPYIEHE 4.UEEA 

Formed by heating allyl-urea with HCiAq at 
100° (Gabriel, B. 22, 2990), and by heating 
^-bromo-propyl -amine hydrobromido with po- 
tassium oyanate at 100° (Hirsch, B. 23, 966).— 
[186°]. Noedlc8.-B',lUHCV 
PROPYL ETHER v. Di-piiopyl oxiua. 
PROPYL-ETHYLEEE v. Amylicnr. 
PROPYL-EDGENOL v. Euoenol. 

PROPYL FLUORIDE PrF. (2°). V.D. 2161 
at 20° (calc. 2‘17r>). S. 1 at 15°. Formed by 
gently warming AgF with Prl (Meslans, G. H. 
108, 352). Gas, with ethereal odour and hot, 
•weet taste. Has no action on glass when dry. 
y. sol. alcohol, ether, and benzene. 

Isopropyl fluoride BrF. (-6°). S. 1*6 at 
16°; S. (alcohol) 29 at 16°. V.D. 2*171. Formed | 
from AgF and Trl. Gas, not allected by KOHAq 
at 100°. Br at 30° forms a liquid (143°), while 
dblorine forms a liquid (105°). 


[192°].— B'jHjOjO. 2aq : [ 161 ®] ; plates op naadlM. 
— B'i^J^tClj: yellow prisms. 

Iiopropyl-glyoxaline. Olyoxal-isohuiyline, 
pi29°]. (o. 250°). Formed from gl^xal and 
isobutyric aldehyde-ammonia (Radziszewski, B. 
16, 747). Needles, sol. alcohol, benzene, and 
hot water.— B'HCl. [105°] (Rieger).— B'HBr. 
[222°j.-B'H,C,0,. [196°]. 

Di - propyl - glyoxaline C,H,PrN,. (227°). 
S.G. IS *939. Formed by heating propyl-gly- 
oxaline with PrI (Rieger, M. 9, 607). 

n-PROPYL-GLYOXYLIC ACID Pr.CO.COjH. 
(180°--186°) at 760 mm.; (115°) at 84 mm. 
Got by the action of HCl on the nitrile (133°-- 
137°) which is made from AgCy and butyryl 
i chloride (E. Moritz, C. J. 39, 16). Liquid. 

Amide G^H.O.CONH^. [106°]. Formed 
from Uie nitrile and cone. HClAq. 

Oxim PrC(NOH).CO,H. [144°]. Formed 
by the action of alcoholic soda and NaNO, on 
pfopyl-acetoacetio ether (Fiirth, B. 16, 2180). 
Small needles, v. sol. alcohol, si. sol. water. 

J Iflopropyl-glyoxylio acid *fPr.CO.CO..H. 4 
j mixture (93° at 45 mm.) of this acid with iso- 
I butyric acid is got by the action of HCl on di- 
isobulyryl dicyauide (iMoritz, C. J. 39, 14). 
Amide ’‘Pr.CO.CONH,. [126°]. 

PROPYL HEPTYL KETONE C,H,.CO.O,H„. 
[12°]. (222°). S.G. ‘828. Formed by distilling 
calcium butyrate (Ijimpricbt, A. 108, 185). 

PROPYL HEPTYL OXIDE PrOC,H,s. (188°). 
S.G. « *7987. S.V. 245*6. C.E. (0°-l6°) *00099 
(Dobriner, A, 213, 7). 

DI-ISO.PftOPYL-HEXINYL DIKETONE 

Pr.CO.CjHitCjHj.CO.Pr. Di-isobutyrone. (o. 
266°). Formed by the action of sodium on iso- 
butyric ether (Bruggemann, A. 246, 151). 

PROPYL - HEXYL - CARBINOL v. Decti 

ALCOHOL. 

PROPYL-HEXYL-GLYOXALINE O.H^PrNy 

Oxalpropylcenanthyline. (286°). S.G. *919. 
Formed from hexyl-glyoxaline and PrBr (Karez, 
M, 8, 222). Oil. 


ISOPROPYL-FORMAMIDE v. Formamide 
in article on Formic aoxu. 

DI-PROPYL.FURFURANE C,n,Pi,0, (120°). 
One of the products of the distil latiou of sodium 
citrate with lime (Bischoff, B. 23, 1918). 

DI-PROPYL-GLUTARIC ACID C„H,oO, i.e. 
(CO.,H.CH.Pr).,CH,. [89°]. Formed by heating 
((CO^).,.CPr),CH, above 170° (Drossel, A. 256, i 
190). Needles, v. si. sol. water, v. sol. other. I 
PROPYL-GLYCOL v. Propylene olycol. I 


PROPYL HEXYL KETONE Pr.CO.C.H,,. 
i [-9*5°]. (207°]. S.G. *824. Formed by 
' oxidation of the corresponding alcohol (W^agner, 

J, pr. [2J 44, 271). Needles. Oxidiaed by 

K. Cr.p, and 102804 to heptoio and propionic 
acids. 

Isopropyl hexyl ketone Pr.CO.CuHi,. (200°- 
210°). S.G. *841. Formed by di.stilling calcium 
isobutyrate with calcium heptoate (Fuchs, J. B. 
7, 334). Yields acetone, HOAo, and heptoio acid 
on oxidation. 


FROPYL-GLYOXAL. Mono-oxim. | PRO 
C,H,.CO.CH*.NOH. [61°]. Formed from methyl , 1*134 

propyl ketone, amyl nitrite, and HCl or NaOEt | the cab 
(Olaisen a. Manasse, B. 22, 528). Pearly plates. 232, 12) 
Di-oxim Pr.C(NOH).ClI(NOH). [168°]. Prop 
JDi-phenyl-di-hydrazide PrBaHl 

PrC(N,HPh).CH(N2HPh). [163°], Needles. PRO 

PROPYL -GLYOXALINE C^H.^N, (219°- Acn>. 

223°). S.G. M *267. Formed by heating gly- | ISOI 
Dxaline with PrBr ( Wallach, B. 15, 650 ; 16, 534 ; CMe/.N. 
A. 214, 321). Liquid, miscible with water. HgCl, ' phenol, 
added to its aqueous solution gives a pp. sol. 2755). 
HOlAq.— B'jH^PtCl,. Crystals, sol. hot water. I80-! 

Propjl-glyoxaliM (267»). 

Fanned from glyoxal, n-butyrio aldehyde and (Engler 
NH, (Bieger, if. 9 , 603). OU. - Liquid ; 


I PROPYL HYPOPHOSPHATE Pr4P.20,. S.G. 
, 1*134, Formed from AgjPpO^ and PrI (twice 

the calculated quantity) at 120° (Stinger, A. 
232, 12). Oil. Decomposed by hot water. 

Propyl-hypophosphate of barium 
PrBanP.Py 6aq. Needles. 

PROFYLIDENE-ACETIC ACID v.Pentbnozq 


I ISOPROPYLIDENE-AHIDO-PHENOL 
CMe/.N.OjH4.0H, [158°]. Formed from j)-amido* 

; phenol, acetone, and HOAo (Haegele, B. 26, 
2755). Colourless plates. 

ISO-FROPYLIDENE-ANILINE C^H^NtOMe^ 
(228°). V.D. 66*4 (calc. 66*5). From acetone 
and aniline in presence of dehydrating agents 
(Engler a. Heine, B. 6, 638 ; Bienm, A. 238, 10). 
I Liquid ; rapidly taming brown in gir. Its 



tBCtPYIi-MALONIO AOH). W 


Ate f . sol. water and alcohol.— F^H^SO^ : decom- 
poses at 235^ 

PBOPYLIDENE CHLOBIDE v. Di-obloro- 

PROPANE. . 

PBOPYLIDENE - HYDBAZIDO - BENZENE 
p.8ULPH0NIC ACID CMe,:N.NH.C,H^.SO,H. 
Got from p-hydrazido-benzeno sulphonio acid 
(phenyl -hydrazine p-sulphonio acid) and acetono 
(Pfiilf, A. 239, 21G). Platoa, in. sol. hot water. 

ISO-PROPYLIDENE HYDRAZINE 
CMe.^:N.NIIj. (125®). Formed from acetone and 
hydrazine hydrate (Curtins, J. pr. [2] 44, 543). 
Mobile liquid decomposing when kept, with 
evolution of N and NH,. 

ISO-PBOPYLIDENE-PHTHALIDE C„H,oOj 

t.«. [96'’]. Formed by 

heating phthalio anhydride with NaOAc and iso- 
butyric acid or pyrotartaric acid (Gabriel a. 
Michael, B. 11, 1083; Roser, B. 17, 2770). 
Needles, si. sol. hot water. Converted by boiling 
alkalis into Pr.CO.C„H ,.CO;^n. 

DMSO-PROPYLIDENE DISULPHONE v. 

TETRA-METin'L-ni-MKTHYLF.NE DISULPnoNE. 

ISOPROPYLIDENE - DI - THIO - DIGLY- 
COLLIC ACID CMe,(S.C[I,.COai),,. [127®]. 
Formed from thioglycollic acid, acetone, and 
ZnCl, (Bongartz, B, 21, 482). Crystals (from 
chloroform). 

ISOPROPYL INDOLE C.jII.aN i.e. 

(288®). Formed by heating 

the pbenyl-hydrazideof isovaleric aldehyde with 
ZnCL^ at 180' (Trcnkler, A. 218, lOfi). Oil, 
solidifies by cold. Yieldsa dihydrido (o.2fi0 ’) 
and a picrate cry.stallising in rod needles, j 
Di-isopropyl-indolo C,,HmN i.e. i 

Cu!ch!c;nU>‘^“' [G5'’]- (■•!'.)'*’ MO”). Formed 
by the action of dilute H,SO^ on isopropyl-pyr- 
role in the cold (Deunstedt, B. 21, 3430). Needles 
(from dilute alcohol). Colours acidified pino- 
wood red. Yields a picrate [115®] and an 
acetyl derivative [180®]. Benzoic aldehyde 
and ZnCl., form C.,.,H,.,N2 [c. 104®]. 

n-PROPYL IODIDE C,H,I. (102-5®) (Brown, 
Pr, 20, 238). S.Q. g 1-782'J (Dobriner, A. 243,24) ; 
^ 1-7073; if 1-7585 (Perkin); ^ 1*7427 (Briihl, 
A. 203, 15). C.E. (0®-10®) -00105. 1-5157. 

Rx, 47-05. M.M. 11-08 at 18®. S.V. 100-9. 
Formed from propyl alcohol (60 g,), iodine (127 g.), 
and red P (10 g.), the yield being 90 p.c. of the 
theoretical amount (Chancel, Bt. [2] 39, 018; 
cf. Linnemann, A. 100, 240). Oil. 

Isopropyl iodide PrI. (89°). S.G. 1-7033 
(Briihl); ff 1-7103; §f 1-7005 (Perkin). M.M. 
11*182 at 26°. pp 1-5108. Ux 47*48. S.V. lOH-3. 
Formed by the action of HI on isopropyl alco- 
hol, propylene glycol, glycerin, allyl iodide, or 
propylene (Linnemann, A. 161, 20 ; Wurtz, A. 
Suppl. 1, 381; Erlenmcyer, A. 126, 305; 139, 
228 ; Maxwell Simpson, A. 129, 127 ; Berthelot, 
A. 104, 184 ; Butlerow, A. 145, 275). Prepared 
by distilling glycerin (200 g.) with I (300 g.), 
water (160 g.), and clear phosphorus (55 g. 
added slowly) in a current of CO, (Mar- 
kownikoff, A. 138, 364 ; R. Meyer, J. pr. [2] 84, 
98). Obtained also by saturating allyl iodide 
with HI and heating in sealed tubes at 100® 
Malbot, C. R. 107, 114 ; Bl. [2] 60, 449 ; A. Ch. 
6] 19, 352). Oil, mvcrt«d by Br into FrBr. 
Yol. IV, 


The oopper-sino ooaple decompoaes it at 30^, 
giving off gases (Gladstone a. Tribe, C. J* 20, 
969). 

PEOPYL-ITACONIC ACID 0,H, ,0, U 

CO,H.CH.,.C(CO,H):CHPr. [169®]. Formed by 
heating propyl -paraoonio ether with alcoholio 
NaOEt, and saponifying the product (Fittig, A, 
256, 100 ; cf. Schmidt, A. 265, 83). Tufts of 
prisms, insol. chloroform, v. sol. ether. Reduced 
by sodium-amalgam to butyl -succinic acid [81®]. 
Bromine, followed by hot water, gives rise to 

t [larj.-BaA". 

I DI-FEOFYL-KETINE «. Di-uethtl-DI 

PROrYL-PYRAZINE. 

! DI-PROPYL KETONE C,H„0 i.e. COPr,. 

! Buh/rone. Mol. w. 114. (145°). S.G. if *8217 ; 

; -814.5. H.C. 1,053,001 (Louguinino, Bl. [2] 41, 

389). Prepared by distilling calcium butyrate 
alone or mixed v ilh CaCOj (Chancel, ^.52,296 ; 

: Ku'^z, A. 101, 205 ; Schmidt, B. 6, 69V). 
Formed also from ZiiPr^ and butyryl ohipride, 
by the oxidation of di-propyl-carbinol (Schtsoher- 
biikoff, J. R. 13, 346), and by heating butyryl 
chloride (1 mol.) with FeCl, (1 mol.) at 50® 
(llamouot, Bl. [2] 50, 355). Got also by heating 
I butyric anhydride with sodium butyrate at 180® 

■ (Perkin, G. J. 49, 325). It is also one of the 
products formed by tlie action of sodium on 
butyric ether (Briiggemann, A. 246, 140). Oil, 
sol. alcohol. Does not combine with NaHSO, 
or Nil,. Chromic acid yields propionio and 
butyric acids. Treatment with Zn and EtI fol- 
lowed by water gives etliyl-di-propyl-carbinol ; 
while Zn, McI, and water give inethyl-di-ethyl- 
carbinol (A. SaytzelT, J. 2 )r. [2] 31, 320). Sodium- 
amalgam forms BGc-heptyl alcohol and a pina- 
cone C„H,A (o- 1*01, yields 

CJ1„C1, (181°) and C,H„C1 (141®) (Tavildaroff, 
B, 9, 1442). Gives on chlorination, when cooled 
by ice and salt, the compound Pr.CO.CHCl.Kl 
(c. 175®) converted by NHj into tetra-propyl- 
pyrazine (Vludosco, Bl. [3| 6, 836). P.^O, forms 
(C,H,,)x (200® 250 ) (Tavildaroff, B. 9, 1442). 

1 Oxim Pr,C:N()H. (190®-196®) (Meyer a. 
i Warrington, B. 20, 601). Yields an acetyl 
! derivative. 

I Di-isopropyl -ketone Pr^CO. (124® oor.). 
S.G. ? *8230 ; V ’^063 (Poletreff, J. R. 20, 

' 672). H.C. 1,044,559 (L.). R^ 83*46. Formed 
: by distilling calcium isobutyrate (Popoff, B. 6, 
i 1255; Munde, B.7, 1370; A. 180, 327). Formed 
also by heating tetra-raethyl-phloroglucin with 
IlClAq at 200® (Spitzer, M. 11. 288). Oil, with 
ethereal odour, miscible with alcohol and ether. 

: Does not unite with NaHSO,. Reduces ammo- 
niacal AgNO,. Yields isobutyrio and acetic 
acids and CO,j on oxidation, and seo-heptyl 
alcohol (c. 140° cor.) on reduction. 

Oxim Pr,C:NOn. [8®]. (o. 183®). Liquid, 
converted by AcCl into Pr^CiNOAo, which on 
heating produces PrCO.NHPr (M. a. W.). 

Dipropyl-diketone v . Dibutyryl. 

Reference. — CHrx)R0-Di-i80PE0PYL-KET0Nl. 

PEOPYL-LTTPETIDINE tf.Dl-METHTL-PBOPYlr 

PYRIDINB BEXABYDBIDE. 

PEOPYL-LUTIDINB v. Di-mbthyl-pbopyl- 
pyridinb. 

PEOPYL-MALONIC ACID U. 

CHPrlCOjH) Mol. w. U6. [81°] 



PROPYL-MALONIO AOT), 


(F.)* H.C.p. 676,000. H.O.v. 074,700. H.F. 
284,000 (Stohmann, J.pr. [2] 40, 211). 

Ethyl ether (222°) (Fiirth, K. 9, 

809). S.G. *9931 ; U *9854. M.M. 10*307 
ftt 18° (Perkin, C. J. 45, 514). Formed from 
malonic ether, PrI, and zinc or NaOEt. 

iBopropyl-malonic acid CPrH(CO.^H) 2 . [87°]. 
n.O.v. 074,900. II.C.p. 675,200. H.F. 233,800 
(Stohmann). Formed by saponifying its ether, 
which is made from sodium-malanic ether and 
PrI (Conrad a. Bischoll, 13. 13, 595; A. 204, 
144). Prisms, sol. water, alcoho?, and ether. 
Yields iso-valeric acid at ISO"*.— Ag.A". 

Ethyl ether Et,A". (214°). ‘S.G. f *997 
(0. a. B.) ; j?- *9927 ; *9852 (Perkin). M.M. 

10*482 at 17°. 

References. — Di-biiomo- and Oxy- propyl- 

SIALONIC ACID. 

ISOPBOPYL-MALONIC ALDEHYDE NI- 
TBILE PrCH(CN).CHO. (137°). V.D. 3-83 (calc. 
3*87). S.G. .pii. Formed oy heating iodo- 
isovaloric aldehyde with KCy or AgCy (C'lau- 
tard, A. Ch. [01 16, 188). Oil which reduces 
Fehling’a solution. Miscible with alcohol and 
ether. 

n-PBOPYL MEBCAPTAN PrSH. Mol. w. 
76. (68°) (lloenier, D. 6, 78 if Schatzmann, 
A. 201, 7). Formed from PrBr and alcoholic 
KSH. Oil, smelling like mercaptan. Hg(SPr)^. 

Isopropyl mercaptan PiSH. (57°-00') 
(Henry, 13. 2, 495; Claus, B. 5, 059; 8, 532). 
Formed from PrI and alcoholic KSH. Hg(SPr)jj; 
white plates (from alcohol). 

PBOPYL-METHANE is Butane. 
Di-propyl-mothane v. Hki'tanb. 
DI-PBOPYL.TBIMETHYLENE TEISDL- 

PHONE CPr,<yQ*-^}[^>SO,. [297°]. Formed 

from sodium triincthylcne trisulphone and Pii 
in alcohol (Camps, B. 25, 244). Slender needles, 
xn. sol. boiling alcohol. 

Hexa - propyl • trimethylene trisulphone 

OP'.<sa!crr>®Os- Formed from 

the trisulphone, PrI, and alcoholic NaOH 
(Camps). Prisms, 

ISO-PROPYL-NAPHTHALENE C„H„ Ic. 
CjpHjPr. (205°). V.D, 5*85. Formed by heat- 
ing naphthalene with PrBr and AlCl., (Roux, 131. 
[2] 41, 379 ; A. Ch. [0] 12, 289). Oil. sol. alco- 
hol and benzene. Yields (iS) -naphthoic acid on 
oxidation.— B'OjHjjNsOt. [90°J. Lemon-yellow 
needles. 

PROPYL NITRATE PrNO,. (110*5°) (Per- 
kin, C. J. 66, 683). S.G. y 1*0031 ; 1*0531. 

M.M. 4*086. Formed by distilling n-propyl 
alcohol with HNO, and a little urea (Wallach a. 
Sohulzo, B. 14, 420). Forms with anthracene 
C„H,oPrNOs [92°] crystallising in four-sided 
prisms (Perkin, jun. a. Mackenzie, C. J, 61, 806). 

Isopropyl nitrate PrNO,. (102°). S.G. 2 
1*064 (Silva, A. 164, 256). 

jHe/erc»u;e.— CuLORO-isoi’UOPYL nitrate. 
PROPYL NITRITE PrO.NO. (43°-46°) 
(Cahours, C. R. 77, 749) ; (63°-G0°) (Pribram a. 
Handl, M. 2, 665). S.G. 2^ *935 (C.) ; *998 

(P. a. H.). Formed by passing nitrous acid gas 
into n-propyl alcohol. 

Isopropyl nitrite BrNO.^. (44°). S.G. 2 
•866; 2£ *844 (Silva, Bl. [2] 12, 227; Kissel, ! 
R. 1882, 22G). | 


PROPYL 4 .-NITROLE OJB[,N,0, U 
CH 3 .C(NOj)(NO);CHr Mol. w. 118. [70®] 

(Bewad, B. 24, 976). Formed by adding KNO, 
and dilute H^SO, to an alkaline solution of iso- 
nitro-propane CHMoj.NOg (V. Meyer a. Looher, 
jB. 7, 070; A. 176, 120), Monoclinio crystals, 
insol. water and alkalis. Forms a blue liquid 
when fused. Its solutions in alcohol and chloro- 
form are blue. 

PROPYL-NITROLIC ACID CaH^NjO^ i.e, 
CIIa.CH,.CH(N02)NO or CII.,.CH,.C(NO,):NOH. 
[00°J. Formed by adding potassium nitrite and 
dilute RjSO, to an alkaline solution of nitro- 
propane CHa.CH.,.CHo.NO.. Formed also from 
Et.CBr„.NO^ and hydroxylamine (V. Meyer, B. 
7, 070 *, 9, 395). Prisms, with sweet taste, v. 
sol. water, alcohol, and ether. Alkalis form a 
deep-red solution. Cone. H.SO^ forms propionic 
acid and N.,0. 

PkOPYL OCTYL OXIDE Pr.O.CHH,,. (207°). 
g.G. ° *8039. C.E. (0°-10°). *00101. S.V. 

272-4 (Dohriner, A. 243, 7). 

DI-PROPYL OXIDE Pr^O. Propyl ether. 
(90-7° i.V.). S.G. fl *7033 (Zander, A. 214, 103). 
C.E. (0°-10°) *00125 (Dobriner, A. 243, 20). 
S.V. 160*9. Formed from PrI and KOPr (Chan- 
cel, A. 161, 301). Got also from PrI and Ag,0 
(Linneraaiin, A. IGl, 37) and by heating n-propyl 
alcohol with Il.SO^ at 135° (Norton a. Prescott, 
Am. 0, 243). 

Di-isopropyl oxide Prp. (08*8° i.V.). S.G. 
2 *7435. C.E. (0°-10°) *00130. S.V. 151*6 
(Zander). Got from PrI and Ag.,0 (Erlcnmoyer, 
A. 120, 306). 

PROPYL OXYBDTYL KETONE 

a,H,.CO.CH(()Il).CaU,. ButyroU. (180°.-190°). 
Formed from di-7i-propyl diketone and alcoholic 
KOH (Klinger a. Schmitz. B. 24, 1273). Yields 
a phenyl-hydrazide [135°], 

PROPYL-PHENOL v. Cumenou. 

PROPYL-PHENOL CARBOXYLIC ACID v. 

OXY-COMINIC ACID. 

Isopropyl-phenol dicarboxylic acid 
C,,H,Pr(01I)(CO,H).^ [295°]. Formed, together 
with oxy-cuminic acid, by the action of Naand 
CO. on isopropyl-phenol (Fileti, O. 16, 126). 
Tables or needles, sol. water and alcohol. 

j».PROPYL.PHENYL.ACETIC ACID 
CjII;.CaII,.CH^COJI. [62°]. Formed by saponi- 
fying the nitrile, which is got from w-chloro- 
cymene, alcohol, and KCy at 100° (Rossi, 
A. Sup^l^ 1, 139). Small needles (from hot 
water). —AgA' : slender needles. 

References.— AiiwO’ and Oxy-propyl-phentl- 
ACKTIC ACID. 

PROPYL-PHENYL-AMINE v. Amido-phenil- 
propane and Propyl-aniline. 

ISOPROPYL-PHENYL- v. Cumtl-. 

ISOPROPYL-PHENYL-CINNAMIC ACID 
Pr.C«H,.C(CHPh).CO,H. [184°]. Formed from 
Pr.CuH,.CHj.CO.;Na, benzoic aldehyde, and Ac^O 
(Magnanini, O. *15, 5091. Needles (from dilute 
alcohol).— CaAV—Ag A . 

ISOPROPYL-PHENYL-^-CODMARIC ACID. 

Methyl derivative 

Pr.C,H,.ClCO,H):CH.C„H,.OMe. [199°]. Formed 
from Pr.CjHj.CHj.CO^a, anisic aldehyde, and 
Ac.p (Magnanini, Q. 15, 611). Prisms (from 
alcohol).— Ag A'. 

Bl-p - PKOPYL - DI - PHENYL - CYANAMIDB 
C(N.C,H,rr)^ [168°]. Formed by heating 



PBOPYL-PYRIDINE. 


m 


CS(KH.OJl4Pr), with benzene and PbO (Franck- 
■en, B. 17, 1228). Needles. 

PfiOPYL-BENZONITKILE v. Nitrile of Co. 

MINIC ACID. 

ISOPBOPYL - DI - PHENYL - ETHYLENE 

C,Hs.CH:CH.C,H.Fr. [84°]. Formed by heat- 
ing phenyl-acGtio acid with ciiminic aldehyde 
and NaOAo at 250’’ (Michael, Anu 1, 314). 
Scales (from alcohol), v. si. sol. hot water. 

DI .p - PBOPYL . DIPH£NYL - GI^ANIDINE 
NH:C(NH.C.H^Pr),. [113°]. Formed by heating 
di-propyl-di-phenyi-thio-urea with alcoliolic Nl4 
and PbO (Francksen, B. 17, 1225). Needles, v. 
sol. warm alcohol and ether. - Platiuochlor- 
ide (C,pH.,.N.,),II,PtCl,i: yellowish-brown pp. 

Tri-propyi-tri-phenyl-guanidine 
C,H,PrN;C(NH.G,ll.Pr)... Formed by heating 
CS(NH.C,H,Pr), with C,JI,Pr.NH„ alcohol, and 
PbO. Amorphous rosin, v. sol. alcohol. — 
B' ILPtClg : brown powder. 

pu.PR0PYL.PHEN7L METHYL KETONE 
Cn,.CO.C,;H,Pr. (253° i.V.). S.G. MITU. 
Formed from n-cumene, AcCl, and AlCl^ (Wid- 
mann, B. 21, 2224). Colourless liquid. Yields 
anoxim [54°J, which melts at 44° after fusion. 
The phenyl-hydrazide [92°] forms six-sided 
hatchet-shaped tabb'S. 

Isomeride CH;,.aO.C,H,Pr. (253°). Yields an 
oxim [7P'j and a phcnyl-h ydrazide [82°J. 

ISOPROPYL-PHENYL PHOSPHATE 
PO(O.C.,H,Pr),. (375°- 380° at 280 mill.). Got 
from isopropyl-phenol and PBrj (Fileti, G. 10, 
130). Viscid liquid, iiisul. water, sol. alcoliol. 
p . ISOPBOPYL - (Py. 3) -PHEN YL-QUINOL- 

IKE 0,.H„N i.e. H [60"]. 

Formed by heating its carboxylic acid with soda- 
lime (Dobner, A. 219, 102). Needles, si. sol. 
water. — B',H.dHCl„ 2aq. — B'Jl.CrG,. — 
Picrates; [195°]; plates (from alcohol). 

Carboxylic acid 

[201°]. F'ormed from cuminio aldehyde, pyru- 
vic acid, and aniline (DObnor). Yellow plates 
(from HOAc).— AgA' : white powder. 

p-PROPYL-PHENYL-THIOCARBIMIDE 
C„H^Pr.N:Crf. (203°). Formed by heating di- 
propyl-di-plienyl-thio-urea with syrupy II^PO* 
(Francksen, B. 17, 1223). Oil, volatile with 
steam, v. sol. alcohol and ether. 

^-PROPYL-PHENYL-THIO-URE A C,„H„N.,S 
i.e. NH,.CS.NII.C,lI,Pr. [159°]. Formed from 
amido-phenyl -propane hydrochloride and am- 
monium sulphocyanide (Francksen, B. 17, 1222). 
Needles, sol. alcohol and ether. 

Di-pri pyl-di-phenyl-thio-urea 
CS(NH.CuH^Pr}.^. [138°]. Formed from amido- 
phenyl-propane, CS^, and alcohol (F.). Plates. 

PROPYL-PHENYL-UREA C„.H, ,N,0 i.e. 
Ni4.CO.NHC,H,Pr. [143°]. Formed by the 
action of potassium cyanate on amido-phenyl- 
propane hydrochloride (Francksen, B. 17, 
1225). Plates, sol. hot alcohol, insol. water. 

l)i- 2 )-propyl-di-pheayl.urea CO(NIIC,jH,Pr) 2 . 
[205°]. Formed by heating amido-phcnyl- 
propane with urea. Formed also by the action 
of COO 4 on amido-phenyl-propane in benzene, 
and by heating amido-phenyl-propane sulphate 
with a saturated solution of potassium cyanate. 
Needles, y, sol. ether and hot alcohol. 


PROPYL PHOSPHATE PO(OPr)^ Formed. 

together with PrCI and PO(OH),.(OPr) (which is 
sol. wafer) by the action of POlj on n-propyl 
alcohol (Winssinger, Bl. [2] 48, ill). Oil. V. 
si. sol. water, its insolubility being greatest 
at 75°. Cannot bo distilled, oven in vnctio. 

ISOPROPYL-PHOSPHINE PrPH>. (41°). 
Formed, together with Pr dMI (118°) and l*rjP, 
by heating PrI with PH ,1 and ZnO for (5 hours 
at 100° (Hofmann, B. <>, 292). Liquid, with 
pnietrating gdour. lleadily absorbs oxygen, 
taking fire on a hot day. —'‘Bill : decomposed by 
water. 

Tri-isopropyl-phosphine Pr.,P. Oil. Forms 
red crystals with CSj. — Pi\PUL Largo crystals, 
V. sol. water.— Pr, PI. Cubes or octahedra. 

Di-chloro-isopropyl-phosphine PrPOl,,. (0. 
135^). Formed by heating HgPr, with PCI, 
(Michaolis, B. 13, 2175). Liquid. 

Reference. — O'.vY-tui-piiopyl-puosi'iiink. 
P*0PYL PHOSPHITE P{OPr),. (240°). 
S.G. 15 1*004. Formed from PCI, and NaOPr 
(Jaehne, A. 25G, 282). Liquid. • 
ISOPROPYL-ISOPHTHALIC ACID 
C,.H,Pr(CO.,H)., [1:3:5J. 1285°]. Formed by 

heating pyruvic acid with isobutyrio aldehyde 
and Ba(OH), (Doebnor, B. 23, 2380 ; 24, 1748). 
Plates (from dilute alcohol, v. si. sol. cold water). 
— BaA" 2.)aq. CaA" 2 ^aq. — Ag.^A'' aip 

PROPYL-PHYCITE. According to Fauoon- 
nier (C. It. 107, 629), the substance described 
under this name by Oarius (A. 134, 71) is 
glycerin. 

PROPYL-PIPERIDINE v. PaoPYL.pYnrDiN* 

HUXAHYI)1UDI5. 

PRUPYL-PROPANE v. IIiaane. 
(a)-PROPYL.PYRIDINE ChH„N U. 

(108°). Formed 

by distilling coniine hydrochloride with zinc- 
dust (Hofmann, B. 17, 825 ; Ladenburg, A. 247, 
20). Light oil, with blue fluorescmice. Yields 
picolinic acid [131°] on oxidation. Kediiced by 
Cone. HIAq at 290°. to coniine. - B'.Jl^PtCl,, 
[160°] and [172°]. Orange monoclinio tables, 
rt:5:c=-10.;22:l:l-5356 ; /3.= 87° 13'.-B'MeI. 

Oil.— B'.,.Me^PtCla. Crystals, si. sol. water. 

Ttlrahydride or 

ClI,.CH,.CII;C<™|;^',]“>CHy This is (7)- 

conicoino (vol. ii. p. 248). Yields coniine on re- 
duction with tin and IICI (Lollmann a. Muller, 
B. 23, 680). 

Ihxahydride In- 

active coniine. fl67°). S.G. ^ *8626. Formed 
by reducing (a)-allyl-pyridine (derived from (o). 
methyl-pyridino and paraldehyde) in alcohoho 
solution with sodium (Ladenburg, B, 19, 2679 ; 
A. 247, 80). Oil, optically inactive. Can be 
separated by means of the acid tartrate into a 
dextro- modification (coniine) and a liuvo- modi- 
fication.— B'HCl. [203°] (L.) ; [213°] (L. a. M.). 
V. sol. water.-B',R;:HCl,.-B'.,H,Cdl4. [118°]. 

(E).Propyl.pyriau« H<cuicPr>°^ 
lidine. (170°). Got by passing nicotine through 
a red-hot tube (Gahours a. Etard, J. 1881, 928). 
Yields nicotinio acid on o^^ation. 
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propyl-pyridine. 


(a) • liopropyl - pyridine N 
C169®) SO.fi *9342. Formed, together with 
the (Vl-isoraeride, by heating 
and VrI at 290° (Ladenburg, R. 17, 772, 1121 ; 
18, 1687 ; A, 247, 22). Liquid, with unpleasant 
odour, b 1. sol. water. Gives picolinio acid on 
oxidation with KMnO^— B'aHaPtClg. [JJ® 3* 

Hexaconal rhombohcdra, flic = 1: *948 J.— 
B'HAuCI,. [91°].-B'C«H,N,0,. [Ilf]. Needles. 
Merourio chloride double se.lt; [90 ]. 

■“'"S&in OA.K. aa. . 

•896. Formed from the hexaliydrule, Br, ^d 
KaOHAq (Ladenburg, B. 20, 1040).— B'^HaPtCl,. 
[189^. Tables. 

Hexahydride OgHuN i.e. 

NKcHPr'.c^®®^- 8.0. * -secs. 

Formed by reduction in alcoholic solution by 
Na (Ladenburg, A. 247, 73). Liquid, mor» sol. 

‘ cold than hot water. Converted by Mel into 

N“«<OHVrCH>°®« 

(0^,.N),C8; 1105“]. - B'HCl. Tri- 

metric prisms ; a:6‘.c*» *814.1. 41.). — B iiiir. 
[233°].— B'HL [243°]. — Ti'jH.^rtClg. [193°]. 
Monoclinic prisma; a:6:c = *977:1:1 *385; 
-89°88'.-’‘B'gH.,CdI,. [133°]. 

i^.Propyl.pyridine hexahydride 
NP<CH;CH^>^^ (149°-150°). Formed 
from piperidine and Prl (Ladenburg, B. 14, 1348). 
Liquid.— B'jHijSnCIg : monoclinic crystals. 
i/.Isopropyl-pyridine hexahydride 

otystttlB (HjortdaU, J. 1882. 1086).-B'..H,PtCl.. 
(7) . Iiopiopyl - pyridine 


(178°). S.G. » *9439. Formed as above, being 
separated by means of the platinochloride, 
which is more soluble than that of the (a).i80- 
meride. Oil. Yields isonicotinio acid [306°] 
on oxidation.-B'.,U.^HClg. [205°]. Plates. 

Hexahydride 

(171°). Formed by reducing (7) -isopropyl* 
pnidine in alcoholic solution by Na. Fuming 
liqnidp v. sol. cold water. — B'gHjPtClg. [172 ]. 
Golden prisms, si. sol. water. 

i?e/grence5 .— Oxx-propxii-pxbidinx and Oxr- 

PBOPYIrPIPBRlDINE. 

FBOFYL PYBIDYL ketone V. Pymdtl 

VBOPYL KXTOMl. 

propyl . PYROGAILOL C,H„0, ». e, 

O-HJr(OH)^ [80°]. Got by heating its di- 
SSyl oSm *ith Lo. HClAq at 130“ (Hof- 
mann, B. 8, 67 ; 11. 329). Prisma (Irom benz- 
ene). T. e. aol. water and alcohol. .FoSO, ooIomb 
its aqueous solution blue (Pastrovitoh, M. 4, 182). 

M,thyl »thtr C.H^r(OH),(OMe). (290“ 
oor.). S.G. “ 1*023. Occurs, together with the 
di-methyl ether, in beech-wood tar (Pastro- 
vitoh). Oil, with smoky smell. Gives an “»• 
tense bluish-green colour with FeCl, in alcohol. 
— OAPr(OK),(OMe). Pearly crystals (from 
dilute alcohol).- 0*H*Pr(OAo)a(OMeJ. 

Needles (from alcohol).— OgBr^(OAc),(OMe). 
[78°]« Golden needles. 


Di-methyl ether 0,H^(0H)(0Me)- 
Picamar, (o. 286° cor.). Occurs in beech-wood 
tar (Reiohenbach, A, 8, 224; Niedenst, M, 4, 
487). Oil, with bitter, burning taste. Reduces 
salts of Au and Ag. Yields the di-methg ether 
of di-oxy-quinone on^ oxidation. — 

Pearly leaflets (from spirit). — 0,,H,5Ac0||. [87 ]. 
Monoclinio prisms; a:b:c = *39:1: *647 ; P 

-90“ 29'.-C.,H.J3r^cO. [101“]. Trimetno 
prisma; o;Ji:c = '99:l;l"93.— C|,H|,BzO,. [91 ]• 

Tri-methyl ether C.H..Pr(OMe),. (1M“ • 
Formed from propyl-pyrogallol and Mel (Will, 

B. 21, 2020). 

n-PROPYL-PYRROLE C,H,iN i.a. 

Formed from potassium 

pyrrole and Prl (Zanetti, B. 22, 2518). LiquicL 
Isopropyl-pyrrole C,H,PrN. (174°). Formed 
by boiling pyrrole with acetone and ^nCij 
(Dennstedt a. Zimmermann, B. 20, 851; 21, 
1480). Liquid. Dry HCl passed into its 
ethereal solution forma (C,II„N).HC1. a oryatel- 
line salt yielding a liquid base (o. 287 ) and a 
pierate (C,H„N)..C„H.N,0, [U6“]. MO Jorms 

C, H,l’r:NAc (222“-232“) and C.HiAcItiNHLOd ] 
(251°). 

ISOPROPYL-PYRRYL STYRYL KETONE 

NHCqHFr.CO.CH-.CHPh. [143°]. Formed by 
boiling NIIC.H-Pr.CO.CH, with benzoic alde- 
hyde and dilute KOHAq (Dennslodt a. Zimmer- 
mann, B, 20, 853). Yellow crystals. 

(B. 3)-I80PR0PYL.QIJIN0LINE 0,iH„N i.e. 

cF*CII C N^*CII Cumoquinoline. Formed 
by ^heating {Py, 3)-chloro-i8opropyl-quinoline 
with a solution of HI in HO Ac (Widman, B. 19, 
267) Oil, easily volatile in steam.— Salts : 
B',H,PtCl«2aq. [220°]. — Pierate : [206°]. — 
Chromate : [o. 92°]. Large red pnsms. 
MethylO'iodide B'Mel. [o. 200°]. 

{Py. 2) -Isopropyl-quinoline 


(276°-280°) at 716 

mm. Formed by distilling its {Py. 3)-carboxylio 
acid (Spady, B. 18, 3383). Liquid, v. sol. alcohol 
and ether. — B'-^laPtClg. — B'-^HrCrjO,. 

B'CgHgNgO, ; long slender needles. 

{Py. 3) -Isopropyl-quinoline 

(266°). Formed by heating its {Py. 
oxylic acid with soda-lime (Doebner, B. 2(), 279 ; 
A. 242, 279). Oil, smelling like quinoline. — 
B'gH^PtCl, 2aq ; yellow needles.— B'CgHjNgO,. 
[160°]. Yellow plates (from alcohol). 

B«/ercnce.— C hlobo- and Oxy- isopbopy^ 
quinolik*. _ 

{Py. 2)-IB0PR0PYL-QUIN0LINE {Py. 8 )- 

CARBOXYLIC ACID 0#H4<^n=oSojH* 

Formed by oxidation of {Py. 2,3)-i8opropyl-iso. 
butyl-quinoline with CrO, and dilute HjSOi 
(Snadv. B. 18, 8379). Plates (from dilute al- 
cohol). -AgHA',HNO,.-(HAWt01.: prisms. 
(Pi/. 3)-Isopropyl-quinoline {Py. l)-«arb* 

.1711. MiacA<^S£^'oft- 

together with 0,^0.^ fl [asai. V 
amUne to an aloohSio solution of iBobutvtio 
aldehyde and pyruvic acid (Doebner, ^ 

276 1 B. 20, 279). Prisms (ocmtammg 1 Jaq)^ 
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nAfttOL - (HAOAPtCn^* - (HAOtHAoOl*; 

lemon-yellow needles.— AgA'. 

FBOPTL SILICATE Si(OPr)4. (226°). S.G. 
AS *915 (Cahoors, C. B. 76, 1383). On heating 
with SiCl, at 160° it yields (PrO),SiCl (209°) and 
(?rO)^iClj (187°). 

DI-PROPYL-DLSTYBYL KETONE 
(0,E4.C,H,.CH:CH),C0. [106°]. Formed from 
ouminio aldehyde, acetone, alcohol, and NaOHAq 
(Claisen a. Ponder, A. 223, 148). Prisms. 

ISOPEOPYL-STYEYL-PHENOL. Methyl 
ether. O.H*Pr.CII;CH.C,H,OMe. [152°]. Got by 
heating C«H,Pr.C(COaH):CH.C,H,OMe (Magna- 
nini, 0. 16, 513). Pearly scales (from alcohol). 

PE0PYL-8UCCINIC ACID CjH.jO, Lc. 
COj^.CH.^.CHPr.CO,H. Oxy-hexic- acid. [92^'J. 
Formed by heating pentane tri-carboxylic acid 
(Waltz, B. 15, 008 ; A. 214, 69). Got also by re- 
ducing oxy-hoxio acid with zinc and II.SO4 (Gor- 
boff, J. B. 1887, 605 ; Walden, B. 24, 2036). 
Iso-propyl-saccinio acid v. Pimelio acid. 
Di-isopropyl-succinio acid C,„H,g04 i.e. 
CO.^.CHPr.CHPr.COJl. [168°]. The ether is 
formed from a-bromo-isoyaleric ether and finely- 
divided silver (Hell a. Mayer, B. 22, 48). Den- 
dritic crystals (from water). — BaA" 5aq. S. 7*7 
at 17°.-CuA" aq. S. *099 at 24°. -SrA” 3aq.— 
Ca A"4aq.— MgA"7aq.-CoA" 7aq.— NiA" 5aq. - 
CdA"4aq.-MnA"7aq. S. 4*71 at 21°. — ZnA". 
— PbA".— AgjA". S. -062 at 20°. 

Isomeride [200°]. Accompanies 

the preceding acid. Granular crystals. — 
BaA" 2aq.— Sr A" 4aq.— CaA" 2aq.— MgA"5aq. ~ 
MnA" 3aq — NiA" 4aq. — CuA" Baq.— CdA" 3aq. 
— ZnA".-PbA". -Ag,A". 

OxY-i*uoPYL-8ucciNic acid. 
TEXEA-PROPYL-SUCCINIMIDINE C„H„N, 

^*^‘CH*C(NPO^^* Buccin-imido- 

ethyl ether hydrochloride, NHPr.,, and alcohol at 
60° (Pinner, B. 23, 2930).— B'211NO,. [53°].— 
B'aH.^tCle. [174°]. Needles, si. sol. hot water. 

PROPYL SULPHATES. 


[210®] and [195®].-(Pr^)aPt(NO,)r Oecurs in 
two varieties, an oil and a crystalline body [70°] 
which yields (Pr,S)2Pt(NO,)(OH) [145°].- 
(PrjS),PtCr04. Rod prisms (from chloroform). 
(Pr.,S).jPtCaO. : crystalline pp.— (PrjS)^t(8CN). ; 
yellow pp.— (Pr,S).PtOl,HgCl,. [82°]. Trimetrio 
crystals, a:&:c~ ‘6^4:1: *591. 

Propylo-iodide SPr,I. Yields the com- 
pound tSPrgCl).^PtOl4 (Cahours). 

Isopropyl sulphide Pr.B. (121° i.V.j. Formed 
by distilling PrI with alcoholic K,S (Henry, B, 

\ 2, 495 ; Bechmann, J. pr. [2J 17, 459). Oxiaised 
by KMnO, to Pr,SO., [36°]. Yields Pr.SHgOlr 

Compounds with salts of platinum 
(Blomstrand) (Pr.^S).4PtC1.4. [163°]. — 

(Pr..S),PtBr,. [174°].- (Pr,S)jPtl... [176°]. - 

(Pr;S),Pt(SCN),. [102°]. — (Pr,S),Pt(NO,)y 
Prisms, decomposing at 2 10°.— (Pr.4S)..Ptl4. [139°]. 

Di-propyl disulphide Pr^S^. (193°). (Spring 
a. Legros, B. 15, 1910). 

Di-isopropyl disulphide Pr.^S,. (175°). A pro- 
duct of the action of Na and Mel on isopropyl 
mercaptan in ether (Obermeyer, B. 20, 2923). 

PROPYL SDLPHOCYANIDEPrSCN. (163°). 
Liquid (Schmidt, Z. 1870, 676). 

Isopropyl Bulphocyanide PrSCN. (160°) 
(Henry, B. 2, 490) ; (153°) (Gerlich, A. 178, 90). 
S.G. ^ -963. Formed from Prl and potassium 
aulphocyanido. Liciuid, decomposed by boiling 
water. H,S yields NHj.CS.Pr [97°]. 

DI-jt-PROPYL SULPHONE Pr,SO,. [80°]. 
Formed by oxidising Pr^SO (Winssinger, Bl. [2] 
48, 111). Scales, sol. water, alcohol, and ether 
Volatile with steam. 

Di-isopropyl sulphone Pr.;SO,. [36°]. Got 
by oxidising Pr.^S with KMuO, (Beckmann, J.pr, 
[2] 1*7, 459). V. sol. water and HClAq. Not 
affected by reducing agents. 

DI-PROPYL SULPHONE DICABBOXYLIC 
ACID SO,(CIIEt.CO,H).4. Sulpho-dibutyric add. 
[162°]. Formed from SO,(Ctt,.CO,Kt)^ EtI, 
i and NaOEt {Lov6n, B. 17, 2817). Dimetrio 
^ octahedra. 


Propyl sulphuric acid PrO,SO.,.OH. Formed 
from propyl alcohol and H^SO^ (Chancel, 0. li. 
87, 410). - KA' : needles, v. sol. water. — 
BaA',3aq (Schmidt, Z. 1870, 676). 

Di-propyl sulphate Pr.^S04. Formed from 
propyl alcohol and ClSO.^OH (Mazurowska, J.pr. 
[2118,162). Oil. 

'DI-»-PROPYL SULPHIDE Pr^S, (142°) 
(Winssinger, Bl. [2] 48, 109). S.G. ^ -814 (C.). 
Occurs in raw petroleum (Mabery a. Smith, B. 
22, 3303). Formed by heating K^S with PrCI 
or Prl in alcohol (Cahours, C. B. 76, 133). 
Fetid oil. Bromo-acetio acid forms the acid 
Pr,SBr CHj.CO.4H, which yields Pb,A'Brg and 
Pb^'Br, (Letts, Tr. E. 23, 586). 

Compounds with platinum salts 
(Blomstrand, J. pr. [2J 38, 354, 498). — 
(PrjS)jPtCh. Occurs in three varieties : (a) [4C°] 
S. (alcohol)* 15-6 at 16°, (0) [86°], and (7) [63°]. 
Alcoholic KOH (1 mol.) acting on the (a)-com- 
ponnd forma crystalline (Pr2S)^HCl(OH).— 


[Pr,S;PtBr.C4 [129°J.-(Pr,S)^tIj. [133°]. 

Bed prisms. -(Pr,S)^ 4 * [161°]. Crystals.- 
(Pr,8)(Et,8)PtL. [116°]. - (Pr,8)(PrjS)Pt4 

(Pr^)3Pt(NO|)r OoouTi in twolonns 


Di-isopropyl sulphone dioarboxylio sold 
SOj(CMe.4.CO.Ji)j. [188°]. Formed from 
S0.iciL4.C0.4Et).j (1 mol.), Mel (4 mols.) and 
NaOEt (4 mols.) (Lov6n, B. 17, 2824). 

DI-PBOPYL SULPHOXIDE Pr,SO. [16^. 
Got by oxidising Pr.^S with dilute HNO, (S.G. 
1-2) (Winssinger, B. 16, 829 ; BL [2] 48, 110). 
Needles, sol. water, alcohol, and ether. Decom- 
posed by heat. Readily reduced to PTjS. Cal- 
cium nitrate forms (Pr2SO)g6Ca(NO,)2i a fibrous 
mass [80°]. 

0.1SOFBOFYLTHIENYL ETHYL KETONE 
C^HjPrS.CO.G^Hj. (261°). Formed from (0)- 
isopropyl-thiophene, propionyl chloride, and 
i AlCl, (Thiele, A. 207, 136). Oil, volatile with 
steam. Appears to yield isopropyl -thienyl- 
glyoxylio acid on oxidation with alkalme 
KMnO.. 

PROPYL-THIENYL GLYOXYLIO ACID 
0,H2PrS.C0.C0.4H. Formed by oxidising propel 
thienyl methyl ketone with alkaline KMn04 
(Ruffi, B. 20, 1746). Solid. -AgA\ 

PROPYL-THIENYL METHYL KETONE 
CjHjPrS.CO.CHj. (265°). Formed by the action 
of AcCl and AlCl, on a solution of (a) -propyl- 
thiophene in ligroin (Ruffi, B. 1744). 
Liquid. Yields an oxim [55°| and a phenyl- 
hydrazide [60°]. 
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iMpiopjUbiisayl methyl ketone 
aH,PrS.CO.CH,. (237°). Formed from le^ 
propyl’thiopheuo, AcCi, and AlCl., (Thiele, A. 
267, 187). Oil. Yields a crystalline oxim and 
phenyl-hydrazide. 

PEOPYL-DI-THIO-BIUBET C,H„N,S.^ i.e. 
NHj.Ca.NII.CS.NnPr. [121°]. Formed from 
sodium cyanamide and propyl-thiocarbimide 
(Hccht, li, 25, 754). Crystalline mass, v. el. sol. 
eold water. 

PKOPYL-THIOCARBIMIDE PrN:CS. (153°). 
S.G. s -9909 ; ‘jf *8924. Formed 'from propyl- 
amine and CS.2 followed by IlgCL (Ilecht, 23, 
281, 1602). Pungent liquid, si. sol. water, 
miscible with alcohol and ether. Sodium cyan- 
amide and alcoholic Mol form NHPr.GS.NCyMo 
[116°]. In the same manner may bo prepared 
NHPr.CS.NCyEt [60°], NHPr.CS.NCyCall, [50 ’], 
NHPr.CS.NGyPr [50°] crystallising in needles, , 
and blHPr.CS.NCy.Cll.,Ph [113°]. 

Isopropyl-thiocarbimide PrN:CS. (1^7°). 
Pungent liquid (.lahn, M. 3, 108). 

PROPYL DltTHIO-CARBONATE PrO.CS.SH. 
Unstable oil.— PrO.CS.SK. Formed from CS., 
and KOH dissolved in propyl alcohol (Scala, 
O. 17, 78). Silky needles. Its aqueous solu- 
tion gives an orange pp. with CuSO*. Iodine 
forms oily (PrO.CS)aS,^ decomposing at 180°. - 
PrO.CS.SMe. (202°). Oil.-PrO.CS.SEt. (21(5°). 

(ft) -PROPYL-THIOPHENE C,H,PrS. (158° 
cor.). S.G. ‘974. Formed from iodo-Lhio- 
phene, PrBr, and Na (Meyer a. Kreis, B. 17 , loGl). 
Oil. Yields (a)-thiophenio acid on oxidation. 

Isopropyl-thiophene O^H^PrS. (154° cor.). 
S.G. 4^ -OCOr). i^ormed from Prllr, thiophene, 
and AlCls (Schleicher, B. 19, (572). Oil with 
powerful odour. With HOAc.phenanthaqmnonc, 
and HaSO* it gives a deep violet colour. 

/g.Isopropyl-thiophene 

Formed by distilling sodium isopropyl-succinate 
with V.ja, (Thiele, A. 207, 133). Oil, smelling 
like benzene, insol. water, miscible with alcohol, 
ether, and benzene. Forms Callj.G^HaS.IIgCl 
[137°] crystallising from alcohol in while needles, 
and CaH,.CJlS(lJgCl)., as white grains, insol. 
alcohol (Volliard, A. 2(57, 183). 

Befereiices. — Bromo-, Iodo-, and Nitro- 

PROPTL-THIOPIIENE. 

PROPYL-THIOPHENE CARBOXYLIC ACID 
O^H^PrS.CO.H. [57°]. Formed from iodo- 
propyl-thiophone, ClCOaEt, and sodium-amal- 
gam ; the product being saponified by alcoholic 
potash (Bum, B. 20, 1743). Needles (from warm 
water), or plates (from dilute alcohol). 

PROPYL THIOSULPHATE. The salt 
PrS.SOaNa 6aq is made from Na^SP, and^ PrI 
(Spring a. Legros, B. 16, 1938). 

• PrWl-THIo-UREA NHPr.GS.NH,. [110°]. 
Formed from propyl-thiocarbimide and NH.Aq 
in the cold (Hecht, B. 23, 283). Four-sided 
plates, sol. alcohol. 

Isopropyl-thio-urea NHPr.GS.NH,. [167 J. 
Plates (Jahn, M. 3, 168). 

Di - propyl • thio - urea GS(NHPr).^ [71 ]. 
‘Formed in the preparation of propyl thiocarb- 
liPide. Pearly plates (from water). 

Di-isoprupyl-thio-urea GS(NHPr)j. [101°]. 
(from hot water) (Jahn). 

PROPYL-TOLUENE v. Cxsuwa. 


PROPTL-TOLUXe ACID P. dTittKli OAhPOMlJa 

ACID. 

«-PROPYL-p.TOLUIDINE 0,oH,jN U 
C.H^Me.NHPr. (232°). S.G. *9296. 

= 1-5367. S.V. 197-53. Boo =82-6. Formed 
by heating jp-toluidine (1 mol.l with PrI (1 mol.) 
for two days at 160° ; the yield being 90 p.c. of 
the theoretical amount (Hori a. Morley, C. 69, 
30). Purified by means of the nitrosamine. Oil. 
Salts.— B'HGl. [151°]. Needles (from boiling 
benzene), v. sol. water and alcohol. — B'HaG.U4. 
[173°]. S. (alcohol) 1'4 at 21°. Ppd. on mixing 
alcoholic solutions of the base (1 mol.) and 
oxalic acid (1 mol.). SI. sol. cold water and 
alcohol.— BUI,C,0.. [117°]. Occurs in the 
filtrate from the preceding salt, and formed also 
when a large excess of base is added to a cold 
alcoholic solution of tho acid oxalate. Grystals, 
m. sol. cold water and alcohol. Decomposed by 
boiling water, B'HX.O, being ppd. — B',^4FeCyj. 

• N itrosamine Cjl4Me.NPr.NO. Oil, not 
solid at -20°. Decomposes below 100°. 

Isopropyl - j) - toluidine CjI,Me.NPr.NO. 
(220° uncor.). S.G. -9129. /i|, = 1-6322. 

S.V. 199-57. Boo 81-4. Formed by heating PrI 
with p-toluidiiie for two days at 130° (Hori a. 
Morley, C. «/. 59, 34). Got also by healing diazo- 
tolucno toluiile C.1I,.N.,.NHC jl, with alcoholic 
NaOEt and PrI for 5 hours on tlio water-bath, 
distilling off the alcohol, pouring into water, and 
decomposing the pp. with IIGI. Oil. 

Salts. -B'HCl. 1 171°]. Wax-liko crystals^ 
(from alcohol) or needles (from benzene), v. sol. 
water. -BMLCA. [130°]. S. (alcohol) 5-70 at 
22°. Grystafs (from dilute alcohol). The acid 
oxalate is not easil}' crystallisable. — B'g^^jFeCyg. 

Nitrosamine G,jH.,Mo.NPr.NO. [59°]. S» 
(alcohol) 65 at 22 \ Yellowish crystals (from 
alcohol), not volatile with steam. 

iw/VnO/CB.— OXY-rROPYL-TOLUIDINE. 

PROPYL - UREA. NH,.CO.NHPr. [107°]. 
Formed from propyl cyanate and N H3, and from 
IKitassium cyanatc and propyl.amine sulphate 
(Ctiaiicel, BL [3] 9, 101). Long needles, sol. 
water and alcohol. Its oxalate and nitrate are v. 
sol. water. Decomposed by HClAq in a sealed tube 
at 1(50° into NH,, NH.Pr, and CO,. Butyryl 
derivative NHPr.CO.Nn(CO.CjH,). [99°J. 
Formed by the action of cold KOHAq on a mix- 
ture of butyramide (2 inols.) and bromine (1 mol.) 
(Hofmann, B. 15, 757). Colourless plates, si. 
sol. water. 

Isopropyl-urea. Isohutyryl derivattva 
NHPr.CO.NH.COPr. [80°]. Formed in like 
manner from the amide of isobutyrio acid. 
Tables, sol. alcohol and ether. 

w-Di-propy 1-urea NHa.CO.NPr,. [57°]. 
Formed from dipropylainine and KCyO. Noodles 
(from alcohol). Its oxalate crystallises in needles, 
si. sol. water, 

8-Di-propyl-ureaCO(NnPr),. [1()5°]. (255°). 
Got by boiling the corresponding thio-urea with 
HgO and water (Heoht, B. 23, 285), or from 
PrCyO and aqueous NH j*r. White plates (from 
water). SI. sol. cold water, v. sol. alcohol and 
ether. Its salts are decomposed by water. 

Di-propyl-urea C,H„N,0 i.e. NHj,.OO.NPr« 
[76°]. Formed from propylamine sulphate and 
potassium cyanate (Von der Zande, H. T. C, 8, 
228). Needles. An ethereal solution of aldehyda 
forms OE^CH(NH.OOJiPrj, [ 118 °]. Chlor^ 
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givaa CCl,.OH(OH)mGO.MPr, [128°] 
and in aqueous solution (OTH,«N,0)GoHCljO aq 
[51']. (Enanthol in ethereal solution gives 
0,H„(NH.C0.NPr,), [113°].~B',H,CA° [103°]. 
^B'C,H,N,0,. [135°].— B'2HNO,. 

s-Di-isopropyl-urea CO(NHl’r)o. Formed as 
a by-product in the production of isopropyl 
oyanate from isobutyrio bromo-amide and 
NajCOj (Hofmann, B. 15, 750). Needles, sol. 
alcohol, insol. ether. 

w-Di-isopropyl-urea NH;;.CO.NPr.. [103°]. 
Formed by evaporating a solution of isopropyl- 
amine sulphate with potassium cyanalo (Von 
der Zande, li. T. C. H, 231). Crystals (from 
ether). An ethereal solution of aldehyde forms 
CH,.CH(NH.CO.Ni'r..)..[147°]. Chloral in ethereal 
solution gives CCl,.CH(OH).NH.CO.NPr., [121°]. 
— B',H..C,0^. [111°]. Needles. 

[134°]. * Needles. - B'HNO,. [7l)°]. 

Reference. — Di-huomo-propyl-uuea. 

PROTAOON V. LEoniiiN. 

PROTAMINE C,.H,,N,0, or C„n,,NA° 
Occurs in the seminal substance of the salmon 
in November (Micscher, B. 7, 370; Piccard, B. 
7, 1714). Gummy mass, insol. alcohol and ether, 
sol. water with alkaline reaction. Its salts give 
with K^FeCy.j a milkv pp. composed of minute 
drops. Salts.- (C.,H.,,N,0,) .II.,PtCl, (M.) ; 
C„n3,N„0,H,,PtCl„ (P.)‘. Yellow powder. 

PROTEIDS. ♦pro-cminenco.’) This 

name is given to a largo group of organic com- 
pounds wliich are also known as ‘albuminou.s.’ 
The word* pioteid’ itself has been retained simply 
as a convenient general term, and not as imply- 
ing any adherence to the theory, first advanced 
by Mulder, that they all contain a complex 
molecule to which he gave tlic name of ‘ protein.’ 
The word is now limited to a certain 

class of proteids, and the word albuminoid, 
though it is still largely used synonyinou'.ly with 
proteid, is restricted by physiological chemists to 
a class of nitrogenous substances (which includes 
such substances as gelatin and mucin) which are 
not proteids, but still in certain reactions re- 
semble those substances closely. 

Proteids are never absent from the proto- 
plasm of active living cells, whether animal or 
vegetable, and they are indissolubly connected 
with every manifestation of organic activity. A 
definition of proteids is not possible in the logical 
sense. Gamgce {Physiol. Chem. ]). 4) give.s in 
the following sentences a terse description of 
these substances, which must take the place of 
a definition ; ‘Proteids are highly complex, and 
for the most part non-crystallisable compound.^ 
of carbon, hydrogen, nitrogen, oxygen, and sul- 
phur, occurring in a solid viscous condition or 
in solution in nearly alt the solids and liquids of 
the organism. The different members of the 
group present differences in physical, and to a 
certain extent in chemical, properties ; they all 
possess, however, certain common chemical re- 
actions, and are united by a close genetic rela- 
tionship.’ 

In vegetables the proteids are constructed 
out of the simpler chemical compounds which 
serve as their food. In animals such a synthesis 
never occurs, but the proteids are derived directly 
or indirectly from vegetables. By the action of 
certain digestive juices all proteids are capable 
of being converted into olo^y allied substanoee 


called peptones, which after absorption undergo 
reconversion into proteids. 

Although much work has been done in at 
tempting to unravel the constitution of the 
proteids, there is at present but little positive to 
be said on this point. All we can do is to give 
the result of the experiments that have been 
performed whicli show the classes of products 
yielded by the proteids, and to enumerate the 
various theories held by dilTerent observers con- 
cerning their constitution. * 

Tlie varidus proteids differ somewhat in ele- 
mentary composition within the littiits of the 
following numbers (Hoppc-Seyler, Handlmch d. 
Phjfs. und Path.‘Chem. Anahtsc, 4to Aufl. p. 
223) : 

0 It N a 0 

From 51-5 6*9 15*2 0*3 209 

To 54*5 7-3 170 20 23 5 

The various decompositions that proteids 
umlergo may be conveniently stated under the 
following heads ; — ^ 

o. Dccomimilion in the body. In the ali- 
mentary canal the proteids are converted into 
proteoses (albumoses) and peptones ; this change 
is probably duo to hydration. Under the inllu- 
ence of Alie pancreatic ferment, a certain class of 
peptones called heini.i)ei)lone3 are further acted 
upon, resulting in the formation of leucine, 
tyrosine, aspartic acid, ammonia, and protein- 
chromogen (a substance coloured purple by bro- 
mine). Tutrefactive processes duo to bacteria 
in the small intestine also occur ; tliese result in 
the formation of indole, skatolo, phenol, and oxy- 
nci<ls. Ethereal hydrogen sulphates can be de- 
tcctcu in the urine ns a result of these putrefac- 
tive changes (Itauinann, H. 10, 123) ; when 
putrefaction is li inderod by file administration 
of largo doses of iodoform in dogs, these products 
do not appear in the urine (V. Morax, H. 10, 
318). One of the sources of hippuricacid in the 
urine of flesh-feeders is tlie*^henyl.propionio 
acid that results from tlic putrefaction of proteids 
in the alimentary tract (Salkowski, B. 12, 648*; 
Tapponicr, Z. B. 22, 230). 

Alter the proteids liave been absorbed from 
the alimentary canal, they beconio assimilated 
by the tissues, and there undergo combustion or 
metabolism, the chief ultimate products being 
water, carbonic acid, and urea. It is probable 
that glycocino, leucine, creatine, and ammo- 
nium carbonate are intormediato products in 
this change. Urea had not been obtained from 
proteids by experiments performed outside the 
body until quite recently, when Drechsel {B. 23, 
3090) has succeeded in obtaining a crystalline 
base lysatin by acting on casein with zinc and 
hydrochloric acid. Lysatin yields urea when 
boiled with baryta water. It baa also been de- 
monstrated, by experiments on animals, that 
proteid food gives rise to glycogen in the liver, 
and to fat in the subcutaneous and other tissues* 
That proteids can be converted into fats is also 
shown by the occurrence of adipocere in the 
muscular tissues after death. 

b. Action of heat By dry distillation the 
proteids yield an oily liquid called DippeVa oil^ 
which contains ammoniacal salts of the fatty 
acids, amines, and aromatic compounds. 

c. Action of putrefacHon, The chief prodttotl 
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Are ammonUt ammoniam sulphide, oarbonio 
acid, volatile fatty acids, lactic acid, amines, 
Itfacine, t^osine, and other complex aromatic 
oompounds. 

d. Action of acids and alkalis. Prolonged 
boiling with strong sulphuric or hydrochloric 
acid, or fusion with caustic alkalis, gives rise to 
a large number of products, of which the follow- 
ing are the most important: leucine, tyrosine, 
aspartic acid, and glutamic acid. Prolonged 
heating with dilute acids gives rise to hydrolytic 
decomposition (Hermann) and the formation of 
albumoses and peptones (Noumeistcr, Z. B. 23, 



baryta was investigated by Nasse, and subse- 
quently by Schiitzenbcrgcr {Bl. Feb. 15, March 5 
and 16, 1876). Ammonia was evolved, and car- 
bonic acid remained in combination with barium; 
t We two products occurred in Jhe same ratio as 
would result from urea similarly treated. In 
addition oxalic acid, acetic acid, tyrosine, ara’ido- 
acida of the fattv acid series (especially leucine, 
butylamine,andniniilo-butyric acid), acids allied 
to glutamic and aspartic acids, and lastly a 
dextrin-like substance, were found in the residue. 
Sohtitzenberger (4. Ch. [5] 10, 280) explains the 
mechanism of the reaction as follows: the 
proteid ipolecule, losing ammonia and carbon as 
oarbonio oxalic, and acetic acids, and assimilating 
water, is converted into a mixture of glucopro- 
teins OnH.;»N.p„ containing as its principal term 
0gH„Nj04; by the prolonged action of baryta at 
a high temperature these split up partly into 
leucines or amido- acids of the acetic series 
C„H«,+|N02 and leuceines or amido- acids of the 
acrylic series CnH,j„_,.N02, and partly into double 
oompounds formed by the union of glucoproteins 
and leuoeSnes with the leucines. For Schiitzen- 
berger’s recent attempts to synthesise proteids 
see 0. B. 112, 198. 

e. Action of hydrochloric acid and sfannotis 
cldoridc. Ammoiisa, aspartic acid, glutamic acid, 
leucine, and tyrosine are the chief products 
(Hlasiwetz a. Habermann, Am. Wien. Acad. 
1872, 1873; A. 169, 304; 109, 150; J. pr. 7, 
807). 

f. Action of oxidising agents. By moans of 
manganese dioxide and sulphuric acid, or potas- 
sium chromate and sulphuric acid, many fatty 
and aromatic compounds are formed. Nitric acid 
produces first a yellow insoluble substance, 
xantho-proteio acid, which dissolves on further 
action, and yields ultimately para-oxybenzoio 
and oxybenzoic acids. 

Mulder {J. pr. 16, 129 ; 17, 312 ; A. 31, 129) 
obtained by the action of potash on proteids a 
substance which is now called alkali* albuminate, 
but which was regarded by Mulder to be the base 
of all proteids ; he gave it the name * protein.’ 
Various definite compounds of protein were de- 
scribed, such as oxyprotein, trioxyprotoin,sulplio- 
proteic acid, (&o. Liebig {A. 57, 132) was the 
first to disprove these assertions, and the only 
remnant of this theory now is the term * proteid.’ 
For recent work on this subject and the related 
one of sulphur in proteids see Danilewski {H, 
7 , 440), and Kriiger (P/. 43, 244). 

Gerhardt was of opinion that all the proteids 
are identical in constitution and molecular 
jirrADgement, but differ from one another in 


nature of the mineral substance with which 
they are associated. He designated the common 
organic element by the name ‘ albumin,’ and it 
may be mentioned that in the elaboration of hia 
theory he regarded egg albumin as the neutral 
albumate of sodium, and fibrin as a compound 
of albumin with earthy pliosphates. Proteids, 
however, have been separated from all but traces 
of mineral matter, and still exhibit their peculiar 
characteristics ; careful elementary analysis also 
has shown that there is a difference of the per- 
centage amounts of carbon, nitrogen, sulphur, 
&c., in various proteids. Nevertheless, it is still 
a fact that some of the distinguishing features 
of certain proteids arc due to the adhering salt ; 
for instance, the coagulation of caseinogon by 
rennet occurs only in the presence of calcium 
salts (Haminarsten). 

Gautier (Chimle appliqiide a la Physiologies 
i. 251) states that the proteids behave as amides 
oi the higher honiologuos of lactic and tartaric 
acids, and residues of aromatic acids; hence 
when proteids are oxidised there is a simultaneous 
production of fatty acids, of aromatic compounds, 
and doubtless of bodies analogous to urea ; the 
products furnished by different proteids are not 
in the same proportions. It must, therefore, 
follow that the different radicles they contain 
differ not only in arrangement but in relative 
proportion, and sometimes even in their nature. 
It was Nasse who first observed (P/. 6, 589) that 
the nitrogen in proteids appears to exist in two 
conditions, a certain fraction of it being more 
unstable and apparently more feebly combined 
than the rest. This view was fully confirmed 
by Schiitzenberger in the experiments already 
alluded to. The latter observer regards the 
proteids as complex ureuicss i.e. combinations in 
various proportions of urea with amido- acids, 
some of which belong to the leucine series, others 
to the aspartic series. Bepresenting albumin 
by the empirical formula C7.H,,2N,„0..2S (Liebcr- 
kfihn), it yields, when decomposed by caustic 
baryta, urea, acetic acid, a sulphur-containing 
body, and a substance with the formula 
C,5lI,s..Nn024, which may on further hydration 
be split up into the substances already mentioned 
(glucoproteins, leucines, leuceines, i^c.). 

Pttiiger’B view rclat’ve to the constitution of 
the proteids (Pf. 10, 251) may bo thus summar- 
ised. One of the most striking features of the 
proteids is the difference that exists between non- 
living proteid matter, such as white of egg, and 
that which forms part of living protoplasm. The 
former may remain for years without undergoing 
decomposition, and is indifferent to neutr^ 
oxygon ; while the latter is continually decom- 
posing, undergoing intramolecular changes, and 
lives by breathing oxygen. The assimilation of 
proteid food is looked upon by Pfiiiger as an 
ether-like combination of a molecule of living 
proteid with one of the non-living proteid, water 
being eliminated. This union of isomeric mole- 
cules, which forms a heavy mass but still remains 
a simple molecule, may be conceived to go on 
indefinitely. In this process it seems probable 
that the nitrogen of the food proteid, which exists 
there in combination as amides, passes into 
oombination. with carbon, so that in living 
proteid it is combined in the form of cyanogen. 
This view is strengthened by the fact thgt sob* 
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ftftscbs like nrio ao!d, ereatine, and guanine, are 
prodnote of proteid metabolism, while snoh com- 
poands are never obtained from non-living proteid 
material. 0. Loew {Die chemische Kraftquelle 
im Leheiiden Protoplasine, Munioh, 1882, B. A. 
1885, p. 1075) has also found that a striking 
difference between living and non-living protoids 
is the fact that the former reduce silver nitrate, 
probably owing to some radicle of the nature of 
aldehyde, wliereas the latter do not behave in 
this way. He suggests that albumin is a con- 
densation product of aspartic aldehyde. The 
simplest formula for Sohutzoiiberger’s leuceine 
04 H,N 0 .^ is also that of aspartic aldehyde. 

Latham {Bnt. Med. Joum. [1] 1880, 020} re- 
gards albumin as a compound of cyan- alcohols 
united to a benzene nucleus. The cyan- alcohols 
resemble proteids in readily undergoing con- 
densation and intramolecular changes; and, 
moreover, the various products of the disintegra- 
tion of proteids can also be obtained as the de- 
composition products of these cyan- alcohols. 
See also Drechsel’s art. in Ladenburg’s Handw. 
d. Oiern. 3, 611 ; Beilstein’s Uandb. 3, 1258. 

General Puopeuties or Proteids. 

1. Jndiffusihility. Solutions of proteids are 
non-dilTiisible. They bedong to Graham’s class 
of colloid substances. Peptones, and to a less 
extent albumoses, are, however, diffusible. This 
property of indilTusibility enables us to separate 
proteids from saline admixtures, and abso to 
separate various proteids fnun one another : c.q. 
if a mixture of albumin and globulin in a saline 
solution be dialysed, the salts pass out, the albu- 
min remains within the dialyser in solution, while 
the globulin, which is insoluble in water, is pre- 
cipitated. 

2. Action on polarised light. Proteids all 
rotate the plane of polarised light to the left. 
The following table gives the spociAo rotatory 
power for the yellow line D of some of the chief 
proteids : 


of varioas proteids Is osnally charaoteristio, bat 
it can 1^ varied somewhat by additions of small 
quantities of acid or alkali ; the former lowers, 
the latter heightens, the coagulation tempera- 
ture. Alkali albumin in the latter case is not 
coagulable by heat, and forms so readily that it 
is advisable to have the solution either perfectly 
neutral or faintly acid before performing the 
experiment. Bendering the liquid faintly acid 
with weak (2 p.c.) acetic acid also renders the 
llocculi of precipilato larger and easier to fllter 
off. The Alkalinity of a liquid is always in* 
creased, or its acidity dirain islied , after the separa- 
tion of a heat coagulum. Various neutral salts la 
excess also cause the coagulation temperature 
to vary ; sodium chloride lowers the tomporature, 
while magnesium sulphate has little or no effect. 
A solution of proteid enters into an opalescent 
condition a few degrees below that at which the 
separation of /locculi begins. In the dry state 
proteids are rendered insoluble, like coagulated 
pi*oteid, at a temperature of 110 C. On the in- 
ti uenco of salts on coagulatiop temperatures, see 
Limbourg (//. 1.3, 450). Haycraft criticises the 
method of fractional heat coagulation {Pr. Roy. 
Son. Edin. 1888-9, 301). It is defended by 
numerous observers (for references see Halli- 
burton, J. Physiol. 13, 800 ; Hewlett, ibid. 798). 

The following table gives the heat coagula- 
tion temperatures of some of the most important 
proteids : 


Proteid 

Tctopcratiirt of heal 
conKuJation 

Egg albumin . • 

. 72 8®0. 

Serum albumin a , 

. 72-8® 

Vitellin . . , 

. 75° 

Serum globulin . 

. 75® 

Fibrinogen , . 

. 56® 

Myosin . • , 

. 56® 

Crystallin . . 

. 93® 

Ha'mocyanin , , 

. 65® 


4. General tests for proteids. Solutions of 
the proteids are precipitated by strong mineral 


Proteid 

Serum albumin • # • 

Egg albumin • t • • 

Observer 

Hoppe- Scyler [Zeit, f* Chem. und 

Phnrm. 1864, 737) • 
Starke {Malyhs Jahrs. H, 17) . . . 

Hoppo-Seyler ...... 

Value of [ajj 

-60® 

-60® 

-83-6® 

Fibrinogen • • • • 

Haas (P. 12, 378) .... 
Haas (G. C. 1876, 295, 811, 824) . 

• • 

■ • 

-38-08® 

-- 69-76® 

Sodium album ate . . , 

Hermann (£f. 11, 608) , . 

Haas ...... 

e t 

-43® 

-66® 

Syntonin (from egg albumin) . 

Haas ...... 


-03-12® 

Syntonin (from myosin) . , 

Hoppe-Soylcr .... 


-72® 

Casein (in weak MgSO, solution) 

Hoppe-Seyler .... 


-80® 

Serum-globulin . . . 

Haas 


-59-76® 

Various albumoses . . • 

Kuhno a. Chittenden {Z. B. 20, 51) 


-70® to 80® 


According to Haas, these numbers are un- 
altered by the salts adherent to the proteids. 

8. Heat coagulation. Most of the native 
proteids are coagulated by heating their solu- 
tions, but more especially the globulins and 
albumins. By this means the character of the 
original proteid is lost, and all are converted 
into an exceedingly insoTuble substance, called 
* coagulated proteid.* When several proteids 
are mixed in a solution, if their tempera- 
ture of coagulation differs, it is possible to 
lepamte them by a j^oess of * fractional heat 
tctgnlatioB.* The b^t ooagulation temperature 


acids, acetic acid and potassium ferrooyanide, 
by acotio or oxalic acid together with a large 
addition of concentrated solutions of neutr^ 
salts, by basic lead acc;tate, by mercuric chloride, 
by copper sulphate, by tannic acid, by saturo* 
tion with powdered potassium carbonate, am- 
monium sulphate or Bodio-magnesium sulphate, 
and by alcohol. 

Strong acids and salts of the heavy metali 
produce a precipitate of coagulated proteid, ot 
of metallic albuminate; in the latter case the 
metal can be removed by treatment with sul- 
phuretted hydrogen, and the proteid again ol» 
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ialned unaltered. Keutral salts like ammonium 
■nlphate, or sodio-magnesium sulphate, com* 
pletely precipitate all proteids but peptones, and 
in an uncoagulated condition— t.e. they can be 
re-dissolved in water or weak saline solutions, 
and exhibit their characteristic properties. Al- 
cohol precipitates proteids, and after long con- 
tact with the precipitate converts them into 
'coagulated protoid.’ The following reactions 
are those most frequently employed in the de- 
tection of proteids in solution : 

(а) The xanthoproteic reaction. *Nitrio acid 
is added; this usually produces a precipitate, 
but in the case of peptones, or if the quantity 
of proteid is very small, it does not. The mix- 
ture is then boiled, when the liquid and the 
precipitate turn yellow (xanthoproteic acid) ; if 
it is boiled sufficiently long with excess of acid 
the precipitate dissolves. Addition of ammonia 
causes the yellow colour to became orange. A 
similar reaction is given by gelatin and kerat\n. 
Analyses of xanthoproteic acid and its com- 
pounds made by JMulder and others are not of 
any value, as it has since been shown that this 
yellow substance is not constant in composition. 
The reaction is due to the aromatic radicle un- 
doubtedly present in all proteids. On colour 
reactions of proteids sec Salkowski (i/. 12, 215), 
Gnezda {Pr. 47, 202), Pickering (/. Physiol. 14). 

(б) The liquid is rendered strongly acid with 
acetic acid, and solution of potassium ferro- 
cyanide added, which tlirows down the proteid 
as a white flocculent precipitate. 

(c) union's reaction. Millon’s reagent ‘ 
causes a white precipitate of the proteid. On 
boiling this precipitate and the surrounding 
liquid, both turn a brick -red colour. If only 
a trace of proteid is present there may be no 
initial precipitation. Tiiis test is given also by 
tyrosine, and it is in all probability owing to the 1 
aromatic radicle in proteids that those substances 
give it. 

(d) Addition of a trace of copper sulphate | 
and excess of potassium hydroxide causes a 
violet solution. In the case of albumoses and 
peptones the colour produced is a pink one (biuret 
reaction). See also Gnezda a. Pickering {loc. 
cif.) for similar reactions with nickel and cobalt. 

(s) Proteids when dissolved in glacial acetic 
acid and treated with strong sulphuric acid ex- 
hibit a violet colour and faint fluorescence, 
and if sufficiently concentrated show an ab- 
sorption spectrum very like that of urobilin 
(Adamkiewicz, 13. 8, 101). 

^ The reactions which are applicable to pro- 
teids which will not dissolve in water or neutral 
saline liquids, are the xanthoproteic, Millon’s, 
and the Adamkiewicz colour reactions. 

Quantitxtivi!i Estimation of Proteids. 

A large number of different methods of 
estimating quantitatively the amount of proteid 
in a solution have been proposed and used ; the 
polarimetrio method has been much employed 
(Hoppe-Seyler, Virchow's Archiv, 11, 647). 
Among gravimetric methods various precipitanta 

* rtaf/ent. Equal quantltiet of meroury and 

acrong nitrio aoid are mixed and gently warmed tUl the 
meroury U di»8olved. The eolation ie diluted with twice 
Its bulk of water, and the ooplona precipitate which forma 
sJJowedtowttle. ThosupcrnataatUquldUthA reagent. 


of proteids haVe been suggested, e.g. tannin aud 
sodium chloride (Girgensohn, N. B.P, 22,557); 
hydrochloric acid and potassio-mercuric iodide 
(Brticke, Site. W. 1871), <fec. ; but the follow- 
ing methods are those most frequently em- 
ployed : 

(а) Clinical method. The rough method 
generally used for the comparison of albuminous 
urines con.sists in acidulating the urine, if it is 
alkaline, with acetic acid and then boiling it in a 
graduated tube. The flooculi which form are 
allowed to settle, and the proportion of the pre- 
cipitate to the total volume of the liquid read 
off and expressed in fractions, such as a half, a 
tenth, and so on. Esbach’s tubes are graduated 
to correspond to percentages of protoid ; the 
precipitant being picric acid. 

(б) Precipitation by heat. 50 to 100 c.o. 
of water arc boiled arid an accurately-weighed 
ampunt of albuminous fluid, about 15 or 20 g., 
poured in. The fluid is boiled for some minutes, 
a few drops of two per cent, acetic acid added, 
until the precipitate separates in flakes from a 
clear licpiid. The precipitate is collected on a 
weighed filter, washed with water, alcohol, and 
ether, and finally dried, weighed, incinerated, 
and the ash deducted. This method is obviously 
applicable only to such proteids as are coagu- 
lable by heat. 

(c) Precipitation by alcohol. An accurately 
measured or weighed quantity of the liquid is 
mixed with three or four times its volume of 
spirits of wine, and set aside for some hours ; 
the precipitate is then collected, washed with 
spirit, hot absolute alcohol, ether, warm water, 
and finally dried and weighed as before (Hoppe- 
Seyler, Hamlbuchy 'dte Aicji. 512). Or the liquid 
may be neutralised with acetic acid and mixed 
with ten times its volume of strong alcohol, and 
then boiled, the precipitate being treated as before 
(A. Schmidt, Pf. 11, 10 ; A. Hoffmann, Virchow's 
Archiv, 1870, 255). 

{d) Precipitation with ammonium sulphate. 
Since Kiihne [Z. B. 22, 4211) has fully shown that 
saturation with this salt causes complete precipi- 
tation of all proteids but peptones, this method 
may bo employed as follows for the quantitative 
estimation of these proteids The liquid is 
shaken or stirred with excess of the powdered 
salt, filtered, .and the precipitate washed with 
saturated solution of ammonium sulphate. The 
filter with adherent protoid and salt is dried at 
llO"^, by which means the proteid is rendered 
insoluble, and the salt can then be washed away 
with distilled water. The precipitate is then 
washed with alcohol and ether, dried, and 
weighed as before. 

Classification of Proteids. 

I. Albumins. These are proteids which are 
soluble in water, and not precipitable from their 
solutions by saturation with sodium chloride or 
magnesium sulphate. They are coagulated by 
heat. The important members of the group are 
egg albumin, serum albumin, and lactalbumin. 

II. Qlobulins. These are proteids which are 
insoluble in water ; they are soluble in dilute 
solutions of neutral salts ; and are precipitated 
in an uncoagulated condition by saturation with 
sodium chloride and magnesium sulphate. 
They are coagulated by heat The most ini' 
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|k)Hani memlwra ot tli« group are : serum glo- 
bulin, fibrinogen, myosin, crystallin, and globin. 

III. Albuminates. This name is applied to 
the metallic compounds of proteids, and also to 
acid albumin or syntonin, and alkali-albumin. Re- 
stricting the term to the two latter substances, 
they may be defined as proteids insoluble in 
water or in solutions of neutral salts, but 
readiiy soluble in dilute acids or alkalis. Their 
solutions arc not coagulated by heat. 

IV. Proteoses. Those arc proteids which are 
not coagulable by heat, and most of them are 
precipitable by saturation with certain neutral 
salts. They are precipitated by nitric acid, the 
precipitate dissolving on the application of heat 
and reappearing when the solution is cooled. 
They resemble peptones in being slightly diffu- 
sible, and in giving the biuret reaction. They 
are formed from other proteids as the result of 
the action of proteolytic lermcnts on them, 
being an intermediate stage in the formation of 
peptones. They are also found in certain animal 
and vegetable tissues. The best-known members 
of the group are the albumoscs. 

V. Peptones. These are proteids which are 
very soluble in water; they are not precipitated 
by heat, by saturation with any neutral salt, 
nor by nitric acid. They are comph tely prccl- 
ihtated by tannin, by c.xeess of absolute alcohol, 
and by potassio-mercuric iodide; incompletely 
by pliosphotungstic acid, phosphomolybdic acid, 
and picric acid. TTioy give the biuret reaction. 
IVptones are subdivided into hemipeptones, those 
which yield leucine and tymsino as the further 
result of pancreatic digestion, and antipeptonos, 
those wliich do not. 

VI. Insulublc proteids. This class includes 
a number of proteids varying in their reactions 
wliicli cannot be included in any of the foregoing 
classes, but which all rescmhlo one another in 
their extreme insolubility in various reagents. 
This class includes fibrin, coagulated proteid, 
lardaccin, antialbumid, and gluten. 

Dkscription of the Propeutuss jf Iniuvidual 
Proteids. 

It will now bo convenient to take the most 
important members of the various foregoing 
groups, and describe the characteristic properlir-s 
of each. The animal proteids will be taken first. 

Class I., Aijjumins. — Egg albumin. This is 
ihe albumin occurring in white of egg ; it may 
be separated from the globulin, which alsooccurs 
in that situation, by precipitating the latter with 
dilute acetio acid, or by saturation with mag- 
nesium sulphate. It is coagulated at a tem- 
perature of 70^-73"C. By fractional heat coagu- 
lation further pps. are obtained at 76® and «2® 
(Corlin a. Bcrard, Arch, de Biol. 9, 1). Its 
■pecific rotation is — 36*6°. It is precipitated by 
agitation with ether. Crystalline egg albumin 
may be obtained by addition of an equal vol. of 
sat. sol. of ammonium sulphate and filtration to 
remove oviglobulin. On slow evaporation of the 
filtrate, crystals of egg albumin form (Hofmeister, 
M. 14, 166 ; Gabriel, 15. 466). 

Lieberkiihn ascribed to albumin the formula 
C„H„gN,gSOa, Schtttzenberger 
Hamack (H. 6, 207) Since 

l^eberkfihn attempted to establish the molecular 
weight of albumin by preparing and analysing 


f the ooppet compotlmt, various investigationi 
have been published bearing on the nature and 
composition of the compounds of albumin with 
the heavy metals, and especially with copper 
(F. Rose, Mitscherlich, Harnack, Bielitzki, Ritt- 
hausen, Lassaigne, Ac, Further particulars 
will be found, with references to literature, in a 
paper by R. TI. Chittenden and H. II. White- 
I house in Studies from the Laboratory of Physiol* 
i Ghent., Yale University, 2, 96). The results ob- 
tained are most contradictory, and illustrate that 
’ numerous • compounds may be obtained by 
' slightly modifying tho conditions of precipita- 
tion; they are also very liable to dissociation. 
The only other proteid tho metallic compounds 
I of which have been studied is myosin ; the per- 
j centage amount of the various metals in the 
I compounds obtained differ from those formed 
from egg albumin (Chittenden a. Whitehouse, 

I.C.). 

! Uses of albumin. It is much used for clari- 
i fyung vinous and syrupy liquids, as when boiled 
! with it the heat coagulum carries down colour- 
I ing matter and other impurities. In cookery 
white of egg is employed for this purpose, but 
in large operations, such as sugar refining, blood 
serum is used. Albumin is also largely used in 
photograiphy, and in calico-printing for fixing 
colours. Its property of forming a hard com- 
pound with lime renders it useful as a cement in 
repairing earthenware. Spoilt albumin in print 
works may bs recovered for practical purposes 
by the action of pepsin (Wagner a. Witz, 
D.P.J.IP), 166). 

Scrum albumin. This is the albumin occur- 
ring in serum. Its specific rotation is —66®. 
Fractional luat coaigulation, and elementary 
analysis show that it is probably not a single 
proteid but consists in warm-blooded animals of 
thr(!e, a, $, and y, coagulating respectively at 
73®, 77 % 84® {v. Blood). Aronstein a. A. 
Schmidt (P/. 2, 1) stated that scrum albumin 
I completely freed from salts by prolonged dialysis 
! does not coagulate by heat. This statement has 
! not been confirmed by subBC(iiicnt observers, who 
! have found it impossible to free serum albumin 
from ash by this method,* and have attributed 
tho non-coagulation to a slight alkaline residue 
(Ileynsius, Pf. 9, 514 ; Winogradoff, 2, 605 ; 

' ilinzinga, 2, 392 ; Haas, 2, 378). On ash-free 
albumin sec also Harnack, J3. 22, 3040 ; 23,3745. 
Serum albumin is not coagulated by ether. It iS 
the proteid which most frequently occurs in 
morbid urine. 

Serum albumin is not precipitated by satu- 
rating the scrum with magnesium sulphate; 
if, however, the globulin precipitated by this 
method bo filtered off, and the filtrate saturated 
with sodium sulphate, the albumin is precipi- 
tated; this is duo to the formation of sodio- 
raagnesium sulphate (MgSO^.Na^SO^.GHjO) in 
tho liquid (Halliburton, Joum. of Physiol. [6] 
152). Albumin having nearly the same characters 
as scrum albumin is found also in milk, muscle, 
lymphatic glands, and other tissues in small 
quantities. 

Glass II., Globulins. — Serum globulin, 
(Synonyms, paranlobuUn, fibrinoplasUn, serum- 
casein.) This is me globulin occurring in serum. 
It is soluble in weak solutions of sodium 
obloride; it is partially precipitated when tbf 
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peroentage of Bodiom chloride reaches 0*0S to 
O'OTyre-dissolTed on the addition of more salt, and 
again precipitated, though never completely, 
when the amount of salt present is 20 p.c. It is 
completely precipitated by saturation with mag* 
nesium sulphate. It does not coagulate on the 
addition of fibrin ferment, and probably takes 
no part in the formation of fibrin (v. art. 
Blood ; v. also Hammarsten, Ff. 17, 447 ; 18, 
89). Its heat coagulation temperature is 75®0. 

The following methods have been suggested 
for the separation of the globulin from the 
albumin of serum: 

(а) Dialysis. When the salts are dialysed 
out, the globulin is precipitated, the albumin 
remains in solution. 

(б) Dilute the serum to 10 or 16 times its 
▼olumo with water, and pass a stream of car- 
bonic acid through it, the globulin is precipi- 
tated (A. Schmidt, Arch, f, An.^t. u. PhijHiol. 
1862, 429) ; it is also partially precipitated 
by the addition of very weak noetic acid when 
the serum is sim^arly diluted (Pnnuni, Arch. f. 
Pathol. Altai. 4) ; it was on account of this that 
a special alkali albumin or scrum casein was 
formerly believed to exist in the blood. 

(c) Saturation with sodium chloride preci- 
pitates the globulin, leaving the albumin in 
solution (A. Schmidt). 

(cZ) Saturation with magnesium sulphate 
(Hammarsten). This is the only method com- 
monly employed which effects a complete sepa- 
ration. Kauder has stated that half-saturation 
with ammonium sulphate will act similarly, 
and Halliburton (loc. cit.) that sodium acetate 
and sodium nitrate may also be used. 

Serum globulin may be estimated quantita- 
tively in serous liquids in the following way: 
a weighed or measured quantity of the liquid is 
saturated with magnesium sulphate, the preci- 
pitate collected on a weighed filter and washed 
with a saturated solution of magnesium sul- 
phate, and then dried at 110 'C. for some hours ; 
the proteid is thus rendered insoluble, and is 
freed from the salt by wasliing with water and 
aloohol. The precipitate is again dried on the 
filter to constant weight, weighed, and subse- 
quently Ignited and the ash deducted. In such 
a liquid as serum, viz. one containing a mixture 
of globulin and albumin, the latter may be esti- 
mated by deducting the amount of globulin from 
the amount of total protcids present. 

Cell globulin found in lymph cells and 
other cellular structures coagulates at 47^-50'^. 
A globulin (myoglobulin) which coagulates at 
68*’0. but otherwise resembles serum globulin 
exists in muscle plasma. 

Fibrinogen. This proteid, which occurs in 
blood plasma, very closely resembles the prece- 
ding; it differs from serum globulin in being 
completely precipitable by half-saturation with 
sodium chloride, and may thus be separated 
from that proteid (Hammarsten, Ff. 19, 663). It 
is precipitable by a stream of carbonic acid, but 
it is necessary to dilute the plasma with at least 
20 times its volume of water before precipitation 
occurs, whereas serum globulin is precipitated 
when the dilution is less. It is coagulated by 
heat at 66°0, The heat coagulum is a very sticky 
(me ; the low temperature at which fibrinogen 
eoagolates forms the basis of a method for esti* 


mating it quantitatively : the eoagulated proteid 
formed from the fibrinogen at 56‘^C. is collected 
on a weighed filter, washed with distilled water 
and alcohol, dried at llO^G., and finally weighedr 
ignited, and the amount of ash deducted (Fre- 
dcricq). Under the influence of the fibrin fer- 
ment, fibrinogen is converted into fibrin ; it is 
due to this change that blood coagulates when 
drawn, the fibrin entangling the blood cor- 
puscles to form the clot. The terra fibrinogen 
has been recently extended by Wooldridge to 
other ill-defined proteid substances which he 
considers to be precursors of fibrin. These are 
probably nucleo-albumins mixed with lecithin. 
For latest views on blood coagulation with re- 
ferences see Halliburton (/. Physiol, 13, 829 ; 
Goulstonian Lecture No. 3, Brit. Med. Jl. March 
1893). 

Plasmine. The term ‘plasmine* was given 
by Denis {Mdmoire sur U Sang, Paris, 1859) 
to the precipitate produced by saturating blood 
plasma with common salt ; this has since been 
shown to consist of the two proteids, fibrinogen 
and serum globulin ; serine was the name given 
to the proteid left in solution, or, as it is now 
called, serum albumin. 

Myosin. This is the proteid which is formed 
after the death of muscle; tho muscle plasma 
separates into a clot composed of myosin, and 
muscle serum, as blood plasma separates into 
fibrin and blood serum. This produces a stiffen- 
ing of tho muscles called rigor mortis. The 
name given to the proteid precursor of myosin 
in the living muscle is myosinogen. The clot 
of myosin formed by diluting with water a 
saline extract of flesh is not so coherent as that 
of fibrin ; it is readily soluble in 10 p.c. sodium 
chloride solution, from which it is precipitable 
by saturation with that salt or with magnesium 
sulphate; it forms a heat coagulum in such a 
solution at 66°C. Myosin is converted with 
great readiness into acid albumin or syntonin by 
weak hydrochloric acid; A. Danilewsky regards 
the compound so formed as being not ordinary 
syntonin but a combination of HCl with myosin, 
from which by suitable treatment myosin is re- 
coverable. After long-continued dialysis, myosin 
can be freed from salts, and is thus rendered 
exceedingly insoluble, both in saline solutions 
and ill dilute hydrochloric acid (A. Danilewsky, 
H. 6, 168 ; Halliburton, Journ. of Physiology, 8, 
136). (See also Muscle.) 

vitellin. A proteid present in yolk of egg, 
which, although it resembles globulins in certain 
particulars, differs from them in not being preoi- 
pitable by saturation with sodium chloride.- 
Solutions coagulate at 70°-75®O. It is prepared 
by treating the yolk of hen’s egg with ether, by 
which reagent most of the fatty and colouring 
matters are dissolved; vitellin remains undis- 
Bolved as a white granular substance, which is 
insoluble in water, but readily soluble in dilute 
saline solutions. Nuolein appears to be united 
oloseiy to, and may be obtained from, vitellin. 

Crystallin. This was once called globulin, 
but that term has been extended to the whole 
group. It is obtained from the crystalline lens 
of the eye, composing, according to Berzelius, 
85*9 p.c. of that structure. Its saline solutions 
become opalescent at 78*’, but a coagulum is not 
deposited till 98^0. is zeadhed. Aocozding to 
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tietmann (Physid Chm, 1, 866) the formation gatoraiion sodium chloride or magneiiam 
of a. heat cosgulum is accompanied bv the sulphate. 

development of an acid instead of an alkaline Acid-albumin may also be formed in a similar 
reaction, as is the case with other proteids ; he way from any globulin ; myosin, for instance, is 
accounts for this by supposing that orystailin converted into acid albumin or syntonin, as it 
is united to ammonio-sodic phosphate, which, j was first termed by Liebig, when prepared from 
on the application of heat, is resolved into am- muscle. The parapeptone of Meissner, which is 
monia and acid phosphate of soda. Valenciennes formed in the first stages of peptio digestion, ii 
and Fremy (C. R. 44, 1122) state that other also identical with acid albumin, 
proteids are found in the lens, and have given Alkali albumin. If, instead of dilute acid, 
the name phaconin to one in that of fishes (v. dilute alkali be added to an albumin or globulinp 
also Bcchamp, C. B. 90, 1255). coagulatioiv by heat is similarly prevented, and tha 

EsBmoglobin. When a solution of Inemo- wliole of the proteid is thrown down by neutralisa- 
globin, the red pigment of the blood, is heated, ; iion,andis solubloinexcessofeitheracid oralkali. 
the liquid becomes turbid, and a coagulum of a The name alkali-albumin is given to the pro- 
reddish-brown colour separates out between 70^^ j tcid thus altered by alkali. Like acid albumin 
and 80*^0. Heat decomposes the hB3moglobin it is soluble in solutions of alkaline carbonates, 
into two substances insoluble in water, one and precipitated by saturation with sodium 
coagulated proteid, the other a colouring matter, I chloride or magnesium sulphate. In the pre- 
hicmatin, which contains all the iron of the j sence of alWi'MO phosphates it is necessary to 
hemoglobin. A similar decomposition occurs add more acid to obtain a precipitate than if 
when hemoglobin is acted on by strong acids or th^ alkaline phosphate were absent ; the acid 
alkalis.or by excess of alcohol. Prey er described is just used to convert the alkaline into neutral 
the proteid substance under the term globin^ phosphate. When heated wi^h strong solution 
which is insoluble in water, and which swells in of potassium hydrate, potassium sulphide is not 
solutions of sodium chloride and sodium hydrate formed. 

without dissolving. Kiihne concludes from the ■ Lieberkiihn’s jelly. When either tribasio 
action of reagents that a mixture of proteids ' phosphoric acid, acetic or tartaric acids, which 
rather than a single proteid results from the ' do not precipitate moderately concentrated 
decomposition of hamoglobin; these would, solutions of albumin, is added in excess to oon- 
however, seem to belong to the globulin class centrated serum or white of egg, a jelly is pro- 
from the fact that hiemoglobin is precipitable duced which liquefies like gelatin on heating, 
from its solutions by saturation with such and again solidifies on cooling. A similar jolly 
neutral salts as precipitate other globulins, and is formed by adding a strong solution of potpsn 
also by a stream of carbonic acid {v. art. H^emo- to serum or white of egg. This substance, called 
olobin). Lieberkiihn’s jelly, is regarded as a variety of 

Hsemocyanin. This is a proteid associated : ac’d or alkali albumin respectively ; it is soluble 
with a colouring matter which takes the place with dilliculty in water ; the aqueous solution • 
of hfemoglobin as an oxygen -carrier in the blood remains, however, clear when boiled, and ii 
of certain Crustacea, araclinida, gastropoda, and precipitated by neutralisation, 
cephalopoda. It was first described by Fredricq j Compounds of albumin with acids. On ao- 
in tl’.G blood of the octopus ; the blood which | count of the present uncertain state of our 
comes to the gills being colourless, and that I knowledge concerning the constitution of the 
leaving them being blue ; the blue pigment is proteids, the statements concerning compounds 
due to a loose combination of the proteid with | which have been described of albumin with 
oxygen, which, like oxy-hiemoglobin, parts with ; various acids must be received with caution, as 
its oxygen to the tissues. Copper takes the | is also the case with metallio albuminates (see 
place of the iron of haemoglobin in this com- j Egg albumin). 

pound. It has not been separated into a pig- j Trinitro-albnmin C,^n,oj(N02),N„SO„ il 
ment and a proteid, as hromoglobin has. It ! prepared by triturating or shaking dried and 
coagulates by heat at 65°, and is precipitated by ! powdered albumin with 14 or 16 times its weight 
saturation with neutral salts, and by dialysis like | of nitric acid (HNO,) ; a gelatinous mass is the 
other globulins (for references see Halliburton, j result, and on pouring this into water the in- 
Joum. of Physiol. 6, 300; Griesbach, Pf. 60, i soluble light-yellow tinted compound separates 
473). out. If the gelatinous mass be left to itself at 

Cl48S III., Albuminates. a temperature below 10°, a small quantity of 

^ Acid albumin. II a small quantity of dilute nitrogen tetroxide is given off, and a solution 
acid (hydrochloric or acetic) be added to eerum formed which, when diluted with water, deposits 
or egg-albumin, no precipitation occurs, but after a dark-yellow tasteless hydroxytrinitro-albumint 
a short time it will be found that the albumin C,,H,„(NO.J,N„(OH),(SOrOH)0„. Both these 
no longer coagulates on heating, and that its compounds, dissolve without alteration in dilute 
dextrorotatory power is increased. The albu- alkalis, from which solution they are precipitated 
min has been converted into acid albumin. On in yellow fiocculi on addition of acid (0. Loew, 
careMly neutralising such a solution with weak J. pr. [2] 6, 433). If, instead of using nitric 
alkali, the whole of the proteid matter is thrown acid, a mixture of concentrated nitric and sul- 
down as a white precipitate, which is soluble in phuric acids be employed, a bitter yellow pow- 
excess of the alkali, and may be re-precipitated der, insoluble in water, alcohol, or mlute aoidsi 
by neutralisation with weak acid, and again dis- but soluble in dilute alkalis, is obtained which 
solved by excess of the acid, and so on. Acid- is called hexfiitro-alhumin sulphonic addt 
•Ibninin is soluble in solutions of alkaline oar- C„H,„(NOJ^(80a.OH)N,,SO„ ; on treating this 
bpnates; it is precipitatedi like globulin, by with ammonium sulphide, hexaimdo-allmm^ 
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^ulphofUc add 0y^,„(NH2)y(SOj.OH)N,«SO22 is 
formed; this is deoomposed by strong alkalis 
with evolution of ammonia, and by nitrio acid 
with evolution of red fumes. It is insoluble in 
dilute acids, but readily dissolves in concentrated 
ones (0. Loew, J. pr. [2] 3, 180). 

Qelatinous compounds of albumin with acids 
are prepared by leaving it twenty-four hours 
in a parchment paper dialyser and a dilute 
acid in the outer vessel. For a quantity of 
albumin repre8ent<^d by Lieberkuhn’s formula, 
0 , 2 lI,,jN,„S 022 , the compounds contain 2 mols. 
nitric, 2 mole, hydrochloric, 1 mol. sulphuric, 
and 1.^- mols. phosphoric acid (G. S. Johnson, 

0. J. 27, 784). 

Casein and Gaseinogen. Gaseinogen is the 
chief proteid in milk. IJy the action of rennet it 
is converted into a curd called casein. Gaseinogen 
is thrown down by the addition of acetic or 
mineral acids, especially if the milk ho first 
diluted ; this precipitate when freed from fats 
is insoluble in water, soluble in dilute acids \>r 
alkalis (and alkaline carbonatesh and re-pre- 
oipitablo by acidiifation. It may also be prepared 
from milk by saturating it with magnesium sul- 
phate, followed by washing the precipitate with 
saturated solution of that salt till the washings 
contain no albumin, and then re-dissolving the 
precipitated caseinogon by adding water. Tlio 
salt still adherent to the precipitate enables it 
to dissolve; the fat remains undissolved on the 
filter. Such a neutral solution of caseiiiogcn 
becomes cloudy on heating, and the cloudiness 
disappears on cooling if the heating has not 
lasted too long. Lubavin states that caseinogen 
dillers from alkali albumin in tlie following par- 
ticulars : (1) when caseinogen is treated with 
caustic potash potassium auliihide is produced ; 
(2) on digestion with artificial gastric juice,caaein- 
ogen yields a substance containing phosphorus, 
whereas an albuminate can be prepared from 
white of egg which contains no phosphorus 
(Lubavin, Hoppe- Scyler*s Med. Chevi. Unlersnch. 
1871, 4G8). G. Wurster (J3, 20, 203) states that 
when hydrogen peroxide is passed through a 
solution of egg albumin in the presence of sodium 
chloride and an acid (lactic, acetic, phosphoric, 
or sulphuric) a proteid insoluble in water is 
thrown down, which ho states to bo a mixture of 
gelatinous acid albumin with a large quantity of 
proteid similar to caseinogen ; ho further supposes 
that hydrogen peroxide plays an important rdle 
in the living tissues of the body, and that the 
caseinogen of milk may be produced from the 
proteids of the blood by a similar means. The 
precipitate produced by adding ether to yolk of 
egg is also stated to have properties similar to 
caseinogen (Bopp, A. 70, 16). 

Most of the older writers use the word casein 
to include both it and caseinogen. Dillcrent 
varieties of casein have been describe^ by differ- 
eni observers ; Ber:£eliuB, Braconnot, and others 
described soluble casein, soluble in water, and 
insoluble casein, insoluble in water {v. also Bopp, 

1. C.). The soluble casein probably consisted of the 
otbw proteids present in milk in addition to 
casein. More recently the view has, however, been 
again advanced that the only proteid in milk is 
casein; and that the apparent presence of albumin 
and other proteids is due to the action of reagents 
pr ferments (Duclaux, 0. B. 98, 878, 438, 520 ; 


B. Pfeiffer, Mahfs Jahrher. 14,177). H. Struvf 
(«r. pr. 20, 70, 110) distinguishes between casein 
which forms the envelopes of the fat globules, 
and that which exists in solution in the milk ; 
both, however, have the same properties. A. 
Danilewsky {H. 7, 433) states tlmt casein can bo 
separated into caseo-protalbin, soluble in hot 
60 p.c. alcohol, and caseo-albumin, insoluble in 
that reagent. Haramarsten {H. 7, 227) has, how- 
ever, shown that this behaviour of casein depends 
in part upon its content of calcium phosphate, 
the presence of which impurity depends upon 
the use of hydrochloric acid in the precipitation 
of the casein, which acid does not favour the re- 
moval of the salt as well as acetic acid. Ham- 
marsten, moreover, showed by elementary analysis 
that casein is a single body ; this has been con- 
firmed by Ghittenden and Painter {Studies from 
the Lab. of Phijsiol. Ohem., Yale Univ. 2, 150). 
The two last-named observers obtain the follow- 
ing as the percentage composition of casein : 

C, 6.3*30 ; H, 7*07 ; N, lo*91 ; S, 0*82 ; P, 0*87 ; 
0, 22*03. Ilanimarsten {H. 7, 2(59) and llitt- 
hansen {Maljfs Jahrsher. 1873, 28) have also 
published elementary analyses of casein. 

It is owing to the presence of caseinogen that 
when rennet is added to milk a curd is produced, 
which is composed of the clotted casein and 
entangled fat globules ; the whey or liquid resi- 
due contains the sugar, albumin, and salts of the 
milk. The spontaneous coagulation that some- 
times occurs in milk is due either to tlio preci- 
pitation of caseinogen by lactic acid formed from 
lactose by fermentation, or to aerobic organisms 
which act like rennet. The coagulation that 
occurs when milk is boiled is due, not to the 
casein, but to the albumin in the milk. The fer- 
ment coagulation is a process which is entirely 
different from the precipitation by acid. A solu- 
tion of pure caseinogen in dilute alkali will not 
coagulate on the addition of rennet ; if, however, 
a small quantity of calcium phosphate or chloride 
be added, coagulation readily occurs. If casein- 
ogen, precipitated by acetic acid, be well washed 
with water till the reaction is nearly neutral, and 
then neutralised with solid calcium carbonate, 
a pasty mass is formed which, on the addition 
of rennet thereto, sets into a solid clot ; but here 
again if the caseinogen has been washed free 
from calcium phospliate rennet has no such 
action. This dependence of the rennet coagula- 
tion on the presence of earthy phosphate hat 
been worked out by Hammarsten. The fermoni 
causes the change from caseinogen to casein 
The lime salt combines with the latter and pre 
cipitates it. Hammarsten showed that on tin 
coagulation of caseinogon by rennet a wlioy 
albumin easily soluble in water is formed in 
addition to the clot of casein. Soxhlet {J. pr. 
[2] 0, 1) states that alkaline solution of arti- 
ficially prepared alkali albumin also coagulates 
on the addition of rennet, but this statement 
has not been confirmed. Metacasein is a name 
given to an early stage of the action of rennet 
and pancreatic juice on caseinogen. It coagu- 
lates by heat (Boberts, Proc. Roy, Soc. 1881 ; 
Edkins, Joum. Physiol. 12, 193). 

Casein in the milk of different animals 
is stated by Simon to vary slightly ; thus human 
casein is yellowish-white, and very friable ; it it 
incompletely precipitated from its aqueous 8oli|* 
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Uon by iJimi or by aoetio ao!d. Oaaein from 
oow’8 milk is less soluble in water, and becomes 
viscid and horny on drying. Canine milk gives 
a casein which does not become viscid and horny 
when dried, and is less soluble in water. Human 
casein is much more easily digested than that of 
cow’s milk, which is more viscid, and sets into 
a more solid clot under the influence of the 
rennet ferment of the gastric juice. For recent 
papers on casein see Itingor, Journ. Physiol. 11, 
4G1 ; 12, IG'l ; Halliburton, 11, 451) ; Sebclien, 12, 
95 ; Hewlett, 13, 71)8. 

Glass IV., Pkoteoses.— Under the name pro- 
teose it is convenient to include the large number 
of products which are intermediate in the for- 
mation of peptones from other protoids. Similar 
substances are formed by the action of botli the 
peptic and tryptic ferment ; those formed from 
fibrin or egg albumin have received the name of* 
albumose; from globulin, globuloso ; from casein, 
oaseose ; from vitcllin, vitellose, tSre. Tho?;c 
various substances resemble each other in their 
general reactions, and differ from one another in 
origin, sliglitly in pcrcontago composition, and 
in a few minor reactions. The albumoses are 
those which have been most studied. It will bo 
suflicient hero to describe the properties of the 
varieties of albumose. Tiio globuloses, vitolloses, 
&c.,are divided into similar varieties, with corre- 
sponding prefixes. 

The properties of these substances have 
been cliiefly worked out by Kiiline and Chitten- 
den. The names first given to them were ])ro- 
peptone (Kiilinf?) and a pcjdone (Meissner). 
Kiihne then adopted the name albumose, and i 
subdivided the albumoses into hcmi-albumoses, ! 
those which are converted into hemi-peptones, 
and anti-alburnoses, tiiose which are converted 
into anti-peptones. Amplio-albumoso is a terra 
which includes both hemi- and anti- varieties. 

The following are the chief alljurnoses : 

(i.) Proto-alb uraose, soluble in distilled 
watf.r and weak saline solutions, partly preoipi- • 
tated by saturating its acidified solutions with j 
sodium cliloride. It is also precipitated bymer- i 
curie chloride and by copper sulphate. j 

(ii.) Hctoro-albumose, insoluble in dis- ; 
tilled water, soluble in weak saline solutions, | 
and completely precipHatod therefrom either by ' 
dialysing out the salt or by saturation with ! 
sodium chloride. It is precipitablo by mercuric i 
chloride only in acid solutions ; it is precipitated | 
by copper sulphate. By heating its saline solu- 1 
tions a cloudiness is produced, which is not | 
caused by the formation of coagulated proteid, ’ 
since it readily disappears on the addition of 
weak acid or alkali. By the action of alcohol i 
hetero-albumose is partially converted into an i 
insoluble product (dys-albumose). j 

(iii.) Deutero-albumose. This is the i 
albumose most nearly allied to peptone. It is j 
soluble in distilled water, and in saline solutions ; 
it is not precipitated by saturation with sodium | 
chloride. It is precipitablo by nitric acid only ; 
in the presence of excess of salt, and then does ' 
not dissolve so readily on heating as in the case 
of the other albumoses. It is precipitablo by 
mercuric chloride, but not by cop|>er sulphate. 
It can be separated from peptones by saturation 
with ammonium sulphate, whi<^ precipitates 


deutero-albomose but not peptones. For latest 
work on this see Kiihne, Z, B, 29, 1. 

The above re|kotions are those in which the 
albumoses differ from one another; tliey re* 
semble one another in their oharaoteristio be- 
haviour with nitric acid (already described), and 
in giving the biuret reaction. Noumeister says 
that in the formation of peptones from albumin, 
in the first stage of digestion, proto-albumose 
(chiefly a hoini-produet), hetero-albumose, and 
anti-albumid (an insoluble product only par- 
tially further changed, and that into autipep- 
tono) are formed. Deutero-albumose is in all 
casts an intermediate product between these and 
the final peptones. 

The following are the chief papers published 
in reference to tliis subject. On albumoses ; 
Kiihne and Chittenden, Z. B. 20, 11 ; 11. Nou- 
meistcr, ibid. 23, 381 ; Chittenden and Bolton, 
Studies from the Physiol. Lab., Yale Univ. 2, 
120. On globiiloscs: Kilhoo and Cliittenden, 
Z. C. 22, 409. On vittdloscs : Nenraoister, ibid. 
23, 402. On casooses : Chittemlen and Painter, 
Studies from the Physwl. Lat., Yale Univ. 2, 
150. On the digestion of casein : H. Thierfeldor, 
H. 10, 677. On benzoylated ethers of the albu- 
mosGs : Schrotter, B. 22, 1950. 

Class V., Peptones.— -The general reactions 
of these substances and of their chief varieties, 
henii- and anti- peptone, have boon already de- 
scribed. 11 is only since the introduction of the 
method of separating them from other protoids 
by saturating a solution containing such a mix- 
ture with ammonium sulphate that they have 
been obtained free from proteoses. Most of the 
p(!plones of commerce consist almost entirely of 
])rote('.ses. Peptones have also boon described 
as occurring in milk, and in certain animal and 
vegetable tissues, whereas these protoids are in 
reality proteo.ses artificially formed during mani- 
pulation. Certain properties previously ascribed 
to peptones, e.g. a power of preventing blood from 
coagulating after intravenous injection, are now 
known to bo due to proteoses. 

When peptones arc formed artificially a bitter 
taste is developed ; what this is due to is un- 
known. Pure peptone has a meaty or cheesy 
taste; the albumoses are also free from bitter- 
ne.ss. It is exceedingly difiioult to dry pure 
peptone, and when dry it his.ses and froths, with 
evolution of heat on the addition of water. 

Anti-peptone —and the same appears to be 
true of other anti- products of digestion (e.g. 
anti-albumid)— do not only not yield leucine and 
tyrosine on further pancreatic digestion, but 
appear not to contain the tyrosine radicle ; they 
do not give Millon's reaction, and do not yield 
tyrosine on boiling with sulphuric acid. 

(For the most recent paper on peptones, me- 
tliods of purification, and ultimate analysis, see 
Kiihne and Chittenden, Z. B. 22, 423.) 

Class VI., Insoluble i>roteii>s. 

Fibrin. This is the proteid formed from 
fibrinogen, probably under the influence of a 
ferment derived from the white corpuscles of 
the blood. It is owing to its formation that 
blood clots after withdrawal from the body (see 
Blood). It may be prepared pure by washing 
the olot free from corpuscles by a stream of 
water, or better, by allowing the plasma freed 
from corpuscles to coagulate, and the^ it if 
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washed free from other proteids by water. It is eolation. In the two latter oases globulins and 
a white elastic solid, usually exhibiting fibrilla* albumins are also present. For recent work on 
tion under a high magnifying.power. It is in* crystallised vegetable proteids see Osborne, Am. 
soluble in water, partially soluble in dilute saline 14, No. 8. 

solutions, the proteid which goes into solution Class I., Veoktablb albumins.— In addition 
having the properties of serum globulin. Fibrin to the crystalline body just described, the posi- 
possesses the power of liberating oxygen from tion of which in our classification is properly in 
solutions of hydrogen peroxide. Fibrin swells ' the next group, there are in vegetable juices 
up in cold weak hydrochloric acid (0*1 p.c.) ; it ! true albumins. These have been prepared and 

dissolves, forming acid albumin, on heating it j analysed from rye by Jones (.4. 40, 66), from 

with weak hydrochloric acid. It is readily digested ' wheat dour by Dumas and Cahonrs {A. Oh. [3] 
by pepsin or trypsin, yielding alblimoses and ; vi), by Boussingault {ibid. [2] 63, 225), from 
peptones. Hasebrock {(L 11, 348) and A. Herr- j potatoes by Uiiling {A. 58, 306), in the latex of 
mann {iUd. 11, 608) state that a first product in ! several caoutchouc-yielding plants by J. R. 
the digestion of fibrin is a substance with many ' Green (Pr. 4*0, 28), and in papaw juice by Martin 
of the properties of fibrinogen. (For elementary {J. Physiol. 6, 336). Such albumins are coagu- 
analyses and varieties of fibrin see llammarsten, i lated by heat at about 70^^, and are not precipi- 
P/. 22, 484 ; 80, 437. See also Fibrinogen.) I tated by saturation with sodium chloride, mag- 

Coagulated proteid. This is proteid con- 1 ncsium sulphate, nor by acetic acid. The 

verted by heat or alcohol into atpoagulum. It is i myrosin of mustard seeds also resembles vege- 
insoluble in water or dilute acids or alkalis; it ; table albumin, and myco-protoin from yeast and 
is, however, like fibrin, readily digestible by bacteria is also stated to bo an albumin 
proteolytic formats. (Schalfier, J.pr. 131, 302). 

Lardaoein (so-called amyloid or albuminoid Class II., Vegetable globulins. — These 
substance). This is formed in the disease known ; were first described by Vines (Z.c.), and have since 
as waxy degeneration, the cells of the liver, ; been classilied by Martin (Proc. Physiol. Soc. 
spleen, and other organs being replaced by this j 1887, 8), who has found them in the flour of 
substance. It is coloured brownish-red by iodine, j wheat, rye, and barley, in papaw juice, and in 
hence the name amyloid (Virchow). Kekuld the seeds of Abrns precatorins (jequirity). He 
and Schmidt showed that it was a proteid. It is divides them into two classes : vegetiible myosins 
insoluble, like coagulated proteid, and it has ' and vegetable paraglobulins. The myosins co* 
been usually stated that it is not dissolved by | agulate at arc precipitated by dialysing 

gastric juice. Kostiurina (C. C. 1887, 120) ' the salt away from their solutions; but this 
finds, however, that it is soluble in pepsin solu- | precipitate is no longer a globulin, being in- 
tion acidified with hydrochloric acid. soluble in saline solutions. It 1ms the properties 

The prof citfs have the same general of an albuminate, i.e. soluble in weak acid or 
reactions, and may be divided into the same j alkali and precipitated by neutralisation. A 
classes as the animal proteids. Their percentage similar transformation occurs when a solution 
composition is also approximately the same, but | of the myosin, especially a dilute solution, is 
varies with individual meinbcrs of the group, as placed in an incubator at .35®-40° for twelve to 
is the case with the animal proteids. Leucine, ' eighteen hours. The vegetable paraglobulins 
tyrosine, asparagine, and other amides are found j coagulate at 70°-75‘^C.,and are not transformed 
in plants, which may perhaps be stages in the into albuminates, cither by dialysis or by a long 
formation of proteids from the union of inorganic exposure to a temperature of 35®-40°. This 
nitrogen with certain nou-nitrogenous compounds classification does not include plant vitellin 
in the plant tissues (C. 0. Miiller, L. V. 1886, 326). (phytovitollin), the crystalline form of which has 
Various observers have found in vegetable tissues I been already alluded to. The crystals are mem- 
a crystal! isable proteid, often spoken of as an 1 braneless, doubly refracting, and the proteid of 
albumin, but which has since been shown to which they consist has all the reactions of 
consist of a globulin (vitellin). These cry.stals I vitellin prepared from yolk of egg. This vitellin 
were first observed by Hartig {Dotan. Zeitung, I was found to be free from nuclein and lecithin, 
1885, 881). Maschke obtained crystals from Para j and may be regarded as the purest globulin yet 
nuts by extracting them with water at 50“ ; the ' known. Elementary analysis gave C 62*43, 
crystals formed on evaporating this extract at H 7*12, N 18-1, S 0-65 p.c, (For further ana* 
the same temperature {J. pr. 74, 436). Similar , lyses of vegetable proteids see Barbi^re, J, pr. 
crystals have been obtained by Schmiedeborg ! 126, 114.) 

{H. 1, 205), by Dreohsel (/. pr. [2] 19, 331), j Class III., Vbobtable albuminatbs.— legu- 
Ritthausen {J. pr. 131, 481). G. Grubler ob* min and conglutin. Legumin, or vegetable 
tained octahedral crystals from pumpkin seeds casein, was discovered by Einbof in 1805, and 
and castor-oil seeds by cooling to T a sodium | called by him v6g6to-aniraale [N. allgem. J. D, 
chloride extract of the seeds made at 70® (/. 2 ?r. j 6'h. v. ; A. Gehlen, vi. 126, 648), in peas, 
191,105). The aleurone grains of plants have beans, and lentils. Proust, H. Vogel, BouUay, 
been investigated by S. H. Vines (Pr. 30, 387 ; Braconnot, and Liebig considered it to be 
31,62); in the peony, castor-oil plant, blue lupin, identical with the casein of milk. Dumas and 
and many other plants. Vines found that the Cahours found that it contained less carbon and 
grains are either wholly or partially composed of more nitrogen than casein (Gerhardt, Traiti, 4, 
proteids, and olassiftes them according to whether 491). The composition and properties of this 

(1) they are soluble in water, in which case they proteid have been more recently studied by 
consist of vegetable peptone or hemi-albumose, Ritthausen. He prepared it by extracting pul- 

(2) soluble in 10 p.o. sodium chloride solution, verised peas, beans, lentils, and vetches with 
and (8) partially soluble in 10 p.c. sodium chloride dilute aUcalii precipitating the strained liquid 
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with acetic acid, washing the precipitate 
with alcohol on a filter, and finally drying over 
Bulphurio acid. It dissolves both in cold and 
boiling water; on analysis the following per* 
centages were obtained : From peas, lentils, 
vetches, and field beans — C 61*48 ; H 7*02; 
N 16*77 ; 0 21*32 ; S 0*10. From garden 
beans— 0 61*48; H 0*92; N 41*71; 0 26*35; 

B 0*45. Treated with sulphuric acid it yields 
leucine, tyrosine, glutamic, and aspartic acids. 
The legumin of almonds and lupines, called by 
Ritthausen conglutin, is richer in nitrogen, more 
glutinous, and more soluble in acetic acid {Ritt- 
hausen, J. pr. 103 ; 05, 78, 193, 273 ; [2J 26, 
several papers ; Z. [2] iv. 528, 541 ; vi. 126 ; 
Om. xviii. 427, 437). Legumin differing slightly 
in properties and composition has been prepared 
from many other sources. 

In spite, however, of the vast amount of 
work which has been dono on this subject, and 
which is only brielly alluded to in the foregoing 
paragraph, the existence of this substance is 
now pretty generally denied. Fresh seeds or 
vegetable tissues and juices contain no protdda 
of the casein or albuminate group, and all the 
substances hitherto designated plant casein aro 
artificial products produced by the alkali used 
to extract them from the various globulins 
and albumins which exist there normally 
(Hoppe - Scylcr, Physiol. Chcmic, Thcil i. 75). 
Although Ritthausen defends his views {G. G, 
1877, 567, 580) on the ground chiefly of the 
concordance of numerous elementary analyses, 
the recent work of Vines, Green, and Martin 
confirms Hoppe-Sey let’s statement. For proteids 
of oats see Osborne, A m. 13, 327, 385 ; 14, 212 ; , 
of maize, Osborne a. Chittenden, ibid. 13, 453, ! 
629 ; 14, 20 ; of flax, Osborne, ibid. 14, No. 8. j 

Class IV. — Veoetable raoTEOSKS. — These ! 
were first described by Vines (l.c.) in aleurono 
grains, and spoken of as hemi albumose by ■ 
him. They were previously regarded as pep- 
tones. Slartin {J. Physiol. 6, 336) has given 
the name phytalbumoso to these substances. 
In papaw juice he found two phytalbumoses : 
a - phytalbinnose, with which the ferment 
papain is associated ; this resembles the 
proto • albumose of Kiihno a. Chittenden, but 
differs from it in the fact that copper sul- ! 
phate and saturation with sodium chloride do 
not precipitate it; ^-phytalbumose^ which re- 
sembles hetero-alburaose, except that it is not 
precipitated by dialysing out the salts from its 
solutions, nor by copper sulphate, nor by mer- 
curic chloride. Green (Pr. 40, 28) has described 
an albumose in latex; and Martin has found 
another uWmmose —insoluble phyt albumose— in 
wheaten flour {Brit. Med. Jour. 1886, 2, 104 ; see 
also under Gluten). 

CuLBs V. — Vegetable peptones. — True 
peptone does not apparently exist as such in 
vegetable tissue; as the result of peptic or pan- 
creatic digestion, however, peptones are formed 
with intermediate products (proteoses), as in 
the case of animal proteids. Some, moreover, 
are further acted on yielding leucine and tyrosine. 
It is interesting to notice that in the digestion of 
the proteids of papaw juice by papain, a pro- 
teolytic ferment present in that juice, no true 
peptones, but only phytalbumoses. are formed, 
npa&i, however, which acts like trypsin best in 
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an alkaline medium, forms true peptones with 
animal proteids (Martin, J. Physiol. 6, 213; 6, 
336). For ferments in pineapple juice see 
Chittenden, Trans. Connecticut Acad. 8, 1. It 
appears probable that such ferments are wide- 
spread in the vegetable kingdom to convert the 
proteid of the cotyledons into peptone-like sub- 
stances, and so render it available for food in the 
growing plant. 

Class VI.— Insoluble vegetable PROTBrns. — 
Gluten. This is the most important of the 
vegetable prdteids which falls under this head, 
\Vhen wheat flour is made into a paste its 
stickiness is due to tho presence of gluten, which 
can be obtained free from st.'irch by washing the 
paste with water; this is most conveniently 
done by kneading the paste in a muslin bag 
under running water. Gluten is tenacious, 
almost tasteless, of a light brownisl»-grey colour; 
on being burnt it emits the smell of burnt horn, 
andyOn destructive distillation yields the same 
products as animal proteids. It dissolves in 
strong acids and alkalis; it alsrf) dissolves, but 
very slowly, in 0*2 p.c. hydrochloric acid 
(Bouchardat, C. R. 14, 962). Gluten has been 
stated to possess nmylolytio powers, converting 
starch fir.st into dextrin and then into dextrose. 
Taddei (Qiornale jhica di Bruynatdlh 12, 360) 
first showed that gluten consists of two sub- 
sfances — one soluble, tho other insoluble in 
alcohol. Ritthausen called tho part insoluble 
in alcohol vegetable fibrin, and tho part soluble 
in alcohol, and to which the stickiness of the 
gluten is due, he subdivided into two substances, 
inucedin or vegidable mucin, and glulin^ gliadm 
or vegetable gelatin. I'hese aro extracted with 
boiling alcohol of 70-80 p.c. This extract 
becomes turbid on cooling, and after half tho 
alcohol has boon distilled off rnucedin is de- 
posited in flocculi. It may bo purified by re- 
dissolving it in hot alcohol, and re-precipitating 
by cooling. Tho gliadin remains in solution in 
cold alcohol. Mucedin is soluble in cold dilute 
acetic acid, but when precipitated from this 
solution by ammonia, or left in contact with or 
boiled with water or dilute alcohol, it is con- 
verted into an iiisoluhlo substance like fibrin. 
Gliadin forms a solution in alcohol which re- 
sembles varnish ; on evaporating the alcohol it 
is obtained in a form resembling animal gelatin. 
It i.s more soluble in hut than cold water, and is 
precipitated by tannic acid, basic load acetate, 
and mercuric chloride. The analyses of crude 
gluten, and of glutin, give approximately the 
, same percentage composition as other proteids 
(Ritthausen, J. pr. 74, 193, 384). 

Gunsberg (/. pr. 85, 213) regards mucedin as 
consisting simply of fragments of suspended 
fibrin; he states that gliadin is also not a distinct 
proximate principle, for cold water extracts from 
it a brown substance containing nitrogen and 
sulphur, and the residue has nearly the same 
composition as animal gelatin. Martin (Brit. 
Med. Jour. 1886, V, 101) has shown that gluten 
does not exist in flour as such, but is formed by 
the action of water (perhaps also by a ferment 
action) on the proteids pre-existent in the flour. 
The doctrine of a ferment action is supported by 
the fact that washing flour with water at a low 
temperature (2^G.) does not lead to the forma- 
tion of gluten. Johannsen (Ann. Agronom. 14, 
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420) liaa advanced evidence against the ferment 
theory. Gluten is insoluble in cold water, and 
In 10 to 15 p.o. sodium chloride solution. It 
dissolves partially in alcohol and in boiling water. 
Both these extracts contain the same substance, 
which is an albumose (insoluble phytalbumose), 
and it corresponds to Bitthausen’s mucedin and 
gliadin. The insoluble residue, which is not 
sticky, may still be called gluten fibrin, and it is 
soluble in 0*2 per cent, hydrochloric acid. The 
flour itself contains two proteids : (1) A myosin 
coaplating between 66® and 60®, precipitated by 
sodium chloride and magnesium sulphate ; and 
f 2) a soluble phytalbumose. Both can be extracted 
from fiour by 10-15 p.o. sodium chloride solution. 
They are considered to be the precursors of 
gluten, according to the following scheme : 

OlntMia (Gluten*fibrin— precursor; myosin 

viaimi ^ Insoluble albumoae - precursor : soluble albumose 

The more wheaten flour has been extracted 
with a 10 or 16 p.o. sodium chloride solution 
the less is the yield of gluten when it is subse- 
quently treatedr with water. 

The proportion of gluten in wheat flour 
varies considerably according to climate, soil, 
temperature, Ac.; the best flour containing 
10-11 p.o., inferior kinds 8-9 p.c. In the 
moist state gluten weighs about three times as 
much as when dry. The flours of barley, rye, 
and oats contain only a trace of gliadin, or 
albumose, as it may now be regarded; hence 
these flours, containing mostly gluten-fibrin or its 
precursor, cannot be made into such a sticky 
paste as can be made with wheat flour. Gliadin 
also does not exist in leguminous seeds ; it is 
said to be present in the juice of the grape and 
other fruits, and is hold in solution there by 
tartaric or other vegetable acids. 

Appendix A. — Proteids in urine. Normal 
urine contains no proteid. The chief facts con- 
cerning proteids in morbid urine are treated fully 
in medical works (MacMunn’s Clin. Chem. of 
Urine, Halliburton’s Chem. Physiol.), but may 
be here briefly summarised as follows : 

When urine contains blood (which may be 
detected by the microscope or spectroscope) or 
pus (which may be also detected microscopically), 
it of necessity contains a certain amount of 
proteid derived from these contaminations. In 
paroxvsmal htemoglobinuria, the urine may con- 
tain nnmoglobin or methasmoglobin indepen- 
dently of the presence of blood corpuscles. In 
the various forms of Bright's disease, the un- 
healthy kidney allows the proteids of the blood 
to diffuse into the urine, the most common 
and abundant being serum albumin. Serum 
globulin is usually also present, and is recog- 
nised by the fact that saturation with magnesium 
sulphate in the neutralised urine precipitates it 
(A. Ott, C. C. 1886, 640). A crystalline globulin 
was found in urine by Baton, Lab. Rep. B. Coll. 
Phys. Edin. 4, 47. 

Clinical observers do not as a rule attempt to 
distinguish, however, between the various forms 
of proteid that occur in urine, but apeak of them 
all under the name of albumin. The most com- 
monlv applied tests for its detection are (1) To 
boil the upper part of a test tube full of urine ; 
•ay cloudiness produced is then seen in contrast 
to the clear urine below. If any precipitate 
ocoun it if insoluble in acetic a^d, so miiu- 


gnishing it from phosphates. If the nrme if 
neutral or alkaline it is necessary always to 
acidify with acetic acid either before or after 
boiling, in order to obtain a precipitate. The 
clinical method of estimating the proteid quanti- 
tatively has been already described. (2) Nitric 
acid causes a precipitate in the cold. If urine 
contains but little proteid, it may be detected by 
pouring the urine on to the surface of some 
nitric acid in a narrow test tube, the ring of 
precipitate at the junction of the two liquids is 
then clearly seen (Heller). The difficulty of 
carrying nitric acid about has led to the adop- 
tion more recently of methods in which test 
papers saturated with various reagents, picric 
acid, potassio-mercurio iodide, &c., are added to 
the urine. A committee of the Clinical Society 
have recently presented a report in which the 
relative advantages of various methods of detect- 
ing albumin in urine are discussed {Clin. Soc. 
Trans. 19, 339). They have investigated Dr. 
Oliver’s test papers just mentioned ; Dr. Pavy's 
pellets of citric acid and potassium ferrocyanide; 
Dr. Johnson’s picric acid solution ; Sir W. 
Boberts’s acid brine test; acetic acid and boiling 
nitric acid ; and a solution of potassio-mercurio 
iodide with citric acid. The last named is the 
most delicate reagent in the list; the test papers 
and pellets are not so delicate but are more con- 
venient; the picric acid test has the advantage 
of being also applicable for recognising (after the 
addition of potash) sugar as well as albumin. 

Besides albumin and globulin in urine, other 
proteids may sometimes occur ; viz. (1) egg al- 
bumin — this occurs after a very large ingestion 
of eggs as food; (2) Bence-Jones albumin, so 
called after its first observer, has been shown to 
be a form of hemi-albumose — it occurs in cases 
of osteomalacia ; (3) peptones or deutero-albu- 
mose occurs in many suppurative diseases, and 
doubtless originates from the disintegration of 
pus cells ; (4) casein has been stated to occur in 
chylous urine, but there are considerable doubts 
as to the accuracy of this statement ; (5) mucin 
occurs not only in suspension in the mucus from 
the urinary tract, but it appears to be occa- 
sionally present dissolved in the urine— it is 
precipitable therefrom by acetic acid. It is pro- 
bably not true mucin, but a nucleo-albumin. 

AppendixB.— P roteids os poisons. For effects 
on blood pressure, &o. , of albumoses and peptones, 
V. Pollitzer, J. Physiol. 7, 283. The poison of 
venomous snakes has also been shown to depend 
on the proteids contained therein (Weir Mitchell), 
and not to any alkaloid, ptomaine, or cobrio acid 
(W. Blyth, An. 1, 204) Wolfenden has sepa- 
rated a globulin, albumin, syntonin, and albu- 
mose from the venom of the cobra and daboia ; 
for the action of these v. J. Physiol. 7, 827 ; see 
also Eanthack, ibid. 13, 272. The poisonous 
princinle abrin of Abrus or Jequirity is also 
proteid (Martin, Pr. 42, 831). The subject of 
proteid poisons has recently risen into pro- 
minence, as it is found that the micro-organisms 
of many diseases produce these toxalbumoses. 
Koch’s tuberculin owes its activity to similar 
substances. The poisons produced in anthrax, 
diphtheria, dto., are also proteid in nature. For 
references see Halliburton’s Chem. Phynol. Ger- 
man translation; Martin, Brit, Med. JoumaU 
March and April 1892. On the other haodi 
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eertain proteidi (globnlini or ntioleo-albilminB) 
an proteotive and destroy micro-organisms. 
They are termed alexines by Daremberg, Buch- 
ner, and Hankin, For Hankin's most re- 
cent paper, see Centr, BacterioL 12, Nos. 22 
and 23. 

Appendix O.—Albumhtoids. The term ‘al- 
buminoid ’ is still used by some synonymously 
with proteid; it will be here restricted to a 
number of substances which resemble proteids 
in many points, but which differ from them in 
others. 

Collagen. This is the substance of which 
the white fibres of connective tissue are com- 
posed, and which by tlie action of boiling water 
is converted into gelatin. Collagen is prepared 
from tendons by Rollett’s process as follows : the 
finely-divided tissue is soaked in water to remove 
proteids, and then for some days in lime water 
to dissolve the mucin-holding cementing sub- 
stance between the fibres. The insoluble matter 
is washed first with water, then with weak acetio 
acid, and then again with water. The residue 
consists of collagen, mixed, however, with small 
quantities of elastin and nuclein. With very 
dilute acids or alkalis collagen swells and be- ■ 
comes transparent. | 

The organic material which composes one- j 
third of the substance of bone consists mainly i 
of a substance identical with collagen, and which j 
has been termed ossein by some writers. The 
organic basis of dentine (but not of the enamel 
of tooth) is also collagenous. 

Gelatin. When the white fibres are subjected 
to the action of boiling water, or of water heated 
under pressure, as in a Pupiii’s digester, or to the 
long-continued action of dilute acids at the or- 
dinary temperature, they dissolve, and the solu- 
tion contains a substance called gelatin. Gelatin 
may be similarly prepared from bones. Isin- 
glass is gelatin prepared from the swimming 
bladder of the sturgeon; an inferior kind is 
made from fish bones. Glue is the crude pro- 
duct obtained by boiling down hides, bones, &c. 
(u. Ure, Dictionary of Arts, dc., [2] J24, 370). 
Pure gelatin is prepared from commercial gela- 
tin by soaking the latter in distilled water for 
some days to remove salts ; it is then dissolved 
in hot distilled water, and filtered while hot into 
90 p.c. alcohol. The gelatin separates in the 
form of white thready masses, which can be 
subsequently dried. Thus prepared it contains 
only 0*6 p.c. of ash. 

Gelatin is insoluble in cold, but soluble in hot 
water; on cooling the hot watery solution it 
sets into a jelly (gelatinises) ; this property is 
possessed by solutions as weak as 1 p.c., it is 
lost by prolonged boiling, or instantly by heating 
to 140^ in sealed tubes. Gelatin is insoluble in 
alcohol, ether, and chloroform. Aqueous solu- 
tions are powerfully lievorotatory, the rotatory 
power being influenced by the temperature and 
reaction of solution; at 30° [a] d- -130 (Hoppe- 
Seyler). Gelatin is not precipitated by acetio 
acid nor by a solution of lead acetate ; it may be 
thus distinguished from chondrin. It is not 
precipitated by acetic acid and potassium ferro- 
cyanide, nor by the majority of metallic salts 
which precipitate proteids. Tannic acid even 
In very dilate solotions precipitates it ; it is on 
the formation of the last-nnmed preci^tate that 


the conversion of hides into leather it brought 
about. 

Sohiitzenberger and Bourgeois ascribe to 
gelatin the formula Hofmeister 

{H. 2, 315) finds that by heating gelatin it loses 
water, and is converted into collagen, which he 
therefore considers an anhydride of gelatin ; his 
formula for gelatin is C,odli 4 |N,, 0 ,,. 

By the action of boiling water, gelatin loses 
after 25 hours its power of gelatinising, and it is 
split up into two peptone-like bodies, setniylutin 
(sparingly soluble in 70-80 p.c. alcohol and pre- 
cipitated by platinum tetrachloride) and hemi- 
Collin (soluble in 70-80 p.c. alcohol, not pre- 
; cipitated by platinum tetrachloride). Similar 
I substances are formed by the action of the 
I peptic or pancreatic ferment, but ultimately 
j true gelatin peptones (not precipitable by satura- 
tion with ammonium sulphate), leucine, glyco- 
cine, and volatile fAtty acids are formed. (The 
foregoing account of gelatin is very largely 
takcn*from Gamgee’s Physiol. Chem., p. 252.) 
Many bacteria liquefy gelatine. On digestion of 
gelatin see Chittenden, J. PhysiZl. 12, 23, 84. 
The most recent work on the decomposition 
products of gelatin has been done by Schiitzen- 
berger. On heating gelatin at 200° with barium 
hydroxide, one-fifth of the total nitrogen is con- 
verted into ammonia; carbonic and oxalic acids 
are also formed, these products being in the 
ratio of the products of decomposition of urea 
and oxamido. Tlie other products are amido- 
acids of the acetio series, the most important 
being glycocine, alanine, amido-butyrio acid and 
leucine, and acids of an homologous series 
C„H.^N.Pj,, the value of n varying from 8 to 10. 
These hitter acids are difficult to isolate; at 
100°- 120° they are converted into anhydrides ; 
they do not yield derivatives with acetio an- 
! hydride, but with ethyl iodide in the presence of 
an alkali they yield di-ethyl derivatives. The 
‘ general results lead to the conclusion that 
gelatin is formed by the combination with 
elimimition of water of 1 mol. urea or oxamide 
with 2 groups Cnll^MN.p, and 4 groups 
CnH. 2 „,,NO.^, n being 2, 3, 4, or 6, with a mean 
value of 3*5 (v. Sohiitzenberger a. Bourgeois, 
C. R. 82, 2G2 ; Schutzenberger, C. B. 102, 1296) 
Both gelatin and albumin yield on treatment 
with alcoholic hydrochloric acid a diazo- com- 
! pound CjH,N,p, (Buchner a. Curtius, JL 19, 850) 

I The question of the part played by gelatin, 
which is an casily-digestible substance in nutri- 
tion, is very important practically, jellies es- 
pecially being given to invalids. The question 
was first investigated by J. Etzinger {N. R, P, 
23, 535), and subsequently by Voit (Z. B. 8, 
297). Voit’s chief result showed that gelatin 
will not entirely replace proteids, but that 
animals rapidly waste which are fed on it alone, 
but, in conjunction with a certain small amount 
of proteid, it is capable oi maintaining nitro- 
genous equilibrium as well as if the only nitro- 
genous food taken was proteid in nature. These 
results have been since very generally confirmed 
{v. S. Pollitzer, Pf. 87, 301). Voit distinguishes 
between circulating and organic albumin ; gelatin 
^n never yield the latter, but it may replace the 
former in so far as it prevents the conversion of 
organic into circuUting albumin. Gelatin also 
dimkpshes the waste Qf 4t in the bod/. 
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Xaein. This body forms the ohief con* 
itituent of the ground substance of connective 
tissue, the other organic constituent being a 
globulin very like serum globulin. Mucin is es- 
pecially abundant in the ‘jelly like* tissue of 
the umbilical cord, and in the vitreous humour. 
The oement'Substance of epithelia behaves 
similarly to microscopic reagents (especially 
silver nitrate, by which it is stained brown owing 
to a deposit of metallio silver), and is probably 
of the same chemical nature as the ground sub- 
stance of connective tissue ; both*' are soluble in 
alkalis. Mucin forms the chief constituent of 
mucus, and gives the sliminess to the secretion 
of mucous membranes. In mucus it is suspended 
in an alkaline exudation from the blood and 
mixed with the dibris of epithelium cells, and a 
few white blood corpuscles. The mucin itself is 
here formed by the protoplasm of certain cells 
of the epithelium becoming ^altered, so that it 
becomes swollen and brightly refracting^; the 
globule of mucin so formed is discharged, leaving 
a so-called goblet cell. In mucous glands, such 
as the Bubmaxillary salivary gland, a very 
similar replacement of protoplasm by mucin (or 
mucigen, as it is called when inside the secreting 
cells) takes place. Mucin is also largely con- 
tained in the surface secretion of several inver- 
tebrate animals, e.g. the snail. Mucin is con- 
tained in submaxiilary saliva; the ractalbumin 
and paralbumin {q. v.) of ovarian cysts is a very 
similar substance. The substance which confers 
slimincss to the bile and the synovial fluid, 
formerly considered to be mucin, lias been shown 
to consist of a nucleo-albumin [q. t'.). 

The methods of preparation of mucin from 
its various sources differ ; from tendon (u. 
Kollett, Sitz. W, 30, 308 ; Lobisch, H. 10, 40) ; from 
Bubmaxillary gland (Obolensky, P/. 4, 330 ; Ham- 
marsten, H. 12, 1C3) ; from bile (Gautier, 
Chimie Appliqude d la MMccine, 2, 120 ; Puij- 
Wl, iT. 12, lOG). Eichwald, Hammarsten, and 
others have prepared it from snails (P/. 30, 873), 
and Giacosa {IT. 7, 40) from the membranes of 
frog’s eggs. These methods depend upon the 
fact that mucin is soluble in weak alkalis, e.g, 
lime water or dilute baryta water, and can be 
precipitated from this solution by acetic acid, in 
excess of which it is not soluble. Hammarsten 
finds, however, that submaxiilary mucin is easily 
decomposed by lime water and similar weak 
alkaline fluids ; he, therefore, uses water to ex- 
tract the mucin. Hammarsten has shown that 
considerable differences exist in mucin according 
to its origin ; this was previously suspected from 
the divergencies in elementary composition. 
Tendon mucin (C, 48*3 ; H, 6 44 ; N, 11*75 ; S, 
0*81 p.c., Loebisch) and submaxiilary mucin 
(C, 48*84 ; H, 6*8 ; N, 12*32 ; S, 0*8, Hammarsten) 
are very much alike in elementary composition, 
but differ in their reactions ; e.g. tendon mucin is 
not easily decomposed by weak alkalis, nor is 
it so easily soluble in weak hydrochloric acid as 
Bubmaxillary mucin. These forms of mucin 
differ still more from those obtained from Helix 
poniatia ; Hammarsten, indeed, has shown that 
two distinct varieties of mucin, from the foot 
and mantle respectively, can be obtained from 
this snail. 

Mncin gives the xanthoproteic, Millon’s, and 
the Adamkieewioz reactions ; it is precipitated, 


but not rendered insoluble, by saturation with 
sodium chloride or magnesium sulphate, and by 
alcohol. It is precipitated by acetate of lead, but 
by no other metallic salt (except the submaxii- 
lary mucin, which is precipitated by several), 
it is not precipitated by tannic acid nor by 
boiling ; acetic acid gives a characteristic stringy 
precipitate. Mucin yields, when boiled with 
strong sulphuric acid, leucine and tyrosine, 
and when boiled with caustic soda pyrocatechin 
(Obolonsky). When boiled with dilute sulphuric 
acid for a few hours, mucin yields a reducing 
sugar, but one which is not capable of the 
alcoholic fermentation, and albumin is also 
formed. Landwchr regards mucin as a com- 
pound of a proteid and a non-reducing carbo- 
hydrate (C,^H,uOj) which has most of the pro- 
perties of plant gum; ho calls it animal gum 
{Pf. 33, 198). At one time this carbohydrate 
was regarded as a variety of glycogen which 
*gavo no colour with iodine (achrooglycogcn). 

Met-albumin and paralbumin. These two 
proteid-like Bubstances are fairly constantly 
found in the fluids removed from ovarian cysts 
(Scherer), and occur occasionally in other cysts 
and in ascitic fluid also. Metalbumin is a form 
of mucin (pseudomucin) ; paralbumin differs 
from metalbumin by giving a precipitate when 
it is boiled ; it is probably a mixture of pseudo- 
mucin with albumin, and can indeed be prepared 
by mixing these two substances. Both yield re- 
ducing sugars when boiled, and both contain 
animal gum (D. Hammarsten, Maly's Jahresb. 
11, 11; Landwehr, H. 8, 114; Pf. 39, 193; 
Ocrum, Maly's Jahrsb, 14, 459). 

Nuclein. This is the name given to the sub- 
stance which composes the nuclei of cells. It 
was prepared by Lauder Brunton from the red 
blood corpuscles of birds and snakes ; the nuclei 
were freed from adhering stroma and hromo- 
globin by repeated agitation with ether and 
water {Jouni. of Anat. and Physiol. 2nd scries, 3 
91). Nuclein resembles mucin in its solubilities. 
Plosz found, however, that it contained phos- 
phorus (Hoppe-Seyler, Med. Cheyn. Unter- 
suchwigetif Heft 4, 4G0), and considered it was 
identical with the nuclein which Miescher 
separated from the nuclei of white corpuscles 
{ibid.). Miescher separated the nuclein from 
the other constituents of the cells by subjecting 
them to artificial gastric digestion, nuclein, like 
mucin, being indigestible by pepsin. Miescher 
ascribes to it the formulaC.„H,j,N,P,Oa. Nuclein 
has also been separated from the brain (Jaksch, 
Pf. 13, 469) to the amount of 0*14 p.c. 
(Qeoghegan, H. 1, 830), and from the liver ; it is 
probably present in all parts where nucleated 
cells occur. Miescher has also described nuclein 
as occurring in the yolk of hens’ eggs ; it has also 
been described in milk. A. Kossel {H. 10, 248) 
has shown that the nuclein of yolk and milk 
differ from that of cell nuclei in containing iron, 
and by not yielding guanine and hypoxanthine 
when decomposed at a high temperature by 
weak acids. Adenirie GsH^N, is described by 
Kossel as being an intermediate product between 
cell nuclein and hypoxanthine. Nuclein is 
present in vegetable cells also, and adenine can 
also be obtained from this. It is present in 
yeast (Hoppe-Seyler) and mildew ; in tea leaves 
(Kossel), in poppy, earth nat, ra^ and cotton 
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eldce ; also In palm nnt, bnt the proportion P:N 
is different in the nuclein prepared from this 
source (Klingenberg a. A. Stutzer, B. C. 1883 , 
204). Miescher’s formula for nuclein must, 
indeed, be received with caution; there are 
either several varietiosof nuclein— for clemcntarj 
analyses show groat discrepancies— or else, as 
Worm Miiller (Pf. 8, 100) supposes, it is no 
definite chemical individual, but the different 
nucleins are mixtures of an organic phosphorus 
compound with varying quantities of protcids. 
llecent work on nuclein has shown that this 
phosphorus compound is nucleic acid (Altmann, 
Arch. f. Anat. u. Fhys. 1888. 524). For arti- 
ficial nuclein made by adding phosphoric acid 
to albumin see Liebermann, B. 21, 508 ; Pohl, 
H. 13, 202 ; Malfatti, B. d. Natiirwiss. Med. Vcr. | 
Innsbruck, 1801-2; Kosscl, Verh. idiysiol. Gcs. j 
I3erliii, Oct. 21, 1802. See also numerous papers 1 
by Kossel, Kriiger, and others on adenine and 
nuclein bases in last few volumes of H. For 
iron comi)ounds of nuclein see Bunge’s Physiol. 
Chan. This luematogon is probably the normal 
iron-containing food. The chromatin and plastin 
of histologists are respectively phosphorus-rich 
and phosphorus-poor nucleins. For iron in the 
nucleus see Macallum, P., 40, 4S8. 

Kucleo-proteids. Nucleo-albumin. E. Merck 
(D. P.J. 2(>1, 310) calls nucico-proteids sub- 
stances which, when boiled with water under 
pre.ssuro or treated with acids, alkalis, or fer- 
ments, are resolved into nuclein and albumin ; 
for instance, vitcllin and casein {v. also Lubavin, 
Hoppo-Seylcr, Med. Cheni. Unters. p. 447), Hum- 
marsten gives the name nucleo-albumin to a class 
of protcici-Uko bodies wliich are very like globu- 
lins, being precipitated from their solutions by I 
saturation w'itli sodium chloride or magnesium j 
sulphate; they are also precipitated by acetic 
acid, but, unlike mucin, are soluble in excess. 
On gastric digestion of a clear solution, an in- 
soluble phosphorus-containing substance, like 
nuclein, is formed. Many nuclco-albumius have 
the physical characters of mucin, and the alimi- 
ness of bile and synovia is due to such bodies 
(Hammarsten, If. 12, 173, on synovia ; Mahfs 
Jahrsber. 12, 1882, on bile-mucin ; Paijkull, IT. 
12, 196). Tlie chief proteid constituent of all 
protoplasm is nucleo-albumin (Halliburton’s 
Goulstonian Lectures, Brit. Med. Journ., March 
1893). Wooldridge’s tissue fibrinogens are also 
nuoleo-alburains (for ref. sco above lectures). 

Chondrin. This is the substance obtained 
from cartilage by boiling; the mother substance 
of chondrin in the matrix of the cartilage is 
termed chondrigen. Hot aqueous solutions of 
chondrin gelatinise on cooling like those of 
gelatin. Aqueous solutions are precipitated by 
the same reagents that precipitate solutions of 
gelatin and of mucin. It is strongly lievorotatory ; 
its rotatory power in solutions of different 
strengths has been studied by de Bary {Med. 
Ch^rn. Unters. i. 71). Very great discrepancies 
exist between the results of various analyses 
(see table comparing analyses by Mulder, 
Fischer a. Bddecker, Schutzenberger a. Bour- 
geois, and t;. Mehring in Gamgee’s Physiol. 
Chan. p. 270), hence considerable doubts have 
been entertained of its being a chemical in- 
dividual. It gives the reactions both of mucin 
and gelatin ; on being boiled with dilate acids it 


yields a lasvogyrate reducing sugar, called by de 
Bary ohondriglucose (v. also Fischer a. 
Bodeoker, A. 117 , 111 ), but is now regarded as 
identical with that obtained from mucin. Land- 
wehr considering that animal gum is contained 
in chondrin as in mucin {Pf. 39, 204, 40). Moro- 
chowitz was tlio first to arrive at the conclusion 
that chondrin is a mixture of gelatin and mucin 
{Verhandl. d. miturhisL vied. Verehis zu Heidel- 
berg,!, Heft 5); mucin can be extracted from it 
I with lime or baryta water, and pure gelatin is 
left behind. On this assumption chondrigen « 
collagen -I- mucin. It must, however, bo men- 
tioned, in opposition to this view, that Iloppe- 
Seyler {J. pr. 56. 129) and Otto {Z. [2] 4, 628) 
state that on treating cliondrin witli dilute sul- 
phuric acid it yields leucine, but no tyrosine or 
gl^'cosine. The most recent work on chondrin 
shows that it is chondroitic acid rather than 
mucin which is present (C. T. Miirner, 11. 12, 
396; •SkanJ, Arch. Physiol. 1, 210 ; Krukenborg, 
Z.B. 20, 307 ; Schmiedeberg, Arch. exp. Path. u. 
Pharvi. 1891, 355). ’ 

Elastin. 'This substance is the very insoluble 
material of whicli the elastic fibres of connective 
tissue are composed. It may bo prepared from 
the liganicntum nuchfc by boiling it with ether 
and alcohol to remove fatty matters, tlien for 36 
hours with water to remove the collagen. Tho 
residue is boiled with strong acetic acid, and 
afterwards with conccntrat(3(l caustic soda till 
the fibres begin to swell ; it is then treated with 
weak acetic acid, water, and lastly for 24 hours 
witli hydrochloric acid. The acid is removed by 
washing with water, and the residue has still all 
the characters of fresh elastic tissue, and has tho 
following percentage composition : 0, 55‘45 ; II, 
7-41 ; N, 16-19 ; 0.20-89 (Miiller, Zeit.f. Nat. Med, 
3, 10, Ilcft 2). For recent analyses see Chilton* 
den, Z. B. 25, 308. 

Elastin is not soluble in any liquid which 
docs not decompose it. It i.s soluble in boiling 
concentrated caustic potash, in concentrated 
nitric and sulphuric acids. It is digestible by 
both pepsin and trypsin ; the former ferment 
being the more active (A. Ewald a. W. KUhne, 
Die Verdauung als histol. Methode). Peptones 
are ultimately formed ; there are also inter* 
mediate bodies of the nature of albumoscs 
(Horbaezewski, C. C. 1885, 843). Elastin when 
treated with sulxfiiuric acid yields leucine but 
no tyrosine. 

Keratin. This substance replaces the proto* 
pla.sm in tho cells of certain epidermal structures. 

: viz. the BUj)crficial layer of tho epidermis itself, 

' n.iils, horns, hoofs, feathers, and tho cuticle and 
fibrous substance of hairs. It is prepared by 
: successively boiling tho tissue with ether, alco- 
i hoi, water, and dilute acids ; tho insoluble resi 
due is keratin. 

Subjected to the prolonged action of water 
under pressure at 150°-200° it yields a turbid 
solution. It is also dissolved by boiling with 
alkalis, and on the addition of acids to this solu- 
tion sulphuretted hydrogen is given off, the sul- 
phur in keratin, which varies considerably in 
amount, being very loosely combined. Horn 
swells in dilute acetio acid, dissolves in boiling 
glacial acetic acid, and in nitric acid ; it yields 
aspartio acid, volatile fatty acids, leucine and 
tyrosine when boiled with - 
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when barnt it gives off a cbaracterisiio smell. 
The following are the chief analyses that have 
been made (Hoppe-Seyler, Physiol, Ghent., Th. 
1, p. 90) 


_ Hair 

"" (p. Lacr) 

Nails 

(Mulder) 

Horn 

(Tilauus) 

Hoof 

(Mulder) 

0 60-60 

61-00 

6103 

61-41 

H 6*36 

6*94 

6-80 

6-96 

N 17-14 

17-51 

16-24 

17-46 

0 20-85 

21-76 

22-ol 

19-49 

S 5-00 

2-80 

3-42 

4-23 


Neurokeratin. This is a substance which 
forms an irregular framework in the medullary 
sheath of nerve fibres, which resembles keratin 
in its general behaviour, but differs from it in 
being less easily soluble in boiling solutions of 
caustic potash (Ewald a. lUihne, Verhandl. d. 
naturhist. med. Vereins zu Heidelberg, Vol. i. 
Heft 6 ; Kiihne a. Chittenden, Z. B. 26, 291). 
This substancG is interesting, as both the epi* 
dermis and the nervous system are derived from 
the epiblast of the embryo. 

Ohitin. This substance forms the chief con- 
stituent of the skeletal ectodermal tissues of in* 
vertebrate animals, especially arthropoda. A 
list of situations in which it has been described 
is given in Ganigee’s Physiol. Chem. p. 299 ; to 
these must be added the pen of cuttlefishes (Kru- 
kenberg), the cartilages and other mesodermal 
tissues of sepia and the king-crab (Halliburton, 
Pr. 88, 76). In Crustacea it is often impreg- ■ 
nated with calcareous matter, and in the odon- 
tophore of molluscs with silica. It is prepared 
from the wing-cases or shells by boiling them 
with.caustic soda. The chitin remains insoluble. 
It may be dissolved in cold concentrated hydro- 
chloric acid, and the solution precipitated by the 
addition of water. It is colourlqss, amorphous, 
insoluble in water, alcohol, ether, acetie acid, 
dilute mineral acids, and solutions of the alka- 
lis. It is dissolved by concentrated mineral 
acids. (On the solubilities of chitin v. Eruken- 
berg, Z. B. 22, 480.) 

The formula for chitin is C,5H„„N.,0,o (Led- 
derhose, H, 2, 213 ; 4, 139). Berthelot (C. It. 
47, 227) stated that it yields a fermentable sugar 
on boiling it with sulphuric acid ; and Sandwick 
considered it to be an amine derivative of a 
carbohydrate with the formula N(C, 2 Ei„ 0 ,„). 
Ledderhose showed, however, that the reducing 
substance is a nitrogenous body, glucosamine ; 
and when ohitin is heated with acids it takes up 
the elements of water, and yields glucosamine 
and acetic acid, 

20„Ha,N,0,, -h 6H,0 = 4C«H„NO, + 20, H A- 
Glucosamine is an omido- derivative of grape 
sugar (OyHi.A- OH -f NH, *= C^HuNOj) ; it forms 
salts, of which the hydro^loride is formed by 
boiling ohitin with hydrochloric acid ; this is a 
crystalline substance soluble in water, and in 
solution dextrorotatory (oi,=» +10'Q^). The pure 
base prepared by the action of barium hydrate 
on the sulphate of glucosamine crystallises from 
alcohol in the form of needles. It is not fer- 
mentable. (The foregoing account of elastin, 
keratin, and chitin is largely taken from Gam- 
e’s Physiol Chwi.t which see for fuller 


Skeletins. This term is applied by Eimkeli- 
berg {Z, B. 22, 241) to a num^r of nitrogenous 
but sulphur-free substances, including conchiolin, 
spongin, &c., found in the skeletal tissues of in- 
vertebrates; they are probably all like chitin 
amido- derivatives of carbohydrates. The sub- 
stances are all very insoluble. 

Conchiolin (CjoH^NuO,,) forms the organic 
basis of the shells of mussels and snails. On 
decomposition it yields leucine, perhaps glyco- 
cine, but no tyrosine nor reducing substance. 
It does not give the xanthoproteic, Millon’s, nor 
the Adamkiewicz reactions. Tlie cementing 
substance between the eggs of various molluscs, 
whose shells and egg capsules contain conchiolin, 
is coloured red by heating with Millon’s reagent, 
and contains a body allied to keratin. Cornein 
(from corals) (CjoA^N^O,,) differs from con- 
chiolin by giving a red colour with Millon’s test. 

‘ Spongin, the organic basis of the common 
sponge, yields as decomposition products leu- 
cine and glycocine (Stiideler), but no tyrosine. 
It does not give any of the colour reactions men- 
tioned above; it also resembles conchiolin by 
yielding on digestion peptone-like substances 
which differ from true peptones and alburaoses 
by not giving the three colour reactions just 
mentioned ; they thus differ from keratin, which 
is not digestible. 

Fibroin, the chief constituent of insects’ 
cocoons and spiders’ threads, behaves to all 
three tests like an ordinary proteid, and on de- 
composition yields leucine, glycocine, and tyro- 
sine. Fibroin is soluble when heated in sealed 
tubes in glacial, acetic, and other organic acids 
(A. Ledow, Maly's Jahrsbericht, 13, 32). For 
Bilk see Weyl, B. 21, 1407, 1529. 

Hyalins and Hyalogens. The term ‘ hyalin ’ 
is applied to the chief constituent of the walls of 
hydatid cysts. Krukenberg states {Z. B. 22, 
261) that the substance is present in the cyst 
wall as hyalogen, an insoluble substance which 
by the action of alkalis is changed into hyalin, 
which is easily soluble in water. Hyalogen is 
also converted into hyalin by heating with water 
(under pressure) at 160®C. (For elementary 
composition v. Liicke, Virchow's Archiv, 19, 
189). By heating with sulphuric acid hyalin 
yields a sugar, probably glucose, which is dextro- 
rotatory and capable of the alcoholic fermenta- 
tion, and in this hyalin resembles mucin. 

Krukenberg has extended the terms hyalogen 
and hyalin to other similarly related bodies ob- 
tained from various sources. The edible bird’s 
nest has properties very like those of mucin (u. 
J. R. Green, J. Physiol. 6, 40), and is the result 
of the activity of certain glands described by 
Bernstein {Joum. Omithologie, 1859. Ill) as 
being remarkably developed in the nest-building 
season. Krukenberg finds that it is ^iefly com- 
posed of a hyalogen (neossine), which yields as 
its hyalin, neossidine, Chojidrosine is a hyalo- 
gen, obtiuned from the sponge Chondrosia 
renifomiis. The vitreous humour from the eyes 
of oxen and pigs was found to contain a hyalo- 
gen, whereas the cornea did not yield one, but 
was found to consist chiefly of collagen, and a 
proteid allied to myosin. Spirographin^ which 
largely composes the skeletal tissues of the 
worm Spvro^phis is also a hyalogen, but diffeif 
from others by yielding when acted on by alkalif 
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Iic4 only 4 hytMut^rographidint bat also pyio* 
eate(^ui. The hyalogens are sot acted on by 
gastric juice ; some are, some are not attacked 
by trypsin. W. D. H. 

PBOTEIIT e. PaoTBioB. 

PBOTEOSES V, PBOTsiDS. 

PBOTO'ALBTTMOSE v. Pboteids. 

PBOTOCATECHUIC ACID t.s, 

C,H3(OH).,.COjH[ 4:3:1]. Mol. w. 154. [199°J 
(Hlasiwetz) ; [194°] (Barth a. Schmidt, B. 12, 
1265). S. 1*9 at 14°; 10 at 60° (Tiemann a. 
Nagai, B. 10, 211). Occurs in the fruit of Illi- 
cium religiosum (Eykman, R. T. C. 4, 47). 

^ Formation.—!, By potash-fusion from piperio 
acid (Strecker, A. 118, 280), catechin (Kraut, 
A. 128, 285), maclurin (Hlasiwetz a. Pfaundler, 
A. 127, 351), guaiac resin (Hlasiwetz a. Barth, 
il. 130, 346), kino (Stenhouse, C. J. 28, 6), caffeio 
acid (Hlasiwetz, A. 142, 219), cinchona-red 
(Bembold, A. 143, 273), asafoetida (Hlasiwetz u. 
Barth, A, 138, 61), angelica-resin (Brunner, 
N. R. P, 24, 641), many other resins, the 
methyl- derivative of sulpho-p-oxy-benzoic acid 
(Malin, A. 152, 109), sulpho-wt- and sulpho- 
p-oxy-benzoic acids (Barth, C. J. 24, 829), 
and iodo-p-oxy-benzoic aldehyde (Tiemann a. 
Herzfeld, B. 10, 213). — 2. By heating pipero- 
nylic acid with HClAq at 160° (Fittig a. Item- 
sen, A. 159, 129).-— 8. By the action of Br tfnd 
water on quinic acid (Hesse, A. 112, 62 ; 122, 
221 ; Fittig, A. 168, 111). — 4. By heating pyro- 
catechin with water and ammonium carbonate 
at 140° (Miller, C. J. 41, 400). 

Pr<^erties,—TuitB of monoclinio needles 
(containing oq), sol. water, alcohol, and ether, 
nearly insol. boiling benzene. FeCI| colours its 
aqueous solution bluish-green, the colour chan- 


m-Methyl derivativ$ 

03 H,(OH)(OMe).CO,H [4:3:1]. VanUlic acid. 

[207°J. S. -12 at 14°; 2*6 at 100°. Formation 
(Tieifiann, B. 8, 609, 1123 ; 9, 62, 419 ; 10, 69, 
202 ; 11, 122).— -1. By exposing moist powdered 
▼anillin to the air. — 2. By oxidising ooniferin 
with dilute KMn 04 .— 3. From its acetyl deriva- 
tive, which is got by the action of KMnO^ on , 
acetyl-eugenol, acetyl-ferulio acid, and acetyl-* 
creosol.— 4. Together with isovanillio acid by 
heating C,H 3 {OMe),CO,H with HClAq at 140°. 
Properties.-* Needles (from water), v. e. sol. 
alcohol, ra. sol. ether. Has no smell. May ba 
sublimed. Gives no colour with FeCl,. Reae- 
iions.—l. Split up by HClAq (S.G. 1*1) at 160° 
into protocatechuio acid and MoL— 2. Potash- 
fusion yields protocatechuic acid.— 3. By heating 
with Mel (2 mols.) and KOH (2 mols.) it is con- 
verted into C 3 H 3 (OMe) 2 .COjMe. — 4. Yields guaia- 
col on distillation with lime. — 5. The Ca salt 
yields vanillin on distilling with calcium formate. 

Jllethyl ether ot iYio m-Methyl deriva- 
tive MeA\ [63°]. (286°). 

Ethyl ether of the m-Methyl deriva- 
tive EtA'. [44°]. (292°). 

Acetyl derivative of the m-Methyl 
derivative C^Hj,(OAo)(OMe).C 03 H. [142°]. 
Needles (from dilute alcohol). 

Benzoyl derivative ot the m-Methyl 
derivative. [178°] (Tiemann, J3. 16, 2068). 

p-Methyl derivative 
CBH3(0Me)(0H).C02H [4:3:1]. Isovanillio aeid . ' 
[250°]. S. -06 ot 16° ; *7 at 100° Formed with 
other products by beating protocatechuio acid 
with Mel and KOH at 160°. Got also by heating 
hemipio acid with HClAq (Mattbiessen a.FoBter, 

-4. Suppl. 2, 378), and, together with vanillic 
acid, by digesting 0 ,H 3 ( 0 Me) 2 C 02 H with dilute 


ging to rod on addition of alkalis. FeSO^ colours ■ HClAq at 140° (Tiemann). The acetyl deriva< 
solutions of its salts violet. Pb(OAc )2 gives a l tive is got by oxidation of the acetyl derivative 
pp., sol. acetic acid. ^ — ^ 


— . Crystallises with p oxy- I of isoferulio acid (hesperetio acid) by EMnO. 

benzoic acid as(C,H, 04 )C,H 30 , 2 aq, which yields | (Tiemann a. Will, B. 14, 963), and likewise by 
PbCuHijO, 2aq (Hlasiwetz, A. 134, 276). Re- I oxidation of the acetyl derivative of betelpbenol 
duces aqueous AgNO, on heating or on adding ; C,H,(OMo)(OH).C,H 3 [4:3:1] (Bertram a. Oilde- 
NHjAq. Does not reduce Fehling’s solution. | meister, J. pr. [2] 39, 349). Prisms, v. sol. aloo- 
Reactions. — 1. Split up by dry distillation hoi and ether. May be sublimed. Its aqueous 
into epa and pyrocatechin.— 2. Soda-fusion ; solution is not coloured by FeCl,. Yields » 


gives 65 p.c. of the theoretical amount of pyro- 
catechin.— 3. Bromine in the cold forms bromo 
protocatechuic acid. Br at 100° yields tetra- 
bromo-pyrocatechin.— 4. N^O, passed into the 
ethereal solution forms oxalic acid (16’6 p.c.), 
oarboxy-tartronic acid (10 p.c.), di-nitro-di-oxy- 
quinone (’6 p.c.), trinitrophenol (4 p.c.), (o)-di- 
nitro-phenol [114°] (3*6 p.c.), and nitro-p-oxy- 
benzoic acid (1 p.c.) (Gruber, B. 12, 614).— 
6. HjSO^ (26 pis.) at 140° forms a very small 
quantity of tetra-oxy-anthraquinone (rufiopin) 
(Ndlting, Bl. [2] 37, 395).— 6. Heating with 
ASjjO, at,160° or exposing a solution in NOaCOjAq 
to the air forms catellagic acid Cj^Hj.O, ? which 
resembles ellagic acid and forms an orange solu- 
tion in nitric acid. 

Salts.— BaA', 6 aq. — ^Ba,(C,H, 04 )a (dried at 
130°) (Barth, A. 142, 246r-CaA'3 4aq.- 

CaA^3 3aq.-Pb,A',Or-PbA',2aq. 

Acetyl derivative 0A(0Ac)yC0J3, 
[163°]. Ory8tali(Herzig.lf.6, 872). • 

Methyl ether MeA\ PL84*6°]. Needles. 

Ethyl ether EtA\ [184° emr.]. Piismi 

(Ifitnaoto^ B* 139). 


nitro- derivative [173°] and an acetyl deriva- 
tive C,H,(OMe)(OAc).C 03 H [207°]. 

Di-methyl derivative CjH,(OMe)«CO,H. 
Veratric acid. [174°] (T.) ; [181°] (G.). S. -06 
at 14° ; *6 at 100°. Occurs in small quantity in 
sabadilla seeds (Merck, A. 29, 188). Formed by ' 
heating at 140° protocatechuio acid (1 pi) with 
Mel (4pts.) and KOH (Ipt.) dissolved in MeOH 
(Kdlle, A. 159, 241). Produced also by oxidation 
of G„H,Me(OMe )2 (Tiemann, B. 8, 1138), of 
methyl-eugenol (Graebe, A, 168, 282), of papa* 
verine (Goldschmidt, M. 6, 378), and ot di* 
methyl-caffeio acid (Tiemann a. Will, B. 14, 
962). Formed also oy senonifying its amide, 
which is made by the action of C1.CONH, on 
G 4 H 4 (OMe), in Gs, in the presence of .iUOl, 
(Gattermann, A. 244, 71). Veratrio add is a 
product ot the action of alcoholic soda on 
pseudaconitine, on veratrine (Wright a. Luff, 
0. J. 33, 160, 853), and on bexa-methyl-quercetin 
(Herzig, M. 6, 83), and of fused potash on papa- 
veraldine (Goldschmidt, M. 7, 49^. Veratrio 
acid is also got by the action of KOH on pseudo* 
qpianio add [W. H. Perkin, jun., C- /• 67, 1068). 
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Properties,— Slender needles (containing aq). 
From hot solutions (above 60°) it separates in 
anhydrous crystals. V. e. sol. alcohol and qther. 
FeCl, gives no colour. Distillation with lime 
forms CaH,(OMc)2. Potash-fusion yields proto- 
catechuic acid. HTAq at 100° forms Mel and 
protocatechuic acid. HClAq forms vanillic and 
also iso-vanillic acids.— Salts. — NaA'*2aq. — 
BaA'j 6aq. — AgA'. —Ethers. — MeA' [C0°j (c. 
800°).— EtA'. [41°J. (296°). 

Di-ethyl derivative CrtH.^OEt)2.C02H. 
[166°]. Formed by saponifying its ether, which 
is made from protocatechuic acid, alcoholic 
potash, and EtI (Kolle, A. 169, 240). Got also 
by heating hexa-cthyl-quercctin with alcoholic 
potash at 150° (Herzig, M. 5, 78). Needles 
^rom alcohol).— KA' .',aq.— IJaA'j Saq.— AgA'. — 
Ethyl ether EtA'. '^[57°]. Crystals. 

Methyl-ethyl derivative 
C«H3(OMe)(OEt).CO,H [.3:4:1]. ' [194°]. Fonned 
by oxidation of ethyl-vanillin (Tieinann, />. 8, 
1130), of ethyl-eugenol (Wassermann, A. 179, 
879 ; Balbiano, 0. 11, 416), and of di-ethyl cur- 
cumin (Jackson a. Moncke, Am. 4, 90). Needles, 
almost insol. cold water.— BaA'j 4aq : needles. 

Methyl-propyl derivative 
C3H3(OMe)(OPr).CO,H [.3:4:1]. Formed by oxi- 
dation of the propyl derivative of ongcnol (Ca- 
hours, Bl [2] 28, 314). N(‘cdlos. 

M ethyl- carhoxy methyl derivative 
0«H3(OMo)(O.CH.C02H).CO,.H [3:4:1]. [256°]. 

Formed from Cjl,(OMo)((hCH2.C02H).CHO by 
oxidation (Klkan, B. 19, 3056). Yields CuA" as 
a green insoluble pp. 

Methylene derivative 
CH2:0.2:C„H3.002lI. Piperonylic acid. [228°]. 
Occurs in para-coto bark (Hesse a. Jobst, ^4.199, 
63). Prepared by oxidation of piporoiial (Fittig 
a. Mielck, A. 162, 40). Got by heating proto- 
cateohuic acid with potash and CILI^ (Fittig a. 
Bemsen, A. 168, 94). Piperonylic acid is also 
formed by the action of KMn04 on cubebin, on 
methystic acid (Pomcranz, M. 8, 468 ; 10, 790), 
on safrole (Eykman, R. T. (7. 4, .39 ; Poleck, B. 
19, 1096), and on the (a)-dihydride of piperic 
acid (Begel, B. 20, 415). Needies (from alcohol). 
May be sublimed. Nearly insol. cold water, 
ra. sol. boiling alcohol. FeCI, gives a brown 
pp. in neutral solutions. Dilute HClAq at 
170° forms protocatechuic acid. HNO., forms 
nitro-piperonylic acid [172°]. Salts.— NaA' aq. 
— K A' aq. — BaA', aq. — Ca A'., .3aq. S. *625 at 16°, 
— PbA'»aq.— CuA'^aq.— AgA'. Quinine salt 
C...^24N.202HA'aq: needles, sol. hot water. Cin- 
chonidinosalt 0,^11,,,, NaOH A': needles (Hesse, 
A. 243, 147). — Ethyl ether EtA'. Oil.- 
Nitrile OH203:C«H3.CN. [95°]. Formed from 
the oxim of piperonal and Ac.O (Marcus, B. 24, 
8656). Needles, v. sol. alcohol. Alcoholic hy- 
droxylamine at 60° forms the ainidoxira 
CH,0.2:C„H3.C(NH2):N0H [151°] which yields 
B'HCl [193°], and is converted by AOjO into 

CH.A:0,H,.C<;^^CMe [110°]. 

Ethylene derivative C2H,02:CaH,.C0jH. 
[184°]. Formed by heating protocatechuic acid 
with ethylene bromide and KOH (Fittig, Z. [2] 
7, 289 ; A^ 168, 99). Needles (from hot water). 
May be sublimed. PCI5 yields a product whence 
Ffttoi reproduces ethylene-protooateohuio aoid« 


PClj at 130° followed by water yields the 
acid aH2Cl202:0,H3.C02H [121°].— BaA'j 2aq.— 
GaA'3 2aq: monoclinic crystals.— E thy 1 ether 
EtA'. Oil. 

Di-methyl- ethylene ether 
C2H4(0.C,jH3(0Me).C03H)2. Formed by oxidising 
the ethylene other of eugenol with KMnO^ (Ca- 
liours, Bl. [2] 29, 270). Amorphous. 

Reference. — Nitiio-puotocatechuic acid. 

Homo-protocatechuic acid v . Di-oxy-phentl- 

ACETIC ACID. 

Diprotocatechuic acid C,.,^^(OH)^(C03H).,. 
Formed by potash-fusion from divaniJlin (Tie- 
maun, B. 18, 3194). Amorphous, si. sol. water 
and alcohol. Coloured bluish -green by FeClj. 

PEOTOCATECHFIC ALDEHYDE C,H„0,i.e. 
C,H3(0H).,.CH0 [4:3:1]. Mol. w. 138. [150°]. 

Fonnation. 1. From piperonal by successive 
treatment with PCI, and water at 100° (Fittig a. 
Bemsen, Z. [2] 7, 100 ; A. 159, 148 ; 168, 97). - 
2. By heating piperonal with dilute HClAq at 
200° (P. a. H.). — 3. By heating a solution of 
pyrocatcchin in dilute NaOH with chloroform 
(Tiemann, B. 9, 1269 ; 14, 2020). -4. By heating 
vanillin with dilute HCl at 200° (Tiemann, B. 
7, 020).— 5. By heating opianic acid with dilute 
IICl at 170° (Wegseheider, M. 3, 792). 

Properties. — Flat needles (from water), v. sol. 
aldohol, ether, and hot water. FeCl.^ colours the 
aqueous solution green, changing to red on addi- 
tion of NaDOj. Oxidised by KMnO^ and by 
potash-fusion to protocatechuic acid. Gives a 
mirror with ammoniacal AgNOj. Combines with 
NaHSOa. 

m- Methyl derivative. ChH^O, i.e. 
CJI.,(OMe)(OH).CIIO. Vanillin. Mol. w. 152. 
[81°]. (285°). S. 1 at 14° ; 5 at 80° (Tiemann 

а. Nagai, B. 10, 211). The fragrant constituent 
of the pods of Vanilla aromatica (Gobley, J, 
1858, 534; Stokkebye, J. 1864, 012). Occurs 
also in the seeds of Lupinus albus (Campani a. 
Grimaldi, 0. 17, 545), in raw beet-root sugar 
(Wegcr, D. P. J. 237, 146 ; Schcibler, D. 13, 
335 ; Lippmann, B. 13, 662), in gum benzoin 
from Siam (Jannasch a. Bump, B. 11, 1635), and 
in small quantity in wood (Singer, M. 3, 409). 
Formation. — 1. Together with isovanillin, by 
heating guaiacol with chloroform and NaOIIAq 
(Boimer, B. 9, 424; Tiemann, B. 14, 2023), — 
2. By oxidation of coniferin or coniferyl alcohol 
with cliromic acid mixture (Tiemann, B. 7, 613). — 
,3. By oxidation of eugenol by K^InO^ (Erlen- 
meyer,B.9,273). — 4. Byheatingcalciumvanilhite 
with calcium formate (Tiemann, B. 8, 1124).— 

б. By the action of chloroform and potash on 
vanillic acid (Tiemann, B. 9, 1280).— 6. By the 
action of emulsin or of boiling dilute acids on 
glucovanillin (Haarmann a. Heimer, C, J. 46, 
1343). -7. From C3H3(0Me)(N03).CH0 by reduc- 
tion followed by the diazo- reaction (Ulrich, B. 
18, 2573). Properties. — Monoclinio needles, v. 
sol. alcohol, other, CHG1„ and CSj ; v. si. sol. 
cold, v. sol. hot, ligroin. Smells and tastes like 
vanilla. May be sublimed. Acid in reaction, 
and decomposes carbonates. FeClj gives a blue 
colour. Boiling aqueous HgCl, containing £NO, 
gives a violet colour (Nickel, Fr. 28, 247). Be- 
duces silver solution. Oxidised by moist air to 
vanillic acid CyH^O,. Reactions.— 1. Bromins 
formsO«H,BrO,[161°].— 2. Dilate HOI at 19(^ 
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yields Med and protooateohaie aldehyde.— 
8. Foiash’ftmon gives protocatechuio acid.— 
4. Sodium-amalgam reduces it in alcobolio 
solution to vanillyl alcohol CgH,(>0, as a yel- 
lowish oil, and also hydrovanilloin C,gH,sOj 
[ 0 . 225°] (Tiemann, B, H, 1123).— 5. By heat- 
ing with di-methyl-anilinc and ZnCl 2 it is 
converted into C 2 ,H„sN.Pj [130^] (Fischer a. 
Schmidt, B, 17, 1835)— 6. Vanillin (1 mol.) 
mixed with pyrogallol (2 mols.) is converted by 

cono. HClAq into ‘pyrogallo-vanillein’ 

which forms colourless crystals, insol. water, v. 
sol. alcohol, giving isomeric bluish-violet crystals 
by the further action of HCl (Etti, ilf. 3, 637). — 

7. Vanillin (1 pt.) boiled with diacetonamine acid 
oxalate (1 pt.) forms the oxalato of vauillodiace- 
tonamine 0,^11, (v. vol. i. p. 28).— 8. Heating 
with Ac^O forms the acetyl derivative of vanillin, 
and also CyH3(OMe)(OAc).CII(OAc).j[89‘'lcrystal- 
lising in six-sided tables (Tiemann a. Nagai, B, 

8, 1143).~9. Boiling aqueous FeCl, forms di- 
vanillin C,JI,,0^ [304°], whence NaOEt and Mel 
form C,H.,(OMe) 3 (CIIO).CJI.,(OMe),(CHO) [138°] 
(Tiemann, B. 18, 3493).— 10. Cliloro-acetic acid 
andKOFIAq form CuH;,(OMg)(OCH,.COJI).CH() 
[188°] (Eikan, B. 19, 3055). Salts.— ’‘C hILNuO,. 
Needles (from alcohol), si. sol. NaOIlAq. — 
Hg(OJIjO.,).^: crystals, si. sol. cold water, insol. 
alcohol.— Zn(CJI;Oa )3 ; crystalline pp. Esti- 
mation.— WaniWa pods are extracted with ether, 
the extract shaken with a nearly saturated 
solution of NallSO^, the aqueous layer decom- 
posed by H SOj, the vanillin thenco extracted 
by ether, and the extract evaporated (Tiemann a. 
llaarmann, B. 8, 1115). 

Acetyl derivative of vanillin 
C6lI.,(OMe)(OAc).CHO. [77°]. Formed slowly 
by tile action of an ethereal solution of Ao.O on 
sodium-vanillin in the cold (Tiemann a Nhigai, 

B. 11, 640). Flat needles. Combines with bi- 
sulphites. 

Oxim of vanillin 

C«H 3 (OMe)(on).CII:NOII. [122°] (Tiemann a. 
Kce.'i, B. 18, 1601 ; cf. Each, B. 10, 1780). 

Fhenyl-hydrazide of vanillin 

C, H,(OMe)(OH).Cll:NJIJ'h. [105°]. Plates. 

Olucosidc of vanillin 
OJI,(OMe)(OC,H„0,).ClIO. Glucovanillin, 
[192°]. [a]o=s-88'03 at 20°. Prepared by 

slovsly adding CrOj, (8 pts.) in water (100 pts.) to 
coniferin (10 pts.) dissolved in w'ater (200 pts.), 
and leaving the mixture to stand for 5 days (Tie- 
inann, B. 18, 1590, 1601). Colourless necdle.s 
(containing 2aq), v. sol. water, m. sol, alcohol, 
insol. ether. Itcadily split up by dilute 11, SO, 
or by emulsin into vanillin and glucose. Docs 
not reduce Fehling’s solution in the cold. Yields 
C,H,(OMe)(OC,ll„0,).CH:N„HPh [c. 195°] and a 
Ijfivorotatory oxim [152°], crystallising in slender 
yellow needles (containing aq). 

p- Methyl- derivative 
CaHj(OMe)(OH).CHO [4:3:1]. Isovanillin. [110°]. 
Formed by oxidising acetyl-isoferulic acid with 
KMnO, and saponifying the resulting acetyl 
derivative (Tiemann a. Will, B. 14, 968). Formed 
also by heating opianio acid (4* pts.) with water 
(30 pts.) and HClAq (8 pts. of 8.G. 1*17) 
(Wegseheider, M. 3, 789). Monoclinio pyramids, 
si. sol. cold water, ▼. sol. alcohol and ether. May 
be sublimed. When trarm it smells somewhat 
Uke vanillin. Its alkaline solutbna are yellow. 


FeCl, does not eoloar the aqueous solution. 
Bcduces boiling ommoniacal AgNO,. Forms a 
very soluble compound with NaHSO,. 

Di-methyl derivative CrtH^fOMey^CHO. 
Methyl-vanillin. [43°]. (c. 283°). Formed 

from potassium vanillin and Mel (Tiemann, H. 
8, 1135), and also by distilling opianio acid with 
soda-lime (Beckett a. Wriglit, C. J. 29, 164). 
Needles, v. si. sol. hot water, v. sol. alcohol and 
ether. Smells like vanilla. 

Methyl-ethyl derivative 
C,H 3 (OMe)(t)Et).CHO. [65°]. Formed by boil- 
ing potassium-vanillin with £tl and alcohol 
(Tiemann, B. S, 1129). Prisms, v. si. sol. hot 
water. Smells like vanilla. 

Methylene derivative i.e. 

CllJO,:C,U,.CRO. Piperonal. Mol. w. 150. 
[37 ]. (2(J3°). S. *2 in the cold. Formed by 
oxidation of piperio acid in neutral solution by 
KMnO, (Fittig i. Mielck, A. 162, 35). Formed 
also by oxidation of the (o)-dihydrido of piperio 
acid by alkaline KMnO, (Regol, B. 20, 416). 
Transparent prisms (from wa^er), m. sol. hot 
water, v. sol. alcohol and ether. Smells much 
like coumarin. Forms a crystallino compound 
with NaHSOj. Not affected by aqueous alkalis. 
Reactions. — 1. By oxidatwn^ or by boiling 
with alcoholic potash^ it is converted into piper- 
onylic acid CHjjO.^iC^Hs.COjH.— 2. llediicod by 
water and sodium-amalgam to pipcronyl alcohol 
CgH^Oa, hydropiperoin [202 ’], ond iso*- 

hydropiporoin [138°]. AcCl converts the hydro- 
piperoiiis into C,hH,;jC 1.,0, [198°] (Remson 
Fittig, ii. [2] 6,97; ^.159, 129).-3. An aloo- 
holic solution of KCy forms piporonylom 
ClI,0,;C«H;,.Cli(0H).C0.C,H,:0,CHj [120°], se- 
parating from alcohol in yellow crystals (F. M. 
Perkin. C, J. 69, 164).— 4. Very dilute HClAq 
at 200° forms protocatechuio aldehyde.— 6. PClj 
forms liquid CH.p^:Canj.CHCl.j (c. 236°) and 
C^II,C1,0.^, whence cold water forms dichloro- 
pipcronal [90°].— 6. CJaseous HCl, 

passed into a mixture of phenyl mercaptan 
and piperonal, forms CEI^Oa:CuH 3 .CH(SPh)a 
[48 '] (Baumann, B. 18, 886).— 7. Alcoholic am- 
monia, in presence of some HCy, fonns 
C.JIihNjO,, crystallising in prisms [213°], insol. 
alcohol and ether. Piperonal, heated with alco- 
holic NHj at 70°, forms an isomeric body [172°], 
crystallising in yellow needles, sol. hot alcohol 
insol. water and ether (Lorenco, B. 14, 791). — 
8. Aqueous HCy at 65° forms a compound 
whence an ‘alcoholic solution of NH, yields 
Cll,0,:C„HrCH{NIl).CN, converted by boiling 
HClAq into CuH^O^.— 9. Aniline forms, on heat- 
ing, C,,H,,NOv, crystallising in colourless needles 
[65°] (L.).— 10. p-Phenylcne-di-methyl-diamine 
gives C 3 H 3 ( 0 ,ClI,).Cn:N.C,U,NMe 3 [110°] (Nuth, 
B. 18, 575). 

Oxim of piperonal CHp.^:CaH 3 .CII:NOH. 
[110°]. Needles, v. sol. alcohol (Marcus, B, 24, 
3656). 

Phenyl-hydrazide of piperonal 
Cn 30 ,:C,H 3 .CH:N.,HPh. [100°] (M.) ; [103°] 

(Rudolph, A. 248, *103). Yellow needles. 

PROTOPINE C„H,^0,. [202°]. An alka- 
loid occurring in very small quantity in opium, 
and obtained from the mother-liquors after the 
separation of morphine by Gregory’s process 
(Hesse, Z, [2] 7, 653 ; A. Suppl. 8, 318). Sepa- 
rated from cryptopine by ppm of the solution ot 
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Ihe mixed hydroohlorides with oono. HOlAq, the 
protopine ealt adhering to the sides of the 
vessel. Crystalline powder (from alcohol), insol. 
water, si. sol. hot alcohol, m. sol. chloroform. 
The alcoholic solution is alkaline in reaction. 
81. sol. ether, separating in spherical groups of 
prisms. SI, sol. KOHAq and NHgAq. FeClg gives 
no colour. HNO, forms a colourless solution, 
which turns yellow on warming, HaS 04 con* 
taining ferric sulphate gives a dark-violet solu- 
tion, turned dirty brownish-green at 150°. The 
salts have a bitter taste, and do not gelatinise.— 
B'zHaPtClj 2aq ; yellow crystalline pp. 

FBVSSIAK BLUE v. I'erbio rKRnocvANiDE, 
vol. ii. p. 834 ; and Potassium-febbous febui- 
OYAEIDB, vol. ii. p. 339. 

FBUS8IC ACID v. Gyanhydbic acid, vol. ii. 

p. 800. 

PBATYEIN V . Harmn. 

PSOBOMIC ANHYDBIDE aoH,,0„? [2G1°]. 
Occurs in Psoroma crmsa, a lichen growing, in 
Sicily fSpica, 0. 12, 4.31). Needles, sol. alcohol 
and etW, insol.,^ benzene. Yields 0.^11, jAgOjo 
as a flocculent pp. 

PSTCHOSINE. A substance got, according 
to Thudichum (J.pr. [2J 25, 19), from brain. 

PTEEOCABPIN C.^H„Og. [152°J. [a],= -211° 
in 4*6 p.o. chloroform solution. Obtained by 
mixing powdered sandal wood (Ftei'ocarpus san- 
talinus) with slaked lime, and extracting with 
ether. The residue is crystallised from alcohol, 
and the homopterocarpine dissolved in CS,., 
which leaves the ptcrocarpine (Cazeneuve a. 
Hugounenq, A. Ch. [G] 17, 115). Square tables 
(from CHClj), insol. water, m. sol. hot alcohol 
and hot GS,. Insol. acids and cone. KOllAq, 
even on boiling. Bromine forms CjoHiaBrOB, 
crystallising in yellowish needles. 

Homopterocarpin [82°..8G°]. 

[a]jBi— 199°. Obtained as above (C. a. H.). 
Long needles (from boiling alcohol), insol. water, 
sol. ether, v. si. sol. cold alcohol. 

Reactiojis.—l. Bromine gives C.^^HsjErOg 
and OjiH^pr^Oj [270°].— 2. On distillation it is 
largely split up into phenols resembling creosote, 
and a small quantity of pyrocatechin. — 3. Dis- 
tillation over zinc-dust gives benzene, toluene, 
ethylene, and CO.— 4. IlCl gives MeCl and a 
resin. — 5. HI gives Mol.— C. Potash-fmion gives 
phloroglucin. - 7. Fuming HNOj gives oxalic 
acid and tri-nitro-orcin [162°]. Not acted upon by 
sodium-amalgam, phenyl-hydrazine, and Aa^O. 

PTOMAINES. The name * ptomaines ’ was 
first applied to poisonous organic bases obtained 
from dead bodies (irru/ia, a corpse), but is now 
usually given to poisonous organic bases formed 
in the putrefaction of any kind of animal matter. 
In extracting ptomaines no reagents that would 
decompose proteids may be used. The bases 
may be extracted by alcohol, and purified by ppn. 
with phosphomolybdio acid. In presence of a 
little HGi the ptomaines are fairly stable, and 
the solution can then be evaporated and the 
hydrochlorides extracted from the syrupy residue 
by absolute alcohol. By this method neuridine 
hydrochloride can readily be obtained. By the 
putrefaction of proteids Brieger (Two mono- 
graphs ; Ueber Ptomaine, Berlin, 1885 ; cf. 
Gautier, BU [2] 48, 10) obtained tri-methyl- 
vinyl-ammoninm hydroxide (neurine) OgH„NO 
gr muscarine or 


CH(OH),.OH^NMe,OH (vol. iu. p. 444), a baae 
isomeric with ethylene-diamine, neuridine 
GjHifN,, gadinine C^H^NOj, triethylamine, di- 
methylamine, and trimethylamine. Garcia (H*. 
17, 543) got hexamethylene-diamine C,H,sN,. 
Herring-pickle contains choline, NMe„ and 
NHjMe. By the putrefaction of the herring NMe„ 
NHjjMe, cadaverine CjH,jNj, putrescine C 4 H,jN 2 , 
and gadinine CjHpNO.^ are formed (Bocklisch, 
B. 18, 1922). Gautier and Etard (0. B, 94, 1600) 
from putrid mackerel and putrid horse-flesh 
obtained a collidine dihydride ChH|,N, parvoline 
CaHiaN, and a base C^Hs^N,. In the putrefaction 
of proteids poisonous bases are formed in the first 
five or six days, and are destroyed by further 
progress of putrefaction. The highly poisonous 
methyl-guanidine is formed by the action of 
putrefactive bacteria on beef-broth at 38° (Bock- 
lisch, B. 20, 1441). From human corpses Brieger 
obtained tri-methyl-oxyethyl-ammonium hy- 
droxide CjHj^NOa or CH,(OH).CH 2 .NMe,.OH 
(choline or neurino, vol, iii. p. 498), neuridine 
CjH,,N.^, cadaverine CjHjgN.^, putrescine C^H^Nj, 
saprine CjHjjNj, trimethylamine, methyl-guan- 
idine, tetanine CjjH^N.p^, mydino C^HuNO, 
mydatoxin C^HuNO.^, and mydaleme (Brieger, 
loc, cU . ; cf. Selini, Bend. Accad. Sci. Bologna, 
1872 ; Schwanert, B. 7, 1332 ; Guareschi a. 
Mosso, /. pr. [2] 27, 428 ; 28, 504 ; Q. 13, 493 ; 
Beckurts, Ar. Ph. [3] 14, 1041). Ptomaines are 
often produced in animal bodies which, after 
brief exposure, have been excluded from the air ; 
e.g. corpses, sausages, and tinned meat. A crys- 
talline ptomaine can be obtained from the body 
after arsenical poisoning (Husemann, Ar. Ph. 
[3] 16, 169 ; 19, 415). The alcoholic solution of 
hydrochlorides of ptomaines may be ppd. by an 
alcoholic solution of HgCl^; after twenty-four 
hours’ standing, the pp. is boiled with a large 
quantity of hot water, which leaves the com- 
pounds of peptones and albuminates undissolved. 
The hot filtrate deposits the mercury double salt 
of choline (neurine) while the mother-liquor con- 
tains the remaining bases. Picric acid added to 
an aqueous solution of the hydrochlorides ppts. 
neuridine picrate, while the mother-liquor de- 
posits, on evaporation, broad needles of choline 
picrate GjH, 3 NOC^Hj,(N Cadaverine and 
putrescine can be separated by means of their 
aurochlorides. Saprine is isolated by means of 
its platinochloride. To distinguish a ptomaine 
from a vegetable alkaloid, Brouardel a. Boutmy 
{C. R. 92, 1056 ; cf. Tanret, G. B. 92, 1163) 
add a few drops of the solution of the sulphate 
of the alkaloid to potassium ferricyanide mixed 
with FeCl, ; a dark-blue pp. is formed if a pto- 
maine be present, while the vegetable alkaloids 
(except morphine, veratrine, eserine, aconitine; 
and ergotiniue) have no action. The test is, of 
course, given oy many other reducing agents. 
This ptomaine reaction is given (slowly) by 
a poisonous liquid alkaloid extracted by Stas’s 
method from the intestines of persons who died 
of cholera (Yilliers, C. B. 100, 91). Pouohet 
{G.B. 97, 1660; cf. Gautier, B. C. 1882, 710; 
Bdehamp, 0. B, 94, 978) obtained from urine 
! and fffices some alkaloids closely resembl^ 
the ptomaines got by putrefaction of proteids 
I out of contact of air. He separated them by 
decomposing their tannatss with Pb(OH), ia 
I presence of alcohol, the lead being finally iia- 



PULEGIUM OIL. 


moved by H,S, and the liquid dialysed. CiHjNOa 
is liquid and dialyses with difficulty ; it exhibits 
the alkaloidal reactions, is resinified by HGl, and 
reduces platinio chloride. The base 
or 0^,4N40a is crystalline, and passes through 
the membrane ; it is insol. ether, nearly insol. 
alcohol, is feebly alkaline and yields crystalline 
salts. From the dialysate the platinochloridcs 
of two crystalline unstable bases and 

OjEijN-P, can be got. Urine which had a ten- 
dency to deposit cystin and the fasces of the 
same patient contained cadaverino and putres- 
cine (Baumann, H. 13, 5G2 ; cf. Dupr6 a. Bence- 
Jones, Pr. 15, 73 ; Stadthagen a. Briegcr, Ar. 
pathoL Anat. 115, pt. 3). These diamines appear 
to be absent from normal urine, but present in 
cholera. 

Cadaverino is PaNTAMETnYLENE-DiAMiNE, vol. 
iii. p. 805. 

Pulrescine is TETRAMETnYLENr-nrAMrNE. , 

Mydale'ine is extremely poisonous, while 
gadlnine is not poisonous. 

My dine ChIIuNO. Occurs in putrid corpses 
(Brieger, Ptomaine, iii. 25). Has an ammoniacal 
odour and reduces gold chloride. Not poisonous. 
— B'OjHjNaO,. [195"]. Broad prisms. 

Base C;H„NO,^. Occurs in decaying horse- 
flesh, four months old (Brieger). Acid in reac- 
tion. Poisonous. Does not form a picrato. — 
B'HAuCl^. [176®]. Needles or plates. 

Typhotoxin 0,11, ,NOa. Formed by the action 
of the typhus bacillus on muscle (Brieger, Pto> 
nia'i7ie, iii. 80). Poisonous base.—B'HAuCl^. 
[176°]. Prisma. 

Mydatoxin CJl,,N0a. Occurs in decaying 
horse-flesh and corpses (B.). Poisonous. Strongly 
alkaline.-B',H,PtCl,. [193"]. V. e. sol. water. 

Tetanine CuH^jN^O*. Occurs in decaying 
corpses (Brieger, B, 19, 3120), and is formed by 
the action of the tetanus bacillus on beef. Very 
poisonous base, — B'H^PtClg. Plates, 

Base CjHjiN. (c. 100°). Accompanies te- 
tanine, and also produces convulsions (B.). Vola- 
tile liquid. Its hydrochloride is crystalline 
[205°].--B'HAuCl4. [130°].— B',H,PtCl4. Plates, 
decomposed at 240°. 

Base CjjHsiN. Oily ptomaine, smelling like 
hawthorn (Delezinier, Bl. [3] 1, 178). In pre- 
sence of air it acts chemically and physiologi- 
cally like veratrine. Insol. water, sol. alcohol 
and ether. Its salts are deliquescent. 

Base 0jH,,N 02. [156°]. Occurs in putrid 

flesh and putrid fibrin (E. a. H. Salkowski, B, 
16, 1192). Crystalline powder, v. e. sol. water. 
Not poisonous.— B'HCl : crystals, v. e. sol. water. 
— B'HAuCl^ aq : yellow crystals. 

Base 0„H„NO,. Erysipeline. Occurs in 
nrme in erysipelas (Griffiths, C. R, 115, 667). 
Prisms, sol. water. Very poisonous. 

Base C^HigNO.^. Occurs in urine in puer- 
peral fever |^.). Crystalline and poisonous. 

Base C,pH„N. A product of the decomposi- 
tion of albumen by Bacterium allii, which is 
found in decaying onions (A. B. Griffiths, C. R. 
110, 416). Minute deliquescent needles (from 
water), smelling like hawthorn. -B',Ey»tCl, ; 
crystalline, sol. hot water. 

Base Occurs in urine of victims 

to glanders (A. B. Griffiths, C. R, 114, 1882). 
White erystalf. Poisonous. Forms crystalline 
salts. 


Uf 

Base CgoH^NgO,. Occurs in urine In cases of 
pneumonia (G.). Minute needles, forming an 
alkaline aqueous solution [a]o » 23*5°. 

Ba8eC,H„N. (202°). S.G. a -9865. Extracted, 
together with a base C,oH,^N from putrid cuttle- 
fish (De Coninck, G. 106, 858, 1604 ; 108, 58, 
809; 110, 1339; 112, 584). Mobile, strongly- 
smelling liquid, v. sol. water, alcohol, and ether. 
Turns brown in air. Appears to bo a propyl- 
pyridino, as it yields nicotinic acid on oxidation 
by dilute KMnO, at 90°.— B'lICl : deliquescent 
radiating fliass. — B'JIJ’tCl^. Converted by hot 
water into B'.PtCli, a nearly insoluble brown 
powder.— B'HAuCl,. — B'HBr. — B'-EJlgCl*.— 
B'jjH^HgaClg. - B'Mel. Needles, v. e. sol. alcohol. 

Base C,„H,jN. (230°). Formed ns above. 
Liquid, smelling like furze. Resinified by air.— 
B'HBr. White deliquescent needles.— B'HCl. — 
B'JIJHCI*. — B'P^nCli, [206 ']. — B'HAuCl^ J 
yellow pp., deeomposed by hot water. 

. Base C,„H,3N. (200°). Extracted by Stas’s 
method from fibrin that has putrefied for two 
months (Guarcschi a. Mosso. J. pr. [2] 27, 428 ; 
J. Th. 1887, 487). Yields tlie alkaloidal reac- 
tions. Smells like pyridine. Acts physiologi- 
cally like curare.— B'jILPtClj; rose-red crystals. 

Base Cj^HjoN.Oj. [250°]. Formed in the 
putrefaction of fibrin, from which it can be ex- 
tracted, together with the liquid alkaloid C,oH„N, 
by chloroform and ether (Guarcschi, O. 17,609). 
Tables (from alcohol), sol. water and alcohol, v. 
si. sol. chloroform. Its aqueous solution is 
neutral. Griffiths {Bl. [2] 7, 260 ; C. R. 113, 
656) got, from urine of patients suffering from 
erysipelas, a crystalline ptomaine ‘ erysipeline ’ 
C,,1I,.,N03, sol. water, and very poisonous. It 
gives the alkaloidal reactions. 

'The term Icucomaincs white of «> 

egg) is applied by Gautier \Sur les Alcalo'Cdes 
den Tissus Animaux, Paris, 1886) to alkaloids oc- 
curring in the tissues of living animals. From 
fresh beef and Liebig’s extract of beef he ob- 
tained xanthocreatinine CjHioN^O, crysocrea- 
tinine C^H^N^O, amphicreatinine CpUnN^O,, 
pseudoxan thine 0,H..NjO, and two feeble bases 
C,,H.3 ,N,„Oj and 0,3H^N„0„ both crystallising 
in tables. 

Xanthocreatinine CjHuN^O. Thin sulphur- 
yellow tables, V. e. sol. water, sol. boiling alco- 
hol. Gives an odour of roast meat when heated. 
Resembles creatinine. 

Chrysocreatinine C^H^N^O. Orange crystals, 
with feebly alkaline reaction. Bl. sol. water. 
Resembles creatinine. 

Amphicreatinine CgHj^NjO^. Yellow prisms, 
si. sol. water. A weak base, reseprbling crea- 
tinine. 

Fseudoxanthine C^EjN^O. Yellow crystal- 
line powder, si. sol. cold water, sol. HClAq and 
NaOEAq. Reacts with HNO, and EOH like 
xanthine. 

Carnine v. vol. i. p. 710. 

PTYALINv. vol. ii. p. 645. 

PTYCHOTIS OIL. The essential oil got from 
the seeds of Ptychotis ajowan, an umbelliferous 
plant growing in Central India, contains thymol 
and a terpene C,„H„ (172°) S.G. U -864 (Sten- 
house, C. J. 9, 231 ; cf. Haines, C. J. 8, 289). 

PULEOl VM OIL. The essential oil of PuU- 
gium micravUhum, growing on the Btappes of 
Soutbeni Russia, contains oily (227^ 
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S.O. « *982 (Butlerow, jr. 1854, 694). It yields 
acetic and valeric acid when fused with potash. 
The oil of Mentha pulegium is described under 
Pbnnyboyal. 

PITLVIC ACID C„H,A i.e. 

. [215°]. Prepared 

by the action of cold NaOHAq on a solution of 
the anhydride in acetone, and also by boiling vul- 
pic acid with milk of lime (Spiegel, B. 13, 1630, 
2219 ; 14, 1686 ; 15, 1550 ; A. 219, 1). Orange 
crystals or yellow plates (containir^ EtOH), 
Bol. alcohol and ether, si. sol. water. Decom- 
posed by baryta-water into phenyl-acetic and 
oxalic acids. Alkaline KMnO., oxidises it to 
phenyl-glyoxylic and oxalic acids. On reduction 
by zinc-dust and NH.,Aq it gives a mixture of 
carboxy-cornicularic acid (C,,H,,Oa), cornicularic 
acid (C,^H,„Oj,), and the two dihydrides of corni- 
culario acid (0„H,^0;,). ». 

Salts. — BaA"jraq : golden plates.— AgHA": 
small prisms.— AgjA" aq : long needles. 

Methyl ether v. Vulpic acid. 

Ethyl ether EtA'. [128'^]. Prepared by 
dissolving the anhydride in alcoholic potash. 

Methyl derivative of the methyl ether 
^hHioMcjOj. [139°]. Colourless needles. 

Anhydride C,hH,^0< i.e. 

CPh°;o!o*'**>°°- Formed, togctlicr 

with MeOH, by heating vulpic acid at 200°. 
Colourless needles, si. sol. alcohol, insol. water. 
Converted by ammonia into C, 8 H„(NH ^04 
[220°] crystallising in yellow prisms, 

FUNICIN. The purple of the ancients. Ex- 
tracted from Purpura capilliis and other shell- 
fish which yield a colourless secretion which 
becomes purple on exposure to sunlight (Schimck, 
C, J. 35, 589 ; 37, 613). Obtained in Central 
America from Purpura patula. Yarn dyed by 
the Indians is warmed with HCl and thtni with : 
ether. The colouring matter is then extracted 
with aniline, which on cooling deposits punicin 
as a crystalline powder, insol. boiling alcohol 
and ether, si. sol. benzene and HO Ac. Its sohi- 
tion in aniline shows an absorption band be- 
tween 0 and D, with a sharp edge towards C. 
The band resembles that of indigo, but it dis- 
appears sooner on standing. In phenol it forms 
a sky-blue solution. Its solution in cone. H.SO^ 
shows an absorption band between D and E ; 
this disappears on standiog, the liquid becoming 
bright green. Water precipitates the purple 
from this solution, so that a sulphonic acid 
is not formed. Punicin begins to sublime at 
190°. It is hardly attacked by HNO, (S.G. 1-2) 
or by aqueous CrOj. With bromine it reacts, 
forming a body which crystallises from alcohol 
in yellow needles. Punicin dissolves in aqueous 
SnClj, but is deposited again on exposing the 
solution to air. 

FTJBFIE OP CASSIUS. A purple-coloured 
solid, obtained by adding SnCl Aq to AuCl^Aq 
in presence of a reducing agent ; v. Tin, oxides 
or, in this volume. 

FUEFUEIC ACID C«H,N A- Not known in 
the free state. 

Salts. — (NHJHA" aq. Murexido. 
Formed by heating ammonium diolurate ; by oxi- 
dising uranil with HgO ; and by adding ammo- 
nia or anunooium carbonate to a mixture of 


alloxan and alloxantin (Front, A. Ch, 11, 48 { 
Kodweiss, P. 19, 12 ; Liebig a. Wohler, A. 26, 
319; Fritzsche, J.jpr. 16,380; 17,47; Beilstein, 
A. 107, 176; Laurent, C. R. 35, 629; Gregory, 
A. 33, 334). Garnet-red four-sided prisms with 
golden-green lustre ; when dried in vacuo it forms 
a brown powder. M. sol. hot water, forming a 
purplo solution, insol. alcohol and ether. De- 
composed by acids with formation of uranil 
and alloxan. The absorption spectrum has been 
studied by Hartley (C. J. 51, 199).— KHA''. 
Crystals resembling muroxide, forming in cold 
KOHAq a blue solution decolourised by heat. — 
NaHA". -BaA'' 3aq ; dark -green powder. — 
AgHA'' IJaq : brownish-red powder. — Ag.^". 

Isopurpuric acid v. Tei-nitro-phenol, Pc- 
action 5. 

Metapurpurio acid v. (a)-Di-NiTRO-pnENOL, 

Reaction 2. 

FURFUEEO-CHEOMIUM SALTS u. CniioM- 
AMMONIUM SALTS, VOl. ii. 159-60. 

FUEFUEEO-COBALT SALTS v. Cobalt- 
AMINES, vol. ii. pp. 227-8. 

FUEFUREO-RHODIUM SALTS v. Rho- 
dium-ammonium COMPOUNDS. 

FTJEFUEIN V . Tri-oxy-anthraquinone. 

FUEFUEOOALLIN C.,oH,jO„. PyrogallO’ 
guinone. [256°]. Formed by the slow oxida- 
tion of pyrogallol (Struve, A. 163, 162 ; Girard, 
if. 1870, 86; Wiclielhaiis, B. 5, 848; De Cler- 
mont a. Chautard, C. H. 04, 1362 ; 102, 1072 ; 
Nietzki a. Steinmann, B. 20, 1277 ; Loew, J.pr. 
[2] 15, 322). Formed also by the action of 
aqueous KNO^ on gallic acid (Hooker, B. 20, 
3259). Obtained also from pyrogallol and quin- 
one (Wichelhaus, B. 5, 817 ; Nietzki, B. 18, 
1278). Prepared by adding a solution of 
K;,FeCya (87 g.) in water (330 o.c.) to pyrogallol 
(20 g.) dissolved in cold water (330 c.c.), and 
filtering after half an hour ; the yield is small 
(3g.). Dark-brown needles (from alcohol). 
May be sublimed. V. si. sol. water, si. sol. alco- 
hol, m. sol. ether. Reduces AgNO^ and Fehling’s 
solutions. H.SO, forms a crimson solution 
changed to violet by HNOj. Ammonia forms a 
j blue solution, changing through green to dark 
; yellow. Yields naphthalene on distillation with 
I zinc-dust. According to De Clermont and 
' Chautard purpurogallin yields Na,A'' crystal- 
lising in deliquescent needles, Ba^A*'' as crystal- 
! line plates, C^oHuBr A as red needles [204°] and 
; C._.„H,.AcA [186°]. By heating with H^SO^ 

I these chemists obtained SOo and C^H,,p,o, which 
crystallised in brown needles forming a blue 
! solution in KOHAq. 

FUEFUEOXANTHIN v. wi-Di-oxy-anthra- 

QUINONE. 

FUREEIC acid V . Euxanthio acid. 

PUTREFACTION v. Fermentation. 

FUTEEF active ALKALOIDS v. Ptomaines. 

PUTEESCINE V . Tetra-methylene-diamine. 

FYKNOMETER. This name is sometimes 
given to various forms of the specific gravity 
bottle, for determining the relative densities of 
liquids (c/. Densities, relative, vol. ii. p. 373). 

FYRANIL-FYEOIC ACID C,oH,oNO(CO«H). 
[165°]. Formed by heating phenyl-amido-pyro- 
tartaricacid CO.ACH,.CMe(NHPh).COjH a little 
above its melting-point for some time (Reissert 
a. Tiemann, B. 19, 622; 21, 1942, 3267 : 22, 
2281; 24, 814). Cryst^ne powder, il. wJ, 
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water, alcotol, and ether. Converted by heating 
itroogly into the phenyl-imides of citraconio 
acid and of phenyl-amido-pyrotartario acid. 
According to Anschutz (B. 21, 3252 ; 22. 731 • 
23,895,2979 ; A. 246, 115; 248, 269), pyranil’ 
pyroio acid is the mouo-anilide of mesuconio 
acid. 

P7EAZINE. This name is used to denote 
the ring 

•“^ohydride C.H„N, i.e. 

Piperazine. Di-etliijlene- 
diawfwc/[loKl07°]. (137^ uncor.). Formed 
from ammonia and ethylene bromide (Cloez, 
Instil. 1843, 213) or ethylene chloride (Natanson, 
A. 92, 48 ; 98, 291 ; Hofmann, Pr. 10, 224; 11, 
278; B. 23,^3297)^ Formed also by boiling 

al CO- 


340 


NO.C.H,.N<®y'|-^®p>N.C.H,.NO with 

holio potash (Bischler, B. 21, 717). Accordwig 
to Majert a. Schmidt (H. 24, 241), it is not iden- 
tical with spermine. Glittering tables (from 
water). May be sublimed. Strongly alkaline 
and absorbs CO^ from the air. 

Reactions.— I, Aqueous NaOCl, saturated 
with Cl, forms [71°], crys- 

tallising in prism.s, v. si. sol. water, v. sol. alco- 
hol (Schmidt a. Wichmann, B. 24, 3243). This 
body explodes at 80°-85'^ Bromine water forms 
the corresponding di-bromo-piperazinc, which is 
very unstable. -2. Diazobenzene chloruU and 
NaOHAq form Ph.N,,.N;C<H„:N.N.^Ph [129-j (S. 
a. W.).— 3. Benzoic aldehyde yields the C(*m- 
pound (N:C,H,:N):CHPh [247"] (Scl.midt a. 
Wichmann, B. 24, 3212).-4. Quinone forms an 
amorphous violet-brown body, almost insol. alco- 
hol. -5. Ihjdroquinonc in alcoholic solution 
crystallising in needles 
[19o J.--6. Phenol forms C,H,(,N,,2PhOH [lOl^^J, 
crystallising from spirit in prisms* v. sol. water.— 
1. Oxalic ether at llO'’ react.s forming the ether 
C02Lt.C0.N:C^H^;N.C0.C0.^Et [124°J crystallis- 
ing in broad needles (S. a. W,).— 8. p-Chloro- 
gives the compound 
M).^^,jIl^.N:C,H„:N.C,jH^.NOj{ [248^] (Schmidt a. 
Wichmann, B. 24, 3240). 

* needles, V. sol. water.— 

B H^tClg. B 2IIAuCl^. — B"H^gCl, : stellate 
groups of needles (Sieber, B. 23, 326).— 
B"C,.H,(NOj),OH : yellow needles.— Carbon- 
at^e: [1()2^-165«].— Urate : B"C,H,N, 03 . The 
phosphate and the bismutho-iodide an* 
crystalline. 

Di-aceiyl derivative C.HNAc.. 
[138*5 ]. (above 310°). Formed from piperazine 
and ACjO. Needles, v. e. sol. water and alcohol. 

mtrosarnine NO.N:C,H,:N.NO. [158°! 
(Ludenburg, B. 24, 2C10 ; Schmidt, B. 24, 8245 • 
59222). Beduced by zinc-duct and 
HOAo to NHj.N;C,H,:N.NHj, which cryatalliacs 
Sp « (228»), and yields B'HCI, 

B U„xl,N,0„ an amorphous di- benzoyl deriva- 
live, and retfets with benzoic aldehyde, forming 

CHPh:N.N:C.H.:N.N:CHPh [205^1 which cry”! 

talhses m pearly plates. 

PYSAZOLE CjH^N, U, chIch^^^* 

(187®). Formed by heating the tri-carboxylio 
•Old produced by saponification of the product 


I of direct addition of diazoacetio ether and 
i acetylene dicarboxylio ether (Buchner, B. 22, 
I 2165). Formed also by heating hydrazine 
hydrate (10*8 g.) with epichlorhydrin (10 g.) and 
ZnClj (11 g.) (Balbiano, J5. 23, 1193). Needles, 
V. sol. cold water, forming a neutral solution, 
sol. alcohol and ether. Gives a white pp. with 
HgCl.., and also with ammoniacal AgNO,. 

Salts. — BlICl. Hygroscopic prisms.—* 

B'.,H.,PtCl„ 2at]. At 210° it is split up into HCI 
and (C3H3N.J,^rtCl.j, n liglit-yollow powder. — 
AgCJ I ,N.^. si. sol. water.— iraKN-O,. fl60°l. 
^ JJRAZOLE BLUEC,H,N 0 »:s.* ^ ^ 

N.NPh.COCO.NPh.N J ' . 

CMe — C=C C.^re* ^ by oxidation 


of di-oxy-di-phcnyl-di-methyl-dipyrazyl (Knorr. 

Tr‘o/i^’ cone. 

H^SO, and HO Ac. Its spectrum resembles that 
of bodies of the indigo group. Decomposes 
about 230°. Itg siilphonic acid, got by the action 
of Br on di-oxy-di-phenyl-di-methyl-dipyrazyl 
di&ulphonic acid, is destroyed by excess of 
bromine (MdllenholT, B. 25, 1919). 

^^^YKAZYL-BENZOIC ACtD C,„H,N.O, U 

(:;H:CH>N-CuH 4.CO;EI. [130° cor.]. Formed 
by oxidising o-tolyl pyrazole with KMnO, (Bal- 
biano, 0. 19, 123), Yellow needles (from dilute 
alcohol).- BaA'... 

Blhyl ether EtA'. (309° i.V.). 
|)-Pyrazyl.benzoio acid. [265°]. Got in like 
manner from p-tolyl-pyrazolo.— NaA'.- BoA',. 
Ethyl ether EtA'. [62°], Tables. 
PYfiENE C,..H,„ i.c. L J 
.CH:CHv 

^CH.C^ >C:CHv 

\CH:CIK 

S* (alcohol) 1*87 
at 10; 3*08 at 78°; S. (toluene) lOfi at 18° 

J Tro coal tar (Graebe, 

A. loS 28o). Monoclinic tables (Fittig a. Hintz, 

B. 10, 2143), V. 0 . sol. CSj and ether. Yields 
pyrene-quinone and pyrenio acid on oxidation. 
M.CU at 3W» forms CCh, 0„CI,. [above 800 ], • 

I I^hCIio [above 300°], and other bodies (Merz i 
I Weah,H. 16, 2880). Bromine forms crystalline 
CifcH^Br^ and C,„H,Br, (Graebe). 

acid compound C„H,.C.H,N,0,. 
[222 ]. Bed needles (irom alcohol), v. §1, gol 
cold alcohol, m. sol. ether, v. sol. benzene. 

Ilexah^dride [127°]. Formed 

by heating pyrene with HIAq and P at 200°. 

, Needles, v. e. sol. ether and boiling alcohol. Its 
alcoholic solution is not ppd. by picric acid 
Chloropyrenes. The following cliloro-pyrenee 
are formed hy passing Cl into a solution of 
pyrene in chloroform. They are separated by 
fractional crystallisation from alcohol, chloro- 
^orm, and^xylene (Goldsch..iiedt a. Wegsoheider, 

Golden needles, forming 
m HjjSO, a solution with violet fluorescence 
Yields C„H,C1C.H,N,0,. [177°]. 


[190 


C, H„Cla. Tw'o di-chloro-pyrenes [156®] and 


[ 2 ^°]. White needles. 

CisHjCi,. [above 830°J, Needles. 

Ritropyrene C,«H,NO^ [ 160 °]. Formed by 

•lowly addmg to aqueous KNO, under aa ' 
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ethereal aolution of pyrene (Goldachmiedt, Jf. 

2, 680). Yellow needles (from alcohol), si, sol. 
e^d alcohol. 

Di-nltro-pyrene 0„H,(N0Ja. Formed from 
pyrene end HNO, (S.G. 1*46). Yellow needles 
(from HOAo). Reduced by tin and HCl to di- 
amido-pyrene (Jahoda, M. 8 , 449). 

Tetra-nitro-pyrene C,«Hj(NO.^) 4 . [above < 
800®]. Yellow needles (from HO Ac), nearly 
insol. alcohol. 

Amido-pyrene 0„H,.NH,. [116°]. Got by 
reducing nitropyrene. Needles, si. eel. water. — 
B'jHjSO, (dried at 100 °).— B'HGl. Its solution 
dyes fir-wood red. 

PYRENE CARBOXYLIC ACID C„H„.C02H. 
[267°]. Formed by fusing its nitrile with potash 
(Qoldsohmicdt a. Wegscheider, M. 4, 250). 
Needles, si. sol. water. Resolved by heat into 
pyrene and CO.^— CaA', aq.— BaA'.^2\aq. 

Nitrile C,«H.,.CN. Formed, to- 

gether with the nitrile of the dicarboxylio acid, 
by heating potassium pyrene disulphonate with 
KCy or K^FeCy,,. Needles (from alcohol). The 
solutions of this body show green lluorescence.— 
(0„H,N),C„H;,N,0,. [134°]. Red needles, de- 
composed by alcohol. ^ 

Pyrene dicarboxylio acid 0,aHB(CO^H).^. 
[above 800°]. 

Nitrile [above 300°]. C, ^(CN),. Formed ; 
as above. Yellow powder. Its solutions show 
green fluorescence. 

PYRENE-KETONE O.jH.O i.e. 

[lilQ 0„H,<^g>00. [142°]. Formed by 

distilling pyrenic acid with slaked lime (Bam- 
berger a. Philip, S, 19, 1996, 3040 ; 20, 371 i A. 
240, 178). Golden tables (from dilute alcohol), 
volatile with steam. Reduced by zinc and HCl 
to C.jHJCH.OH). Oxidised by KMnO^ to naph- 
thalene (l,r)-dicarboxylic acid. 

PYRENE-dUlNONE i.«. 

XH.cf ^c.cn. 

Co/i >C=C<r I >00 

\CH.CC >C.CH/ 

(Bamberger a. Philip, B. 20, 3G9 ; A. 240, 160). 
[c. 282°]. Formed by oxidation of pyrene by 
chromic acid mixture (Graebe, A, 158, 296 ; 
Goldschmiedt, M. 4, 309). Red needles (from 
HOAc), sol. aqueous NaHSOj, v. si. sol. alcohol 
and ether. Yields pyrene on distillation with 
zinc-dust. Bromine forms C.aHaBraOj and 
0 ,«H.Br 30 a. Its alcoholic solution is turned 
claret-colour by a little NaOH. Reduced by 
zinc-dust and ammonia to hydropyrene- 
quinone or py rene -hydroquinone 
C H,oO.„ which forms golden crystals exhibiting 
a darK-blue fluorescence in alcoholic solution, and 
yielding Oj^H^ACaGa [167®]. 

PYRENE SULPHONIC ACID C,gHa.SO,H. 
Got by fusing ihe disul phonic acid with potash 
(Goldschmiedt a. Wegscheider, M. 4, 242}.— 
kA'aq; minute needles (from dilute alcohol). 


KA'aq; minute needles (from dilute alcohol). 

PYRENE DISDLPHONIC ACID 
0,aH,(SO,H)a. Formed by heating pyrene with 
HaSOg. Sticky mass, v. sol. water, si. sol. alco- 
hol, insol. ether.— KaA" 2 iaq.-BaA" 8 iaq.— 
0gA"2aq : yellow powdw« 


PYRENIC ACID 0„HA 

.CH.C/ >C.CO,H 

Formed by the oxidation of pyrene or pyrene- 
quinone by chromic acid (Bamberger a. Philip, 
B. 19, 1427, 1996, 3036; 20, 369; A. 240, 168). 
Pale-yellow plates, blackened above 250°. V. si. 
sol. alcohol. H 2 SO 4 forms an orange solution. 
Oxidised by KMnO, to naphthalene tetra-carb- 
oxylic acid. Reacts with hydroxylamine. 
Phenyl-hydrazine forms C,,Hg 04 (N 2 HPh) 2aq, 
crystallising in yellow prisms. — BaA" aq. — 
Ag-^A" : amber-yellow pp. 

Anhydride C„H.O<^^>0. YeUow 
needles, formed by boiling the acid with HOAo. 
Iinide C, 3 H, 0 <qq>NH. Yellow plates, 

got by dissolving the acid in NH:,Aq. 

PYRENOLINE C„H„N. [153°J. Formed by 
heating amido-pyrene hydrochloride with nitro- 
benzene, glycerin, and HjSO, (Jahoda, Af. 8 , 
442). Golden scales (from alcohol), v. sol. water, 
forming solutions which exhibit green fluor- 
escenco.-B'HCl. [270°].— B'^H^PtCla. [above 
290°]. - B'H2S04|aq. [246°]. - B'CAN.O,. 
Decomposes at 260°. — B'Mel. [212°]. 

PYRIDANTHRILIC ACID C.jH.oNaO, i.c. 
[ 2 :l]C 02 H.C,n 4 .NH.C 0 .C,H 2 N(C 0 ,II) 2 . [265°]. 

Formed by the action of alkaline KMnO, on 
cy cloth raustio acid derived from a-diquinoline 
(Weidel a. Strache,A/. 7, 289; 8, 197). Micaceous 
plates, si. sol. hot water. Yields isocinchome- 
ronic and anthranilie acids on oxidation. 

PYRIDAZINE. The ring CH<^q||^ 2 ^CH 
(Ach, A. 253, 46 ; cf. Knorr, A. 236, 295). 
PYRIDINE CjHjN i.e> 

Mol. w. 79. (116°) (Schiff, B. 19, 566) ; (114°) 
(Ladenburg, A. 247, 4) ; (116-5°) (Perkin, 0. J. 
65, 701). S.G. $ 1-0033 (L.) ; -9866; -9778 

(P.). M.M. 8-761. H.F.p. - 19,370 (Thomsen) ; 
7,117 (Ramsay, C. J. 35, 696). H.F.v. -20,530 
(Thomsen, Th.). S.H. *418 (Colson, A. Ch. [6] 
19, 408). S.V. 89;4 (Schiff) ; 91-6 (Ramsay). 
Occurs in bone oil, in coal-tar, and in tar 
got by distilling bituminous shale and peat 
(Anderson, Tr. E. 16, 4 ; 20 [2] 247 ; P. M. [4] 
2, 257 ; A. 80, 65 ; 96, 200 ; 106, 335 ; Greville 
Williams, P.Af. [4] 8, 24; Church a. Owen, C. N. 

^ 2, 146 ; P. M. [4] 20, 110; Schulze, B. 20, 409). 

^ Occurs also in tobacco smoke, and, in small 
' quantity, in fusel oil (Haitinger, M, 3, 688 ). 

Fcyrmatime—l. By heating isoamyl nitrate 

> with PjjOj (Chapman a. Smith, A. Suppl. 6, 329). 

> 2. By distilling its carboxylic acids with lime.— 
^ 3 . By distilling oxytrialdine and oxytetraldme 

with soda-lime (Schiff, A. Suppl. 6 , 21). — 4. With 
. other bases by heating glycerin with ammonium 
I phosphate (StOhr, J. pr. [2] 45, 23). — 6. By 
passing ethyl-allyl-ftmine over PbO at 460 
(Koenigs, B. 12, 2344).— 6. By heating piper- 
idine with H..SO 4 at 300° (K.), with nitro-benzene 


(4.1 pts.) at 260° (Lellmann a. Geller, B. 21, 1921), 
or with AgOAc and 10 p.c. HOAc at 180® (Taf^ 
B. 26, 1621). — 7. TogeUier with mono* and di- 
anbstitntion pit^uota by the action of Br qu 
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Ace^l-piperidine (Hofmann, B. 16, 687).— 8. Bj 
heating sodium-pyrrole with NaOMe and CH,!, 
in sealed tubes at 200^ (Dennstedt a. Zimmer- 
mann, B, 18, 8316). — 9. From anhydroeagonine, 
by treatment with oono. HCl and distillation of 
the product with zino-dust (Einhom, B. 22, 
1366). 

Purificatim.-^By ppg. the crude base (20 g.) 
dissolved in (100 g. of) a 10 p.c. solution of 
HGl by adding HgCl, (135 g.) dissolved in hot 
water (1,000 g.). The crystalline double salt is 
distilled with NaOHAq (Ladenburg, A. 247, 4). 

Properties.— Colonile&s liquid with powerful 
odour, miscible with water. Fumes with HCl. 
Strong poison. Should not be inhaled (Marcus 
a. Oechsner, Bl. [2] 88, 97 ; cf. Kendrick a. 
Dewar, Pr. 22, 432 ; 23,290). Formsa hydrate 
B'3aq. (93°), S.G. 1-0219, V.D. 1-17, which is a 
colourless liquid (Goldschmidt a. Gonstam, B. 
16, 2976). Not attacked by boiling HNO, or 
CrOj. Pyridine ppts. the hydroxides of Fe, Al, 
and Cr from their salts. With CuSO^ it gives a 
pale-blue pp. dissolving in excess, forming a 
deep-blue liquid. Pyridine passes unchanged j 
into the urine {0. de Coninck, Compt. rend. Soc. | 
Biol. 4, 755). Pyridine does not mix with liquid 
CO,j (Ditte, C. li. 105, 012). It gives no reaction 
with hot alkaline NaOBr (Denigis, C. B. 107, 
662). 

Beactions.—l. Dry chlorine forms di-chloro- 
pyridine [72°]. Chlorine passed into a solution 
of pyridine in CHClj forms D'Cl.^, a white 
powder (Bally, B. 21, 1772). Chlorine-water 
ppts. a white powder. KOCl completely decom- 
posea pyridine, forming N, COj, CHClj, and 
chloro-aceiic acid (Reiser, Am. 8, 308). — 2. 
Bromine added to a solution of the hydro- 
chloride ppts. CsH..NBr., which is split up by heat 
into pyridine and bromine. Bromine acting 


in the cold on pyridine and water gives rise to 
(C»HjNBr,J,HBr [126°] (Grimaux, Bf. .f2] 38, 
127). Pyridine hydrochloride heated with Br 
at 200° forms mono- and di-bromo-pyridine.— 3. 
HIAq at 300° yields n-pentane and NH., (Hof- 
mann, B. 16, 590).— 4. Sodium at 80° yields 
(r)'dipyridyl C.oH^Nj, dipyridine C,oH,oN,^, iso- 
nicotine C„H|,N2, and two nitrogenous oils 
(240°-260°) and (300°-310°) (Weidel a. Russo, 
M. 3, 884),— 5. Its alkylo’iodides are converted 
by distillation with solid EOH into volatile 


bases. — 6. Excess of AcCl forms dohydracetio 
acid (Dennstedt a. Zimmermann, B. 19, 75).— 7. 
Unites with CHXl.OH (the product of the 
union of formic aldehyde and HCl), and the pro- 
duct in aqueous solution gives with HgCl;; a pp. 
of (CjH,N)(CH,ClOH)HgClj [162°], with platinio 
chloride a pp. of (OjHjN),(CH,C10H),PtCl, 
[216°], and with picric acid the compound 
(0,H*N)CH,(0H).C,H,(N0a),0 [c. 200°]. Treat- 
meot with AgNO, forma (C,H5N)CH,(On)NO, 
erystallising from alcohol-ether in prisms (Hem- 
melmayr, M. 12, 633). —8. Alloxan and aqueous 


831)* Glycerin chlorhydrin reacts with forma- 
tion of 0ANCLC,H»(0H), [107°] separating 
from alcohol in hexagonal crystals and yielding 
(aH„NO,Cll)^01, ri80°] and 0^,^0,CUuCL 
il22<l(Krflg0r, /. j>. pj 44, 180).-10. CWorn- 
ocaffe acid at 100° xoinui 0«HtNGl.GH^.C02H 


[202°] which may be viewed as the hydrochloride 
of ‘pjridino-beialne’ 

(yon Geriohten,B.15, 1253; Eriiger, B. 23, 2609; 

jpr. [2] 43, 279, 297; 44, 136). The pyridine- 
betaine hydrochloride is also got by oxidising 
C,H,NCl.CH,.CH(OH).CH,OH with chromic 
acid and is decomposed at 240° into CO„ MeCl, 
and pyridine. Pyridine betaine C,H,NO.^, got 
by the action of moist Ag.jO on the hydro- 
chloride, forms hygroscopic tables (containing 
aq) and yields the salts B'.^,PtCl, [211°], B'HCl 
[202°], B'.,HClaq [159°], B',HIIgCl,aq [134°], 
B'JIBraq, an auro -chloride B'HAuCl, [166°] 
(Jahns, B. 20, 2841), B'HBr, [200°], BlINO,, 
[145°], [175°], B'CrO, [o. 1G6°], 

B'C^H^NA [143°], B'AgNO, [171-5°], and 
B'HBil,2aq. On reduction by sodium-amalgam, 
pyridine- betaine yields C.,H;,NCl.CH.,..CH.pH. 
—11. Chloro-acolic ether yields the compound 
CjHiNCl.CH.^.C0.^1t, a crystalline powder [100°] 
(kriiger, J. pr. [2] 43, 274). This ether, 
CpH,.,NO,Cl, forms the salts B',PtCl, [213°], 
B'AuCl, [117°], B'HgCl^ [123°T, B'CdCL, [141°], 
and B',CdCL, [107°]. 

Saits. — J3TJC1. Deliquescent mass. — 
Byi^PtCl,. [242°]. Orange triclinio prisms. Tho 
aqueous solution is converted by long boiling 
into crystalline B\Il^Cl;j2PtCI, and B'^PtCL, a 
yellow insoluble powder. — B'^-PtClj. Yellow tables, 
almost insol. cold water (Jorgensen, J. pr. [2] 
33, 504). An isomorido crystallises in needles. 
-B'.PtCl.. 3aq.-B',Pt,Cl,. — B' (NH,)..PtCl,. — 
B'(NU,)PtCl2.— B'j(NH,),Pt,Cl„.-B'(NH,)PtCl4. 
-B'2(NU,)PtCl2.-B'.,(NH,)2PtCl2 aq. Minute 
colourless prisms. -B'HHg^Clj,. [178°]. Needles 
(from .watcr).-B'.,3HgCL,.-B'HAuCl*. [286°]. 
Prisms, si. sol. water.'-B'CJIaNjO,. [162°] 
Needles, si. sol. water. — B'^ZnCI.^ : short prisms, 
very soluble in cold water (Lang, B. 21, 
1678). — B'.^ZnCl, 2aq (Lachovitch, M. 9, 616). — 
B'jZnBrj; prisms, v. sol. pyridine. — B'^HaZnCli* 

— B'^CuCl, [180°-190°]. — B'CuSO, 3aq. — 
B^Cu^Clj. — B'rtCu^Clj. — B'jCuBrj. — B^Cu^- — 
B'^CuUyj. — B'^H^CuCI,, — B'^CdCl, ; needles, 
almost insol. alcohol, sol. water.— B'^CdBrj, — 
B',Cdl2.-B'Cdl2 (Monari, J. 1884, 629). - 
B'ilgCly— B'^HgCy,.— B'aCaCL^ : white powder. — 
B^NiBfj. — B'AgBr ; white needles, sol. cold 
pyridine. — B'Agl.— B'AgCy : prisms (Varet, Bl. 
[3] 5, 843).— B'.^CuCy : yellow lamellos, v. sol. 
warm pyridine (Varet, C. R. 112, 391). Loses 
pyridine on*warming.— B'H.SO, : deliquescent 
mass.— B'HI : tables, v. sol. water, but not deli- 
quescent. — B'HI,. [89°]. Green crystalline 
powder (Dafert, M. 4, 608). — B'HBr, Deli- 
quescent needles. — B'^HBrj. [126°]. Red 
tables.— B'jCV Waxy mass (Eeiscr, Am. 8, 812),‘ 
-B'HNO,.--B'.,AgNO,. [87°J (Jdrgensen,/. »r. [2] 
33, 502).— B'pAgNO,.— B',C uSO,.—B'CuS 04 8aq. 

— B'^CuSjO,.— B'^SiCI,. Amorphous (Harden, 
G. J. 61, 47).— B'jSiF, (Corney a. Smith, Am. 10, 
294).— B',28iF4.— B'gH^FeCy, 2aq : monoclinic 
prisms (Mohler, B. 21, 1016).-B'ia [189°]. 
Needles (Pictet a. Erafft, Bl [8] 7, 72).— 
BTCIHGI. [180°]. Long yellow needles (from 
water).— B'jRhCl, HCl 2aq (JOrgensen, J, pr. [2] 
27,478)*-B',RhCl,.-B'^h2Pt01,..-B'.BhClJBr. 
— B'^Rha^iNOJ (dried at 100°).-B',&i,Ol4SO4 
(dried at 100°). 

Acetate F^HOAo. (140°)* Miscible with 
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Wftter, forming an acid solution (Gardner, B. 23, 1 
1688).-Formate B'3CHA* ' 

▼. flol. "water.— Propionate B'SCAAr 0-^^ )• 
Liquid. — Cupric oxalate compound 
B'2CuCa04: minute prisms (Seubcrt a. Rauter, 

B. 26, 2825). 

Methylo-chloride B'MeOl. White 
needles (Osterracyer, B. 18, 601). Converted by 
a hot aqueous solution of picric acid into 
B'MeOC4H,(NO,)3r>q, which crystallises in 
greenish-yellow explosive needles [34®]. — 
B',Me.;PtCl,. [188®] (0.); [20?®] (B.).-- 

B'MeAuCl^. [253®].— B'MeClTCl. [82®J (0.) ; 
[90®] (B.). Yellow plates. - B'MeClIClj. [180®]. 
Unstable yellow crystals (Bally, B. 21, 1774). 
Methylo-perbromide B'MeBrj. [48®]. 
Methylo-iodide B'Mel. Converted at 
290® into methyl-pyridine hydriodides. On heat- 
ing with alcoholic potash at 45® it yields a brown 
resin, forming a deep-red solution in alcohol, 
turned bright-red by HCl, orange-rod by acetic 
acid, and ruby-red by ammonia (0. de Coninck, 
C. B. 102, 1479). Chlorine forms B'MelCl., [90®] 
(u. supra), oAdised by alkaline KaFeCy# to 
oxy- methyl -pyridine or y- methyl -pyridone 

CH<^^g;Q^>NMe (250®), a liquid miscible 

with water (Decker, J. pr, [2] 47 , 28 ; cf , Pcch- 
mann, B. 24, 3144). 

Ethylo-iodide B'Etl. Silvery tables 
(Anderson, A. 94, 364). At 300® it yields pyr- 
idino, NH„ (o) and (7)- ethyl-pyridine, and di- 
ethyl-pyridine (Ladenburg, B. 16, 2059 ; 18, 
2961). Yields B'.,Et,PtCle, Oxidised by alkaline 
K,Fe0y.toCH<CH:CO>NEt(250»). 

Ethyleno-iodide Prisms 

(Coppola, a. 16, 332). Ag,0 yields a base 
C,i£,NO, By heating pyridine with ethylene 
bromide and some alcohol at 100® there is found 
B'.OjH.Br,,whiob yields B'AH.PtOl. (Davidson, 

JB^nsylO'ChloTidi B^PhCH^Cl. Reduced 
bv sodium-amalgam to the unstable C.j,H.^tN2 
(Hofmann, B. 14, 1503).— (B'PhCIi,Cl)-.'I’tCl4. 

Nitro-beneylO’Chlorides 

B'0,H4(N0.,).CH2C1. 0 [0. 76®], m [70®-100/], p 
r90®-100®]. These bodies are reduced by tin 
and HClAq to B'CJi4(NH3Cl).CH.,Cl, which are 
split up by heat into p^idine hydrochloride and 

• (Lollmann a. Pekrun, A, 259, 64). 

PhsnacylO'bTOTnids B^BzCH.^Br. Prisms 
(Bamberger, B. 20, 8344). — B^^(BzCH.,,),{Cr,30,. 

References . — Bromo-, Chloro-, Oxy-amido-, 
and Oxy- pyridine. 

Dinyridine C.oH.oN. v. Dipyridyl dihydridb. 
D&necXX. (275®) S.G. l;124. 
Is probably a dipyridyl dihydride. Formed by 
heating nicotine with KOH and KjEeCys, and 
also by heating the product of the action 
of S on nicotine at 160® with finely-divided 
copper (Cahours a. Etard, Bl. [2] 34, 452). 
Inactive liquid. — B'HHgCl,. — B'yELP^^^« 2®’^* 

B' jaJ’cCy,2aq : brownish-green tables. 
(a)-PYEIDlNE CARBOXYLIC ACID 

CANO, «.e. cH'CH J 

[186®]. Formed by oxidation of (a)-methyl- 
pyridine with KMn04 (Weidel, B. 12, 1994), and 
by oxidation of (a) -phenyl- pyridine (Skraup, M, 


4, 477). Obtained also, together with its hoM- 
hydride, from comenamio acid by successive 
treatment with PCI5 and H,S04, the resulting 
di-chloro-picolinio acid being reduced by heating 
for three days at 165® with HI dissolved in 
HOAc (Ost. J.pr. [2] 27, 285). 

Preparation . — The three acids got by oxida- 
tion of crude methyl-pyridine from animal oil 
are converted into copper salts. Cupric pyridine 
(a)-carboxylate is extracted by hot water. The 
residue is treated with H.^S, and the diflicultly- 
soluble (7)- acid separated from the (i3).acid (Ost, 
J.pr. [2] 27,286). 

P/opcrHcs.— Needles, v. sol. water and alco- 
hol, almost insol. ether, benzene, CHCI3, and 
CS... May be sublimed. FeS04 gives a red 
colouration with picoUnic acid and with all the 
carboxylic acids of pyridine that contain CO.A 
in the (a)- position (Skraup, M. 7, 210). The 
absorption of the ultra-violet spectrum has been 
studied by Hartley (C. J. 41, 45). 

Reactions. — 1. Yields pyridine on distillation 
with lirne or with alcoholic potash at 210®. The 
Cu salt on distillation gives pyridine and (a)- 
dipyridyl [70°] (Blau, M. 10, 375 ; B. 21, 1077). 
— 2. Sodium-amalgam forms 5-oxy-adipio acid 
(Weidel, M. 11, 522). 3. Fuming HI at 170® 
forms (o)-methyl-pyridino and piperidine (Seyf- 
forth, J. pr. [2] 34, 241).— 4. Zim-dust and 
HOAc reduce it to (a)-methyl-pyridine. 

Constitution.— This may be deduced from its 
formation from (j8)-naphthoquinolino vid {$)• 
phenyl-pyridine carboxylic acid (Skraup a. Co- 
benzl, M. 4, 436). 

Salts. — HA'HCl: unstable crystals.— 
HA'A-jP^Cle 2aq : orange-red crystals.— NH4A' : 
triclinio tables. — KA'.— BaA'.^^aq. CaAj aq. 
MgA'„2aq. 

Hexahydride CnHjjN.COA* Piperidine 
(a)-carboxylic acid. The chief product of the 
action of HI at 160® on mono- or di- chloro- 
picolinic acid (Ost, J. pr. [2] 27,287). Got also 
by reducing picolinic acid (Ladenburg, B. 24, 
640). Syrup, v. sol. water. Salts.— B'H Cl. 
[264®]. Nodules—B'-APtCl,. [184°] (L.).- 
B'3H3PtCl,2aq.— B'MeCl. [191®]. Needles. 

Pyridine (3) -carboxylic acid 

Nicotinic acid. [230°]. 

LJjL: N .L'M , . 

Formation.— 1. By oxidising nicotine with 
HNO, (Weidel, A. 165. 330). CrO, (Huber, A. 
141, 271 : B. 3, 849), or KMnO, (Laiblm, .4. 
196, 129).— 2. A product of oxidatiou of coal-tar 
bases (Weidel; Mohler, B. 21. 10091.-3. By 
beating quinolinic acid at 160° or with HCl at 
180® (Ost, J. pr. [2] 27, 286; Lippraann a. 
Fleissner, M. 8, 315).— 4. By oxidation of (di- 
methyl-pyridine (Weidel, B. 12,2004), (d)-ethyl. 
pyridine (Stoehr, J.pr. [2] 43, 155) or (3)-phenyl- 
pyridine (Skraup, M. 4, 453).— 6. By saponifica- 
tion of its “nitrile, which is got by distilling 
sodium-pyridine sulphonate with KCy (Fischer, 
B. 15, 63).- 6. By heating three of the pyridine 
dicarboxylio acids (Hoogewerff a. Van Dorp, 
R. T. C. 1, 1, 107; A. 204, 117; 201, 226; 
Weidel a. Herzig, M. 1, By heating 

berberonic acid at 216® (Fiirth, M. 2, 420).-- 8. 
By the action of Zn and HClAq on chloro-nico- 
tinic acid (Pechmann a. Welsh, C. •!. 47, 146). 

Properties.— Needles, sT sol. cold water, soU 
alcohol, nearly insol. ether. May be sublimed. 



rxjtumJMJS UARBQXTLIC AdB. 


Yields pyridine cm distillation Hofmann, B. 17, 3696 ; Ladenborg, B. 31, 267). 
irith lime.— 2. Sodium-amalgam yields a mix- 8. By heating di-ohloro-pyridine carboxylic acid 
ture of 8-oxy-a-methyl-glutario acid and its lac- [210^] with HI (B. a. H.). 
tone, which, on treatment with alcohol and HCI, Properties.— Needles, si. sol. cold water, in- 

yields a mixture of two ethers. One of these, sol. alcohol. Yields pyridine on distilling ^vlth 


CioHj^GlO^, is converted by sodium-amalgam 
into a-methyl-glutaric acid, and the other, 
CgH,,04, is also converted by successive treat- 
ment with PL^ and with Zn and dilute H..SO4 into 
a-methyl-glutario acid (Weidel, M. 11, 602).— 
3. Bromine and water at 120° yield CO., pyridine, 
and bronioform. — 4. The K salt heated with 


Mel at 150^ forms C,II,NMeI.CO..Me, which on 
saponification yields djH4NMe(OH).CO^H [130°], 

converted at 100° into trigonellin CjH 4 NMo<^q^ 

[218°], which occurs in the seeds of Trigonella 
famum grcccum (Jahns, B. 18, 2521 ; Ilantzsch, 

B. 19, 31). This anhydride forms the salts 

C, II,NO,HCl, BUl.PtCls aq, B'HAuCl^ [198°], 
and B'43HAaCl4 [180°]. 

Coiisfitution. — This may be deduced from 
its formation from (a)-naphthaquinoline vid (a)- 
phenyl-pyridino carboxylic acid. 

Salts. — HA'HCl. Colourless prisms. — 
H,A',H,PtCl« 2aq.— B'.HAuCl,.— B'HNO.aq.— 
NH,A': needles.— KA'.—MgA'j : needles. — 
CaA'.^6aq; monoclinio crystals; a:b:cm 
1*637:1; -029; 13«C2° 60', — Cu(OH)A' (De 
Coninck, Bl. [2] 42, 100).— AgA' ; needles (from 
hot water). 

iV'zfri/e OjH4N.Cy. [49°]. Formed by dis- 
tilling sodium pyridine sulphonate with KCy 
(Fischer, B. 16, 63). Needles or prisms, sol. 
water. — B'HCl. — B',H .PtCl, ; yellow soluble 
needles. Tables (by sublimation). Converted 
by means of hydroxylamine into the amidoxim 
C4H,N.C{NH,):N0H [128°], which yields an 
acetyl derivative [143°] and a benzoyl derivative 
[190°], and is converted by phenyl cyanate into 
C,H4N.C(NOH).NH.CO.NnPh [167°], by phenyl 

thiocarbimide into 0*H,N.C<^^®^C.NHPh 
[241°], and by succinic anhydride at 100° into 
[178°]. The 


acetyl and benzoyl derivatives are converted by 
heating into CjH4N<^^j^^^CMe [109°] and 

OjH^N^^^j^^^CPh [139°] respectively (Mi- 
chaelis, B. 24, 3439). 

Hexaliydride CjH,aN(CO;.H). Nipecotinic 
acid. [260°]. Got by reducing nicotinic acid 
in alcoholic solution by Na (Ladenborg, B. 26, 
2763). Crystals, v. e. sol. water, insol. alcohol 
and ether.- HA'HCl. [240°].-n.^'^.,PtCl,. 
[218° cor.]. — HAmuCl,. [197° cor.].— 
HA'HC15HgCV [231°].-MeA'HCl [208°].- 
MejjA'aH^tCI,. — Nitrosamino CcH^NsO,. 

[112°]. ^ • If « r 

Pyridine M-oarboxylio add 

pET firr 

Isonicotinic add. [805°] 

(S.) ; [806°] (B. a. H.) ; r309*6°] (W. a. H.). 

Formation.— I, By heating pyridine e-tri- 
earboxylio acid (Skraop, B. 12, 2331) and three 
of the pyridine m-oarboxylio acids (Hoogewerff 
a. Van Dorp, A. 204, 112 ; Weidel a. Herzig, Af, 
1, 28 ; Bdttinger, B. M, 68).— 2. By the action 
of KMnO. on (ir)rmethyl -pyridine (^imann g, 


lime and S-oxy-ethyl-succinio acid on reduction 
with sodium-amalgam (Weidel, M. 11, 617). 

Salts.— NH, A': needles.— CaA'j 4aq : silky 
needles, m. sol. water. - HA'HCl ; monoclinio 
prisms.— ILA'.JLPtCl„ 2aq : monoclinio crystals. 

Hexahydride C4H,„N(CO.^H). Got by re- 
ducing the acid in alcoholic solution by Na 
(Ladenburg, B. 25, 2773). Branching groups of 
needles, v. e. sol. water, insol. alcohol. Blackens 
at 300°, but is not melted at 320 HA'HCl. 
[2*28’]. Trimetric crystals; a\h\c *022:1; '979. 
— HA'JIjPtClj. [239°]. — Auroohloride; 
[197°]. Nitrosamino C,H,„NA- [101°]. 
Pyridine (aa)-dic8rboxylio acid 

Dipicolinic acid. [226°] 

(L. a. R. I S.) ; [237°] (E.) ; [236° cor.] (Collie, 

C. J. 59, 179). Formed by oxidation of (oa)-di- 
methyl-pyridino [145°) (derivotl from aceto- 
acetic ether or from coal-tar) by KMnOi (Epstein, 

A. 231, 26; Ladenburg a. Both, D. 18, 52; 19, 
790 ; 20, 130 ; A. 247, 32 ; Lange a. Rosenberg, 

B. 20, 132; c/. Dewar. C. N. 23, 181. Got also 
by oxidation of (a)-methyl-(o)-cthyl-pyridine by 
dilute (2 p.c.) KMnO, (Schultz, B. 20, 2724), 

Properties. — Ilair-liko needles (containing 
l^aq) or anhydrous scales; si. sol. cold alcohol, 
water, and ether. On heating at 245° in a cur- 
rent of H it yields pyridine and pyridine (a)- 
carboxylic acid. PClj forms a chloride [61°], 
(284°). FeSO^ gives a reddish -yellow colour. 

Salts. — CaA" 2aq; minute prisms. 
CuA"2aq; dark-blue prisms. 

Pyridine (a/8)-dicarboxylio acid 
C(CO,H).C(COJI)^j^^ [SSI"]' 

S. *65 at 6*5°. Formed by the oxidising action 
of KMnO, on quinoline (Hoogewerff a. van Dorp, 

D. 12. 747 ; It. T. G. 1, 107 ; A. 204, 117), on 
cinchonine (H. a. D.), on o- and p- methyl- 
quinoline (Skraup, M. 2, 157), on o-oxy-quino- 
lino, on quinoline o-sulplionic acid (0. Fischer 
a. Renouf, B. 17, 765), and on (a) -oxy -quinoline 
carboxylic acid (La Costo a. Valeur, B. 20, 103), 

Properties. — Monoclinic needles, a:6:c>* 
*612:1: *607 ; ^=>64° 54'; si. sol. water and alco- 
hol, insol. ether. Begins to decompose at 140°, 
and forms nic<9tinic acid. Yields pyridine when 
distilled with lime. Reduced by sodium-amalgam 
to the 5-lactone of butane o^y-tricarboxylio acid 

TO ;‘?';OH:co:H n. 18. 840). 

Salts.— KHA" 2aq; triclinic plates (Lipp- 
mann a. Fleissner, M. 8, 811).— K,^"2aq.— • 
BaA"aq. — Ag^^A" : crystalline. —AgHA" aq. 

Anhydride C,H,N<pQ>0. [185“]. Oot 

from the acid and Ac^O (Bernthsen a. Mette- 
gang, B. 20, 1208). Prisms. Converted by 
benzene and AlCl, into CjH,BzN.CO,H [147°], 
converted by heat into the ketone C^H.BzN 
(307° uncor.), which yields a crystalline phenyl, 
hydrazide [143*5°]. 

Pyridine (ci 7 )-dicarboxylie acid 

Lulidinie add. 

KK 
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[240®] (V.)i [23S®] (B.; L.ft.R.). Formed 
the oxidising action of KMn04 on (a7)-di- 
methyl-pyridine (Karnsay, P. M. [6] 4, 241 ; 6, 
19 ; Weidel a. Horzig, Af. 1, 20 ; Ladenburg a. 
Both, B. 18, 915; ^.247, 37), on (a)-methyl. 
(7) ethyl-pyri(line (Schultz, P. 20, 2720), on di- 
ethyl-pyridine, on (oo)-di-methyl-dipyridyl (Heu- 
ser a. Stoehr, J. pr. [2] 44, 409), and on the 
inetliyl-pyridine carboxylic acid obtained from 
uvitonic acid (Bottingcr, B. 14, 68; 17, 93; Voigt, 
A. 228, 54). 

Propcr/tcs.— Needles (containiftg aq), m. sol. 
cold water, sol. alcohol, insol. ether. Gives a 
blood -red colour with FeSO^. Yields pyridina 
on distillation with lime. Converted by heat 
into CO-i and isonicotinio acid. PClj yields a 
chloride [203°]. 

Salts.— KHA" ^aq. Crystals.— (NH^),^".— 
(NHdHA"aq: hygroscopic needles.— CaA" 3aq. 
CaA" aq.— CaA" Aaq.— CaIL.A!'2 2aq.— BaA" aq. 
— BaA" IJaq (B.). — BaA" 3aq. — CdA" 4aq 
(Waage, M. 4, 727).-MgA"6aq.-CuA"3aq.- 
CuA" 4aq (B.).— Ag,A" 2aq : white pp. 

Pyridine (a/d')-dicarboxylic acid 

[236°].^ 

Formation. — 1. By oxidation of lutidine 
(160°-170°) with KMnO^ (Ilamsay, P. M. [5] 4, 
240; Weidel a. Herzig, M. 1, 1; Lange a. 
Rosenberg, B. 20, 135).— 2. By oxidising {F)- 
methyl-(a)-ethyl-pyridine (Ladenburg, A. 247, 
44).— 8. 13y oxidation of quinine (Ilamsay a. 
Bobbie, C,J. 33, 102; B. 11, 324).-f By heat- 
ing the dihydrido of potassium pyridine tricarb- 
oxylate (Weiss, B. 19, 1311). — 6. By the action 
of alkaline KMnO, on cyclothraustio acid and 
on pyridanthrilic acid (Weidel a. Strache, M. 7, 
200). ~ 6. By oxidising (/3)-ethyl-(a)-8tilbazole 
(Plath, B. 22, 1062). 

Properties.— Small prisms (containing aq), 
almost insol. cold water, alcohol, and benzene, 
sol. hot HClAq. On heating with HO Ac at 220° 
it is split up into CO.^ and nicotinic acid [230°]. 
On heating with lime it gives pyridine. PCI, 
yields a chloride [61°J converted by NH, 
into an amide [297°]. FcSO^ gives a reddish 
colour. 

Salts.— (NHJHA"aq, [253°]. Triolinic 
prisms, si. sol. cold water. — (NH,).^". — 
KHA" Aaq : needles.— K^A" aq.— CaA" 2aq. — 
Ca{HA'’)..3aq.— MgA" 6aq.— CuA" aq.— Ag.>". 

Methyl ether MeA". [117^5°] (R.). 

Pyridine (/3/3')-dicarboxylio acid 

-Dintcotinicacid. [822°]. 

Formed by heating pyridine (2,3,6)-tri-carboxylio 
acid and pyridine (2,3,6,G)-tetra-carboxylio acid 
(Riedel, B, 16, 1613 ; Hantzsch a. Weiss, B. 19, 
286 ; Weber, A, 241, 12). Formed also by heat- 
ing di-chloro*pyridine di-carboxylic acid with 
cone. HIAq at 180° (Guthzeit, A. 262, 130). 

Properties. — Small prisms (from HOAc), 
split up by heat into CO^ and nicotinic acid. 

Salts.— PbA" 2aq.— Ag,A" aq.— Ag^A" 1 Jaq. 
— HAHC12aq; needles, decomposed by water. 
— HA'»H^tCl, : orange-red needles. 

^idine (jS^J-dicarboxylio acid 

Cinchomenmic 

acid. [259®], 


Formation,---!. By oxidation of cinchonine 
or cinchonidine by HNO, of S.O. 1*4 (Weidel, 
A. 173, 76).— 2. By oxidation of quinine by HNO„ 
the yield being 28 p.c. (Weidel a. Schmidt, B. 

12, 1146).— 3. By heating apophyllenic acid 
with cone. HClAq at 240° (Von Gerichten, B. 

13, 1635).— 4. By heating pyridine tricarboxylic 
acid (formed from cinchonic acid) at 190° 
(Hoogewerff a. van Dorp, B. 13, 61 ; Skraup, M, 
1, 184 ; Weidel a. Brix, M. 3, 604).— 6. By the 
action of KMnO, on methyl-pyridine carboxylic 
acid and on isoquinolino (Hoogewerff a. van 
Dorp, R. T. G. 2, 23; 4, 285). -6. By heating 
pyridine pentacarboxylio acid (Weber, A. 241, 

By oxidation of methyl-nicotinic acid, 
derived from (j8) -collidine (Oechsner de Coninck, 
BL [2] 43, 106). -8. By boiling berboronic acid 
with HOAc (2 pts.) and Ao.,0 (1 pt.) for six 
hours (Mayer, M. 13, 344; cf. Fiirth, M. 2, 426), 

Properties. — Prisms (from HClAq), v. si. sol. 
water and ether, si. sol. alcohol. Yields iso- 
nicotinic and some nicotinic acid on heating 
(Hoogewerff a. van Dorp, A. 207, 217). Gives 
pyridine on distillation with lime. Sodium- 
amalgam yields NH., and cinchonic acid C,H„Og, 

i.e. CO.,H.Cn<^g**j^gP>0 (Weidel a. Hoff, M, 

I 

CO.JI 

13, 678). Cinchonic acid [169°] forms mono- 
clinic crystals, v. sol. hot water and alcohol, 
and yields BaCjHuOg 3aq, Ba;,(C,H,0,), 3aq, 
CaA" 2aq, Ca,(C,H,0,)., (dried at 190 ), and oily 
Et.^A", whence PCl^ followed by alcohol, yields 
CO,Et.CH(CH.,Cl).CH(CO.^t).CH.,.CO.,Et, which 
is a heavy oil. Cinchonic acid is reduced by HI 
to butane tricarboxylic acid CyH,oOa^ [184°], 
whence CajA'^^Saq, accompanied by an isomeric 
butane tricarboxylic acid [133°]. FeSO, gives 
no colour. 

Salts. — Na^A" 2aq : tables.— NaHA". — 

BaA" l^aq ; needles, si. sol. water.— CaA" S^aq ; 
prisms. — CaA"3aq. — CuA"3.jaq ; small 
blue crystals. — Ag A" ; white pp. — AgHA". — 
HA'HCl: monoclinic prisms, decomposed by 
water.— HA'jH^PtCla : golden prisms. 

Anhydride (C,H,N),CA. [77°]. Formed 
by boiling the acid with Ac.p (Goldschmiedt a. 
Strache, M. 10, 156). Plates. May be sublimed. Con- 
verted by NH, gas into C5HjN(CO,NH,).CONH, 
[229°], which is converted by heat into a yellow 
powder [130°], and which yields the amio acid 
C,H,N(CO,H).CONH, [237°], crystallising in 
iiGodl^s* 

Mono-ethyl ether'BFAk". [133°]. Formed 
from the anhydride and EtOH. Plates (from 
benzene).— AgEtA" ; long needles. 

Mono-methyl ether HMeA". [164°]. 

Anhydride of the Methylo-hydroxide 

C,H,NO, <•«. C.H,NMc(COjH)<^® . Apophyl- 

lenic acid [242°]. Formed by oxidation of 
cotarnine by HNO, (Wohler, A. 60, 24 ; Ander- 
son, Tr. E. 23, 347 ; C. J. 6, 257 ; Gerichten, B, 
13, 1635). Formed also by heating cinchorae- 
ronic acid with Mel and MeOH at 100° (Roser, 
A. 234, 116). Needles (anhydrous) or octahedra 
(containing aq), sol. hot water, insol. alcohol and 
ether. HClAq at 250° decomposes it, forming 
cinchomeronio acid and MeCh — BaAV — 
AgV,~Ag,A'(NOJ,--H,AWtCl. aq. 
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Bromo-apophyllenio acid ^ 
C«H,BrN 04 2aq. [205®]. Formed by oxidation 
of bromo-tarconine. Yields BaA', 3aq and 
HjtA’^I,PtCl, (Gerichten, A. 210, 91J. 

Pyridine (oa'i8) -tricarboxylic acid 

CH <CH ‘•y 
ing di-methyl-nicotinic acid with KMnO< (Weiss, 
B. 19, 1309). Crystallises from alcohol in plates 
(containing 2aq), v, e. sol. water. Decomposes 
at ICO'^ into CO, and isocinchomoronic acid. 
FeSO, colours its neutral solution red. — 
KII„A"'g5aq : needles.— Ca:,A'"o4aq.—PbaA'"j5a(i. 

Pyridine (oa' 7 )-tricarboxylic acid 

Trivicsitic acid. 

Carbolutidiuic acid. [244°]. Formed by oxida- 
tion of uvitonic acid (IJbttinger, B. 13, 2048; 
14, 09), and by oxidation of the tri-methyl- 
pyridine obtained from aeetoacetio ether and 
aldehyde-ammonia (Voigt, A. 228, 31). Tables 
or spheroidal groups of needles (containing 2nq), 
sol. hot water, si. sol. alcohol and ether. Yields 
isonicotinic acid on sublimation, FeS04 gives a 
violet-red colour. 

Salts .--K.,A'"5a(i : needles.— Ca3A'"j4aq.— 
Ba;,A"'20aq. — BaH,A"'24aq. — MgjA'"2i2a(]. — 
CUsA"M2aq. Ag.,A'''lAaq. 

Ethyl ether Et,A'". [127*5°]. 

Amide, [above 280°]. 

Pyridine (a/3j3')-tri-carboxyUo acid 

Carbodinkotlnia 

acid. [323°]. Formed by oxidation of quino- 
line {By. 2)-carboxylio acid (Uiodel, B. 10, 1015), 
of methyl-pyridine ()3)3 )-dicarboxylic acid 
(Weber, A. 241, 11), and of the parvoHne got 
by heating propionic aldehyde ammonia with 
propionic akhdiyde at 200° (Diirkopf, i;i. 21,832, 
2707 ; 23, 089). Splierical aggregates (conlain- 
ing liaq), V. sol. liot water. At 155° it is 
split up into CO. and dinicotinic acid. — 
BaiA'",, 5aq.— Ag.^lLV'" 1 ‘aq : rosettes of plates. 

Pyridine (a/i37)-tri-carboxylic acid 

[230^ (H. %. 

D.; S.) ; [257-'] (D. a. R.). S. 1-2 at 15°. 

Vormation.—l. By the action of KMnO< on 
quinine, cinchonine, cinchonidine, quinoidine, 
and cinchonic acid (Dobbie a. Kamsay, C. J. 35, 
189; lioogewerlT a. van Dorp, B. 12, 158; 13, 
152 ; A. 204, 84 ; Skraup, A. 201, 312 ; Strache, 
M. 10, 042).— 2. By oxidation of cinchonine by 
HNO, (Woidel, A. 173, 101 ; B. 12, 415).— 3. By 
oxidation of methyl-pyridine (a/i)-dicarboxylio 
acid (Hoogewerff a. van Dorp, It. T. C. 2, 18), of 
di-raethyl-pyri<line carboxylic acid (Michael, B. 
18, 2027), of (a)-oxy-cinchonio acid (Weidel a. 
Cobenzl, M. 1, 805). — 4. By oxidation of papa- 
verine fGoldsclimiedt, M, 0, 397). Trimetrio 
plates (containing lUq), v. sol. hot water, m. 
sol. alcohol, nearly insol. ether. Blackens at 
200°. FeSOi gives a reddish colour. H;,.S forms 
a rod amorphous body (D. a. B.). Decomposed 
by long heating at 180°, or by boiling with 
HOAo into CO, and cinchomeronic acid. Yields 
pyridine on distilling with lime. Mel and 
MeOH at 100° form CO.^ and apophyllenio acid. 
Sodium-amalgam gfives NH, and oinchonio acid. 
PCI. forms a chloride (206° at 40 mm.). 

Salt*. — K,A'"3aq. - Ba,A"',16aq. — 


Ba^%12aq. - OihA'^ldaq. - CaA^Waq.- 
CaHA'’' 2.Jaq. — CUjA" » Oaq : liglit-blue pp.— 
CuHA'"3.taq: hexagonal prisms. -CuH4A"',2aq. 
— CdjA"'/0aq.— Ag.^HA'"aq.— Ag.,A'"2aq ; amor- 
phous pp.— AgIT4A"\,2.^aq.— HjA'^HCl; crystal- 
line powder (Boser, A. 234, 125). 

Pyridine (a/3'7)-tricarboxylic acid 

Serberonie acid. 

[243°]. Formed by oxidising berberino with 
nitric acid (Weidel, B. 12, 410; Fiirth, ilf. 2, 
416). Trielinic prisms (containing 2aq),sol. hot 
water, v. si. sol. liot alcohol, in.sol. ether. Yields 
pyridine on dLslillaticm with lime. FeSO, gives 
a red colour. At 215° it is Bjilit up into CO, 
and nicotinic acid ; above 243° it yields isonioo- 
tinic acid. 

Salts. — K.,A'"4.Uq. — K.JfA"'3aq. — 
KILA"'l.\aq. — Ca,A'"«8aq. — Cd,A'\4aq. — 
AgyA"' : white jjp., insol. water. 

Pyridine ()88'f) -tricarboxylic acid 

(6) - Carbocincho- 

meronic acid. [261°]. Formed by heating di- 
pofas.sium pyridine pentacarboxylate at 220° 
(Weber, A. 241, 17). Plates (containing 3aq), v. 
sol. hot water. Yields cinchomeronic acid wlien 
heated. Gives no colour with FeS04. — 
Cu5lI.4A'"4 24aq.— Ag^A'" 2aq : crystalline pp, 
Pyridine (aj8)9'7)-tetra-carboxylic acid 

C.H,NO. 

Formed by oxidising (07). di-methyl -pyridine 
(y3/3')*dicarboxyIio acid (Weber, A. 241, 23). 
Prisms (containing 2aq or 3aq). At 120° it 
loses CO.^, forming (/3)'carbocinchomoronio acid. 
FeSO, gives a dark-red colour.— Ba.^A*^ 4aq. — 
Ag,l I A*'’, aq : crystalline. 

Pyridine (aa'/3^')-tetracarboxylio acid 

[=“<C(C().;H);C(a):;H)>'^- byoxiai*- 

ing di-methyl-pyridino dicarboxylio acid 
(liantzscb, B. 19, 286 ; Weoer, A. 241, 4). 
Needles (containing 2aq), v. sol. w’ater. Decom- 
poses at 150° into CO., and dinicotinic acid. — 
Call .A*'^ 2aq : needles, v. sol. water. — Cu^A*^ 5aq. 
— Ag,A‘^ 2aq : bulky pp. 

Pyridine (ao'3'7)-tetra-carboxylic acid 

C^-H'C<^qCO,Jl):C(COJI)^^- ^7 

oxidation of tri-methyl-pyridine carboxylic acid 
and of di-methyl-pyridino di-carboxylio acid 
I (Michael, A. 225, 142). Formed also by oxida- 
tion of flaveifol by alkaline KMnO, (Fischer a. 
Ttiuber, B. 17, 2927). Blender needles (contain- 
ing 2uq), v. sol. water, v. si. sol. alcohol and 
ether. Not dccorapo,sed at 150°. FeSO, gives a 
brownish-red colour.— Ba^jA*’^ 2^aq.— -Ba.^A^’' aq. 
— Cu,,A" 2^aq.— AgjA*'' aq. 

Pyridine penta-carboxylio acid NC.jCO.^Hh. 
Formed from potassium tri-r^ethyl-pyridine ai- 
carboxylute and KMnO^ (Ilantzsch, A. 215, 62; 
Weber, A. 241, 15). Crystalline mass of minute 
needles (containing 2aq), extremely sol. water, 
V. si. sol. ether. Acid to litmus and to taste. 
Loses 2aq at 120° and deebmposea, without hav- 
ing melted, at 220°. The neutral alkaline salts 
are very soluble, but the acid alkaline salts are 
si. sol. water. The acid does not combine with 
HCl. Distilled with lime it gives pyridine. FeBO, 
gives a dark-red colour, 
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water, forming an acid solntion (Gardner, B. 23, 
1688).— Formate B'3CHA- (149°)- Liquid, 
V. Bol. water.— Propionate (149°). 

Liquid. — Cupric oxalate compound 
B'aCuCjj04: minute prisms (Seubert a. Rauter, 

B. 26, 2826). 

MethylO’Chloride B'MeCl. White 
needles (Ostermeyer, B. 18, 691). Converted by 
a hot aqueous solution of picric acid into 
B'MeOC4A(NOJs .^aq, which crystallises in 
greenish -yellow explosive needles [34°]. — 
B'aMeaPtClfl. [188°J (0.) ; [2W°] (B.). — 

B'MeAuCl^. [253°].— B'MeClICl. [82°J (0.) ; 
[90°] (B.). Yellow plates. B'MeClICl,. [180°]. 
Unstable yellow crystals (Bally, B. 21, 1774). 
Methylo-perhromide B'MeBrj. [48°]. 
Methylo-iodide B'Mel. Converted at 
290° into methyl-pyridine hydriodides. On heat- 
ing with alcoholic potash at 45° it yields a brown 
resin, forming a deep-red sol^ition in alcohol, 
turned bright-red by HCl, orange-red by acetic 
acid, and ruby-red by ammonia (0. de Coninck, 
0. R. 102, 1479)^. Chlorine forms B'MelCl^ [90°] 
(u. supra). Oxidised by alkaline KaFeCya to 
oxy - methyl - pyridine or v- methyl -pyridone 

(250°), a liquid miscible 

with water (Decker, J. pr. [2] 47, 28 ; cf. Pech- 
mann, B. 24, 3144). 

E thy lo -iodide B'Etl. Silvery tables 
(Anderson, A. 94, 364). At 300° it yields pyr- 
idine, NHj, (o) and (7)- ethyl-pyridine, and di- 
ethyl-pyridine (Ladenburg, B, 16, 2059 *, 18, 
2961). Yields B'.^t^PtClu. Oxidised by alkaline 

KJPeCy, to CH<Qg:p^>NEt (250°). 

Ethyleno-iodide B'C.AI^. Prisms 
(Coppola, 0. 15, 332). AgP yields a base 

C, H„NO. By heating pyridine with ethylene 
bromide and some alcohol at 100° there is found 
B'jjC.A4Br,„ which yields B'^C Jl4PtCl« (Davidson, 
A. 121, 264). 

Benzylo- chloride B'PhCH.A* Reduced 
by sodium-amalgam to the unstable C.,,H.,,N2 
(Hofmann, B. 14, 1503).- (B;PhCH,Cl),PtCr4. 

Nitro -benzylo -chlorides 
B'0,H4(N0 .,).CHjC 1- 0 [c. 76°], m [70°-10q°],i) 
[90°-100°]. These bodies are reduced by tin 
and HClAq to B'CeH4(NHaCl).CH2Cl, which are 
split up by heat into pyridine hydrochloride and 

(Lollmann a. Pekrun, A. 259, 64). 

Phenaeylo-bromide B'BzCH.^Br. Prisms 
(Bamberger, B. 20, 3344).-B'.,(BzCRJ.,Cr.,0,. 

References,— Chloro-, Oxy-amido-, 
and Oxy- pyridine. 

Dipyridine C,oH,oNj v, Dipyridyl dihydride. 
Dlpyridine C,„H,oN.,. (275°). S.G. ia 1-124. 
Is probably a dipyridyl dihydride. Formed by 
heating nicotine with KOH and K^FeCye, and 
also by heating the product of the action 
of S on nicotine at 160° with finely-divided 
copper (Cahours a. Etard, BL [2] 34, 452). 
Inactive liquid. — ^B'HHgCla.— B'jBLPlClo 2aq. — 
B'aHaFeCy„2aq : brownish-green tables. 
(a)-PYRIDIN£ CARBOXYLIC ACID 

O.H,NO. i.e. 

[186°]. Formed by oxidation of (a) -methyl- 
pyridine with KMnO, (Wcidel, B. 12, 1994), and 
0/ oxidation of (a)-phcnyl-pyridine (Skraup, M, 


4, 477). Obtained also, together with its heia- 
hydride, from comenamic acid by successive 
treatment with PCl^ and H^SO^, the resulting 
di-chloro-picolinio acid being reduced by heating 
for three days at 155° with Hi dissolved in 
HOAc (Ost, J.pr, [2] 27, 285). 

Preparation,— Tho three acids got by oxida- 
tion of crude methyl-pyridine from animal oil 
are converted into copper salts. Cupric pyridine 
(a)-carboxylate is extracted by hot water. The 
residue is treated with H.^S, and the difficultly* 
soluble (7)- acid separated from the (j8)-acid (Ost, 
[2] 27, 286). 

Proper fe.— Needles, v. sol. water and alco- 
hol, almost insol. ether, benzene, CHCI3, and 
CS.^. May be sublimed. FeS04 gives a red 
colouration with picolinio acid and with all the 
carboxylic acids of pyridine that contain COA 
in the (a)- position (Skraup, M, 7, 210). The 
absorption of the ultra-violet spectrum has been 
6*ludied by Hartley (C. J. 41, 45). 

Reactions, — 1. Yields pyridine on distillation 
with lime or with alcoholic potash at 240°. The 
Cu salt on distillation gives pyridine and (a)- 
dipyridyl [70°] (Blau, Af. 10. 375 ; B. 21, 1077). 
— 2. Sodium-amalgam forms 5-oxy-adipio acid 
(Weidel, M. 11, 522). -3. Fuming HI at 170° 
forms (a) -methyl- pyridine and piperidine (Seyf- 
ferth, J. pr, [2] 34, 241). — 4. Zinc-dust and 
IIOAc reduce it to (a)-mcthyl-pyridine. 

Constitution, — This may be deduced from its 
formation from ()3)-naphthoquinoline vid {$)- 
phenyl-pyridine carboxylic acid (Skraup a. Co- 
benzl, M, 4, 436). 

Salts. — HA'HCl: unstable crystals.— 
HjA'jHsl^^C^d^aq : orange-redcrystals.— NH4A': 
triclinic tables. — KA'.—BaAVaaq. — CaA'j aq. — 
MgA'2 2aq. 

Uexahydride C^HioN-CO^H. Piperidine 
{a) -carboxylic acid. The chief product of the 
action of HI at 160° on mono- or di- chloro- 
picolinic acid (Ost, J. pr. [2] 27, 287). Got also 
by reducing picolinio acid (Ladenburg, B. 24, 
640). Syrup, v. sol. water. Salts.— B'HCl. 
[264°]. Nodules.— B'-H^RtClo. [184°] (L.).— 
B'.APtCle2aq.— B'MeCl. [191°]. Needles. 

Pyridine (/8) -carboxylic acid 

Nicotinic acid. [230°]. 

Formation, — 1. By oxidising nicotine with 
HNO3 (Weidel, A. 165, 330), CrO, (Huber, A, 
141, '271 ; B. 3, 849), or KMnO^ (Laiblin, A, 
196, 129). — 2. A product of oxidation of coal-tar 
bases (Weidel; Mohler, B. 21, 1009). -3. By 
heating quinolinic acid at 160° or with HCl at 
180° (Ost, J, pr, [2] 27, 286; Lippmann a. 
Fleissncr, Af. 8, 316). — 4. By oxidation of {$)- 
methyl-pyridine (Weidel, B. 12, 2004), (jS) -ethyl- 
pyridine (Stoehr, J.pr. [2] 43, 155) or (j8)-phenyl- 
pyridine (Skraup, M. 4, 453). — 6. By saponifica- 
tion of its 'nitrile, which is got by distilling 
sodium-pyridine sulphonate with KCy (Fischer, 
B. 16, 63). - 6. By heating three of the pyridine 
dicarboxylio acids (Hoogewerff a. Van Dorp, 
R, T, C, 1, 1, 107; A. 204, 117; 207, 226; 
Weidel a. Herzig, Af. 1, 16). — 7. By heating 
berberonic acid at 216° (Fiirth, Af. 2, 420).— 8. 
By the action of Zn and HClAq on chloro-nico- 
tinic acid (Pechmann a. Welsh, C. J, 47, 146). 

Properties. — Needles, st? sol. cold water, sol. 
alcohol, nearly insol. ether. May be sublimed* 
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Yields pyridine on distillation 
irith lime.— 2. Sodium-amalgam yields a mix* 
ture of 8-oxy-a*methyl-glutario acid and its lac- 
tone, which, on treatment with alcohol and HCl, 
yields a mixture of two ethers. One of these, 
0 ,oH,;C 104, is converted by sodium-amalgam 
into a-methyl-glutaric acid, and the other, 
OgHi^O^, is also converted by successive treat- 
ment with PI.^ and with Zn and dilute H.^S04 into 
a-methyl-glutaric acid (Weidel, M. 11, 602). — 
8. Bromine and water at 120® yield CO,j, pyridine, 
and broraoform. — 4. The K salt heated with 
Mel at 150® forms C^H,NMeI.CO.^Me, which on 
saponifipation yields djH^NMe(OH).CO.^H [130®], 

converted at 100® into trigonellin C4n^NMe<^^^ 

[218®], which occurs in the seeds of Trigonella 
feenum grcscum (Jahns, B. 18, 2521 ; Hantzsch, 

B. 19, 31). This anhydride forms the salts 

C, H,NO,HCl, B'.^,PtCl, aq, B'HAuCl^ [198®], 
and B\3HAaGl, [186®]. 

Constitution, — This may be deduced from 
its formation from (a)-naphthaquinoline vid (a)- 
phenyl-pyridine carboxylic acid. 

Salta. — HA'HCl. Colourless prisms. — 

H, A',R^tCl„ 2aq.— B',H,AuCl,.— B'HNOa aq.— 

NH,A'; needles.— KA'.—MgA 2 : needles. — 
CaA'^Saq: monoclinic crystals; nrbre — 

1*637:1; -029; ;3 = 62® 60'. — Cu(OH)A' (De 
Coninck, BZ. [2] 42, 100).— AgA'; needles (from 
hot water). 

Nitrile [49®]. Formed by dis- 

tilling sodium pyridine sulphonate with KCy 
(Fischer, B. 16, 63). Needles or prisms, sol. 
water. — B'HCl, — B'^H^PtCl, : yellow soluble 
needles. Tables (by sublimation). Converted 
by means of hydroxylamine into the amidoxira 
CjH,N.C(NH 2):NOH [128®], which yields an 
acetyl derivative [143®] and a benzoyl derivative 
[190®], and is converted by phenyl cyanate into 
C4H,N.C(NOH).NH.CO.NHPh [167®], by phenyl 

thiocarbimide into OjH^N.C^^^^C.NHPh 
[241®], and by succinic anhydride at 100° into 
O.H,N.^^®^C.CH;.On,.CO,H [178»]. The 
acetyl and benzoyl derivatives are converted by 
heating into CjH^N<^^^^CMe [109®] and 

C4H4N<^^^^CPh [139®] respectively (Mi- 
chael is, B. 24, 3439). 

Hezahydride CjH,oN(C02H). Nipecotinic 
acid. [250'^, Qot by reducing nicotinic acid 
in alcoholic solution by Na (Ladonburg, B. 26, 
2768). Crystals, v. e. sol. water, insol. alcohol 
and ether.-HA'HCl. [240®].-H2A'JI.,PtCL. 
[213® cor.]. — HA'HAuCl,. [197® cor.].- 
HA'HCl6HgCV [231®].— MeA'HCl [208®].— 
Me^A'^HaPtCl,. — Nitrosamine 0«H|«NgOg. 
[ 112 ®]. • 

Pyridine (7) -carboxylic acid 

N^Qgi^^^O.COaH. Isonicotinic acid. [305®] 

(S.) ; [806®] (B. a. H.) ; [309*6®] (W. a. H.). 

Formation. — 1. By heating pyridine s-tri- 
carboxylic acid (Skraup, B. 12, 2331) and three 
of the pyridine m-oarboxylic acids (Hoogewerfl 
a. Van Dorp, A, 204, 112 ; Weidel a. Herzig, If. 

I, 28 ; Bdttinger, B. H, 68).— 2. By the action 
of KMnO^ on (7)^mQth;^l-pyridme (Behnuftnn 
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Hofmann, B. 17, 2696; Ladenburg, B. 21, 287). 
8. By heating di-chloro-pyridine carboxylic acid 
[210®] with HI (B. a. H.). 

Prqperftes.— Needles, si. sol. cold water, in- 
sol. alcohol. Yields pyridine on distilling with 
lime and S-oxy-ethyl-succinic acid on reduction 
with sodium-amalgam (Weidel, M. 11, 617). 

Salts. — NH^A': needles. — CaA'jdaq: silky 
needles, m. sol. water.— HA'HCl : monoclinio 
prisms.— H^A'^H^PtCls 2aq : monoclinic crystals. 

Hezahydride Cjn,„N(C02H). Got by re- 
ducing the acid in alcoholic solution by Na 
(Ladenburg, B. 25, 2773). Branching groups of 
needles, v. e. sol. water, insol. alcohol. Blackens 
at 300®, but is not melted at 320’.— HA'HCl. 
[228’]. Trimctric crystals ; o:6:c - *922:1: *979. 
— H^'jHjPtClj. [239®]. — Aurochloride ; 

[197®]. Nitrosamine CaH|„N.p,. [101®]. 
Pyridine (aa)-dicarboxylic acid 

^^‘^CH-cIcaill^^* [226®] 

(L. a. B.i S.);'[2V] (E.); [236® cor.] (Collie, 
G. J. 69, 179). Formed by oxidation of (aa)-di- 
methyl-pyridine [145°] (derived from aceto- 
acetic ether or from coal-tar) by KMnO^ (Epstein, 

A. 231, 26; Ladenburg a. Both, B. 18, 62; 19, 
790 ; 20, 130 ; A. 247, 32 ; Lange a. Bosenberg, 

B. 20, 132 ; cf. Dewar. C. N. 23, 181. Got also 
by oxidation of (o) -methyl- (a)-ethyl. pyridine by 
dilute (2 p.c.) KMnO< (Schultz, B. 20, 2724). 

ProperZtes.— Hair-like needles (containing 
IJaq) or anhydrous scales ; si. sol. cold alcohol, 
water, and ether. On heating at 245® in a cur- 
rent of H it yields pyridine and pyridine (a)- 
carboxylic acid. PCI4 forms a chloride [01®], 
(284°). FeSO^ gives a reddish -yellow colour. 

Salts. — CaA" 2aq; minute prisms. — 
CuA"2aq: dark-blue prisms. 

Pyridine (ajS)'dicarboxylio acid 

Quifuilink acid. [281°]. 

S. *65 at 0*5°. Formed by the oxidising action 
of KMn04on quinoline (Hoogewerff a. van Dorp, 
B. 12, 747 ; E. T. C. 1, 107 ; A. 204, 117), on 
cinchonine (H. a. D.), on o- and p- methyl- 
quinoline (Skraup, M. 2, 167), on o-oxy-quino- 
line, on quinoline o-sulphonic acid (0. Fischer 
a. Benouf, B. 17, 755), and on (a).oxy-quinoline 
carboxylic acid (La Coste a. Valeur, B. 20, 103). 

Properties. — Monoclinic needles, a:6;c» 
•642:1: *607 ; ^ = 04® 54' ; si. sol. water and alco- 
hol, insol. ether. Begins to decompose at 140®, 
and forms nicotinic acid. Yields pyridine when 
distilled with lime. Beduced by sodium-amalgam 
to the 5-lactone of butane aiSy-tricarboxylic acid 

CO^'o "cHiCai 13. 840). 

Salts.— KHA" 2aq : triclinic plates (Lipp- 
mann a. Fleissner, ilf. 8, 311).— K._,A"2aq.— 
BaA"aq. — Ag^A" ; crystalline.— AgHA" aq. 

Anhydride C.H,N<;pQ>0. [186°]. Got 

from the acid and Ac.jO (Bernthsen a. Mette- 
gang, B. 20, 1208). Prism;.. Converted by 
benzene and AlCl, into C5H,BzN.C0.4H [147®], 
converted by heat into the ketone CjH,BzN 
(307® uncor.), which yields a crystalline phenyl- 
hydrazide [143*6®]. 

Pyridine (a7)-dicarboxylio acid 

Lutidinie add. 

AA 
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pw®] (V.) : [286®] (B.; L. a. R.). Formed ^ 
the oxraising ' action o( KMnO^ on (a7)-ai- 
methyl-pyridine (llainsay, P. M. [5] 4, 241 ; 6, 
19 ; Weidel a. Herzig, M. 1» 20; Ladenburg a. 
Both, B. 18, 916 ; A. 247, 87), on (a)-methyl. 
(7)-ethyl-pyridine (Schultz, B. 20, 272r)), on di- 
ethyl-pyridine, on (aa).di-methyl-dipyridyl (Heu- 
ser a. Stoehr, J. pr. [2] 44, 409), and on the 
methyl-pyridine carboxylic acid obtained from 
uvitonicacid (Bottinger, B. 14, G8; 17,98; Voigt, 
A. 228, 54). 

Properties. — Needles (containing aq), m. sol. 
cold water, sol. alcohol, insol. ether. Gives a 
blood-red colour with FeSO^. Yields pyridina 
on distillation with lime. Converted by heat 
into CO,^ and isonicotinic acid. PCla yields a 
chloride [203°]. 

SaltB.-KHA" iaq. Cry8tals.-(Nn,).^".— 
(NHJHA'^aq: hygroscopic needles. — CaA"3aq. 
CaA" aq.-CaA" iaq.-CaH.A"2 2aq.— BaA" aq. 
— BaA" IJaq (B.). — BaA" 8aq. - CdA" 4aq 
(Waage, M. 4, 727).-MgA" 6aq.-CuA"3aq.- 
CuA" 4aq (B.).— Ag,A" 2aq : white pp. 

Pyridine (a&')-dicarboxylic acid 

Isocinchomeronic acid, 

[236°]. 

Formation. — 1. By oxidation of lutidine 
(150°-170°) with KMnO^ (Ramsay, P. M. [5] 4, 
246; Weidel a. Herzig, M. 1; Lange a. 
Rosenberg, B. 20, 135).— 2. By oxidising {$')- 
methyl-(a) -ethyl -pyridine (Ladenburg, A. 247, 
44).— 8. By oxidation of quinine (Ramsay a. 
Bobbie, C.J. 33, 102; B. 11, 324).— 4. By heat- 
ing the dihydride of potassium pyridine tricarb- 
oxylate (Weiss, B. 19, 1311). — 6. By the action 
of alkaline KMnO, on cyclothraustic acid and 
on pyridonthrillc acid (Weidel a. Straohe, M. 7, 
290). — 6. By oxidising (/3)-ethyl-(a)-atilbazole 
(Plath, B. 22, 1062). 

Properties.— Small prisms (containing aq), 
almost insol. cold water, alcohol, and benzene, 
sol. hot HClAq. On heating with HOAc at 220° 
it is split up into CO.^ and nicotinic acid [230°]. 
On heating with lime it gives pyridine. PClj 
yields a chloride [61°j converted by NTI, 
into an amide [297°]. FoSO^ gives a reddish 
colour. 

Salts.— (NHJHA" aq. [253°]. Triolinio 
prisms, si. sol. cold water.— (NH,)^".— 
KHA'' iaq : needles.— KjA" aq.— CaA" 2aq.— 
Ca{HA''),3aq.— MgA" 5aq.— CuA” aq.-Ag^". 

Methyl ether UeM', [117«6°J (R.). 

Pyridine (jBj8')-dicarboxylic acid 

^®^0 (CO*h}’cH^^* Binicotinicociti. [322°]. 

Formed by heating pyridine (2,3,5)-tri-carboxylio 
acid and pyridine (2,3,5,6)-tetra-carboxylic acid 
(Riedel, B. 16, 1613 ; Hantzsoh a. Weiss, B. 19, 
286 ; Weber, A, 241, 12). Formed also by heat- 
ing di-chloro-pyridine di-carboxylic acid with 
cone. HIAq at 180° (Guthzeit, A, 262, 130). 

Properties.— Small prisms (from HOAc), 
split up by heat into CO2 and nicotinic acid. 

Salts.— PbA" 2aq.— Ag,A." aq.— Ag.^A" l^aq. 
— HA'HC12aq: needles, decomposed by water. 
— HA'^H^PtClg : orange-red needles. 

^idine (87)-dicarboxylic acid 

CinchofnerotUe 

odd* [ 259 ®]* 


Formation, — 1. By oxidation of cinchonine 
or cinchonidine by HNO, of S.G. 1*4 (Weidel, 
A. 173, 76).— 2. By oxidation of quinine by HNO,, 
the yield being 28 p.c. (Weidel a. Schmidt, B. 

12, 1146).— 3. By heating apophyllenic acid 
with cone. HClAq at 240° (Von Gerichten, B. 

13, 1635).— 4. By heating pyridine tricarboxylic 
acid (formed from cinchonic acid) at 190° 
(Hoogewerff a. van Dorp, B. 13, 61 ; Skraup, M, 
1, 184; Weidel a. Brix, M. 3, 604). — 6. By the 
action of KMnO, on methyl-pyridine carboxylic 
acid and on isoquinoline (Hoogewerff a. van 
Dorp, B, T. C. 2, 23; 4, 285).— 6. By heating 
pyridine pentacarboxylic acid (Weber, A, 241, 

By oxidation of methyl-nicotinic acid, 
derived from (jS) -collidine (Oechsner de Coninck, 
BZ. [2] 43, 106). -8. By boiling berberonic acid 
with HOAc (2 pts.) and Ac.,0 (1 pt.) for six 
hours (Mayer, M. 13, 344 ; cf. Fiirth, M. 2, 426), 

Properties. — Prisms (from HClAq), v. si. sol. 
water and ether, si. sol. alcohol. Yields iso- 
nicotinic and some nicotinic acid on heaUng 
(Hoogewerff a. van Dorp, A. 207, 217). Gives 
pyridine on distillation with lime. Sodium- 
amalgam yields N H^ and cinchonic acid C,Il„Ofl, 

i,e, C02n.CH<Q2''-^2P>0 (Weidel a. Hoff, M. 

I 

co^n 

13, 678). Cinchonic acid [169°] forms mono- 
clinic crystals, v. sol. hot water and alcohol, 
and yields BaCjHaOa 3aq, Ba3(C,H,0,)2 3aq, 
CaA" 2aq, Ca,(C,H,0,)., (dried at 190 ),and oily 
Et.,A", whence PCI.,, followed by alcohol, yields 
C0>t.CH(CH2Cl).CH(C02Et).CH,.C02Et, which 
is a heavy oil. Cinchonic acid is reduced by HI 
to butane tricarboxylic acid C,H,oOa [184°], 
whence CajA'^j 8aq, accompanied by an isomeric 
butane tricarboxylic acid [133°]. FeSO, gives 
no colour. 

Salts.— Na, A'' 2aq ; tables.— NaHA".— 

BaA"liaq; needles, si. sol. water.— CaA". 3iaq; 
prisms. — CaA''3aq. — CuA^'S^aq : small 

blue crystals.— Ag.^" : white pp.— AgHA".— 
HA'HCl: monoclinic prisms, decomposed by 
water.- H^A'jH^PtCls : golden prisms. 

Anhydride [77°]. Formed 

by boiling the acid with Ac-^O (Goldschmiedt a. 
Strache, M. 10, 156). Plates. May be sublimed. Con- 
verted by NH3 gas into CjH3N(C02NH,).C0NH3 
[229°], which is converted by heat into a yellow 
powder [130°], and which yields the amic acid 
CjH 3N(C02H).CONH2 [237°], crystallising in 
needles. 

Mono-ethyl cZherHEtA". [133°]. Formed 
from the anhydride and EtOH. Plates (from 
benzene).— AgEtA" ; long needles. 

Mono-methyl ether HMeA". [164°]. 

Anhydride of the Methylo-hydroxide 

C,H,NO. i.e. C.H,NMe(C02H)<§° . Apophyl- 

lenic acid [242°]. Formed by oxidation of 
cotarnine by HNO3 (Wohler, A. 60, 24 ; Ander- 
son, Tr, E, 23, 347 ; C, J. 6, 257 ; Gerichten, B. 
13, 1635). Formed also by heating cinchorae- 
ronic acid with Mel and MeOH at 100° (Roser, 
A. 234, 116). Needles (anhydrous) or octahedra 
(containing aq), sol. hot water, insol. alcohol and 
ether. HClAq at 250° decomposes it, for^ng 
oinchomeronic acid and MeOl. — BaA'^ — 
AgA'.-AgA'(NOJ.-H,A'^t01. aq. 



J^niiDINB OARBOXYLIO ACID. W 


Bromo-apophjllenio acid ^ 

C, H^BrN0^2aq. [205®]. Formed by oxidation 
of bromo-tarcunine. Yields BaA', 3aq and 
HaA'aH..PtCl« (Gerichten, A. 210, 91). 

Pyridine (oa'/8).tricarboxyllo acid 

FormedbyoxidiB. 

ing di-methyl-nicotinic acid with KMn04 (Weiss, 
B, 19, 1309). Crystallises from alcohol in plates 
(containing 2aq), v. e. sol. water. Decomposes 
at 100^ into CO, and isocinchomoronic acid. 
FcSO^ colours its neutral solution red. — 
KH„A"',6aq : needles.— Ca3A'"24aq.—Pb3A'",5aq. 
Pyridine (aa'7)-tricarboxylio acid 

Trimcsitic acid. 

CarbohUidinic acid. [214®]. Formed by oxida- 
tion of uvitonio acid (Bottinger, B. 13, 2048; 
14, GO), and by oxidation of the tri-methyl- 
pyridine obtained from acetoacetic ether and 
aldehyde-ammonia (Voigt, A. 228, 31). Tableg 
or spheroidal groups of needles (containing 2aq), 
sol. hot water, si. sol. alcohol and ether. Yields 
isonicotinic acid on sublimation. FeS04 gives a 
violet-red colour. 

Salts .— K.,A'"6aq : needles.— Ca, A"', 4aq.— 
Ba 3 A'". 26 aq. — BaH,A'".24aq. — Mg3A'"ji2aq. — 
Cu3A"'2l2aq. -Ag3A"'l.Uq. 

Ethyl ether Et^A'". [127*6®]. 

Amide, [above 280®]. 

Pyridine (a/3;3') -tri-car boxylio acid 

Carbodmicotinia 

acid. [323®]. Formed by oxidation of quino- 
line (Pi/. 2) -carboxylic acid (lliedel, B. 16, IClo), 
of methyl-pyridine ()3/3')-dicarboxylic acid 
(Weber, A. 241, 11), and of the parvolino got 
by heating propionic aldehyde-ammonia with 
propionic aldehyde at 200® (Diirkopf, B. 21, 832, 
2707 ; 23, 689). Spherical aggregates (contain- 
ing l.\aq), V. sol. hot water. At 155® it is 
split up into CO.; and diniootinio acid. — 
Ba^A'^jOaq.— Ag.,HA'" l\aq : rosettes of plates. 
Pyridine (aj87)-tri-ca'rboxylic acid 

[250=] (H. a. 

D. ; S.) ; [257=] (D. a. R.). S. 1-2 at 15=. 
Formation. — 1. By the action of KMnO^ on 

quinine, cinchonine, cinchonidine, quinoidine, 
and cinchonic acid (Dobbie a. Ilamsay, C. J. 35, 
189 ; Hoogewerlf a. van Dorp, B. 12, 158 ; 13, 
152 ; A. 204, 84 ; Skraup, A. 201, 312 ; Strache, 
M. 10, 642).- 2. By oxidation of cinchonine by 
HNO, (Weidcl, A. 173, 101 ; B. 12, 415).— 3. By 
oxidation of inethyl-pyridino (aj8).dicarboxylio 
acid (Hoogewerff a. van Dorp, IL T. C. 2. 18), of 
di-raethyl-pyridino carboxylic acid (Michael, B. 
18, 2027), of (a)-oxy-cinchonic acid (Weidel a. 
Cobenzl, M. 1, 865).— 4. By oxidation of papa- 
verine (Goldschmiedt, M. 6, 397). Trimetrio 
plates (containing l^aq), v. sol. hot water, m. 
sol. alcohol, nearly insol. ether. Blackens at 
200®. FeS04 gives a reddish colour. II.^S forms 
a red amorphous body (D. a. B.). Decomposed 
by long heating at 180°, or by boiling with 
HOAo into CO.; and cinchomeronic acid. Yields 
pyridine on distilling with lime. Mel and 
MeOH at 100® form CO.; and apophyllenio acid. 
Sodium-amalgam gives NH3 and cinchonio acid. 
PCI. forms a chloride (206® at 40 mm.). 

— K,A"'3aq. — Ba,A"',16aq. — 


12aq. — 14aq. — ISaq.- 

CaHA'*'2Jaq. — CUjA^Oaq : light-blue pp.— 
CuH A''' 3 aq : hexagonal prisms. —Cu H ,A' ", 2aq. 
— CdsA'", 6aq.— Ag,HA"'aq.— AgsA'" 2aq ; amor- 
phous pp.—AgH4A'",2^aq.—H3A"'HCl: crystal- 
line powder (fc)ser, A. 234, 125). 

Pyridine (oi8'7)-tricarboxylic acid 

Berberonie acid. 

[243°]. Formed by oxidising berberine with 
nitric acid (Weidcl, B. 12, 410 ; Fiirth, M. 2, 
416). Triclinic prisms (cordaining 2aq), sol. hot 
water, v. si. sol. liot alcohol, insol. ether. Yields 
pyridine on distillation with lime. FeSO, gives 
red colour. At 215° it is split up into CO, 
and nicotinic acid ; above 243® it yields isonico- 
tinic acid. 

Salts. — K3A'"4.\aq. — K,HA'" 3aq. — 
KH..A'"l;>q. — Ca3A"'.;8aq. — Cd,A'",4aq. — 
Ag^A'" : white pp., insol. water. 

Pyridine (/Stf'f) -tricarboxylic acid 

(8) . CarbociMho- 

meronic acid. [261®]. Formed* by heating di- 
potassium pyridine pentacarboxylate at 220® 
(Weber, A. 241, 17). Plates (containing 3aq), v. 
sol. hot water. Yields cinchomeronic acid when 
heated. Gives no colour with FeS04 . — 
Cu 4H2A'"4 2 4aq.— Ag.,A'" 2aq : crystalline pp. 
Pyridine (o)8/3'7)-tetra-carboxylic acid 

C.H.NO. U. 

Formed by oxidising (ay) -di-methyl-pyridine 
(i8/8')-dicarboxylio aoid (Weber, A. 241, 23). 
Prisms (containing 2aq or 3aq). At 120® it 
loses CO,, forming (/3)-carbocinchomeronio acid. 
FeSO, gives a dark-red colour.— BajA^^ 4aq.— 
AgjHA'Vjaq; crystalline. 

Pyridine (aa'/Elj3')-tetraoarboxylio aoid 

CH<C(W:");C(CofH)M. Formed byoxidU- 
ing di-methyl-pyridino dicarboxylio acid 
(Hantzsch, B. 19, 286; Weber, A. 241, 4). 
Needles (containing 2aq), v. sol. water. Decom- 
poses at 150° into CO, and dinicotinic acid, — 
CaII.;A‘’ 2aq : needles, v. sol. water.— Cu,A^^ 5aq. 
-Ag,A^^ 2aq : bulky pp. 

Pyridine (aa'/S'yjl-tetra-carboxylio acid 

Formed b, 

oxidation of tri-mothyl-pyridine carboxylic acid 
and of di-methyl-pyridino di-carboxylio acid 
(Michael, A. 225, 142). Formed also by oxida- 
tion of flaveu*ol by alkaline KMnO, (Fischer a. 
Tauber, B. 17, 2927). Slender needles (contain- 
ing 2aq), v. sol. water, v. si. sol. alcohol and 
ether. Not decomposed at 150®. FeSO, gives a 
brownish-red colour.— Ba,A‘'' 2iaq.— Ba.jA‘^ aq. 
-Cu,A" 2^aq.— Ag,A*^ aq. 

Pyridine penta-carboxylic acid NO;,(CO,H),, 
Formed from potassium tri-methyl-pyridine ai- 
carboxylato and KMnO; (Hantzsch, A. 215, 62; 
Weber, A. 241, 15). Crystalline mass of minute 
needles (containing 2aq), extremely sol. water, 
v. si. sol. ether. Acid to litmus and to taste. 
Loses 2aq at 120® and deebmposes, without hav-' 
ing melted, at 220°. The neutral alkaline salts 
are very soluble, bui the acid alkaline salts are 
si. sol. water. The acid does not combine with 
HOI. Distilled with lime it gives pyridine. FeSO| 
gives a dark-red cplourt 
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Salts.— 2 or 8aq. When heated 
■wells up like Pharaoh’s serpent.— K.^jA^ 8 Jaq. 
— K»A.^. — BajA^llaq. — CajAv, 12aq. — 
CaH^^ iaq.-Mg^Av, l2aq.-Ca,(NHJA^ oaq.— 
Ag4HA»2aq. 

Doable salt with oxalio aoid 
KH,A^KHCj 04 5aq. 

72fi/fire»tc6s.— B bomo- and Oxt-ptbidinb carb- 
oxylic ACID. 


PYBIDINB TETEAHYDRIDE C,H„N i.e. 

PiperideXn. Formed by 

heating amido-valerio aldehyde with solid KOH 
(Wolffenstein, B. 26, 2782).-B'HAuCl,. [141°]. 
— Ba'HJPtCl,.— B'HCl. [230°].— B'HBr. [178°]. 


Pyridine hexahydride v. Piperidine. 

PTBIDINE (/3)-8ULPH0NlC ACID 
CjH^N.SOjH. Formed by heating pyridine (1 pt.) 
with H,S04 (3 pts.) at 320° (0. Fischer. B. 15, 
62‘; 16, 1183). Small necdtL*s or plates, sol. 
water, wsl. sol. alcohol, insol. ether. Br added to 
its boiling aqueous solution forms dibromo- 
pyridine. Potp,sh -fusion gives oxy-pyridine 
[123°]. On distillation with KCy it yields the 
nitrile of nicotinic acid. The K salt, heated with 


Mel at 150° forms crystalline C^H^NMec^Q^* 

(Hantzsch, B. 19, 36). — BaA'2 4aq : needles. 

Pyridine snlphonio acid? CjHjNSOa. 
[156°]. Formed from pyridine and CISO3H 
(Wagner, B. 19, 1157). Crystalline, decomposed 
by water into pyridine and H.^S04. 

Pyridine disulphonic acid C5H3N(SO,H)2. 
Formed by heating piperidine (1 pt.) with H.4SO4 
(10 pts.) (Kouigs, B. 16, 735 ; 17, 692). Needles 
(from HOAo), v. sol. water, nearly insol. alcohol 
and ether. PCI5 at 200° forma tri-chloro- 
pyridine [48°]. — NRjjA" 4aq. — K^A" 3aq. — 
PbA" 4Jaq. 


PTBIDONE V , Oxy-pyridine. 


(aa).DlPYEIDYL C.^H^N^ i.e. 0 ,H 4 N.C,H,N. 
[70°]. (272-6°). V.D. 6-6. Formed by distilling 
ouprio pioolinate (Blau, B. 21, 1077 ; M. 10, 
876). Crystals (from water), m. sol. water, v. 
.sol. alcohol. Not hygroscopic. Strong base. 
reS04 colours its aqueous solution red. Oxidised 
by KMn04 to picolinic acid.— B"H2PtCl,;. — 
B"H4PeCy,.— B"03H3N,0,. [166-6°]. Needles 
Hexahydride, Formed by reducing the 
base with zinc and HClAq. Alkaline oil. 

Dodecahydride C,oH.^N2. Dipiperidyl, 
(269° cor.). Formed by reducing *he base, dis- 
solved in isoamyl alcohol, by Na. Powerful base. 
Very deliquescent Not poisonous. Forms with 
OS. a compound [93°], and yields a nitrosamine 
n590].-.B"H3PtCl, 2’aq. 

(/9j3)-Dlpyridyl O.oH^N^ [68°]. (287°) (L. 
a. 0.) ; (292° at 736 mm.) (S. a. V.). Formed 
by distilling its dicarboxylic acid with EOH 
(Skraup a. Vortmann, M, 4, 691), and by the 
ary distillation of pyridine disulphonic acid 
(Leone a. Oliveri, 0. 16, 276). Extremely deli- 
quescent needles, miscible with water and alco- 
hol, si. sol. ether. Yields nicotinic acid on oxi- 
dation.— B"3H*PtCl..-B"2C«H3N30,. [232°]. 

Hexahydride C,uH,4N2. Nicotidine, 
(288°). Got by warming the base with tin and 
oonc. HOLAq. Poisonous oil , v. e. sol. water and 
alcohol, m. sol. ether.— B''^2^tCl| : orange-red 
pp.— Piorate; [202°]. 


(ry)-lHpyrldyl 0,oH,N,. [114^. (306« eor.V 
VJ). 6*9 (calc. 6*6). Formed by boiling pyridine 
with sodium (Anderson, A, 164, 274 ; Weidel a, 
Busso, M, 8, 864). Formed also by heating its 
(oo). dicarboxylic acid with HO Ac at 180° (Heuser 
a. Stoehr, J, pr. [2] 44, 407). Tables, si. sol. 
cold water, v. sol. alcohol. Crystallises from 
water in tables (containing 2aq). [73°]. Tastes 
bitter. Yields isonicotinio acid on oxidation. 
Br forms CjoH^BraNj crystallising from alcohol 
in needles. Mel and Etl form crystalline 
B"2MeI and B"2EtI respectively. 

Salts. — B^HjCla. Monoclinic crystals ; 
a:6:c= 1-064:1: -696. i3 = 112° 33'.— B"H3ZnCl4. 
— B"H.4HgCl4. Monoclinic tables' ; a\h:o 
= •673:1: -341; 3 = 91° 3'. — B^H^PtCl,. — 
B"2HNOa. [256°]. Trimetric prisms; a\h:e 
= -841:1: •397.-B"HN03AgN03.— B^'H^SO, 2aq. 

Dihydride C,oH,oN,^. Dlp^jridine. (290°) 
at 735 mm. V.D. 6-0 (calc. 5-5). Formed by the 
action of Na on pyridine (Anderson, C. J. 22, 
406; Weidel, M. 3, 879). Liquid, sol. water and 
alcohol.— B"H.^tC4. - B"2MeI. — B"Me,PtOl, 
(Kamsay, 0. J, 36, 264). 

Hexahydride C,oH,4N2. Isonicotine. [78°]. 
(above 260°). Formed by reducing (ry)-dipyridyl 
with tin and HClAq (W. a. R.l. Deliquescent 
needles, sol. water, alcohol, and benzene. Has 
hardly any smell. Strongly alkaline and caustic. 
Poisonous, acting somewhat like curari. Its 
salts are much less poisonous. Oxidised by KMn04 
to isonicotinic acid.— B"2HN03. Deliquescent 
needles. — B^H^tCl^aq. - B"JI,Hg3Cl,o. — 
B"2MeI : triclinic prisms (from MeOH). 

Dodecahydride 0,„H,oN2. ^ (122°]. Formed 
by reducing (77)-dipyridyl in alcohol by Na 
(Ahrens, B. 21, 2929). Needles, insol. water, v. 
sol. alcohol and ether. — B"HaPtCla.— B"HAuCl4. 
P i c r a t e : needles, blackening when heated. 

Dipyridyl CjoHgNg. (281°). Formed by 
passing pyridine vapour through a red-hot tube 
(Roth, B. 19, 360). Oil.— B"2HC1 : hygroscopic 
needles.— B"H,PtCle.-P i c r a t e : [208°]. 

(a3) -Dipyridyl CjoHgNa. (296° cor.). Formed 
by heating its carboxylic acia with lime (Skraup 
a. Vortmann, M. .3, 699 ; Blau, B. 24, 326). Oil, 
sol. alcohol and ether. — B"H3PtCl8 Jaq. — 
B”OaHsNsO,. [149-5°]. Yellow needles. 

Dodecahydride CjgHjoN,. [69°]. (269° 

cor.). Formed by reducing the base with isoamyl 
alcohol and Na (Blau, M. 13, 332). Hygroscopic 
ciystalline mass. Not identical with nicotine 
hexahydride. Strongly alkaline, absorbing CO, 
from the air. V. e. sol. water, but much water 
gives a turbidity. V. sol. alcohol, m. sol. ether. 
eSaforms a compound [205°].— B"IL^C1,. V. e. sol. 
water, si. sol. alcohol and ether.- B"H.PtClg2aq. 
[238°]. — B"2HAuCl4. [212°]. — B"20,H,N,0,. 
[216°]. 

Benzene sulphonyl derivative, [167°]. 

Nitrosamine CjoHigNiNO),. [88°]. 

Dipyridyl dodecahydride! C,oH,oN,? 
(251°). S.G. A *966. Is perhaps (a3) -dipyridyl 
hexa-hydride (Blau). Formed by the action of Na 
on nicotine in alcoholic solution (Liebrecht, B. 
18, 2970; 19, 2690). Laevorotatory liquid, v. sol. 
water, alcohol, and ether. Alkaline in reaction. 
Smells like piperidine. Readily unites with OS,. 
Forms an oily nitrosamine and an oily di-acetyl 
derivative (c. 406°). — B"2HOL Sol. aloohoL— 
B"^t01^ [202°].— B"H,Ig: blown needlof,— 
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B''2HAn0l4.n8Jn.--B'^Hg.01,r~B«MeJPt01^ 
~ 0 „H,.MeN 2 Me.,Pt 01 .. Blau {M. 18, 841) by 
reducing nicotine obtained a mixture of bases 
(236®-265®) yielding a sparingly soluble platino- 
ohloride [218°], which gave a base (244°), pos- 
sibly methyl-nicotine hexahydride 0 „H 22 N 2 . 

(al-PYBIDYL-ACBYLIO ACID OgH.NO, i.e. 
C5H,N.CH:CH.C02H. [203°]. Formed by heat- 
ing o-oxy-tri-w-chloro-propyl-pyridine with alco- 
holid potash (Einhorn, B. 20, 1593 ; 23, 220 ; 
A. 205, 216). Got also by heating a-oxy-pyridyl- 
propionio acid. Small transparent needles, v. si. 
sol. cold water, v. sol. alcohol. 

liecLctions. — 1. Br in HO Ac forma 
OjH^N.CHBr.CHBr.CO^H [127°], which melts 
at 146*6° when containing HOAc of crystallisa- 
tion.— 2. Hydrogen bromide in HOAc forms 
(C,H,N.CHBr.CH,.CO,H)HBr [164°], crystalli- 
sing in needles. — 3. Mel yields HA'Mel [220°] 
converted by AgBr into IIA'MeBr [242°]. 

Salts.- HA'HCl. [220°]. - HjA'^H^PtCV 
[210°]. Bed prisms. — HA'HAuCl,. [196°].— 
HA'Mr. [223°].— CaA'j.— AgA' : needles. 

Methyl ef/ier MeA'.— MeA'HCl. [186°].— 
MeA'HBr. [242°]. MeA'HI. [220°J. 

Ethyl ether Needles. 
(a).PYRIDYL-BUTYLENE C„H„N i.e. 
CjH^N.CHiCHEt. (148° at 75 mm.). By distilling 
oxybutyl-pyridine CjH4N.CH^.CH(OH).CaH4 with 
KOH in vacuo or by heating it with HClAq at 
165° (Matzdorff, B, 23, 2711). Colourless oil, 
smelling like conyrin. — Platinochloride : 
[140°].— B'HAuCl*. [130°]. Small needles. 

(ai3).DIPYEIDYL (j3)-CARB0XYLIC . ACID 
0„H„N.,03 i,e. 05 HjN.C,H 3N.C0,H. [183°]. 

Formed by heating the dicarboxylio acid at 200° 
(Skraup, B. 15, 896 ; M. 3, 597). Needles (con- 
taining l^aq), si. sol. cold water and alcohol. 
Gives a yellow colour with rcClj. — CaA',2aq. — 
AgA' ^aq : prismatic needles. 

(aj 8 ).Dipyridyl (/ 37 ). dicarboxylio acid 

[216°]. Formed by oxidation of phenanthroline 
by KMn04 (Skraup a. Vortmann, B. 16, 896 ; M. 
8, 587). Triolinio prisms (containing 2aq), si. 
sol. cold water, v. sol. alcohol. FeSO^ colours 
its aqueous solution red. Salts. — KHA" ‘aq. — 
CaA" 3aq.— CuA" 3aq.— BaA" l^aq. Crystals. — 
AgHA" laq.-HjA" 2HC1. - H,A"H,PtCl, 3aq.— 
(H2A"),iH.^PtCla 6aq : golden prisms. 

(i9i8)-Dipyridyl (oo)-dicarboxylic acid 
0,^,N.p^. [213°]. Formed by oxidation of 
pseudo-phenanthroline by EMnO^ (Skraup a. 
Vortmann, M, 4, 583). Thick prisms (contain- 
ing ^aq), si. sol. cold water, alcohol, and ether. 
FeS04 gives an orange-yellow colour. — K^"6aq. 
— KHA"2aq. — CaA"5aq. - CuA"3^aq. — 
AgjA" iaq.-"Ag2A"AgN03.— HjA^HCl aq. Mono- 
clinic prisms ; a\b:c *= 1*27:1:2*29 ; & = 110° 16'.r— 
HgA 'HgPtClfSaq : orange crystalline pp. 

( 77 ) .Dipyridyl(«»a) -dicarboxylio acid. [247*5°]. 
Formed by oxidising (tta)-di-methyl-dipyridyl 
by KMnO^ (Heuser a. Stoehr, J, pr. [2] 44, 406). 
Needles, v. si. sol. water and idcohol. FeSO^ 
gives a reddish-yeUow colour. AcOH at 180° 
gives ( 77 ).dipyridyl. 

Dipyridyl tetracarboxylic acid 1 [96°]. Got 
by oxidising diquinolyl (Claus, B. 14, 1942). 
Kaedles (from hot wator).-Pb,A*^^Ag 4 A»^ 
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PhENYLEOTS PYBIBTL KETONE. 

PyridyUne-phenylene-ketone sulphonio add 
[3l]c.H.(SO.H)<C^gg^^. Formed by 

oxidising (j3)-naphthoquinoline sulphonate with 
alkaline KMnO^ (Immerheiser, B. 22, 408). 
Yellow plates (from water), v. si. sol. alcohol 
and ether. Yields an oxim crystallising in 
yellow flakes and a phonyl-hydrazide crystal- 
lising in minute orange needles.— K A' aq.— 
BaA',^ 2aq. — PbA',^ 3aq.— AgA' aq. 

PYRIDYL-ETHYLENE OjH^N.CHiOH,. 
(160°). Formed by the action of NaOHAq on 
the hydrochloride of /8-bromo-j3-pyridyl-pro- 
pionic acid (Einhorn, B. 23, 221 ; A. 265, 229). 
Liquid.— B'HAuCl^. [144°]. Yellow needles. 

(a).PYRIDYL ETHYL KETONE CgH.NO t.s. 
CsH^N.CO.CJIj. (205°). Formed by distilling 
calcium picolinati with calcium propionate 
(Engler a. Bauer, B. 24, 2530). Oil, sol. alcohol. 
Sodium-amalgam forms a pinacone [186°], 
Phenyl-hydrazine sulphonic acid^rields a crystal- 
line compound [268°].— B'HgClj : crystalline. — 
B'Etl. [160°]. 

Oxim C,H4N.C(N0H).C3H3. [106°]. 

Needles. Yields an acetyl derivative [46°] and 
a benzoyl derivative [69°]. 

(i8)-Pyridyl ethyl ketone CjHiN.CO.CjHj. 
Formed by distilling calcium nicotinate with 
calcium propionate (Engler, B. 24, 2539). Yields 
a phenyl hydrazide [145°] and a phenyl-hydraz- 
ide sulphonate [235°] which forms B'jH^PtCl,. 
B'O^HaN.O;, and B'HgCl, [130°J. 

Oxim C,H4N.C(NOH).aH4. [115°]. 
(a)-PYRIDYL METHYL KETONE 
C5H4N.CO.CH3. (192°). Formed by distilling 
calcium picolinate with calcium acetate (Engler 
a. Bosuii.off, B. 24, 2527). V. sol. alcohol and 
ether. Beudily volatile with steam. Yields an 
oxim [120°], a phenyl-hydrazide [165°], and a 
phenyl-hydrazide sulphonate which is not 
melted at 300°.-B'C,H3N30,. [131°J.-B'HgCV 
[160°].-B'MeI. [16i°].-B'EtI. [205°]. 

(i8)-Pyridyl methyl ketone C5H4N.CO.CH,. 
(220°). Formed by distilling calcium nicotinate 
with calcium acetate (Engler a. Kiby, B. 22, 
697). Oil, V. sol. acids. Yields an oxim [112°], 
which yields B'HCl [204°]. The phenyl-hydraz- 
ide [137°] crystallises from alcohol in yellow 
needles. -B'HgCl^. [158°]. White needles. 

DI-(o)-PyRIDYL-PROPANE C.jHj.N, U. 
CIL{CH,.C5H4N)3. (323°). S.G. e 1-0281 
Formed by heating picoline with methylal and 
ZnClj for 10 hours at 290° (Ladenburg, B. 21, 
3100). Yellow oil, v. sol. alcohol and other.— 
Salts : B^H^PtCl,. [215°].- B"2HAuCl4 liaq. 
— B^H^gP,,. [161°]. Large plates. ^ 

Dodecahydride C,3H^N2. DipipecolyU 
methane, [64°]. (196° at 26 mm.). Formed 
by reducing the base with Na and alcohoL 
Crystalline mass, si. sol. water, — B"2HOl : very 
hygroscopic needles. — B''2MeCl. [171°]. — 
0-,H24Me2N22MeI. Crystals, v. e. sol. water. 

' (a)-PYRIDYL PROPYL KETONE 
O 5 H 4 N.CO.Pr. j216°-220°). Formed by dii- 
tilling calcium picolinate with calcium butyrate 
(jBlngler a. Majmon, B. 24, 2536). Oil. Yielda 
an oxim [48°] which forms a benzoyl derivative 
[57°]. Forms a phenyl-hydrazide [82°]anda 
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pbenyl'hydrazide sulpbomc acid [251®]. The 
ketone is reduced, in ^lute alcoholic solution, by 
sodium-amalgam to a pinaconeOigHjiNjOj [146®]. 
The chloro-iodide melts at 86®. 

Salts.-B'.H,PtClg.— B'HgCV [o. 78°].— 
B'Mel. [79®j. 

(/8)-Pyridyl propyl ketone CjH^N.CO.Pr. 
(24()°-252°). Formed by distilling calcium 
nicotinate with calcium butyrate (Engler, B. 24, 
2541). Yellow needles, sol. alcohol. Yields a 
phenyl-hydrazide [182°], a phenyl-hydrazido 
sulphonate [283°], a crystalline* oxim, and an 
ethylo-iodide [192®]. -- B'HgCl,. [173°]. — 

B'CgHgNgO,. 

(B.3).(a).PYRIDYL-aBIN0LINECnH„N.,i.c. 
gH.CH.C.CH:CH permed by 

CH. N .C.CHiCAH^N* 

heating the Ag salt of its carboxylic acid (O. 
Fischer a. H. van Loo, B, 19, 2475). Prisms.— 
B'jH^PtClg. 

Carboxylic acid 

CAN.C'^^^-™>C.CO,n. [273°]. Formed 

by oxidising (/^)-diviuinolyl with CrOg. Needles, 
V. b 1. sol. water.— AgA' : pale yellow pp. 

PYKO-. Use of this prefix applied to in- 
organic cotnpounds \ for pyro- compounds y. 
the compounds to the names of which pyro- is 
prefixed. Thus pyro-phosphoric acid will bo 
found under PiiosrHoiao acid, and pyro-p}ios- 
phates under Phosphates. 

PYROCATECHIN C,HA i.e. CgH,(OH),[l:2]. 
Catechol. o-Di-oxy -benzene. Oxypkcnic acid. 
[104®] (F. a. M.) ; [111®] (Mortinon). (240°- 
245°). H.O.p. 685,200. II.C.v. 084,900. H.F. 
86,800 (Stohmann, J. pr. [2] 45, 334). Occurs 
.in urine, especially after administration of benz- 
ene or phenol (Baumann, II. 1, 244 ; 3, 157 ; 
Nenoki a. Giacosa, H. 4, 335 ; Schmiedoberg, H, 
6, 189). Occurs in the green leaves of the 
Virginia creeper {Ampelopsis hederacca) (Gorup- 
Besanez, B. 4, 905) and in the sap of the iilants 
from which kino is prepared (Fliickiger, B. 6, 1). 
Occurs sometimes in raw beet sugar (Lippmann, 
B. 20, 3298). Occurs in wood-tar (B6hal a. 
Desvignes, Bl. [3] 9, 141). 

Formation. — 1. By dry distillation of catcchin, 
moritannic acid, and all varieties of tannin that 
turn green with FeClj (Zwenger, A. 37, 327 ; 
Wagner, J-pr. 52, 450; 55, 65; Eissfeldt a. Uloth, 
A. 92, 101 ; 111, 215).— 2. By the dry distillation 
of wood (Buchner, A. 96, 188). —3. By heating 
cellulose, starch, or cane sugar" with water at 
200°-280® (Hoppe-Seyler, B. 4, 16).— 4. By 
potash-fusion from o-iodo-phenol (Kurner, Bull. 
Acad. Bdg. [2] 24, 166 ; Lautemann, A. 120, 
315).— 5. By the action of HI on guaiacol 
(Gorup-Besanez, J. 1867, 688; Baeyer, B. 8, 
166).— 6. By the dry distillation of protocatechuio 
acia and of quinic acid (Strccker, A. 118, 285; 
Hlasiwetz a. Barth, J. 1864, 405 ; Tiemann a. 
Haarmann, B. 7, 617).— 7. By potash-fusion 
from o-phenol sulphonic acid (Kekul6, Z. 1867, 
643), benzoic acid, gum guaiacurn (Hlasiwetz a. 
Barth, A. 130, 352; 134, 282), and, together 
yrith resorcin, from o- and m- bromo-phenol 
(Fittig, B. 8, 364).— 8. By soda-fusion from 
phenol (Barth a. Schreder, B. 12, 419).— 9. From 
phenol and (Martinon, Bl. [2] 43, 167).— 
10. By passing a rapidly alternating electric 
Ourrent through a solution of phenol. — 11. A 


product of the action of water at 200® on beniu 
ene hexachloride (Meunier, G. R. 100, 1691). 

Preparation, — 1. From HIAq and guaiacol at 
200° or by heating guaiacol with cone. HClAq 
for 4 hours at 176° (Perkin, jun., 0. J. 67,587). 
2. By fusing o-phenol sulphonic acid with 
potash at 360° (Degener, J. pr. [2] 20, 308). 

Properties. — Large plates (from benzene) or 
needles (from water), v. sol. water, alcohol, and 
ether, m. sol. benzene and chloroform, insol. 
ligroin. Gives an acid reaction in presence of 
borax (Lambert, G. B. 108, 1017). FeSO, gives 
no colour. FeClj colours the aqueous solution 
green, turned violet-red by alkalis (Ebstein a. 
Miiller, Fr. 15, 465). The alkaline solution 
absorbs oxygen, becoming brown. It reduces 
AgNOj, AuCla, and platinic chloride. Ppts. a 
cone, solution of egg-albumen. Does not ppt. 
gelatin. Lead acetate gives a white pp. Quinone 
in ethereal solutions forms C^HiO.^CrtH^jOj* 
'crystallising in deep-green needles with violet 
lustre [153°] (Clermont a. Chantard, C. R. 102, 
1072). Ppts. a solution of quinine sulphate, 
forming C...oH.^,N.G2 HjSO^ G^H^O^ aq, which 
separates from alcohol in yellow crystals [167°], 
V. si. sol. cold water. 

Reactions. — 1. Nitric acid acts violently, 
forming oxalic acid. — 2. Phthalic anhydride and 
ZnClj at 160° form ‘ pyrocatechin phthaloin * 

a blue solution in alkalis and yielding a tetra- 
benzoyl derivative [202°] (Baeyer a. Kochen- 
dorfer, B. 22, 2196).— 3. Phe^iyl cyanate at 100® 

, forms CuH^(O.CO.NHPh)2 [165°] crystallising in 
' needles, v. sol. alcohol (Snape, C. J. 47,772). — 

! 4. The disodiura compound CuH^(ONa)2 treated 
i with CO2 in the cold forms C,iH^(O.CO,2Na)2, 
i which at 100° changes to the compound 
C,n,(0.C02Na)(0H).C02Na and at 210® to 
C„H2(0H),(C02Na)2 (Schmitt a. Hahlo, J. pr. [2] 
j 44, 2). — 5. Ammoyiium carbonate and water at 
140° react forming protocatechuio acid and 
I C,H3(OH)(CO.,H),[l:2:3].— 6. KSfi, acting on 
{ K salt forms crystalline 0^14(0. SOaK).^ and 
C,H,(OH)(O.S03K) (Baumann, B. 11, 1913).— 7. 
CI.CONH2 forms C,H,(0.C0NHJ.2[178°] crystal- 
I Using from alcohol in needles.— 8. Chlorine 
; passed into its solution in acetic acid forms 

i crystallising (with 2aq) 

; from ether-ligroin, and from ligroin (with aq)» 
j melting at 94° (Zincke a. Klein, B. 21, 2719).— 
I 9. KOH and ClCO^Et form C.H'.CO, [118®] 

! (Bender, B. 13, 697), (225°-230®) (M. Wallach, 

I A. 226, 84). 

1 Fstimatum, — By extracting its acidified 
aqueous solution with ether, evaporating the 
ether, dissolving the residue in water, and pre- 
cipitating with lead acetate. The pp. is dried at 
100° and weighed (Degener, J. pr. [2] 20, 303). 

Salt s.-C„H,02Pb. White pp.-CAO^Sb or 

G«H^<;Q>SbOH. Formed by adding SbCla to a 

solution of pyrocatechin saturated with NaOl 
; (Causse, Bl. [3J 7, 246). Prisms, insol. water, 
alcohol, and ether, sol. alkaUs and mineral acids. 
ACjO at 126° forms 0*H4(O Ac),, and Sb (OH) fO AcL. 

Di-aoetyl derivative 0^(OA.o)p 
Needles (Naohbauer, A, 107, 248^. 
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Jii-henioyt derivative 0^H^(0B2)a. 
[84°]. Plates (Doebner, A. 210, 261 ; Hinsberg, 
i. 254, 254). 

Mono-methyl ether OrtH,(OH)(OMe). 
Oiiaiacol. Mol. w. 124. [28*5°]. (205°) (Tiemann 
a. Koppe, B. 14, 2016 ; B^hal a. Choay, Bl. [3J 9, 
142). S.G. 1.125 (V.) ; 2 M53 ; 12 1-143 (B. a. 
C.). A product of distillation of gum guaiacum 
(Sobrero, A. 48, 19 ; Deville a. Pelletier, A. 62, 
403 ; Volckel, A. 89, 349). Occurs among the pro- 
ducts of the distillation of wood (Hlasiwetz, A, 
106, 362; Gorup-Besanez,yl.l43,151). Prepared 
by heating calcium vanillate with slaked lime 
(Tiemann, B. 8, 1123) and by heating pyro- 
catechin with Mel and KMeSO., (Gorup- 
Besariez, A. 147, 248, or with NaOMe, MeOH, 
and Mel). Liquid, with peculiar odour, sol. 
alcohol and ether, si. sol. water, sol. dry glycerin 
and ligroin. FeClj gives a green colour in its 
alcoholic solution. Dissolves in alkalis. Yields 
CulL.OMe on heating with zinc-dust (Marasso, jC. 
1.52, ’64). PCI, forms C„H,C1.0Me (Fischli,B. 11, 
1463). I and KOHAq give a coifoo-brown pp. 
{125°-130°] (Messinger a. Vortmann, B. 22, 
2320). The K salt is converted by acetochlor- 
hydrose into C«H^(OMe)(O.C,H„05) [167°] 

(Michael, Am. 6, 339). Phthalic anhydride and 
BnCl^ at 116° form ‘ guaiacol-phthalein,’ which 
yields a crystalline benzoyl derivative (Baeyer, 
B. 22, 2199). H,^S04 forms two sulphonio 

acids (Tikmann a. Koppe, B. 14, 2019).— 
C„H4(OK)(OMe) 2aq.— KHA'j aq: prisms (from 
alcohol), decomposed by water. — Pb(OH)A' : 
llocculent pp. — 0^H4(0.S03K)(0Me) : white 
needles.-C«II,(OAc)(OMo). (235°-240°). V.D. 
82-7 (obs.). Colourless liquid. 

Di-mcthyl ether C«H4(OMe)o. Veratrole. 
(205°). V.l). 68-6 (obs. ; H = 1). H.G. I-OSG. 
Formed by heating veratrio acid with baryta 
(Merk, A. 108, 60; Koclle, ^.1.59, 243; Tie- 
mann, B. 14, 2016). It is obtained also from 
C„H4(OK)(OMe) and Mel (Marasse). SoUdified 
at 15°. 

Methyl ethyl ether C(jHj(OMe)(OEt). 
(213°). V.D. (H = l) 75 0 (obs.). Liquid. 

Methyl propyl ether C,iH,(OMe)(OPr). 
(240°-245°). Liquid (Caliours, Bl [2] 29, 270). 

Di-ethyl ether [44^. Formed 

from pyrocatechin, Etl, and alcoholic potash 
(Herzog a. Zcisel, M. 10, 152). 

Di-henzyl derivative CaH4(OC7Hj).^. 
[61°J. Yellowish needles (from alcohol). Forms 
a nitro- derivative crystallising in needles [98°]. 

The mono-benzyl derivative is liquid, but its 
nitro- derivative forms yellow needles (from al- 
cohol) [129°] (Schiff a. Pellizzari, A. 221, 378 ; Q. 
13, 507). 

Sulphonio acid C,H3(0H),^(S03H)[4:3;1]. 
Formed by fusing phenol (o)-di8ulphonio acid 
with EOH at 300° (Barth a. Schmidt, B. 12, 
1260). Deliquescent needles, v. sol. water and 
alcohol, insol. ether. — KA'. — NaA'aq.— BaA',. 

Beferences. — Amido-, Bromo-, Chloro-, and 
Nitbo- Pyrocatechin, and Tri-bromo-ouaucol. 

FTROCINCHONIO ACID v, Di-methyIi- 

MALBIO ACID. 

FYBOCOLL OjoHyNjOj (Magnanini, B. 22, 
2502). [269°]. A product of the distillation of 
gelatin when free from fat but containing albu- 
men, casein, or gluten (Weidel a. Oiamician, M, 
1, 279; 2| 29). Formed also, together with 


HOAc, by heating the acetyl derivative of pyr- 
role (a) -carboxylic acid (Giamician a. Silber, B, 
17, 103; 0. 14, 162, 563). Colourless plates, insol. 
water and cold alcohol, si. sol. ether. Sublimes 
before fusion. 

Reactions.— 1. Boiling KOHAq converts it 
into pyrrole carboxylic acid. — 2. Alcoholic NH, 
forms the amide of pyrrole carboxylic acid.— 3. 
PCI5 forms CjoCleN.G., [above 320°] insol. ether 
and C,oCl,oNjO [197°] sol. ether (Giamician a. 
Danesi, O. 13, 28). The perchloro-pyrocoll 
C,„C1„N^,02 is* converted by boiling KOHAq into 
tri-chloro-pyrrolo carboxylic acid, and by PCI, 
into C,„C1j4N,20.. [147°].— 4. Bromine forms 
C,„HjBrN.,02 [192°], C,oH4Br.,N,.02 [290°], and 
CjnHJBr^NjOj, which is converted by KOHAq 
into di-bromo-pyrrolo carboxylic acid (Giamician, 
a. 11, 330 ; 12, 29 ; B. 16, 2388). 

Refere7ice.—CjihOT\o-t Bromo-, and Nitro- 
Pyrocoll. • 

PYROCRESOL. C,5H,,0 ? An inappropriate 
name given by Schwarz {B. 15, 2201 ; 10, 2141 ; 
M. 3, 720 ; cf. Armstrong, C. J. froc. 3, 114) to 
some neutral substances found in coal-tar. 

(a)-Pyrocresol [195°]. Thin silvery plates, 
yielding crystalline C^sHaoBrjO^? and oxidised by 
GrO, in HOAc to C,^H,jb2 [168°] which yields 
C„H,„(NO,)A [‘^35°j, 0„H«(NO,).02 and 

C,.,H,(NH,)402 [300°] ? (Bott a. Miller, G. J. 65, 
62). Ghlorine acting on a solution of (a)-pyro- 
cresol in chloroform gives OiJIiiGlaO [226°]? 
HI reduces (a)-pyrocresol to a hydrocarbon 
C.jH.^,? (Bott, G. J. Proc. 3, 114). 

(^)-Pyrocre8ol [c. 124°]. Yields, on oxida- 
tion, ‘ (i3).Pyrocro8ol oxide ’ C,iH,,_.O.j [95°]. 

(7)-Pyrocresol [165°]. Yields ‘(7) -pyrocresol 
oxide’ [77°] on oxidation. Bromine forms 
GogH^JBrgOj ? crystallising in trimetric plates. 

FTROBALLIC ACID v. PYROOAiiLOL. 

FYROOALLOL ObH^O, i.e. G„H,(OH), [1:2:3]. 
c-Tm-oxy -benzene. Pyrogallic acid. Mol. w. 
126. [l'31°] (Etti, B. 11, 1832; cf. Stenhouse, 
A. 179, 236) ; [134°] (Stohmann). (210°). S. 
40 at 12°. H.C.p. 633,300 (Berthelot .a. 
Louguinine, A. Ch. [6] 13, 339 ; G. R. 104, 1577). 
H.F. (from diamond) 137,700 (B. a.L.); 132,000 
(Stohmann, J. pr. [2] 45, 336). Occurs in wood- 
tar as dimethyl ether. 

Formation.—!. By heating gallic acid (alone 
or mixed) with pumice stone (2 pts.) (Braoonnot, 
A. 1, 26 ; Pelouze, A. 10, 159 ; Liebig, A. 101, 
47).— 2. By heating di-iodo-o-oxy-benzoic acid 
with KOnAq*(Lautemann, A. 120, 299). — 3. By 
heating (a)- or (0)- chloro-phenol sulphonio acid 
with KOH at 190° (Petersen a. Baehr, A. 157, 
136). — 4. By heating gallic acid (10 g.) with 
glycerin (30 c.c.) at 200° as long as CO» comes 
off (Thorpe, Ph. [3] 11, 990).— 5. By heating 
gallic acid (1 pt.) with aniline (2 pts.) at 120° 
(Cazeneuve, Bl. [3] 7, 549). The product is 
aniline pyrogallate GaH„032NPhH3 [56°], which 
gives off aniline when exposed to air, or when 
shaken with benzene. 

Prqperto. — Prisms, v. sol. water, m. sol. al- 
cohol and ether. Tastes bitter. Poisonous 
(Personne, Z. [2] 6, 728). Its alkaline solution 
rapidly absorbs oxygen, turning brown, and 
giving off a little GO in bulk about ^th of the 
oxygen absorbed (Galvert a. Gloez, A. 130, 248). 
Reduces KMnOf (Monier, 0. R. 46, 577) and 
salts of mercury, Ag, Au, and Pt. FeS 04 gives 
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% white milkiness, bat If a ferrlo salt is present, 
or the pyrogallol solution has become slightl)i 
oxidised by keeping, FeSO^ gives an indigo-blue 
oolour, changing to brownish-red on standing 
and on adding HCl (Jacquemm, 0. JR. 77, 693 ; 
Oazeneuve, BL [2] 44, 114; 0. R. 101, 66 ). 
FeOlg, in absence of air, gives a transient blue 
colour, restored by cautious addition of alkalL A 
solution of pyrogallol renders borax slightly 
acid (Lambert, G. R, 108, 1017). Nitrous acid 
colours the aqueous solution brown (Schonbein, 
Fr. 1, 319). K^ 0 r 04 and H^SO/ give a dark 
oolour. Reduces CUSO 4 and, on addition of al- 
kalis, gives a black colour changed by NH 3 to 
red, Cu(OAc )2 gives at once a black colour. 
Pyrogallol fused with ammonium oxalate yields 
ammonium rufigallate, which dissolves in water 
with red oolour and gives with KjFeCya and 
K^Cr^O, a dark-brown pp. insol. alcohol (Klie- 
bahn, Fr. 26, 641). A solution of iodine in 
presence of Na^SO^ gives a purple colour (Nasse, 

B. 17, 1186). A solution of HgCl 2 and pyro- 
gallol in alcohol gives a black pp. with alkaloids 
but not with gfucosides (Schlagdenhaufen, Ph. 
[3] 4, 772). An alkaline solution of pyrogallol 
absorbs about 60 vols. of NO in 12 hours, but 
no N. 4 O (Russell a. Lapraik, C. J. 32, 35). Pyro- 
gallol does not react with hydroxylamine 
(Baeyer, B. 19, 163). A solution of potassium 
pyrogallate which is absorbing oxygen in con- 
tact with alumina gives out a feeble light, es- 
pecially in presence of Na^S (Lenard a. Wolf, P, 
[2] 34, 918). 

Reactions, — 1, Fuming HNOj forms oxalic 
acid.— -2. Bromine forms tri-bromo-pyrogallol. — 
8 . Chlorine in presence of HO Ac forms mairo- 
gallol (vol. iii. p. 165) and crystalline leuoogallol 

C, „H„Cl„ 0,3 2aq, which yields tri-chloro-pyro- 

gallol when boiled with water and zinc-dust 
(Stenhouse a. Groves, C. J. 28, 706 ; Webster, 
0. J. 45, 208 ; Hantzsch a. Schnitcr, B. 20, 
2033).— 4. Ozone passed through a solution of 
pyrogallol (1 mol.) and KOH (3 raols.) in water 
forma a syrupy acid C^HaO^, which yields 
BaO^H^O, (Boeke, B. 6, 486).— 5. Purpurogallin 
or pyrogalloquinone is formed by oxidation by 
alcoholic AgNO,, by KMnO^ and H^SO^, or by 
excess of FeCl, (Girard, G. R. 69, 865). It is also 
got from pyrogallol and quinone (Wichelhaus, 
B. 6, 847; Nietzki, B. 20, 1278). It forms 
garnet-fed needles (by sublimation), si. sol. 
water, m. sol. alcohol and ether, forming yellow 
solutions. Alkalis impart a transient blue 
oolour. Purpurogallin dyes cotton mordanted 
with alumina violet-blue. When an aqueous 
solution of pyrogallol is mixed with gum arabic : 
and exposed to the air, purpurogallin | 

separates, the yield in the course of two months 
being 67 p.o. of the pyrogallol used (Struve, A. \ 
163, 160 ; De Clermont a. Ghautard, G. R. 94, 
1189, 1264). A solution of pyrogallol and 
Na-^HPO, also yields pyrogalloquinone on ex- j 
poBureto air (Loew, J.pr, [2] 16,322). Purpuro- 
gallin forms C,^H, 2 Ao 40 „ and C. 4 oHj 2 Br 40 ,.— 6 . An 
ammoniacal solution exposed to the air forms 
brown pyrogallein CiaH^oNjOu (Rdsing, J, 1868, 
269). — 7. Ammonium carbonate at 130® forms 
pyrogallol carboxylic acid OjHjOj {v. Tbi-oxt- 
BBNzoio acid) and pyrogallol dicarboxylic acid 
OJH«0, [270®] (Sonhofer a. Brunner, M, 1, 468), 
Ik BistillAtion over zino-dost yields benz- 


ene,— 9. OlOOxEi acting on 0ie E salt forma 
09 Hg 04 [105®] converted by aniline into di- 
phenyl-urea and the mono -ethyl ether of pyro- 
gallol (Bender, B. 13, 698). — 10. A few drops of 
pool, added to a mixture of pyrogallol (2 pts.) 
and acetone (1 pt.) react violently, forming 
gallacetonin OgHioO,, which crystallises from 16 
p.o. alcohol in whetstone-shaped crystals, insoL 
water, decomposing about 250°, and yielding 
CaH^AcO, (Wittenberg, J. pr.. [ 2 ] 26, 76). Its 
solutions are turned purple by Fed, and reduce 
AgNO,. — 11 . A few drops of H.BO^ added to a 
mixture of pyrogallol (12 g.) and acetoacetio 
ether (8 g.) form di-oxy-methyl-coumarin 
C,oHg 04 , which crystallises from water in needles 
[235®] and yields 0 ,oH«Ac ^04 [176®] (Wittenberg, 
J.pr. [2] 26, 68 ; Pechmann, B. 16, 2127; 17, 
2188).— 12. Phthalic a^tiliydride forms, on heat- 
ing, (Baeyer, B. 4, 457, 663 ; A. 209, 

261). — 13. Plunyl cyanate at 100® forms 
0 ,.H 3 (O.CO.NHPh), [173®] crystallising in minute 
needles (Snape, G. J. 47, 774).— 14. Cyanogen 
passed into an aqueous solution forms C^HjOaCy, 
or a polymeride thereof, as an unstable crystal- 
line pp. (Loew, J. pr. [2] 15, 326).— 15. Chloro- 
acetic acid (2^ pts.) followed by NaOHAq forms 
CttH 3 ( 0 .CH 2 .C 03 H )3 crystallising in needles 
[198°], S. 1*3 at 14-5® and yielding K 3 A'" and 
KHaA'^aq (Giacosa, J. pr. [ 2 ] 19, 398). — 16. 
Benzotrichloride at 160® yields ‘ pyrogallol- 
benzein’ CsaH^jO,,, crystallising in minute red 
plates with green lustre forming a blue solution 
in alkalis and a bluish-violet solution in alcohol. 
Zinc and HOAc reduce it to the anhydride of 
hexa-oxy-diphenyl-methane. Pyrogallol-benzein 
yields CAAcfi,, [208®], C 3 ,H 2 ,Bz 40 „ [251®], 
C 3 HnxoO,j(C,H 30)4 [228°] (D 6 bncr a. F 6 rster, A. 
267, 60). — 17. Benzoic acid and ZnClj at 146® 
form tri-oxy-benzophenone [Alizarin yellow A) 
0,IIj(OH)3.CO.OaH5[141®],which crystallises with 
aq. The same body is got by heating pyrogallol 
with benzotrichloride (G. P. 60,451 [1889] and 
54,661 [1890] ; Graobe a. Eichengriin, A. 269, 
297). — 18. On heating pyrogallol with salicylic 
acid and zinc chloride tetra-oxy-benzophenone 
0 „H 4 (OH).CO.O«H 3 (OH), [149°] is formed(G. a. E.). 

19. AeP forms 0 ,oH,u 04 [280°] crystallising 
in white prisms (Causse, BZ.[.3]3, 867). Fuming 
HClAq at 170° forms Oa,H, 40 , as a black 
powder, sol. NaOHAq (Bottinger, A. 202, 280). — 

20. Benzene sulphonic chloride added to a solu- 

tion of pyrogallol kept slightly alkaline forms 
C,H 3 ( 0 .S 03 ph), [142°], sol. alcohol, b1.‘ sol, 
ether (Goorgosen, B. 24, 418). — 21. Formic aU 
dehyde and dilute HClAq form CH 3 (C 3 H 4 (OH)j)x, 
a microcrystalline powder, insol. water, sol. al- 
cohol (Caro, B. 25, 947). — 22 . Aldehyde and 
dilute H 2 SO 4 mixed with Na 2 S 04 added slowly at 
60® gives colourless crystals of G 3 HHO, 2 aq, 
which when dried at 30® over H,S 04 leaves 
violet C^HBOsaq (Causse, Bl. [3] 3, 866 ; c/, 
Michael a. Ryder, Am. 9, 133).— 23. Benzoic 
aldehyde and a large quantity of HClAq form 
amorphous CxaHj^O, (Baeyer, B. 5, 280). Benzoic 
aldehyde, alcohol, and a little cone. HClAq form 
a pp. of O^gHioO,, which yields 02 ,H, 4 Ac 30 , 
(Michael a. Ryder, Am. 9, 130). On heating 
with benzoic acid alone pyrogallol forms resin- 
ous G^Hx^O, and red O^igO,, which may be re- 
duced to colourless (Baeyer, B. 6, 25). 

24. KOH (88 pts.) and (70 pts.) heated 
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with water (83 ptsj and pjrogallol (26 pts.) at 
70° form CjH3(OH)^(O.SOjKj, crystallising In 
needles, y. e. sol. water (Baumann, B. 11, 
19131.--26. ClCONHj forms 0,H,(0.C0.NH,),. 
[178°], crystallising from alcohol in plates. 

Salts. — 0„H3(OH),(ONH,). Crystals, got 
by passing IfHj into an ethereal solution of 
pyrogallol (De Luynes, A. Suppl. 6, 252).— 
Crt:^(0H)(05{Pb) aq. Crystalline pp. got by 
adding lead nitrate to ammonium pyrogallol. 
Converted by cone. NHaAq into C^HaOaSrbO.— 
(0,H503)Pb.0Ac. Ppd. by adding lead acetate to 
a solution of pyrogallol (Deering, 0. J. 26, 702). 
— CttHj(Sb0)03. Plates, got by ppg. pyrogallol 
solution with tartar-emetic (Rosing). SbCl, 
(100 g.) dissolved in a saturated solution (250 
C.C.) of NaCl, filtered, and slowly added to pyro- 
gallol (50 g.) dissolved, in saturated NaClAq 
(250 g.), forma a white pp. which changes to 

crystals of C«H3(OH)<^Q'>SbOH2aq, insol. water 

and alcohol, sol. mineral acids (Causse a. Bay- 
ard, lil. [3] 7, 794). At 100° the above liquids 
on mixing yield CsHaO^Sb, which is also crystal- 
line, whence Ac^O at 100° forms CaH^OaAcj. 
AcCl in Ac-P converts both antimonites into 
C«H3(0Ac)3.-C,H,0/2NPhH,. [56°J (Mylius, B. 
19, 1003). 

Acetyl derivative Got from 

pyrogallol and AcCl (Nachbaner, A. 107, 244). 

Benzoyl derivative CJIa(OBz)3. [90°]. 
Got, together with a mono- or di- benzoyl deriva- 
tive [131*5°], from pyrogallol and BzCl (Skraup, 
M. 10, 391). 

Di-mcthyl ef/ier CrtH3(OH)(OMe)2, [52°]. 
(253°). Occurs in bcech-wood creosote (Hof- 
mann, B. 11, 333 ; 12, 1373). Formed from , 
pyrogallol (1 mol.), KOH, and Mel (2 mols.) at ! 
160°. Prisms (from water). Its alkaline solu- 
tion does not turn brown in air. Oxidised by 
means of KaCr^O, and HOAc to coerulignone 
C,jHA(OMe),, Yields C,H3(OAc)(OMe)3 as a 
sticky mass, and CBH.,(OBz)(OMe)3 [118°]. 

Tri-methyl ether 0aH3(0Me)j. [47°]. 

(235°). Formed by the action of Mel and KOH 
on pyrogallol dissolved in MeOH (Will, B, 21, 
607). Needles, insol. water and alkalis, v. sol, 
alcohol and ether. Yields C«Br.,(OMe), [81°]. 
Cone. HNO3 forms C8H.,(N03)(OMe), [100°] and 
the di-methyl derivative of dioxyquinone. 

Mono -ethyl ether 0,;H3(OH).,(OEt). [95°]. 
Formed, together with the di- and tri- ethyl 
ethers, by heating pyrogallol with KOH and 
KEtSO^ at 100° (Benedikt, B. 9, 125 ; M. 2, 212 ; 
Hofmann, B. 11, 797). Needles, m. sol. water, 
V. e. sol. alcohol and ether. FeS04 gives a 
bluish-violet colour. Volatile with steam. 

Di-ethyl ether 0«H3(OH)(OEt)3. [79°]. 
(262°). Crystals (from dilute alcohol). Oxidised 
by KaCr^O, and HOAc to ethyl-coerulignone. 
Nitrous acid passed into an ethereal solution 
forms OaoH2403HNO„ which forma a brown solu- 
tion in water. 

Tri-ethyl ether 0„I^(OBt)8. [89°]. Got 
from pyrogallol, alcoholic potash, and EtI 
(Herzig a. Zeisel, M, 10, 161). Needles, insol. 
kOHAq. 

Ethylene ether 0«H3(0H):0j:0,H4. (267°). 
Formed from pyrogsdlol, alcoholic potash, and 
ethylene bromide (Magatti, B. 12, 1860). Yields 
OJBMOBz):O,OA[109°J. 


Bs/ersness.— Auxdo-, Bbouo-, Oulobo-, and 
Nztbo- ptbogallol. 

FTBOGALLOL CABBOXTLIO ACID 9. 

Galuo acid. 

Pyrogallol dicarboxylio acid 
C„H(0H)3(C03H)3[1;2;3:4:6]. Gallocarhoxylic 
acid. [270°]. S. *05 at 0°. H.C. 633,700. H.P. 
231,300 (Stohmann, J.pr. [2] 40, 128). Formed 
by heating pyrogallol or gallic acid with am- 
monium carbonate at 130° (Senhofer a. Brunner, 
M. 1, 468). Needles (containing 3aq), si. sol. 
cold water. • Gives a violet colour with FeCl,.— 
K3A" 2aq : needles. — BaA"aq. — CaA" 6aq. — 
Ag^A". 

PYROGALLOL BGLPHONIC ACID Cell.SO, 

i.e. C6 H..(OH)s.SO.,H ^aq. Formed by dissolving 
pyrogallol in H3S64 (Personne, Bl. [2] 12, 169 ; 
20, 531; Schiff, A. 178, 179). Hygroscopic 
crystals. — KA' 2aq : prisms, v. sol. water. Con- 
verted by heatinftwith POCI3 into a 

flocculent mass, v. sol. alcohol, which is con- 
verted by warming with HOAc and Ao.G into 
crystalline CjjH^^Ac-.SG,, and 0, ,HiAC|S.^b„. 

PYROGALLOQUiNONB v . Pyrogallol, B«- 
action 6, and Purpouooallin. 

PYBOGENTISIC ACID is Hydroquinonk. 

PYROGLUTAMIC ACID is Oxy-tbtba- 

MBTHENYL DIHYDRIDB CARBOXYLIC ACID, 

PYROGLYCERIN v. Diolycerin. 

PYROGUAIACIN C.^H.^O, i.e. C,sH,.,0(OH),. 
[180*5°]. (258°) at 80 90 mm. V.l). 9*53 (calc. 
9*76). A product of the distillation of gum 
guaiacum (Pelletier a. Devillo, 0. R. 17, 1143; 
Ebormaior, J, pr. 62, 291 ; Naohbauer, A. 106, 
332; Hlasiwetz, A, 106, 381; 119, 277; Wieser, 
M. 1, 594). Plates, v. si. sol. hot water, si. sol. 
alcohol and ether. Forms a blue solution in 
H3SO4. On distillation with zinc- dust it yields 
guaiene Ci^Hu [100°], which is converted by 
oxidation into a lemon-yellow quinone Ci^HigO, 
[121°]. Potash-fusion forms Oi^Hj^Oa [202°], 
which is reduced by zinc-dust to guaiene. Pyro- 
guaiacin yields C,8H„Ac..Oj [122°], CisH^Bz^O, 
[179°], C,BH,3Br,0, [172°], and the salt 

PYROLIC ACID V. Sebacio acid. 

PYRO-MECAZONIC ACID C3H3NO,. Formed 
by heating oxycomenio acid, with NH^q and 
also, in small quantity, along with the isomeric 
amido-pyro-meconio acid, by the reduction of 
nitro-pyromeconic acid. Prepared from oxy- 
pyro-mecazonio acid by reducing with HI (Ost, 
J. pr. [2] 19^ 203 ; 23, 441 ; 27, 258). 

JPrqper/ies.— Streaked trimetrio tablets. Corn- 
bines with mineral acids, but not with acetic 
acid. Gives rise to a di-acetyl derivative [165°] 
and a bromo- derivative C3H4BrNO,. Is stable 
in acid solutions, but soon turns brown in alka- 
line solution. Gives a blue colour with Fed,. 

1 BaCl, and NH, give a pp. which turns bright 
i blue in air. 

Beactions.—l. Suspended in ether and mixed 
I with HNO, forms * pyromecazone ’ 
Pyromeoazone is a brick-red powder, insoL 
ether, v. sol. water, gives no colour with FeCl„ 
I and turns the skin violet. With£aCl,andNH,it 
gives, on exposure to air, a crimson pp. Crystal- 
lises from alcohol as G,H,NO„EtOH. Aqueoui 
SO, converts pyromeoazone back into pyrome- 
oazonio acid. These properties resemble those 
of a quinone. — 9. Suspended in HOAo and 
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treated with* HKO, it forms yellowish prisma of 
nitro-pyromeoazone OjH^(NOo)NO., aq. This 
body is decomposed by water at 30*^ into nitro- 
pyro-mecazonic acid CaHj(N0JN03, CO.j coming 
off through oxidation of some of the substance. 
SOj rapidly changes nitro-pyromecazone into 
nitro-pyromecazonic acid, so that the former 
resembles quinone in its ready reducibility. 
Nitro-pyromecazonic acid gives a blood-red 
colour with FeClj, nitro-pyromecazone gives no 
colour with FeCl.,. It yields the salt CjII^NaN^Oj. 

Salt. — HA'HClaq: needles. * 

Oxypyromecazonic acid C^IliNO^. Formed 
by passing SO, into an ethereal solution of 
nitrosopyroraeconic acid, and boiling the product 
(v. Mfroso-PYROMEcoNTO Acio) with CHCI3 (Ost, 
J. [2] 19, 177). Needles (containing aq or 
2aq). Coloured dirty-violet by Fed,.— NaHA'^. 
— KHAV— TlHA'j.~CaA',.— HA'HCl. 

PYROMECONIC ACID [117°]. (225° 

ancor.). 

Preparation. — By distillation of meconio 
acid in a cui-rentof COn, some comenic acid being 
also formed (Ost, J. pr. [2] 19, 182 ; 23, 441 ; cf. 
Robiquet, A. 5, 90; A. Ch. [2] 5, 282 ; 61, 236; 
Stenhouse, P. M. [3] 24, 128 ; A. 49, 18 ; F. D. 
Brown, P. M. [4] 4, 1(51 ; 8, 201 ; A. 84, 32 ; 92, 
321 ; Ihl6e, A. 188, 31). The yield is 14 p.c. 

Properties. — Glittering prisms from water or 
alcohol. V. sol. chloroform, much less sol. 
ether. Gives a blood-red colour with FoCl,. 
Feeble acid. Does not react with hydroxy lamine 
(Oderheimer, B. 17, 2081). Bromine forms 
CjHjBrOj, crystallising in pi’isms and yielding 
PbA'jaq. Excess of Br yields C^H.iBrOjaq 
[109°]. ICl forms CjHalOa yielding BaA'j aq and 
PbAV 

Salts. — Forms two series of unstable salts, 
alkaline to litmus: KA'.— HNaA'j. — BaA'.,3aq. 
— BaH^\. — CaA'2 aq.— CaH..AV — MgA\. — 
SrA', aq.— PbA'j.— FoAV— Cu A'2. — C,H,03,HC1. 
Formed by passing HCl into ethereal solution of 
the acid. Decomposed into its constituents by 
water or alcohol. Sulphates and 

(04H403)3H..,S04. Got by adding to an 

ethereal solution (Ost, J.pr. [2J 19, 189). 

Acetyl derivative C5H3ACO3. [91°]. Ob- 
tained by warming with Ac Cl. 

Nitroso-pyro-meconic acid C5H3(N0)03. An 
nnstable •compound of this body with an 
equivalent of pyro-meconic acid is formed by 
passing N^Oa into an ethereal solution of that 
aoid (Ost, J, pr. [2] 19, 195). An aqueous solu- 
tion of SO, converts this compound by addition 
of H, into C5 Hj(N 0)03 ,CjH 403, a compound 
which is split up by boiling chloroform, leaving 
so-called oxy-mecaronic add^ CjHjNO^. This 
acid gives a violet colour with FeClj, and a blue 
pp. with BaCl, and NH,. By Sn and HGl it is 
reduced to pyro-mecaronic acid C^HjNO,. 

References.— A mido- and Nitbo-pyrombconio 
Aon>. 

PYROMELLIC ACID 0, AO,. [238°]. Ob- 
tained in the electrolysis of aqueous KOH with 
carbon electrodes, and got also by oxidation of 
mellogen by KOCl (Bartoli a. Papasogli, G. 12, 
113 ; 13, 61). Crystalline (containing 2aq), sol. | 
water and alcohol. Yields the crystalline salt 
OifHjNajO, and an ethyl ether crystallising in 
ooiourlesB needles [below 100°], insol. water. 


PYROMELLITIC ACID O^HeO. U 

03H,(C0.3H)4[1:2:4:6]. Mol. w. 254. [264°]. S. 
14-2 at 16°. H.O.p. 777,400 (Stohmann, J. pr. [2] 
40, 140 ; 43, 540). H.C.v. 778,900. H.F. 369,600. 
Formed by gently distilling mellitic acid (Erd- 
mann, A. 80, 281) and by oxidising s-durena 
(Jacobsen, B. 17, 2517). Crystallises from Water 
in triclinic tables (containing 2aq), v. sol. hot 
water. Forms various . compounds on heating 
with (o)-naphi,hol (Grabowski, B. 4, 726 ; 6, 
1065).— Ca.A''' 6aq. — Pb^A'^'aq. — Ag,A‘’ : pp. 

Methyl ether [138°]. Plates, sL 

sol. hot alcohol (Baeyer, A. 166, 339). 

Ethyl ether [63°J. Formed from 
the Ag salt and EtI (Baeyer, A. Suppl, 7, 36). 
Needles (from alcohol). 

Chloride CA(COCl)4. Got by heating the 
acid with PClj. Crystalline mass, v. sol. ether. 

Anhydride C«H,(C.A)2. [268°]. Got by 
distilling the acid. Needles (by sublimation), v. 
sol. hot water, being re-converted into the acid. 

Tetrahydride CAXCOoH)^ Formed by 
the action of sodium-amalgam on the ammonium 
salt of pyrornellitic acid (Baeyer). Amorphous 
hygroscopic mass, v. sol. water. When heated 
with 1I.^S04 yields pyrornellitic, trimellitio, 
and isophthalic acids. 

IsO’ tetrahydride C3lI,j(C02H)4* [above 
200°]. Accompanies the preceding acid. Needles 
(containing 2aq). Behaves like the preceding 
hydride when heated with H2SO4. Yields a 
methyl ether [156°] which may be distilled. 

Refereyices.—AmTiO- and Nitro- Pyrombl- 

LITIC ACID. 

PYROMDCIC ACID C AOs 
r*TT PTT 

Cli o ^O.OO^H. Furfurane (a)-carhoxylic 

acid. Mol. w. 112. [132°]. S. 3*6 afl5°; 26 
at 100°. Rqo 40T8 (in a 2*19 p.o. aqueous 
solution). 

Formation. — 1. By the distillation of mucio 
acid (IIouton-Labillardi^re, A. Ch. [2] 9, 365 ; 
Pelouze, A. 9, 273 ; Boussingault, A. 15, 134 ; 
Li6s-Bodart, A. 100, 327).— 2. By distilling de- 
hydromucic acid (Heinzelmann, A. 193, 184). — 
3. By oxidation of furfiiraldehydo by Ag.p 
(Scliwancrt, A. 114, 63 ; 110, 257). — 4. Together 
with furfuryl-carbinol by boiling furfuraldehydo 
Avith alcoholic potash (Ulrich, Z. 1861, 186; 
Schmelz a. Beilstein, A. Suppl. 3, 275 ; Lim- 
pricht, A. 165, 279). — 5. By distilling iso- 
saccharic acid in a current of CO, (Tiemann a. 
Haarmann, B. 19, 1271).— 6. Occurs, together 
with pyromycuric acid C7H7NO4 [165°] which 
yields BaA'jlAaq, in the urine of dogs dosed 
with furfuraldehyde (Jaffd a. Cohn, B. 20, 
2311). 

Preparation.—Bj oxidising furfuraldehyde 
with alkaline KMnO* below 20° (Volhard, A. 261, 
379). 

Properties. — Long white needles (by sublima- 
tion), V. sol. alcohol and ether. FeCl, gives no 
colour. 

Reactions. — 1. Bromine in excess forms 
mucobromio acid. Dry Br gives CABi^40* 
[160°], oxidised by dilute CrO, to di-bromo- 
pyromucic acid (Tdnnies, B. 11, 1086). — 2. Dis- 
tillation with soda-lime yields furfurane.— 8. On 
heating with lime and ammonia-zinc-ohloride it 
yields pyrrole. 

Salts.— KA'; needles.- NaA'.—BaA', : oiy»- 
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iais, sol. water and alcohol.— CaA', : crystalline 
powder. — CuA'g 3aq.— PbA'j 2aq.— AgA' : scales. 

Ethyl ether [34®]. (209®). Lamina), 
V. sol. alcohol and ether, insol. water (MaJaguti, 

A. 25, 276). Combines with dry chlorine, form- 
ing CjH^Cl^Oj. S.G. 1-496. Dry Br forms 
CyHsBr^Oj [48®] (Tonnies) and also the ethers 
of (j85)-di-bromo-pyromucic acid [167°], of {187)- 
di-bromo-pyromucic acid [192°] and of (5)-bromo- 
pyromucic acid [183®] (Hill a. Sanger, A. 232, 
65). 

Chloride C,H30..C1. (170°). 

Amide C^HaO.CONHj. [14.3®]. Formed 
from the ether or chloride and NH^Aq (Wallach, 

B. 14, 751 ; 214, 227 ; Cianiician a. Dcnnstedt, 
B. 14, 1058; 0. 11, 291). Large plates, sol. al- 
cohol, si. sol. ether. Converted by PCI5 or P.3O5 
into the nitrile. 

Ethylamide C^H^O.CONHEt. [258® cor.). 
Formed from pyromucic ether and ethylamine 
solution at 100°. Converted by PCI5 into crysttfl- 
line CiHaO.CCL.NHEt. PCI. in smaller quantity 
(5 pt.) forms the amidine CjH.,O.C(NEt).NHEt, 
a liquid (240°) which gives BMI^PtCl,.. 

Anilide C^H^O.CO.NIIPh. [123-5°]. Long 
needles (Schiff, B. 19, 849). 

Nitrile C,H;,O.CN. Furfnryl cyanide. 
(148®). liiquid with sweet taste, si. sol. water, 
smelling like benzoic aldehyde. On reduction it 
gives C,H30.CH,.NH,,. 

(8) -Pyromucic acid, got by oxidation of 
fuciisol, is a mixture of pyromucic acid with 
methyl-pyromucio acid [108°] (Bicler a. Tollens, 
A. 258, 120). 

Isopyromucic acid. [82°]. Formed, together 
with pyromucic acid, in the distillation of mucic 
acid. It decomposes BaCOj very slowly, and 
can bo separated by shaking the product with 
BaCO., and extracting with ether (Limpricht, A. 
165, 250). Plates (by sublimation), v. e. sol. 
water, alcohol, and ether, FeCla gives a green 
colour. Br yields raucobromic acid. 

Beferences. — Bnoaio-, Biiomo-sulpito-, 
Chloro-, Nitro-, and Sdlpiio- pxromucic 

ACIDS. 

PYROMUCIC ALDEHYDE v. Furfukalde- 

HTDE. 

PYROMYKURIC ACID C,n,NO,. [165°]. 
Occurs in the urine of rabbits dosed with fur- 
furaldohyde (JafT6 a. Cohn, B. 20,2311). Prisms 
(from water). Split up by boiling baryta-water 
into glycocoll and pyromucic acid.— BaA'^ l.^aq : 
plates. — A urea compound (0,H;N0JC0(N1I.J.^ 
[120°] occurs in the urine of dogs fed with meat. 
It crystallises from benzene in needles, v. sol. 
water and alcohol, si. sol. ether, and is decom- j 
posed by heating with BaCOa into urea and | 
pyromykurio acid. j 

PYBONE. A name given to the ring | 



PYBOPHORUS. Any finely-divided substance 
which takes fire very easily when exposed to air 
is called Skpyrophorus. 

FYBOBACEMIC ACID is Pybuvio acid. 

PYROTABTABIC ACID C.HaO. i.e, 
0O,H.OHMe.CHa.CO.aH. 

Methyl-succimc acid. Mol. w. 182. [116®]. 

S. 66 at 20®. S.H. -8098 (from 0® to 50°) (Hess, 
A» Ch. [2] 86, 410). H.O.v. and p. 616,200 


(Stohmann, /. pr. [2] 40.200); 611,672 (Lon- 
guinine, 0. R. 107, 697). H.F. 230,800 (S.). 

Format ion.—l. By dry distillation of tartar 
(Valentin Bose, Qehlen's Joum. 3, 698) and of 
tartaric and racemic acids (Graver, N. J. T. 24, 
2, 65 ; Pelouze, A. Ch. [2J 66. 297 ; Weniselos, 
A. 16, 148 ; Fourcroy a. Vauquelin, A, Ch, 35, 
161; 64, 42 ; Arppe, A. 66, 73).— 2. By the re- 
duction of ita-, citra-, and mesa- conic acids and 
of dibroinopyrotartaric acid with sodium- 
amalgam (Kekul6, A. Siqyd. 1, 342 ; 2, 95).— 3.^ 
By saponif}‘ing its nitrile with IIClAq (Maxwell* 
Simpson, A. 121, 161).— 4. By heating powdered 
tartaric acid with liClAq at 180® (Gouther a. 
lliemanii, [2] 5, 318).— 5. By potash-fusion 
from gamboge ( HI asi we tz a. Barth, A. 138, 73). — 

6. By heating pyruvic acid alone at 170° or 
with HClAq at lOU ’, or by boiling it with baryta. 

7. By boiling jS-acotyl-a- or j3- metliyl-succinio 
ether with potas^i (Conrad, A. 188, 217 ; Kress- 
ner, A. 192, 135). — 8. By heating ally! iodide 
(1 mol.) with KCy (2 mols.) and a little alcohol, 
and boiling the resulting nitrile with KOIlAq 
(Claus, B. 5, G12; 8,100; A. ^91, 38). -9. By 
heating propane tricarboxylic acid (Bischotl a. 
Guthzeit, B. 20, Gll).— 10. By oxidation of jS- 
acetyl-H- and iso- butyric acid (Bischoff, A. 200, 
337). 

i-Vopcri/cs.— Triclinic prisms grouped like 
frog’s feet (from ctlier), v. sol, water, alcohol, 
and etlier, Bogins to boil at 200°, yiohling an 
anhydride together with some butyric acid 
(Claus, A. 191, 48). Its solution is not ppd. by 
lime-water or lead acetate, but gives a pp. with 
lead subacetate. 

Rraclions. — 1. Bromine acts very slowly in 
tho cold, but when the acid (10 pts.) is heated 
with Br (21 pts.) and water (10 pts.) at 120® for 
0 hours broniocitraconic anhydride is formed 
(Lagcrmark, Z, 6, 299). When the acid (1 mol.) 
is heated with Br (4 mols.) at 132° acetylene 
totrabromidc is formed (Botirgoin, A. Ch, [5] 12, 
419). — 2. The K salt yields, on electrolysis, 0, 
CO, and CO^ at the positive pole (Beboul a. 
Bourgoin, C. B. 84, 1231).— 3. Distillation with 
P.Bj yields methyl-thiophene.— 4. On heating 
the acid (5 pts.) with resorcin (9 pts.) and ILSO, 
(18 pts.) at 150® there is formed pyrotartryl- 
fiuoresccin 01^11,^0^, a brownish-red powder, si. 
sol. water, v. sol. dilute acids and alkalis. Ita 
dilute alkaline solutions fluoresce yellowish- 
green. It yields CjjHj^Br^Og (Hjelt, B. 17, 
1280). 

Salts.— KoA" aq : deliquescent. — KHA" : 
monoclinio prisms.— Na A" 6aq ; efflorescent 
laminuB. — NaHA": small prisms. — (NHJ.^A": de- 
liquescent ; gives oil NH3 on evaporation, leav- 
ing (NH,)HA”, which crystallises from water in 
prisms, permanent in the air.— BcA".— BeH^^'j. 
— CaA"2aq: powder. S.lat 100®. — CaH,oA"e2aq* 

— Sr A" aq. — Sr A” 2aq. — SrH^A", 2aq. — 
BaA" 2aq. — BaH.^A".^ aq. — BaH.^A", 2aq. — 
BalljA' 2 3aq. — BallaA^'a 4aq. — MgA" 3aq. — 
MgA" 6aq. — Al(OH)A". — Bi4A",(HO),0. — 
CdA" 3aq.— CdA" 2aq.-MnA" 3aq.-CuA" 2aq. 

— Cu..(OH) 2A". — Fe(OH)A" 2aq.-PbA'' 2aq.— 
Pb3A"0.2.- NiA"2aq.-NiH,A"32aq.- Zn A" 3aq. 
— ^Ag.A" : white curdy pp., blackened by light. 

Ethyl ether EtjA". (218® cor.). S.G. 

1-0189; if 1-0113. M.M. 9*347 at 17-4® 
erkin, C. J. 46, 616 ; c/. Malaguti, A. 25, 274). 
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Oktoridi Ofifi^Clr (190®-193O) (Hjelt, 
B, 16, 2624)« Beduced in ethereal solution by 
sodium-amalgam and HOAo to liquid 0,HaO^ 
(204^), S. 20, which is the anhydride of an aoid 

Anhydride OJ3.fir (245® cor.) (Lebedeflf, 
A, 182, 327). Got by heating the acid at 200® 
alone or with PjO,. Heavy oil, slowly converted 
by water into the aoid. 

Amide CHs.CH(CO.NH,).CH,.CONH,. 

e . S. 7 at 10°. Large plates (Henry, C. i?. 
43). 

Imide CH,.CH<gjj . [66'>]. Formed 

by heating aoid ammonium pyrotartrate (Arppe, 
A, 87, 228). Six-sided trimetrio plates, sol. 
water, alcohol, and ether. 

Di-methylamide CaHJCO.NHMo)-. 
[116®] (Henry, Bl [2] 43, 619). 

Mono -anilide COaH.CH,.CHMe.CON HPh. 
[147®]. Formed from aniline and pyrotartaric 
anhydride in chloroform (Arppe, J. 00, 141; 
Anschutz, A, 246, 122). Got also by reducing 
the anilide of wesaoonic acid with sodium- 
amalgam. Is identical with Eeissert’s ‘ pyranil- 
pyroio lactone dihydride.’ Bulky needles, m. sol. 
water.— PbA'a : white pp. — AgA'. 

PhenyUunide CHj.CH<]q^ [98®] 

(Arppe, A, 90, 139) ; [104®] (Biffif A. 91, 105). 
Formed by heating the acid with aniline at 
100° for ten minutes. Minute needles. 
p-Nitro-anilide 

C,H,(C0^)(C0.NH.C,H,N0,). [above 150°]. 
Formed by boiling the ^-nitro-phenyl-imido 
with Na^COjAq. Minute tables, v. si. sol. hot 
water. ~AgA' ; white pp. 

p-Nitro-phenyl-imide 
0,H^,;Cp.^:NC„H^N02. [155°]. Formed by ni- 
trating the phenyl-imide. Needles (from al- 
cohol), almost insol. water. 
p^JBromo-anilide 

OA(00.;a).CO.NHC«H,Br. [158°]. Formed 
from the anhydride and p-bromo-aniline 
(Anschutz a. Hensel, A. 248, 2G9). 
Di’bromo-anilide 

0,H,(C0^).C0.NHCeH^r2[l:2:4]. [139®]. 

Nitrile CHj,.CH(CN).CH,CN. [c. 12®]. 
(264°). Formed, amongst other products, by 
the action of KON on allyl chloride (Pinner, B. 
12, 2058). Prisma. Prepared from propylene 
bromide and alcoholic EGy at 100° (Maxwell 
Simpson, A, 121, ICO). Liquid^, sol. water, 
alcohol, and ether. 

Ethyl ether of the seminitrile 
COjEt.CHj.CHMe.CN. (198 ). 8.G. ^ 1*0276. 
V.D. 4*6. Formed from a-bromo-propionic ether 
and alcoholic EGy (Zelinsky, B. 21, 31G2). Oil. 
— NaA' : very hygroscopic. 

Befermces. — Bhomo-, Culobo-, Iodo-, Oxt- 
amido-, and Oxr- Pybotabtabio acid. 
n-Pyrotartaric acid v. Glutabio acid. 
Itopyrotartario acid v, Di-methyl-malonio 

AOID. 

PTBOTEBEBIC ACID v. Hbxbnoio acid. 
PYEOTRITAEIC ACID C,H,0, i.c. 

^^CMe:o!cOjH* JN,-methyl-fur^ 

ftutam carboxylic acid. Mol. w. 140. [136®]. 
S. *26 at 100®. A product of the distillation of 
tartanc acid (Wislicenus a. Stadnicki, A, 146, 


806). Prepared by heaitiDg pyrinrio add witli 
NaOAc and Ac^O at 140®, the yield being 20 p.o* 
(BOttinger, B. 13, 1969 ; A, 172, 241 ; 208, 122 ; 
247, 255), by heating pyruvic acid (30 g.) with 
dry sodium succinate (55 g.) at 110® (Fittig a. 
Parker, A. 267, 212), and by heating p^vio 
acid (17*6 g.) with dry potassium propionate 
(20 g.) at 140® (Bischoff, B. 24, 2021). Formed 
also by heating methronic acid as long as GO, is 
given off (Fittig, A. 260, 190 ; cf. Harrow, C. J, 
33, 425). Needles (from hot water), nearly in- 
sol. cold water, v. sol. alcohol and ether. Not 
affected by potash-fusion. PGl^ gives a chloride, 
reconverted by water into the aoid. Does not 
react with hydroxylamine or phenyl-hydrazine. 
Water at 160° forms acetonyl-acetone. By 
bromine it is converted into a tetra-bromo- 
derivative and its tetra-bromide, which are both 
reduced back to pyrotritario acid by sodium- 
amalgam. An excess of bromine at 100° forms 
penta-bromo-pyrotritario acid. By dry distilla- 
tion it gives di-methyl-furfurane; a substance 
which is also obtained by distilling acetonyl- 
acetone with ZnGl, (Paal, B. 20, 1074 ; Dietrich 
a. Paal, B. 20, 1077). 

Salts.— NaA' 2aq. -CaA ’2 2aq ! prisms.— 
GaA '2 4aq. — GaA'jGaq. — BaA'g 4aq : plates.— 
BaA'j 2aq. — BaA'j 6aq. — ZnA'j 8aq. - AgA’. 

Methyl ether MeM. (192°). Got by dis- 
tilling the Ag salt of carbopyrotritaric mono- 
methyl etlier (Enorr a. Gavallo, B. 22, 166). 

Ethyl ether EtA'. (208°). 

Pyrotritario carboxylic acid v, Mbthbonio 
acid. 

Carbop 3 rTOtritario acid u. Di-mbthyl-fub- 

FURANB OABnoXTLIO ACID. 

PYEOXANTHING.jHjoO,- [162°]. Extracted 
by NaOHAq from the product of the dry distilla- 
tion of wood (Scanlan, /. pr. 7, 94 ; Gregory, A. 
21, 143 ; Hill, Am, 3, 332 ; B. 11, 456). Orange 
needles (from alcohol), sol. benzene and HOAc.. 
Forms a purple solution in H^SO,, Reduced by 
zinc-dust and HOAc to a colourless body. 
Bromine forms Gi^HioBr^Oa crystallising in small 
colourless triclinic needles, converted by alcohol 
and powdered Sb into GjsHjoBrjOa, crystallising 
in yellow inonoclinic needles, v. sol. hot alcohol. 

PYBOXYLIN V , Cellulose. 

FYSRODIAZOU: CAN, i-t. 

[121®]. Formed by heating its carboxylic acid at 
120° (Andreocci, B. 26, 229). Needles, v. e. sol. 
water and alcohol. 

Pyrrodiazole carboxylic aoid 

COaH.C<^^;^g. Formed by oxidising methyl- 

pyrrodiazole with alkaline EMn 04 . White 
crystalline powder, v. si. sol. water, alcohol, and 
ether. 

FTEEOLE C.H.N i.e. 

Pyrroline. Mol. w. 67. (130° i.V.). S.G. I?!? 
•9752. S.V. 92*1 (Ramsay). H.F.p. 4,056 (Ram- 
say). Occurs among the products of distillation 
of coal (Bunge, P. 31, 67) and of bones (Ander- 
son, Tr, E. 20 [2] 247 ; 21 [4] 671 ; A, 80, 63; 
105, 349). 

Formation,—!, By distilling ammonium 
mucate alone or with glycerin at 190° (Schwanert, 
A. 116, 279 ; Goldschmidt, Z. [2] 8, 280).— 2. By 
heating its oarbozyUo aoid.— 8- By difltilliag 
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mMlliixnido with zino-dasi (Ohiohester Bell, B. 
18, 877). — By distilling ammoniuin saooharate 
(Bell a. Lapper, B, 10, 1962).— 5. By heating 
m-ohloro-maleio imide with POlj at 200°, and 
reducing the resulting perohloride O^CljN with 
zinc-dust and HOAc (Giamician a. Silber, B, 17, 
654 ; 19, 3027). The dichloro -maleic imide tuay 
be got from succinimide and PCl^— 6. By re- 
ducing tetra-iodo-pyrrole with zinc-dust and 
EOHAq (0. a. S.). — 7. By heating albumen with 
Ba(OH)2 at 150° rSchiitzenberger, BL [2] 25, 
269).— 8. By distilling pyromucic acid with 
ammonia-zinc chloride and GaO (Ganzoneri a. 
Oliver!, O. 10, 487).— 9. By passing di-ethyl- 
amine through a red-hot tube (Bell, B. 10, 1868). 
10. By passing ethyl- ally 1- amine over PbO at 
450° (Koenigs, B. 12, 2344). — 11. By distilling 
glutamic acid (Haitinger, M. 3, 228). 

Preparation,— Bone oil is shaken with acids 
and distilled. The fraction 98°-160° is heated 
with KOHAq and distilled, and the portion 
125°-140° heated with solid KOH with inverted 
condenser. The solid G^H4NK thus obtained is 
washed with ether and decomposed by water, and 
the pyrrole distilled with steam (Giamician, B, 
13, 70; 19, 173 ;Gf. 16, 336). 

Properties. — Oil with fragrant odour, re- 
sembling chloroform. Tastes hot and pungent. 
V. sol. alcohol and ether, insol. dilute alkalis. 
Turns brown in air. Turns pine-wood soaked 
in HGlAq red. Dissolves in cold dilute acids, 
but on warming the solution pyrrole-red is 
formed as a bulky amorphous pp. FeGl, added 
to its solution in HClAq gives a green colour 
changing to black. Alcoholic HgGlj gives a 
white pp. Isatin and HOAc or dilute H.^SO^ 
give a deep-blue pp. which forms a deep-blue 
solution in HOAc and (V, Meyer, B, 16, 

2974 ; Giamician, B. 17, 142), 

Reactions. — 1. HNO3 forms oxalic acid. — 
2. Potassium acts very strongly, forming a 
colourless liquid, which solidifies on cooling to 
G4H4NK. Boiling with solid KOH gives the 
same body (Anderson, A. 105, 352). Sodium 
acts but slightly, forming G^H^NNa only at a 
very high temperature. NaOHAq has no action 
on pyrrole. — 3. HGl passed into an ethereal 
solution ppts. crystalline (G,H5N)j,HGi, whence 
ammonia liberates an unstable baBo(Dennatedt a. 
Zimmermann, B. 21, 1478), — 4. Hydroxylamine 
forms NH3 and crystalline G^HaN^Oj [176°]. 
Converted by adding Na to its boiling alcoholic 
solution into tetramcthylene-di amine (Giami- 
cian, 0, 14, 156 ; B. 22, 1968). The compound 
C4H3N2O2, when heated with phenyl-hydrazine, 
yields G^HigN,, which crystallises from alcohol 
in plates [125°]. — 6. By a dilute solution of 
sodium hypochlorite (15 pts. of active chlorine 
in 1,000 pts. of water to 10 pts. of pyrrol) it is 
converted into ^-chloro-maleio acid and chlor- 
inated pyrroles. On the other hand, a concen- 
trated solution of sodium hypochlorite (45 pts. 
of active chlorine in 500 pts. of water to 10 pts. of 
pyrrole) yields dichloro-acetio acid. An alkaline 
solution of bromine yields dibromomalcimide. 
Iodine in presence of alkalis yields tetra-iodo- 
pyrrol (Giamician a. Silber, B, 17, 1743 ; 18, 
1768).— 6. Potassium pyrrple heated with ethyl 
iodide yields v-ethyl-pyrrole, di-ethyl-pyrrole 
04Ha£t:K£t, and probably also C^HjEtiNH. 
Fotcvssium pyrrole 4 nd b^yl*chloride yield 


K-benzyl-pyrrole (247^) (Giamician, B. 22, 069 \ 
0. 17, 186).-7. Pyrrole (60 g.), boiled with par. 
aldehyde (50 g.) and ZnGl, (l2 g.), forms oily 
ethyl-pyrrole GjH^N (164°) (Denhstedt a. Zim- 
mermann, B. 19, 2189).— 8. Pyrrole (1 pt.), 
acetone (10 pts.) and a drop of HOI give 
[291°], whence alcoholic AgNO, forms 
(Gi4H„Nj),AgN03, crystallising in needles (Bwyer, 
B. 19, 2184). The compound OnHijN, yields, 
on distillation, G,oH,3N (275°-285°), which is 
probably mesityl-pyrrole, and whence Ao^O and 
NaOAc fornj r-acetyl-pyrrole. The compound 
G^HiyNj, examined by Baoult’s method, appears 
to have the formula On heating 

pyrrole with acetone and ZnCl, isopropyl-pyrrble 
(174°) is formed. Among the products of the 
action of acetone on pyrrole there is also a 
yellow oil G.jH^N (?) (300°-305°), which soon 
blackens in air. This oil forms an acetyl deriva- 
tive [above 300°]. and is reduced by tin and 
alcoholic HGl to^^G.sH^N (274°), which yields 
B'HGl [228°] and B'HSnGl, [170°] (Dennstedt 
a. Zimmermann, B. 20, 8.50, 2449 ; 23, 1870). — 
9. Di-ethyl ketone^ MeOH, tand HGl ^ve 
CiaHjjuNj [210°], which yields B'.^gNO„ crystal- 
lising in needles (Dennstedt a. Zimmermann, B. 
20, 2455).— 10. Chloroform converts potassium 
pyrrole into (i3)-chloro-pyridine. Bromoform 
acts in like manner, giving bromo-pyridine. 
GH,Gl2 has no action, but CGI4 forma chloro- 
pyridine, while benzylidene chloride yields (/8)- 
phenyl -pyridine (Giamician, B, 14, 1160 ; 16, 
1172; 20,191; (7. 16, 140).- 11. Readily combines 
with diazo- compounds, forming azo- and disazo- 
bodies, but no compounds analogous to the 
diazoamides. Their constitution is probably 

( 0 . 

Fischer a. Hepp. B. 19, 2251).-12. Pyrrole (6 g.) 
added to a lukewarm solution of alloxan (11 g.) 
in water (300 c.c.) forms colourless crystals of 
G^H^N^O^ or NH3.G0.NH.G0.G0.G0.GH,NH, 
si. sol. hot alcohol, nearly insol. water and ether, 
and yielding Ag,,A". Pyrrole-alloxan is converted 
by caustic ‘ potash solution into C7H„N.30, or 
NH2.GO.GO.GO.G4H3Nn, which crystallises in 
white plates, v. sol. warm alcohol, and ^elds 
AgA' and crystalline Me A' (Giamician, B. 17, 
106. 1711; 19, 1708; G. 16, 198, 857).— 
13. Pyrrole and MeOH distilled over zino-uust 
yield (a)- and (i8)- methyl-pyrrole, di-methyl- 
pyrrole, and di-methyl-dipyrrole (Dennstedt, B. 
24, 2559).— 1^. Acetyl chloride, acting on potas- 
sium-pyrrole, forms »^-acetyl-pyrrole and pyrryl 
methyl ketone (pseudo-acetyl-pyrrole), which may 
be separated by steam-distillation. Ao^O at 800° 
forms pyrrylene di-methyl diketone (Giamician a. 
Silber, 0. 15, 193).— 15. Propionic anhydride and 
sodium propionate form, on boiling, i/-propionyl- 
pyrrole, pyrryl ethyl kotohe, and pyrrylene di- 
ethyl diketone (Dennstedt a. Zimmermann, B. 
20, 17601.-16. BZ3O and NaOBz at 220° form 
pyrryl phenyl ketone (pseudo-benzoyl-pyrrole). 
17. GOGl, in benzene, added to C4H4NE in 
ether, forms GO(NG4H4)2, separating from ligroln 
in monoclinic crystals [63°] (238°) (Giamician a. 
Magnaghi, B. 18, 415).— 18. Phthalic anhydride 
and HOAc at 186° form O.aHLNO, [241°], con- 
verted by Br into Cj^aBr^NO, [199°], and by 
boUing KOHAq into [174°-184°], which 

yields McA' [105^ (Ciamician, B. I7i 2967; 



«?yv 


X XXVl-VV/XiU* 


^derlin!, B, 21, 2869). The compound 
D|.^H7NOg is reduced by water and Na to 

04H,N;0<^g>CH.0H [118°] (Ciamician, B. 
19,2206; 21, 1664). 

Salts.— C^H^NK. Solid, absorbing CO.^ at 
200°, forming pyrrole ()3) -carboxylic acid. — 
B'2HgClj: crystalline powder, insol. water, si. 
sol. cold alcohol.— BV^CdClj. — B'ICl : black pp. 
(Dittniar, B. 18, 1012).-Picrate : [c. 71*^]; 
unstable (Hooker, B. 21, .3299). 

Acetyl derivative (182° i.V.). 

Fonned by the action of AcCl on potassium- 
pyrrole suspended in ether, and also as a by- 
product in the preparation of pyrryl methyl 
ketone by heating pyrrole with Ac^N and NaOAo 
(Ciamician, B, 10, 2348 ; 18, 881). Oil, volatile 
with steam, saponified by hot KOHAq. Reddens 
acidified pine-wood. Gives a pp. with aqueous 
HgCl,. 

Propionyl derivatii^ C4H4N.COEt. 
(193°) (Dennstodt a. Zimmermann, B. 20, 1760). 

Dihydride C^HjN. Pyrroline. (90° i.V.). 
Formed by reducing pyrrole with zinc-dust and 
HOAc (Ciamician a. Dennstedt, B, IG, 1536 ; 
22, 2512 ; O. 15, 481). Hygroscopic liquid, v. 
sol. water. Yields a nitrogamine C4H^N(NO) 
[38°]. Absorbs COj from the air. — B'HCl. 
[174°]. Flat prisms, v. sol. hot alcohol. — 
B'aH.^PtCl„ : triclinic crystals. — B'lIAuCl, [162°]. 
-B'CAN^O,. [156°]. Yellow crystals (from 
water). Benzoyl derivative C^H^NBz. 
(160° at 2 mm.). Syrup, formed from the hy- 
drochloride and BzCl at 110°. V. sol. alcohol. 

Tetrahydride C^H.jN. Pyrrolidine, 
(88*5°). S.G. '8520. Formed by reducing 
the dihydride by HIAq at P at 250° (Ciamician 
a. Magnaghi, O. 15, 483 ; B, 18, 2070). Formed 
also, together with tctra-methylene-diamine, by 
the action of Na on eiliylcno cyanide or succin- 
imide in alcohol, and by distilling tetramethylene- 
diamine hydrochloride (Ladenburg, B. 19, 782 ; 
20,442,2216; Petersen, /i.21, 290). Formed from 
chlorobutylamino hydrochloride and KOHAq 
(Gabriel, B, 24, 3234). Liquid, with pungent 
ammoniacal odour. Yields a liquid nitrosamine 
(214°), V. sol. water.— B'.H.PtClg. [200°]. 
Prisms. — B'HAuCl^. [20(i°]. — B'0,H,N,O,. 
[112°].— B',H,Bi,^.-B'H„CdI,. [219°]. Needles. 

Pyrrole red CjoHj^N.O* ? Formed by boiling 
pyrrole or .its carboxylic acid with dilute IL^SO^ 
or HCl (Anderson, A. 105, 357 ; Schwanert, A, 
116, 280). Reddish-brown flakes, insol. water, 
ether, acids, and alkalis, si. sol. aldohol. Yields 
pyrrole on distillation. 

Homopyrrole v. Mkthyl-pyurole. 
References.-Bnom-t Chloro-, Iodo, Nitro-, 
and OxY-AMiDO- Pyrrole. 

PY££0L£ - AZO- v. Azo- compounds and 
Disazo- compounds. ■ 

PYREOL-CAEBO-KETONIC ACID v. Pyrryl- 

OLYOXYLIG ACID. 

PYEEOLE (a).CARBOXYLIC ACID CANO^ 

1. e. C4H,(C0.^H)NH. Carbupyrrolic acid. [191°]. 

Fonnation.^1. By the action of boiling 
baryta on its amide, which is got by distilling 
ammonium mucate (Malaguti, A. 15, 179; 
Schwanert, A.116,270; Ciamician, B. 17, li 1). — 

2. By boiling pyrocoU with KOHAq (Weidel a. 
Ciamician, M. 1, 285).— 3. By fusing potassium 
|a)-methyl-pyrrole with potash ICiamician, B. 


14, 1064 ; O. 11, 228).— 4. By heating pyrrole 
with ammonium carbonate and water at 140° 
(Ciamician a. Silber, B. 17, 1150 ; O. 14, 162).— 
6. By heating pyrrole with alcoholic potash and 
GCI4 (Ciamician a. Silber, B. 17, 1437).— 6.By the 
action of CO, on potassium pyrrole at a high 
temperature (C. a S.). 

Properties.— Prisms (from water), sol. water 
and alcohol. Decomposed by heat into CO.^ and 
pyrrole. HClAq forms, on warming, CO„ pyrrole 
red, and NH,Aq. 

Salts. — NH4A' : m. sol. water. — CaA^, : 
scales.— BaA'.^ (dried at 100°) /plates, sol. water 
and alcohol.— PbA',; nacreous scales, v. sol. 
water.— AgA' : small needles, si. sol. water. 

Methyl ether Me A'. [173°]. Prisms. 

Ethyl ether EtA'. [39°] (231°). 

Amide C^H^iCONHJN. [173°]. Lamina, 
V. sol. alcohol and ether, m. sol. water. 

Acetyl derivative C4HaN.CO.OA0. [75°]. 
Ig'ormed from the Ag salt and AcCl. Scales, 
readily decomposed by water into acetic acid 
and pyrrole carboxylic acid. At 75° it decom- 
poses into HOAc and pyrocoll. 

Pyrrole (j8) -carboxylic acid C 4113(00.^) :NH. * 
[162°]. Formed by fusing potassium (/S) -methyl- 
pyrrole with potash (Ciamician, B. 14, 1054). 
Needles, partially decomposed by boiling water 
into CO^ and pyrrole. The lead salt is si. sol. 
water.— BaA',^: needles. A pyrrole carboxylic 
acid [166°], got by potash-fusion from isopropyl- 
pyrrole, and yielding a methyl ether [129°] 
(Dennstedt a. Zimmermann, B. 20, 855), is pro- 
bably identical with the (8)- acid. 

Pyrrole t'-carboxylic acid 

Ethyl ether C4il4N.CO-Fjt. TetroU 
urethane. (180°). Formed from potassium- 
pyrrole and ClCO^^Et in ether (Ciamician a. 
Dennstedt, 0. 12, 84). Oil. 

Amide C4H,N.CONH.,. [167°]. Formed 
from the ether and NHj. 

Nitrile C4H4N.CN. Tetrol cyanuramide. 
[210^]. Got by passing CyCl into potassium- 
pyrrole in ether (Ciamician a. Dennstedt, G. 13, 
102). Needles, insol. water, sol. hot alcohol. 
Boiling alcoholic potash forms pyrrole, CO,, and 
NH,. 

Pyrrole dicarboxylic acid C5HJNO4 i.c. 
C4H,(C0,H) ,NH. Formed by oxidising pyrrylene 
dimethyl diketone, and fusing tho product with 
potash (Ciamician a. Silber, G\ 16, 377 ; B. 19, 
1958 ; 20, 2001). Needles (from dilute alcohol), 
sol. ether and hot water. Blackens at 260°, 
giving pyrrole and CO,. FeCl, gives a brown 
pp. The Ba salt crystallises in needles. Tha 
Ag salt is a curdy pp. 

Mono-methyl ether MeHA". [243°], 

Di-methyl ether Me, A". [132°]. 

Di-ethyl ether Et,A". [82°]. 

References. — Bromo-, Chloro, and Nitbo- 
FYRROLE carboxylic ACIDS. 

PYEEOLINE. A name used both for Fybbolb 
and Pyrrole dihydride. 

PYEEOLYLENE v. Butinkne. 

FYBEOLYLENE TETEABEOMIDE v.Teiba- 

BROMO-BUTANB. 

PYEEONE V . Di-pybeyl-ketone. 

PYEEOYL-FOEMIC ACID r. Pyrbtl-gly. 

OXYLIO ACID. 

PYEEOYL - PYEEOL C4H4N.CO.C,H,NH 
[63°]. Formed, together with di-pyrryl-ketoi)f 
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COCOANH), by Inlriunoleoalar transformation 
of carbonyl-pyrrole by healing it to 250° for a 
few hours (Oiamician a. Magnaghi B. 18, 1829). 
White silky plates. Not volatile with steam. 
By heating with aqueous KOH it is split up into 
pyrrole and pyrrole- (a) -carboxylic acid. 

PYRBOYL-PYEUVIC ACID. Ethyl ether 
O^H3NH.CO.CH,.CO.CO,Et. [123°]. Formed by 
the action of NaOEt and oxalic ether on pyrryl 
methyl ketone (Angeli, B. 23, 1794, 2155). Yellow- 
ish plates, V. sol. alcohol, si. sol. water. Decoin- 
posod by alkalis, even in the cold, into oxalic 
acid and pyrryl rifcthyl ketone. Hj’droxylamine 
forms OioHioNjOj [124°], which on saponification 

yields the acid [m»]. 

crystallising in white needles. Aniline (2 pts.) 
in HOAo forms C,H,NH.CO.CH2.C(NPh).CO,Et 
[115°]. Phenyl-hydrazine forms 
[1G8°] which is the ether of an acid [216°]. 

Anhydride [250O]; 

Formed by adding HCl to the mother-liquor from 
which the ether has separated (Angeli, B, 23, 
*1795). Yellow needles (from benzene), v. sol. 
alcohol. o-Phonylene-diauiine forms C,4n,NsO, 
a reddish-yellow crystalline powder forming a 
bluish -green solution in II.SO* and yielding a 
benzoyl derivative [c. 100°]. Aniline forms 

pisoj, whonoo cold KOHAq 

forms an acid 0,4H,2Nn0a [179°]. 

PYRRYLENE DIETHYL DIKETONE 
C4Hp^H(COEt)2. ^ [117°]. Formed by heating 
pyrrole with propionic anhydride at 200° (Donn- 
Btedt a. Zimmerraann, B. 20, 1761). Plates. 
PYRRYLENE DI-METHYL DIKETONE 

C.H,NO, i.c. [162°]. Formed 

by heating pyrrole, pyrryl methyl ketone, or 
acetyl -pyrrole with Ao.^0 at 250'-’ (Ciamician, B. 
17, 432, 2953; 18, 881, 1400; 19, 1957; 20, 
2595). Needles, sol. hot water and hot KOHAq. 
May be sublimed. Yields a nitro- derivative 
[149°] and a di-bromo- derivative [172°]. — AgA'. 

PYRRYLENE DISTYRYL DIKETONE 
(C,H,.Cn:CH.CO),,C4H.,Nll. [210°]. Formed by 
heating pyrryleno dimethyl diketone with ben- 
zoic aldehyde and KOHAq (Ciamician a. Denn- 
Btedt, B. 17, 2953). Crystals (from HOAc), si. 
flol. alcohol. Forms a violet solution in H.^SO,. 

PYRRYL ETHYL KETONE C.H„NO i.e. 
OjHs.CO.C 4H;,NH. [62°]. (224°), Formed by 
boiling pyrrole with propionic anhydride and 
sodium propionate (Dennstedt a. Zimmerman n, 
J3. 20, 1761). Colourless needles. — AgA' : pp. 

PYRRYL-GLYOXYLIC ACID C.H.NOaaq i.e, 
C4H,NH.C0.C0.,H aq or C4H,NH.C(6H),.C0.H. 
Formed by oxidation of pyrryl methyl ketone by 
KMn04 (Ciamician a. Dennstedt, B. 16, 2350 ; 
17, 2949). Crystallises from benzene in yellow 
needles (of C8H7NO4) melting at 76°, v. sol. hot 
water. After drying over sulphuric acid the acid 
(CHH4NO3) decomposes at 114°. The aqueous 
solution gives a red colour with FeClj. On heat- 
ing with HClAq it gives a crimson colour turned 
yellowish -green by alkalis.-- -AgA'; colourless 
needles, sol. hot water. 

Methyl ether MeA'. [72°]. (285°). Mono- 
^linio crystals, si. sol. wsitei:. 


Oarboiy-pyrryl-glyoxylic acid 
COjH.C.HjNH.OO.COjH. Formed by oxidation 
of pyrrylene dimethyl diketone (Ciamician a. 
Silber, B. 19, 1412, 1961). Crystalline, v. sol. 
hot water.— Ag.A" : canary -yellow pp. 

Methyl ether McjA". [145°]. 

DI-PYRRYL KETONE CO(C4H3NH)3. [160®]. 
Formed, together with (04H4N)2C0, by the action 
of COClj on C4H,NK. Formed also, together 
with pyrroyl-pyrrolo, by heating (C4H4N)3CO at 
250° for a few hours (Ciamician a. Magnaghi, 
B. 18, 414, J829). Trimetrio crystals; a:h:c=» 
2-531:l;2*901. V. sol. alcohol, ether, and benzene, 
nearly insol. water. Ag.»A” : yellow pp. 

PYRRYL METHYL KETONE C,H,NO i.e. 

CH,.C0.C.H3NH or Pseudo- 

acetyl-pyrrole. [90°]. (220° uncor.). V.D. 3’8 
(calc. 3'8). Formed by boiling pyrrole with Ao^O 
and NaOAc (R. Schiff, B. 10, 1501 ; Ciamician 
a. Dennstedt, B.n6, 2.348; 17, 432, 2944; 18, 
1456 ; 20, 2005 ; O. 15, 175). Formed also by 
heating pyrrole with AcoO and ZnCl.^ (Dennstedt 
a. Zimmermann, B. 19, 2204), #nd by heating 
CH3.CO.C,H3 N.COoK with K.COs at 290° (Ciami- 
cian a. Silber, B. 19, 1903). Long raonoolinio 
needles, sol. hot water, v. sol. aqueous alkalis, 
sparingly volatile with steam. Not converted 
into pyrrole and KOAc by potash. . 

Eeactions. — 1. Yields pyrryl-glyoxylio acid 
when oxidised by KMri04. — 2. Benzoic aldehyde 
and dilute KOH form pyrryl styryl ketone.— 3. 
Water and sodiam-amahjatnxedxxco it to crystal- 
line pyrryl methyl pinacone C,2H,rtN2O3[120°]and 
pyrryl-methyl-carbinol CH3.0'H(OH).C4 HjNH 
an oil (290°-300°). Pyrryl-methyl-pinaoone 
C4n4N.CMe(OH).CMe(OII).C,H,N crystallises in 
prisms (containing 2aq) melting at 98° when 
hydrated.— 4. Oxalic ether and NaOEt form 
pyrroyl -pyruvic ether (Angel, B, 23, 1357, 17941. 
5. Cold fuming li^SO, yields an unstable sul- 
phonic acid, which forms a crystalline K salt. 

Salt.— CiH^AcNAg. Crystalline pp. 

Oa;iwCH;,.C(NOH).C,H3NH. [146°]. Needles. 

Phenyl - hydrazide 

Cn.,.C(N.HPh).g4H3NH. [147°]. White powder. 

liefcrcnces.-Amoo-, Buomo-, Bromo-nitbo-, 
and Nitro- Pyrryl methyl ketone. 

PYRRYL METHYL KETONE CARBOXYLIC 
ACID C,H,N03 i.e. CH3.CO.G4H3N.CO2H. [186°]. 
Formed by saponification of its methyl ether, 
obtained by heating methyl pyrrole (a)-carboxy- 
lato with Ao^O at 200° (Ciamician a. Silber, G. 
14, 109 ; B* 17, 1155). Leaflets, sol. water, 
alcohol, and ether. FeCl, gives a brown pp.— 
CaA'„7aq; triclinic prisms. — ’‘PbA'j: needles. — 
AgA'*; powder, si. sol. water. 

Methyl ether MeA', [113°]. Gives with 
ammoniacal AgNOj a pp. CHHsAgNO,. 

PYRRYL PHENYL KETONE Ci.E^NO i.e. 
CJIs.CO.C.HaNH. [78°]. Formed by heating 
pyrrole with benzoic anhydride and dry NaOBz 
at 200°-240° (Ciamician a. Dennstedt, B. 17, 
432, 2955). Needles, v. sol. alcohol, si. sol. hot 
water.— C, , AgN 0. 

PYRRYL STYRYL KETONE 0|,H„NO tA 
03H5.CH:CH.C0.04H3NH. [142°]. Formed by 
boiling pyrryl methyl ketone with CaHjCHO and 
KOHAq (Ciamician a. Dennstedt, B. 17, 2947). 
Yellow needles, si. sol. alcohol, insol. water.-— 
C)|HipONAg ; yellow needles, insol. NH^q. 
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Pyroraeemic acid, Di^oxy-propumic acid. Mol. 
w. 88. [9®]. (o. 166®). S.G. « 1*2762 ; Jf 

1*2700. M.M. 8-667 (Perkin, 0. J. 61, 886). 

Formati(m.--l, Bj distilling racemic or tar- 
taric acid (Berzelius, A, 18, 61 ; Vdlckel, A. 89, 
66 ; Wislicenus, A, 126, 225).— 2. By gradually 
heating tartaric acid with HClAq in sealed tubes 
to 180® (Geuther a. Eiemann, Z, [2] 6, 318).— 8. 
By heating tartaric acid with cone. R^SO* at 40°- 
60® (Bouchardat, 0, B, 89, 99).~4. By heating 
silver di-o-chloro-propionate with water (Beo- 
kurts a. Otto, B, 10, 265 ; 18, 227).— 6. By dis- 
tilling glyceric acid (Moldenhauer, A, 131, 338 ; 
B6ttinger, A. 196, 92).— 6. By boiling acetyl 
cyanide with dilate HCl (Claisen a. Shad well, B, 
11, 1663).— 7. By oxidation of a cold aqueous 
solution of calcium lactate by KMnO* (Beilstein 
a. Wiegand, B, 17, 840). 

Prepa/ration, — 1. Tartaric acid (3 lbs.) is dis- 
tilled from a glass retort (30 lbs. capacity). The 
distillation takes three hours. A fresh quantity 
of tartaric acid is then added and the operation 
repeated. The< distillate is fractionally distilled 
(Clewing, J. pr, [2] 17, 243).- 2. Dried, and finely 
powdered, tartaric acid is mixed with an equal 
weight of sand and distilled (Seissl, A. 249, 297). 
8. Tartaric acid is distilled with KHSO4, the 
yield being 60 to 60 p.o. (Erlenmeyer, B, 14, 
321). . 

Properties.— Liquid, smelling like acetic acid, 
V. e. sol. water, alcohol, and etlier. Colourless 
crystals below 9® (Simon, Bl. [3] 9, 111). Par- 
tially decomposed on distillation. Reduces am- 
moniacal AgNOj, forming a mirror, and yielding 
COa and acetic acid. Coloured cherry-red by 
alkaline sodium-nitroprusside, the colour being 
discharged by HOAc (Von Ditto, A. 267, 377). 
Readily ppd. by phenyl-hydrazine. Forms an 


oxim. 

Reactions.— 1, Dilute HjSO^ at 150® splits it 
up into aldehyde and COj (B. a. W.). — 2. By 
long heating at 170® it is converted into CO, 
and acetic, pyrotaiiiaric, uvic, and citraconio 
acids (BSttinger, B. 9, 670, 837, 1823).— 3. HClAq 
at 100® forms COj and pyrotartaric acids (Do 
Clermont, B. 6, 72).— 4. Boiling with Ag.,0 yields 
COj and acetic acid. — 6. Reduced to lactic acid 
by sodium-amalgam ^ and by Zn and H^SOi- — 
6. HI reduces it to propionic acid.— 7. Zinc 
when added to its. alcoholic solution forms 
CO,H.CMo(OH).CMe(OH).CO.^ (Bottinger, B.9, 
1064).— 8. PCI, forms di-o-chloro-propionio acid 
(Klimenko, B. 3, 465 ; Beckurts a. Otto, B. 11, 
886).— 9. Dry bromine at 0® forms crystalline 
di-bromo-lactic acid (?). Br and water give di- 
bromo-pyruvio acid (Wislicenus, A. 148, 208; 
Wichelhaus, A. 162, 265).— 10. Oxidised by 
chromic acid mixture to CO3 and acetic acid. — 
11. HNO,form8 oxalic acid and COa.— 12. Boiling 
baryta-water forms uvitio, uvic, pyrotartaric, 
oxalic, and acetic acids and C02(Finckh,il. 122, 
182; Bottinger, B, 8, 967; A, 172, 241, 253; 
188, 813; 208, 129). Baryta- w'ater added to 
a cold solution of pyruvic acid ppts. barium 
hydruvate BaO,H„0, or the basic salt 
Ba,;^(C,H,0,)4. Hydruvic acid is a syrup. — 
18. On heating with excess of quicklime it yields 
a little aldehyde (Hanriot, 0. R. 101, 1166; Bl, 
[2] 46, 81).— 14. HCN followed by HCl forms 
l^tio^ Itoid. KCN followed by HCl yields 


OH,.0(OH)(ON).OOaH w. " OtJuro-oXY-PBOMOWio 
ACID. On warming pyruvlo acid with HON 
under pressure the product iBCMe(NHJ(COaH)|, 
crystallising in unstable prisms (KOmer a. 
Menozzi, O, 17, 104). — 16. Alcoholic ammonia 
forms methyl • pyridine dicarboxylic acid.— 
16. Aniline added to an ethereal solution forma 
C,H,NO,, t.e.CH,.C(NPh).CO.^ [122®] (Bfittinger, 

B. 10, 818). Aniline alone forms, on heating, 
CnHigNjO, crystallising from dilute alcohol in 
needles [196®], while p-toluidine gives O^HaoNaO 
[238°] (Lazarus, B. 17, 998). Aniline and fur* 

furaldehyde form 

crystallising in greenish-yellow needles [210®- 
216®] (Doebner, il.242, 285). Tetra-amido-anisole 
forms the quinoxaline CaH(0Me){N.aCaH40)3 as 
orange-yellow fiakes, v. sol. alxalis (Nietzki a. Kur- 
tenacker, B. 25, 284).— 17. H^S passed into water 
containing the Ag salt forms thiolactic acid {B6ttin» 
ger.B. 9, 404 ; Lovfen, J.pr. [2J 29, 376).— 18. PH, 
and HCl passed into an ethereal solution form 
‘phosphortrianhydropyruvio ’ acid CaHaPO,, crys- 
tallising in needles, insol. alcohol and ether, and 
forming with phenyl-hydrazine the compounds 

C, H..PO,3PhN.^, [132®] and C«H„N,.p,(?) 
[162®]. The acid C„H„PO, is converted by aniline 
into 02,H..,N2P0a [158®], whence phenyl-hydrazine 
forms CajHaNjO, [169®]. Tolylene-diamine con- 
verts C,H„PO, into C APO„2 C,H,oN, [178®] (Mes- 
singer a. Engels, B. 21, 334, 2919).— 19. Pyruvio 
acid (50 g.) heated with dry sodium succinate (92 g.) 
and A0.4O (58 g.) at 110® forms di-methyl-maleio 
anhydride (pyrocinchonio anhydride) (Fittig a. 
Parker, A. 267, 204). Pyruvic acid (30g.) heated 
with dry sodium succinate (55 g.) at 110® forms 
uvic (pyrotritaric) acid. — 20. Pyruvic acid (30 g.) 
heated with sodium pyrotartrate (60 g.) and 
AcO (36 g.) at 140® forms methyl-ethyl-maleio 
anhydride (F. a. P.). — 21. Benzonitrile and cold 
HjSO, form an acid OpH,aNa04, crystallising in 
tables [172°], insol. water, v. sol. acetone 
(Bottinger, B. 14, 1599).— 22. Phenyl -aceto- 
nitrile and H.^S04 form, in like manner, 
C,„H,„N,G4 [145®] (B.).— 23. By heating with 
aldehydes R.CHO and baryta-water it is con- 
verted into s-alkyl-isophthalic acids of the form 
C«H,K(C0,H), (Doebner, B. 23, 2378).— 24. Benz- 
oic aldehyde and aniline in ether form, in the 
cold, C,,H,sN, 0 or CHPh:CH.C{NPh).CONHPh 
[225®], insol. water, acids, and alkalis, si. sol. 
alcohol and ether. Cuminio aldehyde and 
aniline give C,j5H4N.40 [216®] (Doebner a. 
Giesoke, A. 242, 290; 249, 102). Benzoic 
aldehyde and p-toluidine form, in like manner, 
Oj^HaNaO [205®] .—25. Isobutyric aldehyde and 
aniline in alcoholic solution react forming 
CHPr.CH.C(NPh).CONHPh (?) [222®] crystal- 
Using from HOAc in needles, while isovaleric 
aldehyde and aniline in ether give O-^H^^NjO 
[160°] (Doebner^ A. 242, 275). Isovaleric alde- 
hyde in warm alcoholic solution forms the acid 
C,.H,.NO...— 26. ThioglycoUic acid gives rise to 
C0.4H.CMe(0H).S.CH2.C0.^ [110®] with evolu- 
tion of heat ; while HOI passed through a mix- 
ture of pyruvio and ttiioglycollio acids produces 
CO^.OMo(S.CH,.COaH)a [162®] orystalUsing 
from ether (Bongartz, B, 19, 1938 ; 21, 484).— 
27. Phenyl nwreaptan forms the compound 
OH..C(SPh)(OH).CO-H, while p-bromo-phcnyl 
mercaptan fonos OH,.0(SO|Et4Br)(OH}.00^ 




ril4’5®] (Baumann, B. 18, 263).— 28. Ethylene 
mercaptan forms a substance [96®1 which crystal- 
Uses from benzene as a fine powder, and may bo 

conaensed to g^'|>OMe.OO,H [102»]. which 

on oxidation gives ethylene ethylidenedisulphone 
[198®] (Fasbender, B. 21, 1473).— 29. Benzene 
and H,SO^ form CH,.CPh,.C02H, while phenol 
and a, SO* yield O.^HhO* (Bdttinger, B. 14, 1695 ; 
16, 2071).— 30. Distillation of the K salt with 
KOAc forms acetone and pyrotartaric acid (Wi- 
ohelhaus, [2] 6, ^54).— 31. Pyruvic acid (1 pt.) 
heated with urea (2 pts.) at 100® forms pyvuril 
or ‘ pyruvic diureide ’ C,H„N.,03, which crystallises 
in tables, S. 10 at 100°, insol. alcohol and ether 
(Grimaux, G. R. 79, 620, 1304, 1478; 80, 63; 
A. Ch. [6] 11, 373). Pyvuril is decomposed by 
long heating at 160°, forming amorphous 'tetra- 
pyruvio tctraureido’ C,bII,„N„ 08, insol. water. 
Boiling dilute HClAq converts pyvuril into urea . 
and * dipyruvic triureide ’ CoHijNjOj, which 
crystallises from hot water in needles, S. *4 at 
100°, decomposed by boiling alkalis into urea, 
pyruvic acid, and pyvuril. Boiling cone. HClAq 
converts pyvuril into urea and ‘ pyruvic ureido ' 

C,H,N,0, or CO<^£®q®, a crystalline 

powder, m. sol. hot water, insol. alcohol. Nitric 
acid converts pyvuril into nitro-pyruvio urcide 
C*H;,(N03)N,0, [above 200°], which is decoin- 
posed by boiling bromine-water into parabanio 
acid and OBr^.NOj. Pyruvic acid heated with an 
equal weight of urea at 100® forma amorphous 
insoluble ‘ tripyruvic tetraureido ’ C,,H,eNHO, and 
dipyruvic triureide. — 32. Sodium hippiirate and 
Ac.O at 100° form the dibasic acid 
[157®] (A. HolTmann, B. 19, 2555).— 33. A 
solution of indoxyl forms on adding cone. HCl 

the indogenide >0;CMo.CO,H [197“]. 

crystallising in red needles forming a blue 
solution in H^SO., (Baeyer, B. 16, 2199). — 34. 
Glycerin and KHSO* form ‘glycuvio acid,’ or 
* pyruvin,’ which is also got by heating glycerin 
with glyceric acid at 120°, and by distilling gly- 
cerin with citric acid. Glycuvic acid is probably 

CH3.C0.C0.0.CH2.CH<^^^ . It is crystalline 

[82®] (241°), and yields pyruvic acid when boiled 
with baryta (Bdttinger, B. 10, 286; 14, 316; 
A. 263, 246; Jowanovitch, M, 6, 467 ; Erhardt, 
M, 6, oil; Schlagdcnhautlen, C. 74, 672; De 
Clermont, C. R- 105, 620). 

Salts.— The salts crystallise well, provided 
heat is avoided in their preparation ; otherwise 
they become amorphous. The acid also is 
changed by evaporation of its aqueous solution 
into a non-volatile syrupy mass.— NaA': largo 
prisms.— BaA'.^ aq : scales. — BaA'^ 2aq : amor- 
phous.— PbA', aq ; crystalline pp. — ZnA'^ 3aq ; 
white microcrystalline powder, si. sol. water 
(Beckurts a. Otto, B. 18, 227).— CuA'* aq.— 
AgA': scales, si. sol. water. 

C(mbinationa with bisulphites (Clewing, /. 
or [2] 17, 241).— HA'NaHSOg aq : crystals.— 
NaA'NaHSO, aq. — NaA'NaHSO, l^aq. — 
HA'KHSO, : octahedra. — KA'KHSOa aq. — 
CaA'aCa(HS03)j 3aq.-(CaAg3(Ca(HS03)l 24aq. 
— (CaA',\(Oa(HSOJ,),8aq.-SrA',Sr(HSOJ,6aq. 
--BaA'^a(HSO,)y 
You IV. 


Methyl ether MeA'. (o. 136°). S.O. » 
1*164. Got from AgA' and Mel. 

Ethyl ether EtA'. Oil. Converted by 
aniline into two crystalline bodies [144®] and 
[c. 250°]. The compound 0(CMe(0H).C03Et)j, 
formed by the action of nitrous acid on amido- 
propionic ether, is an oil (80®-86® at 120 mm.) 
(CurtiuB, J. pr. [2] 38, 472). 

Isoamyl ether CJinA'. Got by distilling 
the acid with isoamyl alcohol (Simon, Bl. [3] 9, 
136). 

AwidJe CH3.CO.CO.NH2. [125®]. Got from 
acetyl cyanide and HCl (Claisen a. Shadwell, B. 
11, 1566). Prisms or tables (from alcohol). 

Nitrile v. Acetyl cyanide. 

Phenyl hydrazide CH.,.C(N,JlPh).C02H. 
[192°] (F.) ; [185°] (Japp a. Klingemann, D. 20, 
3284 ; A. 247, 208 ; C. J. 53, 619). Ppd. when 
a solution of phenyl-hydrazine hydrochloride is 
added to a dilute ^even 1 in 1000) solution of 
pyruvic acid (Fischer, H. 10, 2241 ; 17, 678). 
Prisms, sol. hot water and hot alcohol. Reduced 
by sodium-amalgam to plienyl-hydrazido-pro- 
pionio acid [172°]. At 190° it gi^^s oil CO.^ and 
H.., and forms the phenyl-hydrazido of di-methyl 
diketone [242°] and the oily phenyl-hydraziile of 
aldehyde. The ether CH3.C(N2HPh).CO,,Et [117®], 
crystallises in yellow needles (from ligroin). 

O' Chloro -phenyl ‘hydra side 
C„H*C1 .NH.N:CMc.C 02H. [178°]. Lemon-yel- 
low needles, forming a crystalline ethyl ether 
[168®] (Hewett, 0. J. 69, 211). 

P‘NitrO'phenyl-hy dr azide 
C«H*(NO.J.NH.N:CMe.C0.3H. Yellow plates 
(Fischer a. Ach, A, 253, 64). V. sol. hot alcohol. 

p-SulphO’phenyl ‘hydrazide 
S03n.C«H*.NH.N:CMe.CO.Jl. Solid, iiisol. ether, 
V. sol. water and alcohol (Pfiilf, A. 239, 217).— 
NaA' aq : nodules. 

Phenyl'methyl'hydrazide C,oH,.3N,0, 
t.e. NPhMe.N:CMe.CO.,H. [78®]. Yellowish 
needles (Fischer, B. 16, 2245 ; 17, 659). Con- 
verted by heating with HClAq into methyl-indole 
carboxylic acid and NH,. The phonyl-ethyl- 
hydrazide is converted in like manner into 
ethyl-indole carboxylic acid. 

Di-phenyl -hydrazide 
NPh3.N:CMe.CO.;n. [145°]. White needles 
(Fischer a. Hess, B. 17, 667). Sol. hot benzene 
and CHCI3, forming deep-yellow solutions. Con- 
verted into phenyl-indole carboxylic acid by 
heating with HClAq. 

o-Tolyl-}fy dr azide 

C,H,MeN,H:CMe.COjH. [156®] (J.) ; [169®] (R.) 
Formed by saponifying the product of the action 
of o-diazotoluene chloride on sodium methyl- 
acctoacetio ether (Japp, A. 247, 213), and from 
o-tolyl-hydrazine hydrochloride and pyruvic 
acid (Raschen, A» 239, 228). Small yellow 
plates (from benzene). Yields o-tolyl-hydrazido- 
propionio acid [143°] on reduction. At about 
160® it forms the di-o-tolyl*di-hydrazino of di- 
mcthyl-di-ketone, a yellow crystalline powder 
[198®]. 

p-Tolyl-hy dr azide C,H,N2H:CMe.C0jH. 
[162®]. Formed in the same way as the o-iso- 
meride. Yellow plates (from benzene). At 166® 
it is converted into the di-p-tolyl-hydrazide of 
di-methyl-di-ketone [230®]. Gives an ethyl 
ether CijHj^N.Gj [106®], crystallising from ligroin 
in yellowish plates, 

BB 
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Mtihyl^p^tolyUhydraiide 
[88®]. YeUow prisms (Hegel, A. 232, 216). 

Ethyl-p’tolyl-hydraeide 0,jH„Nj,0y 
Needles, y. sol. alcohol and ether (H.). 

^-Cumyl-hy dr azide 
0,B^e,NH.N:CMo.CO,H. [148®]. Yellow 
needles (Buhemann, C. J. 67, 66). 

p-Benzoylphenyl-hydrazide 
OjH4Bz.N,H:CMe.CO.jH. [200®]. Lemon-coloured 
crystals (Buhemann a. Blackman, C. J. 66, 016). 

(a)-Naphthyl-hydrazid 0 
C,oH,.N2H:CMe.COaH. [159°] (Fischer, A. 232, 
236). Yields EtA' [100°] (Sohlieper, A. 239, 
229). 

{$)-Naplithyl-hydra 2 ide [166®]. Yields 
EtA' [131®] (Sohlieper, A. 236, 176). 

{B. 4)-Quinolyl-hydrazide 
ObH,N.NH.N:CMo.CO.^. [174°]. Formed from 
pyruvic acid and {B. 4)-hydrazido-quinoline 
acetate (Dufton, C. J. 59, 7/58). Light-yellow 
pp., insol. water, sol. acids and alkalis. 

Oxim CH3.C{N0H).C0^. a-Nitroso-pro- 
pionic add. Formed by the action of cold 
EOHAq on it^ ether, which is got by adding a 
dilute solution of KNO^ (10 pts.) to methyl- 
acetoacetic ether dissolved in water (3 pts.), 
EOH (2 pts.), and some alcohol, the yield being 
16 p.o. of the methyl-acetoacetio ether used (V. 
Meyer a. Ziiblin, B. 11, 692 ; Gutknecht, B. 13, 
1116). Got also from pyruvic acid and hydroxyl- 
amine (V. Meyer a. Janny, B, 16, 1527 ; Schafer, 
A. 264, 163 ; Hantzsoh, B. 24, 60). Crystalline 
powder, si. sol. ether, v, sol. water and alcohol. 
Decomposes suddenly at about 177®. Oxidised 
by potassium permanganate to ethyl-nitrolio 
acid CH,.CH(NO){NO,J. Yields acetonitrile on 
heating With hydroxylamine hydrochloride. Be- 
ducedbytin and HClAq to alanine. Salts. — 
KA' aq : pearly plates, sol. water.— BaA'j : 
soluble prisms.— CuaOA'o aq.— AgA' : white in- 
soluble powder. Ethyl ether EtA'. [94°]. 
(233° COJ*.). Formed as above, and also by the 
action of HNOj on niethyl-malonio ether and on 
propionyl-propionio ether (Bergreen, B. 20, 533). 
Needles or prisms, with weak acid properties. 

References. — Bromo-, Chloro-, and Oxy- 
Pyruvio acid. 

PYEUVIC ALDEHYDE CH3.CO.CHO. Me- 
ikyUglyoxal. Got by the action of dilute acids 
upon CH3.C(0H)(S03Na).CH(S03Na).NnS0,Na, 
which is got from nitroso-acetone and NaHSO| 
(Pechmann, B. 20, 2543). 

Mono-oxim v. Nitroso-aoetanb. 

Di-oxim CH3.C(NOH).CH:NOH. Methyl- 
glyoxim. [163°]. Formed by the action of 
hydroxylamine on CH3.CO.CH.NOH or upon 
CH,.CO.CHCl3 (V. Meyer a. Janny, B. 15, 1165; 
Treadwell, B. 15, 2787). Small prisms (from 
alcohol) or needles (by sublimation). Salt.— 
AgCsH^NjO, pp.— Diacetyl derivative 


0,H4(NOAo) 3. [61®]. Prismg (from ligrobt) 

(Schramm, B. 16, 2187). 

Phenyl-hy dr azide of the oxim 
CH3.0(N3HPh).CH:N0H. [134°]. Formed from 
nitroso-acetone and phenyl-hydrazine (Pech- 
mann a. Wehsarg, B. 21, 2994; A, 262, 278). 
Prisms or needles (from alcohol). H3SO4 forma 
a reddish-yellow solution, coloured deep blue by 
FeClj. AO3O yields CH3.0(N3HPh).CH;NOAo 
[163°], crystallising in colourless needles. 

Phenyl-methyl-hydrazide of the 
oxim CH,.C(N3PhMe).OH:NOH. [118°]. Orange 
yellow prisms (from alcohol). 

Phenyl-hy dr azide CH,.CO.OH:N2BH*h. 
[150°]. Formed from sodium acetoacetic ether 
and diazobenzene chloride (Japp, A. 247, 198, 
218 ; 0. J. 53, 519). Plates (from benzene or 
MeOH). Yields OH,.CO.CH:N2AoPh [93°], crys- 
tallising from ligroin in needles. NaOEt and 
chloro-acetic ether yield, on saponification of the 
fjroduct, CH3.C0.CH:N.NPh.C03H [162°], which 
crystallises from hot water in needles, and is re- 
duced by tin and HClAq to pheuyl-amido-acetio 
acid [127°]. 

Di-phenyl-di-hy dr azide 
CH3.C(N3HPh).CH:N3HPh. [145°]. Formed by 
heating the phenyl-hydrazide of acetyl-carbinol 
with phenyl-hydrazine hydrochloride andNaOAo 
in alcohol at 100^ (Laubmann, A. 243, 248). 
Formed also by warming pyruvic aldehyde or its 
mono- oxim, phenyl-hydrazide, or phenyl-hydraz- 
ide of the oxim with phenyl-hydrazine acetate 
(Pechmann, B. 20, 2543 ; 21, 2755 ; Japp, A, 
247, 207). Yellow plates or needles (from dilute 
alcohol), si. sol. alcohol. Cone. H3SO4 forms an 
olive-green solution, changing through slaty- 
blue to violet. Yields a crystalline hydrochloride 
[197®]. Oxidised by and HOAG to 

CMo-N^NPh crystallising in needles [107®], 

whence boiling HClAq produces 

a colourless oil (150° at 60 mm.), oxidised by 
alkaline KMnO^ to the acid CuH^NjOj [192°]. 

Acetyl derivative of the di-phenyl- 
di-hy drazide CH3.C(N3HPh).CH:N.NPhAo. 
[229°]. Formed from the acetyl derivative of 
the phenyl-hydrazide and phenyl-hydrazine 
(Japp, C. J. 63, 619). Yellowish needles. 

Phenyl-methyl-hy dr azide 
CH3.CO.CH:N.NPhMo. [64°]. Formed from the 
phenyl-hydrazide, NaOMe, MeOH, and Mel 
(Japp). Flat needles (from .MeOH), v. e. sol. 
alcohol. Converted by phenyl-hydrazine into 
CH3.C(N.3HPh).CH:N.NPhMo [152°], crystalUsing 
in pale-yellow needles. 

Phenyl-ethyl-hy dr azide 
CH3.CO.OH:N.NPhEt. [55°J. Prepared in like 
manner. Prisms (from ligroin). 

FYBDVYL ALCOHOL v. Acetyl OARBmoL. 


Q 


QDAETENYLIO ACID v. Isoorotonio acid. 

or C,^,30.o or C33H4„0, 
(Ohveri) or C^H^oOb (Christensen). Quassiin 
[211®]. S. -253 at 22° (0. a. D.) ; *07 at 15° (C. 
8. (chloroform) 48 at 16° (C.). [«]d-37-6 p 


CHClg. Occurs in quassia- wood (Winckler, Rep» 
Pharm. 64, 85 ; Wiggers, A. 21, 40 ; Christensen, 
Ar. Ph. [3] 20, 481; Goldschmidt a. Weidel, 
SUz. W. 74, 889; Adrian a. Moreaux, Ph. [81 

14, 607). PrATkAFA^ hv ATtrAAtiniy nnoaaiA watmI 
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(10 pti.) with boHing water (45 pts.), evaporating 
. (to 10 pts.) at a gentle heat, ppg. by tannin, 
mixing the pp. with lead oarbonate, and extract- 
ing with boiling alcohol. The product is re- 
orystallised from water and alcohol (yield *01 pt.) 
(Oliveri a. Denaro, 0. 16, 6). 

Properties.— Slender monoclinic needles, v. 
Bol. alcohol and chloroform, si. sol. ether. Sol. 
cono. HClAq and KOHAq, insol. Na^COaAq., Re- 
duces Fehling's solution (Oliveri), or, according 
to Allen [An. 12, 107), has no reducing power. 
Not coloured by FeCls. Ppd. by tannin. Quassin 
appears to be the dimethyl ether of quassic acid, 
and probably contains two hydroxyls, two CO^Me, 
and two CO groups, and is perhaps a derivative 
of anthraquinone (Oliveri). Phenyl-hydrazine 
forms 032 H 4 o 08 (N^HPh )2 (?), a yellow amorphous 
powder, decomposing at about 230° without fusion 
(Oliveri, Q. 18, 1G9). 

Reactions,—!. IBoiling dilute (4 p.o.) H^SOi 
forms ‘quasside’ a white amorphouS 

very bitter substance [194°], which reduces Feh- 
ling’s solution, and is reconverted by boiling 
dilute alcohol into quassin.— 2. Ac^O andNaOAc 
form, on boiling, the amorphous anhydride 
OaaH^aOg [150°-168°], sol. alcohol and ether.— 3. 
Bromine forms Ca.^H 4 ,Br 30 o, a very bitter yellow 
powder [165°].— 4. Fuming HClAq in a scaled 
tube at 100° forms MeCl and quassic acid. — 5. 
PClj gives CajHaaClaOg, a yellow powder [120°] 
decomposed on fusion.— 6. HIAq and P at 160°- 
280° form durene (188°-195°) C„H,« (220°-240°) 
and anthracene (Oliveri, Q. 17, 675). 

Quassic acid CaoHagO.o or C.,„H^oO,o- [245°]. 
S. *0043 at 23°. Formed, together with MeCl 
(2 mols.), by heating quassin with HClAq. Mono- 
clinic prisms (containing aq), sol. hot alcohol, si. 
sol. ether. Alkalis give a reddish -yellow colour. 
FeCl, gives a greenish-yellow colour. Reduces 
Fohling’s solution and ammoniacal AgNO^. 
Hydroxylamine forms CsuH,8(N0H)20a (?), crys- 
tallising in rectangular prisms [230°].— BaA" 7aq : 
reddish-yellow crystals. — PbA" 6aq ; white 
amorphous pp.— Fe 2 A" 3 : brownish-green pp. 

QUEBRACHAMINE. [142°]. Occurs in white 
quebracho bark (Hesse, A. 211, 269). Plates, v. 
sol. alcohol, benzene, CHCl^, and ether. Its 
alcoholic solution is alkaline and tastes bitter. 
HjjS 04 and KjCr^O^ give a dark-violet colour. 

QUEBRACHINE C„H, 8 N 203 . [216°]. [a]„ 

b 62'6 in a 2 p.c. alcoholic solution at 16°; 
■■ 18’6 in chloroform. Occurs in white quebracho 
bark (Hesse, B, 13, 2308 ; A. 211, 254). Colour- 
less needles, sol. alcohol, ether, benzene, and 
CHClg, V. si. sol. cold water, NaOHAq, and 
NH,Aq. Dextrorotatory. Its solutions are al- 
kaline, bitter, and poisonous. Its solution in 
H^S 04 turned blue by PbO^ or K^CrjO,, and 
finally brown. FeCl, gives no colour. 

Salts.— B'HCh—B'aHjPtCle 6aq ; crystals.— 
B' 2 H 2 S 04 8aq ; cubes or short prisms, v. sol. hot 
water.— B'aHXjO^. — Tartrate B'jHjC^Og 6aq. — 
Citrate B'-^CgHaO,: nodular groups of needles. 

Hypoquebrachine C,2H28N202. [80°]. Strong 
base with bitter taste, v. sol. alcohol and ether, 
forming yellow amorphous salts. Platino- 
ohloride.— B'2H2PtCl(4aq (Hesse, A. 211,264). 

QUEBBACHITE C.HuMeO,. [187°]. S.G. 
• 1*64. (o. 210° in vacuo), [ajo - *- 80°. Occurs 
in the seeds of Aspidosperma quebracho^ from 
which it cftn be extracted with aieohol (Tanret, 


0, B, 109, 908). Tnmetrio prisms with sweet 
taste, V. sol. water and alcohol, insol. ether. 
Does not ferment with yeast or reduce Fehling’s 
solution. Reduces ammoniacal AgNOy. Not 
affected by dilute acids or alkalis at 100°. Ppd, 
by ammoniacal lead acetate, but not by lead sub* 
acetate. Heated with HI it gives off Mel and a 
little benzene, ko.fi and ZnCl, form an acetyl 
derivative [89°]. Gives on heating with HNOg 
the same reactions as inosite. 

QUEBRACHO BARK. Quebracho bianco, or 
white quebraltho bark, used as a febrifuge, con- 
tains about ‘8 p.c. of alkaloids, consisting of Abpi- 
DOSFERMINE, AsFIUOSPERMATINE, AsFIUOSAMINB, 
QUEBRACniNE,HYPOQUEBnACHINE,QDEBllACHAUINE, 
and Qoebrachol (Hesse, A. 211, 251). 

QUEBRACHO GUM. Occurs in quebracho 
Colorado, the bark of Loxopterygiuvi Lorentii 
(Jean, Bl. 28, 6 ; Arata, Anales de la Sociedad 
cientifica Argentw, July 1878 ; Feb. 1879 ; 0. J, 
34, 986). Brittiered concretions, with astringent 
taste, sol. boiling water and alcohol, insol. ether. 
Quebracho gum contains quebrachitannic acid, 
a pale-red amorphous mass, m.^sol. hot water, 
giving a green colour with FeCly, turned dark 
red by NaOAc. Quebrachitannic acid ppts, 
Pb(OAe) 2 , gelatin, albumen, and alkaloids. It 
yields pyrocatechin and a liquid ( 100 °- 120 °) on 
distillation. Potash-fusion gives protocateohuic 
acid and phloroglucin ; nitric acid yields oxalic 
and picric acids. 

QUEBRACHO! C.,,U,fi, [126°]. [a]„ 

= — 29'3°. Occurs in white quebracho bark 
(Hesse, A. 211, 272 ; 228, 288). Plates, v. e. sol. 
alcohol and ether, insol. water and alkalis. When 
the solution in chloroform is shaken with H 3 SO 4 
the chloroform is coloured red (c/. Cholkbtbrin). * 

Acetyl derivative CjoHjg.OAo. [116°]. 

QUERCETAGETIN 0 ,,Ha 0,3 4aq. Yellow 
crystals, extracted by alcohol from the blossoms 
of the common marigold, Tagetespatula (Latour 
a. Magnier, Bl. [ 2 ] 28, 337). 

QUERCETIN C 2 ,H,«Oi, 3aq (Liebermann a. 
Hamburger, B. 12, 1178) or C^^ll^fiJ (Herzig,ilf. 
12, 172). {&)-R)iainnetin (Herzig, M, lOj 661). 
[above 250°]. S. (alcohol) 5*5 at 78° ; *4 in the 
cold (Stein, J. 1862, 499). Mol. w. (by Raoult’s 
method) 258 (calc. 302). Formed, together with 
isodulcite, by the action of dilute H 2 SO 4 on 
quercitron, a yellow dye-stuff consisting of the 
shavings of the bark of Quercus tinctoria, grow- 
ing in the United States (Rigaud, A. 90, 289). 
Rutin and ftbinin also yield quercetin when 
treated with dilute H^SO, (Zwonger a. Dronke, 
A. 123, 153 ; Suppl. 1, 261 ; Schunok, C. J. 63, 
262 ; Hlasiwetz, A, 112 , 96 ; J, pr. 94, 66 ), 
Occurs in Persian berries (Kane, A, Ch. [3] 8 , 
380 ; BoUey, C. J. 13, 327), in the ripe fruit, 
flowers, and leaves of the horse-chestnut (Rooh- 
leder, A, 112 , 112 ), in the berries of the sea- 
buckthorn [Hippoplui'd rliamnoides)^ in apple- 
tree bark, in tea-leaves, and in catechu (Loewy, 
Fr. 12, 127). 

Broperties, — Lemon - yellow crystalline 
powder, si. sol. water, v. sf. sol. ether. Gives off 
water of crystallisation at 130°. May be sub- 
limed as yellow needles. Dissolves in alkalis, 
formingyellow solutions. Dyes fabrics mordanted 
with alumina yellow ; with iron, grey or black. 
Its alcoholic solution is coloured dark green b> 
FeCl|, the colour becoming dark red on w^uning. 
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Pb(0Ac)2 gives a brick-red pp. Reduces AgNO, C,H3(OEt),COjH when heated with potash at 
in the cold, and Fehliiig’s solution on heating. 140°. Ac^O and sodium acetate give the 
MeacUons.—l, On fusion with potash it colourless acetyl derivative C2iH3Ac.EtaO„ or 
yields phlorogluoin and quercetio acid, and by C.sH.sAcEt^O, crystallising in needles [163°]. 
prolonged fusion, paradatiscetin qiier- Mol. w. (by Raoult’s method) c. 420 (Kerzig, M, 

cimeric and protocatechuic acid.— 2. Boiling 12, 172). 

dilute alcoJiolic potash gdves phloroglucin and A compound of quercetin and rham- 
protocatechuic acid (Herzig, il/. 6, 803). — 3.KCIO3 nctin which sometimes occurs in Persian 
and HCl yield protocatechuic acid.— 4. Sodium- berries (Herzig, M. 10, 561) yields an acetyl 
amalgam forms phloroglucin, a compound derivative [171°], an acetyl-ethyl derivative 
CisH.jOj crystallising in needles, si. sol. water, [142°], and an ethyl derivative [102°]. 
and a compound C^H^Oa, which forms granular Paradatiscetin C,.H,„Oa. Formed from 

crystals [130°], v. sol. water. — 5. Bromine in quercetin by potash-fusion (Hlasiwetz a. 
HOAc forms Ca,H,aBraO,i, crystallising in lemon- Pfaundlnr, J. pr. 94, 65). Yellowish needles 
yeUow needles [237°] and yielding C,_,,HaACaBr30,,. (from dilute alcohol), nearly insol. water, m. sol. 
Excess of Brin HOAc forms C.^,H,,Br,,0,,, whence ether. Acid in reaction. FeClj colours its alco- 
C.^iHaACaBrjO,! may be got, crystallising from holic solution violet. Potash forms a yellow 
HOAc in needles [253°]. Liebermann obtained solution, turning green in air. Reduces AgNO, 
the compounds C2,H,,Br.p,i, 0.,,H,2Ac,Bi.,O„ and Fehling’s solution on heating. Potash- 
[218°], OjiHj.jBr^O,,, and C.^^IIfoAc BriO,, [228°], fusion yields phlorogluoin but not protocatechuic 
all crystallising in needles.— 6. Phenyl cyanate acid. Boiled with water and BaCO. it yields 
at 160° forms a,TI„0,(O.CO.NIIPh)„ a white BaA'.2aq.— SrA',2aq. 

amorphous pow|ler [200°-205°] (Tesiner, B. 18, auercetic acid C,,n,„0, 3aq (?). Formed, 

2609). — 7. Ammonia at 150° forms amorphous together with phloroglucin, by heating quercetin 
‘ quercetamide ’ (Schiitzenbergor a. Paraf, Z. (1 pt.) with moist KOII (3 pts.) till a sample no 
1862, 41). longer gives a flocculent pp. with HCl and the 

Salts.— CojH.oK.Oja (?). — Co;IIo(,Na30,3 (?). — residue quickly turns dark red at the edges 
C^jHjoZnO,, (11. a. F.). ^ (Hlasiwetz, A. 112, 96 ; 119, 213 ; J. pr. 94, 65). 

Acetyl derivative C.JIhAo^O,, or Slender silky elllorcsccnt needles, si. sol. cold 
(Herzig, ilf, 5, 72; 6, 890; 9,537; water, v. sol. alcohol and ether. Its aqueous 

10, 661 ; 12, 171 ; cf. Liebermann, B. 12, 1178 ; solution turns yellow, and finally crimson, in air. 
A. 196, 319). [191°]. Formed by boiling quer- j ILSO^ forms a brown solution, whence water 
cetin or rhamnetin with Ac.,0, and NaOAc. I gives a red pp. forming a purple solution in 
Needles (from alcohol). Liebermann obtained NH.,Aq. FeCl., gives a blue-black colour, llc- 
U;4 H,^Ao 20„ [198°], crystallising in needles. duces AgNO^ Potash-fusion gives protocate- 

^ Methyl ct/icr C,3H„0,i(OMe). Rhamnetin. chuic acid. AcCl forms OijH^jACoO^, crystallising 
Formed, together with isodulcite, by heating from alcohol in prismatic needles, 
xanthorhamnin with dilute ILSO, (Gellatly, Quercimeric acid CJT^O,, aq (?). Formed 
N. A?. P. J". 7, 256; Liebermann a. Hermann, iJ. from quercetin by potash-fusion. Colourless 

11, 1618; Herzig, ill. 6, 889; 9,500; 12,175. prisms, v. sol. water, alcohol, and ether. Tastes 
Lemon-yellow powder, nearly insol. water, alco- bitter. Alkalis colour its solutions purple-red. 
hoi, and ether, v, sol. hot phenol. Forms a FeCl, gives a dark-blue colour. Reduces AgNOj 
yellow solution in KOHAq. Reduces araraoniacal and Fehling’s solution. Potash-fusion gives 
AgNO, and hot Fehling’s solution. Yields proto- i)rotocatechuic acid. 

catechuio acid and phloroglucin on fusion with QUERCIN C„H^(OH)8. [340°]. Occurs in 

potash or on treatment with sodium-amalgam oak bark, being obtained from the mother- 
(Smorawski, H. 12, 1595). Converted by HI into liquors in the preparation of quercite (Gerber, 
quercetin and Mel. l)yos iron mordants black A. 48, 348 ; Vincent a. Dclachanal, C. R. 104, 
and alumina yellow. Yields C,,H5Ac,0,(OMe) 1855 ; Friedel, 105, 95 ; Bl. [2] 48, 113). EfHor- 
[185°]. KOH and EtI give ethyl-rhamnctin escent monoclinic prisms (containing. raq), si. sol. 
[108°], whence Ac.^O and NaOAo form an water, insol. boiling alcohol. Inactive to light, 
aoetyl-ethyl-rhamnetin [157°]. Rhamnetin yields Does not ferment with yeast, nor roduceFehling’s 
also (tetra-?) propionyl [168°-lG2°]*and (tetra-?) solution. Does not react with phenyl-hydrazine. 
Jbenzoyl [212°] derivatives, and an acetyl-di- Reduces ammoniacal AgNO^ after addition of 
hromo- derivative [212°]. NaOH. Gives a gelatinous pp. with lead sub- 

Meihyl derivative C2,Hn,Me^O,, or acetate. After evaporation with HNO^ it gives a 
C,jH„Mo, 07. [167°]. Formed from quercetin, rose-red colour with NH:,Aq and CaCl,. Not 

^ EOMe, and Mel (Herzig, M. 6, 83) and got also coloured by boiling NaOHAq. 
by heating xanthorhamnin with KMeSO, and Acetyl derirafiue.— C„H,(OAc)«. [301°]. 
MeOfl at 120°, and from rhamnetin, KOH, and QUERUITANNIC ACiD C„H,„0„ or 
Mel (Liebermann a. Hormann, A. 196, 317 ; C,8n,„0„. S. *6. S. (ether) -035. Occurs in 
Herzig, M. 6, 889 ; 9, 652). Golden needles, si. oak bark, from which it is got by powdering, 
sol. alcohol, converted by alcoholic potash at sifting from bast fibres, extracting with dilute 
140° into the di-methyl derivative of proto- alcohol, and shaking the filtrate with ether and 
catechuio acid. Boiling Ac.,0 and NaOAo givo EtOAc. The acetic ether when evaporated de- 
Ca^H^Ac^McgO,, or OiilliAcMejO, crystallising posits ellagic acid. The filtrate is evaporated 
in needles [167°]. ^ ^ to dryness, and the residue washed with ether 

Ethyl derivative Co^H^EtjO,, or and then extracted with Et.,0 and EtOAc (Etti, 
CijH„Et^O,. [122°]. Got by boiling quercetin Sitz. W. [2] 81, 495; M. i, 264; 4, 614; cf, 
with alcoholic potash and EtI (Herzig, 2lf. 9, Stenhouso, A. 45, 16; Bdttinger, A, 202,270; 
687). Yellow needles, m. sol. alcohol. Yields 240, 331 ; 263, 112 ; L6we, Fr, 20, 210). Ocoun 
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Also in tea (Roohle^er, A, 63, 205). Reddish- 
white powder. FeCI, colours the alcoholic solu- 
tion dark blue. Pb(OAo )2 ppts. the alcoholic 
solution. Quercitannic acid is not a glucoside 
(Ettil. At 130° to 140° it forms an anhydride 
which gives Cj^HjgBaOp (Etti). On evaporating 
with NaCl it is converted into a mixture of an- 
hydrides which give with bromine-water an 
amorphous pp. CmlTj^Br^,,,, m. sol. alcohol and 
EtOAc, V. e. sol. a mixture of these solvents, re- 
acts with hydroxylamine, and is converted by 
Br into CmHjjBr^Oio, whence AcjO forms 

CiuHsAoJk^Gjo. 

QXJERCITE C«n,A- Penta-oxy -benzene 
hexakydride ^ Mol w. 104. [234°] Bdttinger, 
B. 14, 1598). S.G. i^l-585. S. 9 at 12°; 11 at 
20°. Mb =2417. n.C. v. 710,100 (Bcrthelot a. 
Recoura, A. Ch. [0] 13, 341). H.F. 208,200. 
Bo, 58-95 in a 7-7 p.c. aqueous solution (Kanon- 
nikoff). Occurs in acorns (Braconnot, A. Ch. 
[3] 27, 392 ; Dessaignes, A. 81, 103, 251 ; Prunier, 
A. Ch. [5] 15, 5; C. R. 84, 1318; 85, 808; 80, 
338, 1400 ; Hofmann, A. 190, 282). 

Preparation. — Acorns are extracted with 
cold water, the extract concentrated at 40°, ppd. 
by lead subacetate, liltcrod, mixed with yeast to 
remove sugar, and, after fermentation, freed 
from lead by H.^S, and evaporated to crystallisa- 
tion. 

Properties. — Monoclinic prisms, a:h:c = 
•800:1: *700, fi - 08 °57', insol. ether, benzene, and 
chloroform, v. si. sol. hot alcohol. Does not 
undergo alcoholic fermentation. Dextrorota- 
tory. Does not render borax solution acid. 

RcacHons.—l. At 100° it slowly loses water, 
forming C.^ JlmO,;, (?). At 240° vt vacuo it gives 
[230 ^J, v. si. sol. water. Rapidly heated 
to 290^ it swells up and gives oh quinhydrone 
and hydroquinone. — 2. Potash-fusion gives 
quinono, hydroquinone, CO., formic acid, and 
oxalic acid. — 3. H„SO^ and MnO., give quinono. 
4. Cone. nClAq ‘forms, at 100°, C,H,Cl(OH), 
[200°], sol. etlier, and viscid C,jHyClOa, which is 
converted by baryta-water into amorphous 
quercitau sol. water and alcohol, insol. 

ether. HClAq at 120°-110° gives C,H,Cl,{OII), 
[165°] , converted by furtlier treatment with HCl 
into C^jHjClj, [102^].— 5. Distillation with HIAq 
forms benzene, plienol, iodo-plienol, quinone, 
hydroquinone, and hexane.— 0. Nitric acid forms 
mucic and tri-oxy-glutaric acids (Kiliani a. 
Scheiblcr, B. 22, 517).— 7. Piienyl cyanatc at 
105° forms C,Ii,(O.CO.NHPh), [120"-140°], a 
white amorphous powder (Tesmer, B. 18, 2600). 
8. Benzoic acid at 200° forms solid ‘benzo- 
quercite ’ C,ilI,uBz.Oi (?) insol. water, sol. alco- 
hol and ether. Stearic acid forms a similar 
body, while tartaric acid gives ‘ quercitartaric 
acid (Berthelot, G. B. 44, 452 ; A. Ch. 

[3] 54, 82). 

Salts.— (C^HnOJoBaSaq: amorphous, sol. 
water and alcohol.— (CaHj.OJXaSO^ 2aq. 

Acetyl derivatives. The compounds 

f^ti^ioAc.O^, C^HyAc^Oj, CyHyAc^Oj, 

and CyHyAojOj have been prepared. 

Butyryl derivatives. Heating with 
butyric acid gives rise to CbH,,(G^H, 0 ) 05 , 
0,Hy{C,H,0)A. and C,H;(C,H,0)A» aU being 
amorphous with bitter taste. 

Pentanitrate CgAINOj)!. Formed from 
^ueroite (1 pt.), H^SO^ (10 pts.) and HRO, 


(4 pts.) (Hofmann, A. 190, 288). Resin, insol. 
water, sol. alcohol and ether. Explodes when 
heated. Zinc-dust and alcoholic soda give off 
the N as NH,. 

QTTERCITRIN OasHsAai or, more probably, 
Call., ..0,2 (Herzig. M. 14, 53). [168°]. S. -04 in 
the cold ; *7 at 100°. S. (alcohol) 4 in the cold 
29 at 78° (Stein). ^ S. (ether) *8 (Schunck, G. J 
63, 261). Occurs in quercitron- bark, the bark ot 
Qiiercm tvictoria (Bolley, A. 37, 101 ; 62, 136 ; 
Rochleder, J.pr. 77, 34; Rigaud, A. 90, 288; 
Zwenger a. J)ronko, A. Siqyd. 1, 206; Stein, 
J. pr. 85, 351 ; Hlasiwetz, A. 112, 109). Occurs 
also in fully-developod horse-chestnut leaves 
(Rochleder a. Kawalicr, Sitz. W. 65 [2] 40), in 
leaves of the ash (Gintl, Z. [2] 4, 732), and in 
leaves of Andromeda japcniicaiEyktw&n , R.T.C. 
2 , 200 ). 

Preparation.— Quercitron bark is exhausted 
with alcohol, an(^ the evaporated extract dis- 
solved in water and shaken with ether. The 
ethereal solution is evaporated, the residue dis- 
solved in alcohol, and the quercitrin ppd. by 
water and crystallised from boilmg water (Lowe, 
Fr. 14, 233; cf. Herzig, M. 6, 877). 

Properties.— Yci\\o\^ needles or plates (con- 
taining 3aq). Neutral and tasteless. Nearly 
insol. cold water, sol. alkalis and HOAc. FeClg 
colours its solution dark green. FeSO, gives no 
colour. Ppd. by Pb(OAc).. Reduces aqueous 
AgNOg in the cold, and Feliling’s solution after 
long boiling. Boiling dilute acids split it up 
into quercetin (j. v.) and isodulcito (Liebermann 
a. Hamburger, B. 12, 1178). Bromine forms 
C.„II.,,Br,0.*,i. which is crystalline and is decom- 
posed by acids into isodulcite and tetra-bromo* 
quercetin. 

Salt CaijH yiKP-jy ; yellow pp. 

Violaquorcitrin C Occurs in Viola 

tricolor (Mandolin, J. 1883, 1360). Yellow 
needles (from water). Split up by dilute acids 
into glucose and quercetin. 

QTJILLAJIC ACID Extracted by 

water from the bark of Qiiillaja Saponaria 
(Robert, G. G. 1888, 972). White flakes, sol. 
water and alcohol, insol. ether. Coloured dark 
red by HjSO,. Boiling dilute acids split it up 
into sapoginin and an unfcrmentablo glucose. 
TboNa salt violently attacks the mucous mem- 
brane, and is very poisonous when injected into 
the blood. 

QUINACETOPHENONE is Di-oxy-aceto- 

riir.NoNii. , 

QUINALDINE v. Methyl-quinoline. 

QUINALDINIC ACID v. Quinoline card- 

OXYLIC ACID. 

QUINAMINE V . vol. ii. p. 179. 

'QUINAMICINE V . vol. ii. p. 180. 

QUINAMIDINE v. Cinchona iuses. 

QUINANISOLE v. Methyl derivative of Oxy- 

QUINOLINE. 

QUINAZOLE V . Metiiyl-indazine. 

QUINAZOLINE. This name is given to the 

ring Ox- Q^inazolink. 

QUINAZOLINE DIHYDBIDE i.e. 

[127°]. Formed by reducing 

o-nitro-benzyl-formamide by Zn and HClAq 
(Gabriel a. Jansen, B. 23, 2814; 24, 8097). 
Yellowish crystals, sol. warm water, formiiig an 
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idkaline Bolation.-B'H01.-B'0,H,N,0,. [ai6«]. 
Small crystals, sL sol. water.— B'jHaPtOl,. 

QUINEKE V. vol. ii. p. 181. 

QUINETHONIC ACID C„H,«0, t.«. 
0JH4(0Et).0aH,0,. [146°]. Occurs in urine 

after a dose of OjHs.OEt (Kossel, H. 4, 296 ; 7, 
292; Lehmann, H. 13, 181). Crystalline. 
Ltevorotatory. Does not reduce Fehling’s solu- 
tion. Converted by dilute H2SO4 into crystalline 
C^jqO,. HIAq forms hydroquinone. Oxidising 
agents yield quinone. — KA'aq : monoclinio 
crystals.— AgA'aq. Forms with CJflHj.O.SOaH 
the double salt PhO.SOaBaA'aq (dried at 110°) 
and with cresol and indoxyl the corresponding 
O^yO.SOjBaA'aq and C^HuNSO^BaA', all three 
being crystalline (Hoppe -Seyler, H. 7, 424). 

QUINHYDRONE Ci/H.oO^. Formed by mix- 
ing aqueous solutions of quinone and hydro- 
quinone ; by oxidising hydroquinone ; and by re- 
ducing quinone (Wohler, A. 51,4153 ; Liebermann, 
B. 10, 1614, 2000 ; Hesse, A. 200, 218; Nietzki, 
A, 216, 130; Wichelhaus, D. 6, 810 ; 12, 1500 ; 
Stenhouse a. Groves, B. 13, 1305). Brownish- 
red prisms, with green metallic lustre. May be 
sublimed. SI. sol. cold water, v. sol. alcohol 
and ether, forming yellow solutions. Decomposed 
by boiling water, giving off quinone and leaving 
a solution of hydroquinone. Its ammoniacal 
solution is green, lloducos ammoniacal AgNOa. 

QDINIC ACID C,H,,A i.e. C«H,(0H)4.C02H. 
Mol. w. 192. [162° cor.]. S.G. 8;n-637 (Henry a. 
Plisson, B. J. 10, 186). S. 40 at 9°. [a]^ = -44° 
at 20° in a 20 p.c, solution (Thomsen, J. pr. [2] 
36, 166). H.C. 833,700. H.F. 238,.300 (Berthe- 
lot a. Recoura, C. B. 105, 144 ; Bl. [2] 48, 703 ; 
A. Ch. [6] 13, 342). R^o 66-52 in an 18 p.o. 
aqueous solution (Kanonnikoff, J. pr. [2] 31, 
348). Occurs as calcium salt in cinchona bark 
(Hoffmann, CrelVs Ann. 2, 311 ; Vauquelin, 
A. Ch. 59, 162 ; Pelletier a. Caventou, A. Ch. [2] 
16, 340; Liebig, P. 21, 1 ; 29, 70; Baup, A. Ch. 

g ] 61, 6 ; A. 6, 7 ; Woskresensky, A. 27, 260; 

esse, A. 110, 194 ; 112, 52 ; 111, 292; 176, 124; 
Clemm a. Will, A. 110, 345). Occurs also in the 
bilberry plant {Vaccinium Myrtillus) (Zwenger, 
A. 116, 108 ; 129, 203 ; Suppl. 1, 77), in the leaves 
and beans of the coffee-plant (Z.), and in hay 
(0. Loew, J. pr. [2] 19, 310 ; 20, 476), 

Preparation. — Cinchona bark is extracted 
with dilute H2SO4, the extract ppd. by milk of 
lime, filtered, and evaporated. The residue is 
boiled with alcohol and the calcium quinate left 
undissolved is crystallised from Vrater and de- 
composed by oxalic acid. 

Properties. — Monoclinio prisms. V, e. sol. 
water, m. sol. alcohol, nearly insol. ether. 
lifBVorotatory. 

Reactions. — 1. Heated to 200°-225° it gives 
off aq, forming quinide CjHjoOj, a crystalline 
anhydride, v. sol. water, si. sol. dilute alcohol. 
Quinide is acid in reaction, and is reconverted by 
bases into quinio acid. On dry distillation 
quinio acid gives hydroquinone, phenol, benzoic 
acid, and pyrocatechin. — 2. Ac^O at 170° forms 

tri-Bcetyl-quinide CaH,(OAc)3<;^Q [132°] 

and tetra-acetyl-quinio acid (Erwig a. Ednigs, B. 
32, 1468 ; c/. Hesse, A. 200, 233). By further 
heating with Ac^O at 240°-250° monoclinio 
crystals of iso-tri-aoetyl-quinide [139°] 
lure obtained. — 8. Bromine added to an aqueous 


solution forms pretooateohuie acid (fitesse).— 
Hot H2SO4 forms CO and hydroquinone disul- 
phonic acid.— 6. Hydroquinone is formed by 
boiling the aqueous solution with PbO^. Distilla- 
tion with MnOj and dilute ^SOa yields 
quinone (detection of quinio acid in bark : Sten- 
house, A. 69, 100).— 6. HNO3 ^ves oxalic acid. 
7. KCIO, and HCI give chlorinated quinones 
and chlorinated acetones (Stiideler, A. 69, 300 ; 
111, 293). — 8. Cone. HIAq at 120° reduces it to 
benzoic acid (Lautemann, A. 125, 9j.— 9. Cone. 
HClAq at 160° gives p-oxy-benzoic acid and 
hydroquinone (Hesse, A. 200, 232). Dilute 
(3 p.c.) HClAq at 100°-120° forms phenol, 
hydroquinone, and p-oxy-benzoio acid (Oha- 
dounski, C. C. 1888, 1029). — 10. Fuming 
HBrAq at 130° gives protocatechuio and benzoic 
acids (Fittig, A. 193, 197). — 11. PCI5 forms 
w-chloro-benzoyl chloride (Graebe, A. 138, 197). 
12. Gives protocatechuio acid on fusion with 
KOH or NaOH.— 13. Boiling with iodine and 
KOHAq yields iodoform. — 14. Calcium quinate 
fermented by schizomycetes in presence of air 
yields protocatechuio acid, in absence of air it 
gives propionic, acetic, and formic acids (Low, 
B. 14, 460). 

Salts.— NaA'2aq.-NaA'5aq. S. 200.— 
BaA'2 Caq : dodecahedra, very soluble in water. — 
CaA'j lOaq. S. 17 at 16°. Plates, insol. alcohol. 
— CaA'Ac aq(Gundelach, B.9, 852).— SrA'^ lOaq. 
— SrA'2 15aq.— MgA'a 6aq. — CdA'j. S. *4 in the 
cold. — ZnA 2. — CoA'2 5aq. — NiA'2 6aq ; crystals. 
CuA'2 5aq : blue needles.— CuC;II,oOa 2aq. S. *09 
at 18°.— PbA'j 2aq : needles, sol. alcohol, v. 
e. sol. water.— Pb^OjHaOo. Amorphous, insol. 
water. — MnA'j. S. *5 in the cold.— FeCuHaiO,,. 
— AgA': mammellatcd groups of crystals. 

Ethyl ether EtA'. Viscid mass, with 
bitter taste, v. sol. water and alcohol. Converted 
by boiling Ac.G into CBH7(0Ac)4.C02Et crystal- 
lising from water in plates [135°], si. sol. boiling 
water. 

Tetra-acetyl derivative 
C«n,(OAc),.C02H. [130°-136°J. Formed by 

heating quinio acid with Ac.^O and ZnClj (Erwig 
a. Koenigs, B. 22, 1461). Crystalline crusts, si. 
sol. cold water, insol. ligroin. — AgA' : needles. 

Anilide OiaHj^NO.^. [174°]. Formed by 
heating quinio acid with aniline at 180°. Small 
silky needles (containing aq), v. sol. water and 
alcohol, si. sol. ether. 

QDINICINE V. Cinchona lases. 

QDINIDE V. Quinio acid. 

QDINIDINE V. vol. ii. p. 180. 

QUINIENE V. vol. ii. p. 181. 

QUININE [173° cor.] (Lenz,Pr. 

27, 659 ; Hesse, A. 258, 133). The trihydrate 
molts at 67° (H.). S. -05 at 16° (Regnauld, 
J. Pharm. Chim. [4] 21, 8). S. (of the trihy- 
drate) -06 at 16° (Hesse, B. 10, 2162) ; *06 at 
20°, -11 at 100° (Sestini, Fr. 6, 369). S. (of the 
anhydrous base) *061 at 16° (H.) ; *07 at 20°, *13 
at 100° (S.). S. (ether) 100 at 10° (Hesse, A, 
135, 827) ; 4-4 at 18° (van der Burg, J. 1866, 
438). A cone, ethereal solution often gelatinises, 
the quinine thus separated being less sol. ether 
(S. about 6 at 16°). S. (chloroform) 67*6 
(Pettenkofer, J. 1858, 363). S. (benzene) *5 at 
16° ; 3’8 at 80° (Oudemans, J. 1874, 867). S, 
(xylene) -11 at 16°; *646 at 138° (Swaving, 
k T. 0. 4, 186). Wd- -166° at 16°; -163® 
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At 2^^ in alMhotie folntlon (Heflse, i. 166, 217) 
» ~ 145*2 +*657j) in a eolation of p grammes in 
IOO0.0. of97p.o. alooholatl5° (Hesse, il. 176,206 ; 
182, 131). [a]p“ -168*7 + l*911j) in an ethereal 
eolation containing from 1*5 to 6 p.o. base. In 
solutions containing not more than 1*6 p.o. 
quinine, Oudmans, jun. {Ar. N. 10, 193), found 
[a]D=» -167*5° (in alcohol); -136° in benzene; 
— 127® in toluene ; — 117° in chloroform. Dis- 
persive power: Grimbert, J, Ph, [6] 16, 295, 
845. 

Occurrence.— In cinchona bark, v. vol. ii. p. 
176. According to Grimaux [Bl. [3] 7, 304), 
cupreine heated with NaOMe, MeOH, and MeCl 
or MeNOj yields 10 to 15 p.o. of quinine, while 
Mel gives chiefly quinine di-methylo-di-iodido. 

Preparation.-— The bark is extracted with 
dilute HjSO^, and the solution ppd. by NaOHAq. 
The pp. is dissolved in ether, the ether shaken 
with dilute H2S04, and the boiling solution 
neutralised by ammonia. Quinine ^ sulphate 
separates on cooling. The sulphate is decom- 
posed by ammonia. 

References. — Vide references in articles 
Cinchona hark and Cinchonidine, and also 
Pasteur, C. R. 36, 26; 37, 110, 162; Schiitzen- 
berger, A. 108, 347, 350 ; Robiquet, A. Gh. [2] 
17, 316; Stratingh, 72. P. 16, 139; Pelletier, 
J. Ph. 11, 249 ; Duflos, B. J. 27, 1, 110 ; Strccker, 
A. 91, 156 ; Thibouraery, J. Ph. [3] 16, 369 ; 
Alluard, J. Ph. [3] 46, 192 ; Korner, Z. [2] 1, 
150 ; Bouchardat, A. Ch. [3] 9, 213 ; De Vrij, 
N. J. P. 14, 2C8 ; Laudrin, 0. B. 108, 750. 

Properties.— Ppd. by ammonia from solu- 
tions of its salts in an amorphous anhydrous 
form, which quickly changes, especially in 
presence of free ammonia, into the crystalline 
hydrate (containing 3aq), consisting of minute 
four-sided prisms terminated by pyramids. 
The hydrate gives oil its water of crystallisation 
over H2SO4. Quinine is v. e. sol. ether and alco- 
hol, v. sol. eSg, ra. sol. benzene, v. si. sol. 
ligro'in, sol. volatile and flxed oils. It is alkalinp 
in reaction. Its solutions are laavorotatory. 
A 6 p.o. solution of the sulphate gives a=» —22° 
in a depth of 200 mm. (Rozsnyay, Fr. 23, 689). 
Its solutions in dilute H^SO,, HNO3, H3PO4, and 
HO Ac exhibit blue fluorescence, destroyed by 
HCl, HBr, HI, or H^FeCyg. Fluorescence of the 
sulphate is prevented by a large excess of sul- 
phate of cupreine (Grimaux a. Arnaud, Bl. [3] 
7, 304). Chlorine-water and ammonia give a 
green pp. dissolving in excess of ammonia to 
an emerald green liquid. On addition of an 
acid the colour changes through^ blue (when 
neutral) to red, the green colour returning 
on adding ammonia (Brandes, Ar. Ph. 13, 
65 *, Andr6, J. Ph. 22, 132). Excess of 
chlorine-water and of ammonia should be 
avoided. Chlorine does not render a solution of 
quinine sulphate turbid (Lepage, J. Ph. 26, 140). 
Bromine-water and ammonia give the green 
colour even in exceedingly dilute solutions 
(Fliickiger, Fr. 11, 318). The green colour may 
be also got by mixing *01 g. of the salt to be 
tested with an equal bulk of KClOg and a drop 
of cone. BL3SO4 followed by excess of ammonia 
(Mylius, 0. 0. 1886, 602). Chlorine- water 
followed by K^FeOy, gives a red colour in a 
solution of quinine sulphate (Vogel, A, 73, 221 ; 
$6, 122). Quinine gives the nsual alkaloidal 


reactions. It Is eolonxed green bj potash- 
fusion (Lenz, Fr. 25, 81). Potassium sulpho- 
cyanide gives a white pp., sol. excess (Schrage, 
Ar. Ph. [3] 13, 26). Boiled with dilute HjSO* 
and PbOj quinine forms quinetin, a red substance 
(Marchand). Dilute HNO, gives no colour. Sun- 
light acting on an aqueous solution, even in an 
atmosphere of H, ppts. brown flocculent quini- 
retin, insol. water, alcohol, and ether (Fliickiger, 
Ph. [3] 8, 885). ICl gives a light-brown crystal- 
line pp., si. sol. HClAq. Quinine is antiseptic, 
hindering putjrefaction and the alcoholic, lactic, 
and butyrio fermentation. Quinine is a febri- 
fuge. Its salts taste bitter. 

Beactio7is.—l. The sulphate is oxidised by 
KMnO^ to pyridine tricarboxylic acid, oxalio 
acid, and NH, (Hoogewerll a. van Dorp, B. 12, 
158). At 0° the flrst product is chitenine 
0,„^N.204, which crystallises in colourless 
prisms [240°-286°], insol. ether and alcohol, 
soh dilute acids hnd alkalis (Skraup, B. 12, 
1104 ; M. 10, 39). Quinine (5 g.) is apparently 
oxidised by KMn04 (50 g.) to pyridine dioarb- 
oxylic acid (Ramsay a. Dobbie,»C. J. 33, 102). 
Boiling nitric acid also forms pyridine dioarb- 
oxylio (cinchomeronio) acid. Aqueous CrO, 
oxidises quinine to quininio or methoxy- 
quinoline carboxylic acid. — 2. A mixture of 
HNO3 and HjS 04 reacts, and on diluting an 
amorjjhous pp., apparently 0.2oH2.i(N05).2N20.2H20 
is got (Rennie, C. J. 39, 469).— 3. POlj converts 
it into colourless quinine-chloride CjoHajN^OCl 
[151°] which by boiling with alcoholic KOH 
gives chinen 0.2„H2.2N20 (Comstock a. Konigs, B, 
17, 1988).— 4. Reduced by zinc and dilute H^SOi 
to hydroquinine C20H2UN.P2* amorphous 
bitter resin (containing aq), sol. alcohol and 
ether, giving a green colour with chlorine- water 
and ammonia (Schiitzenberger, A. 108, 347).— 5. 
Heated with water at 250° it yields quinoline 
(Reynoso, G. B. 24, 795). The same body is 
formed by heating with cone. KOHAq at 190° 
(Gcrhardt a. Wertheim, J. 1840, 370).— 6. 
Fuming H^SO, forms a sulphonio acid. Cone. 
H2S04 dissolves quinine, forming isooihohonine. 
Dilute H2SO4 at 125° converts quinine into 
quinicine. — 7. Iodic acid gives off much gas on 
warming (Brett, J. Ph. [3] 27, 116). — 8. Gone. 
HClAq at 160° forms MeCl and apoquinine 
(Hesse, A. 205, 317). Concentrated HClAq 
at —17° slowly forms hydroohloroquinine 
0.2oH23ClN202[187°], while hydrogen bromide gives 
CjoHj^BrNaO.^ which forms B'Hjlr^ (Comstock a. 
Konigs, B. 20, 2510). — 9. Heated ior a long 
time with 12 pts. of HIAq. S.G. 1*96 for 3 hours 
at 100° it gives methyl iodide and a yellow salt 
C.pHj^N^OaSIII [238°J sol. alkalis. Alcoholic 
NHjAq converts it into C,„H22N2022HI mixed 
with a little C^Hy^N.^O.^HI, which yields an 
oxalate [187°] (C,bH 2,N.P2HI)H2C.204 mixed with 
(C,«H22N20.2H2l2)2n.A0, (Schubert a. Skraup, M. 
12, 684). HBrAq acting on quinine at 100° 
forms CjaH^aBrNjOaHBr aq, crystallising in 
needles, from which sodium carbonate sets free 
O^H^aBrNaOj, a powder [210 J (JuUus, Af. 6, 751). 
10. Quinine dried at 120°, heated with EHAq 
(S.G. 1*7) at 100°, forms OANAOHI [230°], a 
yellow crystalline mass, v. si. sol. water, si. sol. 
alcohol, insol. ether and NaOHAq. Alcoholic 
NH, converts this salt into G^HsiNjOsHI 7 which 
is white, v. soL alcohol, sT. soL ether £155°- 
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160*’]. Its solution in dilate H2SO4 shows bine 
fluorescence, and gives a brownish -yellow pp. 
with chlorine-water and ammonia. It gives rise 
to the salts ((C.^H,,N,OJ,H,I,),8H,O.A ? and 
CaoH,4N,0,H,IaHNO,? [217°] (Schubert a. 
Skraup, Af. 12, C78 ; cf. Lippmann a. Fleissner, 
M. 12, 329). — 11. Bromine added to a solution of 
quinine in dilute H.^S04 PPts. B'Brj 2aq, 
and B'Br4 bitter yellow curdy pps., melting 
at 160°~180° (Colson, G. B. 108,678). 

Estimation, — V. Cinchona bark. K also 
Lenz, Fr, 27, 549-631. Quinine may be ppd. 
as chromate (De Vrij, (7. G, 1889,' 708 ; Ar. Ph. 
[3] 24, 1073 ; Vulpius, Ar. Ph. [3] 24, 1022 ; 
Schlikum, Ar. Ph. [3] 25, 128 ; Hesse, Ph. [3] 
17, 585). A solution of quinine sulphate re- 
quires more ammonia to redissolve the pp. first 
formed than solutions of the sulphates of the 
alkaloids usually present with it (Kerner a. 
Weller, Ar. Ph. [3] 25, 712,749 ; Fr. 1, 159 ; 27, 
115; c/. Schafer, Ar. Ph. [3]^25, 1033; Ruddi- 
man, G. N. 58, 202, 216, 226 ; Jungfleisch, J.Ph. 
[5] 15, 6). Use may also be made of the sparing 
solubility of quinine oxalate in presence of 
KAO4 (Schiiflr, Ar. Ph. [3J 25, 64,1041). 

Constitution.— GhiimmQ C,u 
got by oxidation of both quinine and cinchonine. 
On further oxidation chitenine yields quinio, 
pyridine tricarboxylic, and cincholeuponic acids. 
From this it may be surmised that one half of 
the quinine molecule has the same composition 
as one half of the cinchonine molecule (Skraup, 
M. 10, 39, 220). Quinine, quinidine, and 
quinicine are probably stereo-isomeric, since 
they give the same products of oxidation ; they 
are derivatives of {B. 2)-methoxy-quinoline 
while cinchonine is a derivative of quinoline. 
Cincholeuponic acid C8H,3N04 [226®] yields 
C8H,3N04HC1 [194°] and djI„AcN04, and is 
converted by nitrous acid into the dibasic 
nitroso- derivative C«H,a(NO)N04. Oxidation of 
quinine also yields a base, cincholeupone 
CjHpNOa oxidised by CrO^ to cincholeuponic 
acid and other products. Cinclioleupone when 
heated with zinc-dust yields (/8)-ethyl-pyridine. 
By nitrous acid cincholeupone is converted into 
CbH,,(NO)N02, which is an acid. Ac.U forms 
acid Oj,H,bAcN02. Oxy-quinolino (cynurine) is 
also a product of oxidation of quinine. From 
these experiments Skraup concludes that quinine 
and cinchonine contain a quinoline nucleus 
united to an ethyl-pyridine nucleus ; quinine 
being methoxy-cinchonine. Cupreine heated 
with NaOMe (1 mol.), Mel (6 mold’.), and MeOH 
forms quinine di-methylo-di-iodide (Hesse, A. 

266, 244; cf. Grimaux a. Arnaud, G. R. 112, 
774 ; A. 267, 379). The chief product is, how- 
ever, cupreine mono-raethylo-iodide. When 
only 1 mol. Mel is used, no quinine is got. 

Salts. — C^oAaAgN.A. Gelatinous pp. got 
by adding AgNOj to a solution of quinine in 
alcoholic NH, (Skraup, M. 2, 613).~B'HC12aq: 
groups of white needles (Hesse, A. 176, 210; 

267, 142). Melts (when anhydrous) at 160°, 
without undergoing any change. S. 2-5 at 10°. 
V. e. sol. alcohol and ether. [a]n= —134° in a 
2 p.c. solution at 17° (Oudemans). Its solution 
is not ppd. by silver nitrate (1 mol.) until added 
in excess (Vulpius, Ar. Ph. [3] 20, 361). — 
B'HCll.^aq. Large monoolinic octahedra, de- 
posited atO°.'-B'211Cl. Groups of white needles, | 


or gelatinous mass. S. 100 in the oold. Melts 
at 15° (A. Clermont, J. Ph. [5] 16, 16).— 
B'HjPtClg aq ; yellowish flocculent pp., soon be- 
coming orange and crystalline (Gerhardt, B. J, 
23, 364). S. 07 in the cold ; *8 at 100° (Duflos). 
— B'^H^PtCl,, 3aq : orange amorphous pp. (Hesse, 
A. 207, 308). — B'H2HgCl4. Ppd. by mixing al- 
coholic solutions of quinine, HOI, and HgCl, 
(Hinterberger, A. 77, 201).— B'2H,Zn01a2aq; 
prisms (from alcohol) (Grtifinghoff, Bl. [2] 4, 391). 
— - B'jHyZnClg 3aq : crystalline. — B'HjBrjSaq : 
crystals, v. e. sol. water.— B'HI; lemon-yellow 
prisma (Herapath), or heavy white powder. 
SI. sol. water, v. e. sol. alcohol (Winckler, 
Jahrh. pr. Pharm. 20, 321). Melts at 160°- 
155°, but softens at about 100° and then blackens 
(Lippmann a. Fleissner, M. 13, 436). — B'HIEt^O 
(from ether). Crystals.— B'HJj 5aq (Regnault). 
Crystals. V. Reaction d, supra.— [230°]. 
Converted by NH.,Aq into B HI.— B'2H..S04 8aq 
(Hesse, A. 119, 361 ; 225, 97; Carles, Bl. [3] 7, 
108; cf. Cownley, Ph. [3] 7, 189). Commercial 
specimens are somewhat eflloresced. Monoolinic 
cfllorescent prisms. Loses Oaq over H2SO4. S. 
(of B'.AS04) -126 at 6°; 3 at 100° (Howard). S. 
(alcohol of S.G. *85) 1. S. (glycerin) 2*5. Insol. 
chloroform and fatty oils. [a]D= —163° in a 
2 p.c. solution in 80 p.c. alcohol.— B'ri2S04 7aq. 
[100°]. Rectangular prisms (from hot solutions) 
or small needles. S. 9 at 13°; 12*5 at 22°. 
Loses Oaq over H2SO4. [a]„ = - 104*9 + *31p in 
a solution of p g. in 100 c.c. water, where p 
is between 1 and 6 (Hesse, A. 176, 215 ; 182, 
134). — B'(H2S0,,)2 7aq : prisms, v. e. sol. water, 
m. sol. alcohol. Its hot alcoholic solution deposits 
gelatinous B'(H.,S04),. Oaq. [aJo = - 170 + ‘94^.— 
B'jHXljH^SOi 3aq. Mass of small needles, v. 
sol. water. S. (of anhydrous salt) 80. [120°] 
(hydrated) ; fl05°-170°J (anhydrous) (Grimaux, 
Bl. [3] 7, 819).— B'-ABr-ASO, 3aq. S. 26 at 
21°.— B^jH^IASO, 2aq : yellow crystals, form- 
ing a colourless solution. Crystallises also with 
4aq.— B'2H2C1..H.,P0, 9aq : small needles, sol. 
water. - B'.H .BrJI.PO^ 7aq. -B'^HJ.APO, 6aq. 
— B'.JH.SA2aq. S. *3 (Wetherill," A. 66, 150; 
IIow, N. Ed. P. J. [2] 1, 47).— B'HNOaaq; 
prisms (Strecker, A. 91, 150).— B'AgNOjlaq : 
crystalline pp. Chlorate.— B'IIC103 2aq (Tich- 
borne, Z. 1800, 065 ; cf. Serullas, A. Ch. [2] 45, 
279).— B'(HC104)2 7aq : trimetrio octahedra. — 
B'(HC10J 2aq. [210°] (Boedeker, A. 71, 61).— 
B'HI04 9aq: needles (Langlois, A. Ch. [3] 31, 
274).— B'4(HCl)3(III)4l, : small brown crystals. — 
B'3(HCl)j,(riI)jI,o ; blackish-green flat needles 
(Jorgensen, J. pr. [2] 16, 79).— B'HI^ (Bauer, 
Ar. Ph. [3] 5, 214).— B'HIj. Black prisms.— 
B\I,. Resin.-B',I„.-B'4(H.BO,)3(HI)2l4 6aq. 

Ilerapathite. Formed by adding an alcoholic 
solution of iodine to a solution of quinine sul- 
phate in HOAo (Herapath, P. M. [4] 3, 161 ; 4, 
186 ; 6, 171, 346 ; 7, 352 ; 9, 366; 14, 224 ; C. J. 
11, 130; Haidingera. Stokes, Sitz. W. 10, 106; 
Jorgenson, J.pr. [2] 14, 230). Large colourless 
plates with metallic green lustre. Polarises 
light, so that two plates at right angles are 
opaque. S. (90 p.c. alcohol) ’125 at 16°. Decom- 
posed by cold water. Dried over H^SO, they 
become B',(H2SOJsl3 8aq (Hauer, Z. [2] 1, 481). 
— B'3 (HBO.)JhI),I,o: thin lustrous plates.— 
B',(H2S6 j),(HI),,I, 2aq. Crystals, resembling 
herapathite, decomposed by hot alcohol iuto 



QtTINIira. 


iodine and herapathite. — B%(H2S04),(Hp4l,4 4 ^ : 
brownish needles. — B'2H2S04(HI).J2; red needles. 

— B',H,S04(HI)..l4 : brown rectangular plates 

with olive-^een reflex.-B'2H2S04(HI)2lH : black 

crystals with green reflex. — B^3(H.jS04)2(HI)2l3. 
B?(H,S04)2(HI),l5 aq. B'3(H.B94)2(HI)2ls. — 
B'a.Se04 7aq: trimetrio tables, msol. alcohol 
(Hjortdahl, /. 1879, 794).-B'4(H,Se04)3(HI)2l,. 
IsomorphouB with herapathite, which it greatly 
resembles. Almost insol. cold alcohol (.Jihgen- 
sen, J. iir. [2] 15, 65. 418).-~B'JLCr04. S. 
•042 at 15° (Andr6) ; *037 at 14° ; *05 at 16° (Do 
Vrij, Ar, Ph. [3] 24, 1073 ; *625 at 100° (A.). 
Ppd. by adding K2Cr04 to a solution of the 
neutral or acid sulphate. Tufts of golden 
needles.-B'2ll2Cr04 2aq (Hesse, Ph. [3] 17,585, 
665). Becomes anhydrous at 80°, but re-absorbs 
2aq on exposure to moist air. — B'H.^CrO, 7aq. 
Ppd. by adding K,Cr ,0, to a solution of quinine 
in excess of dilute H.jSO, (Andr6, J. Ph. [3J 41, 
341). Orange pp., decomposed by light, and 
turned brown when heated to 60°-65° or when 
boiled with water. More soluble than B'.2rLCr04. 
— B'E^CO^aq. Elllorescent needles, with al- 
kaline reaction, deposited from a solution of 
quinine in aqueous CO.,. Sol. alcohol, insol. other 
(Langlois, A. Ch. [3] 41, 89).-B'.JI,P04 8aq. 
S. -127 at 10° (Hesse). Tufts of long needles.— 
B'32H..P04 5aq (Anderson, A. G(),59). Crystals.— 
B'2H3P04r2aq (A.).— B'.,H4'0, 2aq (Gerhardt, 
Gerh. iv. 118).— B'H^PO... S. 1‘33 at 15*5° (L. 
Smith, Z. 1802, 159),-B'HV03 (Ditte, A. Ch. 
[6J 13, 230).— B'H.,SiF,,. Got by passing S1F4 
into a solution of quinine in absolute alcohol 
(Cavazzi, 0. 17, 563). Minute crystals, insol. 
ether and CS.^, si. sol. hot alcohol. Its ajpieous 
solution is fluorescent. — B'.^H ;,As04 8aq. Prisims, 
V. sol. hot water (Hesse).- B'.jH3As04 6aq (Ses* 
tini).-B'H3AsO,2aq.-B'H,roCy, Haq (Dollfus, 
A. 05, 227). -BTIaFeCy^ 1.’ aq : golden plates.— 
B'fLPtCy4aq (Wertheim, i. 73, 210). Crystals.— 
B'oH.,PtCy4 2aq. S. -054 at 18° ; 1'8 at 57°. S. 
(alcohol) 20 at 10° (Schwarzenbach, PJuirm. 
Viertelj. 8, 210 ; Van der Burg, Fr. 4, 312).— 
B'H.,PtCy4 2aq. *074 at 18-5°; 5 at 100°.— 
BTHPlCyrt.— B'2nCyS. Lemon-yellow mono- 

clinic crystals (W.). -BllCyS aq. S. '18 at 20° 
(Hesse, A. 181, 48). — B'3(HCyS).,4HgCl...— 
B'.,(HCyS).,ngCyo. — B'(HCr(GyS),(NH.J„)..2aq. 
Formed by ppg. a solution of the acid sulphate 
with Keinccke’s salt (Christensen, J. pr. [2] 
45, 306). Bed crystals, v. si. sol. hot water.— 
Nitro-prusside. S. ’04 (Davy, Ph. [3J 11, 
756). — Cyanurates B'H.jCjNaOg Uaq. [237°]. 
Si. sol. hot water (Claus, J. pr. [2] 38, 227). 
Bm,C.,N.03)..7aq. [213°]. — Oxalates. — 

B',II,C!,0, Oaq. S. *1 at 10°. Prisms (Hesse, A. 
176, 218 ; cf. Begnault, A. 20, 37).— BTLOp, aq. 
Prisms, m. sol. cold water. — B'H20..04 3aq. 
[a]= -131°.-B'HOAc. [140°]. Long needles, 
V. sol. hot water (R.).— B'Cu(OAc)2. Green 
crystals (Skraup, M. 2,011).— Chloro-acetate 
B'CJIsClO^ 2^aq. S. 1-6 at 21° (Mazzara, 0. 13, 
525).— Di-ohloro-acetate ll'C^H^ClaO^ 2a(i. 

S 2-4 at 22°.— Formate ; colourless needles 
(Bonaparte, J, Chim. Mid. 18, 680).— Valerate 
B'C^H.A l^aq (Bonaparte, J. Chim. Mid. IS, 
680; 19, 330; Chatin, J. Ph. [4] 1, 208).— 
B'C,H,A (Stalmann,A. 147, 132; Schmidt a. 
SftohUeben, A. 193, 100). S. -9 m the cold; 2-6 
•t 100® (Wittstein, Bepert. 87, 296 ; Landerer, 


27. Br. Jreh. IW. 240). - Sacoinate 
8 aq. S. ‘1 at 10°. Pnsms, v. sol. hot 
water.-Taftrate B',0,HA2«1- Crystalline 
powder (Hesse, A. 243, 134; c/. v* 

334).-B'C,H.O.aq (Pasteur, 421). 

The liEvo- tartrate is more soluble than tne 
dextro- tartrate, and has a different crystalline 
form.-B'C4H4(Sb0H)0«2aq. Resin (01arke» 

16, 1540).-Citrate B'.,C„H«Oy 7aq. S. *11 at 
12° (Hesse) ; 44 at 100° (Mandelm, J. loTlf, 
796 ; Scribani, 0. 9. 284).-BV2C,HA : J^^nute 
prisms. S. *11 in the cold ; 2 4 at 100 . 
B'C^jHhO^. Small prisms. S. -16 in the cold, 
2-6 at 100°.— Chioro-crotonate B'C.HjClO^ 
[201°]. SI. sol. ether (Daccomo, J. 1884, 1385). 
— Trich lorocrotonate B'C,II,Clj02. [140 ]. 
— Tri-chloro-lactate B'C;,H3Cl;,03. SI. sol. 
ether.— D i-bromo - pyruvate B' C3II J3 r.p,. 

[93°] (D.). — Mucate B^O„H,„0„. Needles 
(Riiheinann a. Dufton, C.J. 50,7 54).— B e n 7.0 ate 
B'HOBz. S. •27%tl0°. Small prisms. -Sali- 
cylate B'C,HA- S. -44 at 16°. S. (ether) ;83 at 
16°. Prisms (from alcohol). — Melitate 
B'.C,.H.O,„. Crystalline powder, V. si. sol. cold 
water (Karmrodt, A. 81, 17(J). - Tannates 
B'(C„H,A)-, 4aq and B'(C„H,A), 8aq (Jobst, 
4i\ Ph. [3] 12, 33l ; Neumann, ir. 28, 004).— 
Meconato B'CJIqO,. Cry.stals (Austen, P/i. 
13] 3.1O10).-UratcB'C,H.NA- Minute prisms. 
S. *117 in the cold, 2-7 at 100°. S. (alcohol of 
S.G. -823) -003 in the cold, 2*2 on boiling (Llder- 
horst, A. 74, 77 ; Amlreir, Phann. Viertelj, 10, 
382). Doxtro-tropate. 
tropate. [178°] (Ladeiiburg, B. 22, 2590). 
Dextro - iso - propyl - 
[193°]. S. '18 at PJ° ; S. (alcohol) 1*44 at 20 . 

fain- -70°. — Lidvo - iso-propyl -phenyl - 
glycollato [205°]. S. *00 at 15°; S. (alcohol) 
54: [tt]„ = - 118° (Fileti, J. pr. [*2] 46, 660). 

Compound with benzene BC^H^. 
Needles (from benzene) (Oudemans, J. 1874, 
807). — Compound with toluene BO,H8. 
Needles. — Compounds with phenol 
B'PhOH. Crystals (from alcohol). S. *26 at 10 
(lloinei, Z. |2] 5, 383 ; Jobst, N. It. P. 24, 193). 
- B'>H.,Cl,rhOn2aq: prisms. S.l at 15° (Jobst a. 
Hesse, A. 180, 2 18).-BTLSO,PhOH 2aq (Hesse, 
Pharm. Zeit. 34, 191). — B'.^H.^SO,PhOH aq. S. 
•147 at 15°. Prisms.— B'.,H., SO jPhOH Oaq (Cotton, 
Bl. [2] 24, 635).— Compound with tri- 
brorao- phenol B'CJI.Br^O. Silky needles 
(from alcohol) (Purgotti, G. 10, 628).— Com- 
pound with anethole B'.^CioHiP'^^fl* 
clinic crystals (from ether), si. sol. cold alcohol 
(llcsse, A. 123, 382). Compound with 
eugonol B'C,.H,A- [110°]- J- ®;f 

at 10°. Long silky prisma (Hesse, A. 130, 
329). — Compound with pyrooateohin 
B' .C HAA^^**^^* colourless needles (Hesse, C. 
C. 1889, 519).— Compounds with resorcin 
bah A-H SO, Uq : needles (Malin, A. 138, 77). 
— B'.AHAA!804aq (Hesse). — Compound 
with phloroglucin B'0,^H,iO.Aa®^4 2aq : stel- 
late groups of needles (Hlasiwetz, Z. [2] 1,618). 
— Compound withorciu B'O^HAAiSO, aq. 
Needles (Hlasiwetz a. Barth, A. 134, 290 ; 138, 
77).— Compound with chloral BA^HCljO. 
[149°]. Amorphous, si. sol. cold alcohol (Maz- 
zaia, 0. 13, 270).-Compound with m-nitro- 
benzoio aldenyde [^1^- 

118°]. Yellow powder (Mazzara, G* 18, 868).— 
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Oomponnd with nitro • oamphor 

B'(0,;H,,(N0,)0)aaq. Needles. [o. 13P]. 

[o]d « + 46® in a 2*7 p.c. alcoholic solution 
(Oazeneuvo, Bl, f2] 49, 97).— Compound with 
urea B'CON.^H^H,.Clj5aq. S. 6. Small prisms 
(Drygin, C. C, 1878, 622; 1881, 245).-Com- 
pounds with quinidine B'C.jnH,i4N.P2 21aq. — 
B'C2 oH.,^NA 3aq.— B'0 .,oH 24N A0«H8 2aq (Wood 
a. Barret, C. N, 45, 6; 48,4; Hesse, A. 243, 
140). — Compound with hydroquinidine 
B'C.,^HaaNa02 2iaq: slender white needles, v. si. 
sol. water, m. sol. ether.— Compounds with 
cinohonidine B'2C„H22N20. Rhombohedra, 
very slightly sol. ether (Hesse, A. 243, 131). 
— B'7C„Ha2N.,0. Crystals (from alcohol). — 
B'^(C„HaN30)‘,(H,S0J, 20aq. S. *597 at 16®. 
Needles. - B',(C,9H,,N,0)^(C,HA)3 — 

B'a(C„H22N20)4(H2CrOj3 18aq : crystals. — 

B'j,C„HoNjO(H2C2b4) Caq (?). Long colourless 
needles. — Compounds with cupreine 
B'0,;HaN,0 4aq. [177°]. [4„=-2S0°. Tri- 
metric prisms (Howard a. Hodgkin, 0. J. 41, 
66 ; Hesse, A. 225, 98 ; 220, 242 ; 230, 72). Its 
solution in diluto H^SO^ shows blue fluorescence. 
— B'CioHaKOH^PtClg 2aq : orange-red prisms. — 
B'CipHaNaOH^SO^ 6aq ; six-sided prisms. S. 3 
at 100°.— B'CiaH^NaOC^HaO,, 2aq : needles. 

Acetyl derivative C2oH..,AcN.202. [103®]. 
Formed by heating quinine with AcjO (Hesse, 
A, 206, 317). Prisms, sol. alcohol and chloroform, 
b 1. sol. ether. [a]o =* - 54° in a 2 p.c. solution in 
alcohol (of 97 p.c.) at 15°. [a]i,= -115° in 
presence of 3HC1. Decomposed by alcoholic 
potash into quinine and HOAc.— B'lI^PtCl# 2aq. 
— B'(HAuCl4)2 aq : yellow llocculent pp. 

Propionyl derivative 
C2oH23(C3HjO)N 202. [129°]. Six-sided prisms, 

sol. ether and alcohol. [a]D = - 109° in a 2 p.c. 
solution at 15° (Hesse).— B'H^PtClo 2aq. — 
B'(HAuCl4)2 2aq: yellow amorphous pp. 

Benzoyl derivative C2oH,^3BzN202. Amor- 
phous (Sohiitzenberger, C. B.. 47, 334).— 
B'H^PtCl,. 

Methylo-iodide B'Melaqor 
C,oH,(OMe)N.C„H,4NMeIO (Griraaux, Bl [3] 7, 
673). [233°-236°]. Formed by boiling quinine 
(1 mol.) with Mel (6 mols.) in MeOH (Strecker, 
4. 91, 164 ; Claus a. Mallmann, B. 14, 70). 
Formed also from cupreine, NaOEt and Mel 
(Hesse, A. 206, 240). Colourless needles (from 
water), v. sol. hot water and alcohol. Not at- 
tacked by alkalis in the cold. Boiling KOHAq 
ormoistAgjO converts it into method-quinine 
CjoHaaMeN^Oj, an oil which yields an amorphous 
hydroiodide, crystalline B^HaPtCl^aq (Hesse) or 
B'H2PtClH2aq (Lippmann, M. 12, 512), and 
OaoHasMeNjOaMel oq crystallising in needles, de- 
composed at 218°. 

Methylo-periodides B'Melg. Black 
needles (Jorgensen, J. pr. [2] 3, 145 ; 14, 261). — 
BjMejIaHaSO^. Reddish-brown needles (from 
alcohol).— B'2Me2l8HjS04. Brown plates.— 
B'4Me4li82H2S04. Almost black laininas.— 
B'4Me4lM2H2S04. Almost black needles with 
green lustre. 

Methylo-chloride B'MeClaq. [182°]. 

Needles.— B'2MeHPtCl8 ; orange prisms. 

M ethyl 0 -bromide B'MeBraq. [126°], 

Slender needles, si. sol. cold water. 

Di-methylo-di-iodide B^Me3l2 3aq. 
p.68M62°]. Formed by heating B'Mel with 


Mel and MeOH in sealed tubes at 100^. Got alsOi 
together with B'Mel from cupreine by the action 
of NaOMe followed by Mel (Hesse, A. 266, 240). 
Yellow tables (from water^. Converted by cold 
NaOHAq, or better NaOH in MeOH, into a resin 
and a smaller quantity of a yellow crystalline 
body. S. (boiling MeOH) *1, melting about 280°, 
sol. acids and reppd. by alkalis as a jelly. Its 
solutions are yellow with green fluorescenoe. A 
similar body is got by the action of alkalis on 
the methylo -iodide of methoxy-quinoline (ob- 
tained from quinine). — B'Me2PtCl8 2aq. — 
B'2MeAuOl4. 

Ethylo-iodide B'Etlaq (Howard, C. J. 
26, 1180). [211°]. Trimetrio needles (from 

ether), with very bitter taste. Laevorotatory. 
— ^B'Etlj : black needles. 

Ethylo-chloride B'EtClSaq. Slender 
needles.— B'EtHPtClu : yellow pp. 

Ethylo-bromide B'EtBr2aq. 

‘ Ethylo-sulphates B'2Et2S04 8aq. — 
B'EtHS04 2aq : needles, v. e. sol. water. 

Ethylo-cyanide B'EtCN. [90°J. White 
needles (Claus a. Merck, B. 16, 2746). 

Di-ethylo-di-iodide B'Et-^LBaq. [115°]. 
Prepared by heating quinine with EtI and al- 
coholic potash (Skraup, AT. 2, 610). Monoclinio 
tables, sol. alcohol, insol. ether. 

Methylo-ethylo-di-iodide B'MoEtl^aq. 
[208°]. Formed by boiling B'Mel with EtI and 
alcohol (Claus, B. 14, 70). An isomeride [157°- 
160°] is got from B'Etl and Mel. 

Benzylo-chloride B'CyH^Cl. Amorphous. 
B'(CjH,)HPtClrt2aq: crystalline (Mazzara, (?. 

13, 530).— B'(0;H7)2PtClB : yellow powder. 

Tolyl-quinine C2„H2s(CyH,)N202. Two modi- 
fications are formed by heating quinine with o- 
toluidinc, and two from p-toluidine. The o and 
p (a) modifications form oils soluble in ether ; 
the 0 and p (jS) modifications form amorphous 
yellow powders insoluble in ether, soluble in 
chloroform and alcohol. B'jjn2Cl2rtCl4aq : 
yellow crystallino powders (Claus a. Bottler, B. 

14, 80) 

Quinopropyline C24H.sNg02. [164°]. Got by 
heating sodium-cupreine with PrNOj and PrOII 
at 110° (Grimanx a. Arnaud, Bl. [3] 7, 310). 
White powder. — B'..H,S04 l.^aq. Silky needles. 
[224°]. [a]„ = 229a‘t22°. 

Quinoisopropyliue [154°]. Formed in like 
manner from PrNOa,— B'2H.,S04aq. S.’3 at 10°. 
Me* 229°. 

Quinoamyline O^HjaNgOg. [167°]. Formed 
from sodium -cupreine and amyl chloride in amyl 
alcohol at 105°. Amorphous.— B'.HgSOq 2aq. 
Needles. S. *025 at 11°. Its solution in dilute 
HgSO, fluoresces. 

Quinine sulphonio acid CgoHg3(S03H)N20j, 
[209°]. Formed by moistening quinine tetra- 
sulphate with ACgO, and treating the product 
with hot water (Hesse, A. 267, 141). Small 
white prisms (containing aq when air-dried). 
[a]i, - —182° in a 2 p.c. solution containing HCl 
(3 mols.).— HgA'-gHaPtClfl 8aq. 

Quinine (lso)-8alplionic acid 
Cgong3N20g(SOgH). Formed from quinine and 
fuming HgS04 (Hesse, A. 267, 138). V. sol. 
water, forming a slightly acid Iffivorotetory solu- 
tion with blue fluorescence. Gives a dark-green 
colour with chlorine-water and NH,Aq.— 
HA'HAuCl^ : yellow floooulent pp. 
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Apoqninine [160®]. Wd- -178® I 

in a 2 p.c. solution of alcohol (of 97 p.o.) at 16^ 
[a]p* -247® in water containing 3HC1. Formed 
by heating quinine or cupreine with IIClAq at 
140® (Hesse, A. 205, 323, 341 ; 230, 65). Amor* 
phous powder (containing 2aq), sol. alcohol, 
ether, 0H01„ and hot water. A solution of its 
sulphate shows no fluorescence. Chlorine-water 
and ammonia give a dark-green colour in the 
cold. The aicoholio solution gives a dark 
brownish-red colour with FeCla- Fuming HClAq 
at 150® forms [160®J, which 

gives the salts B'H^Clj, 3aq, B'HjjPtCla 2aq, and 
C„H2jAc2C1N,02 [184®]. 

Salts. — B'HjPtCl« 3aq. — B'HI. Small 
crystals (Lippmann a. Fleissner, M. 12, 331). 

Acetyl derivative C,„HaoAcoN.p./. amor- 
phous powder, sol. ether and alcohol. 

Isoapoquinine [176®]. Formed 

by the action of boiling alcoholic potash on 
CjjHjjNaOaSHI [238®] {v. Quinine, Reactum 8).* 
Crystalline (Lippmann a. Fleissner, M. 12, 331). 
— B'Hal’tClfl aq : granules, si. sol. water. 

Ifloquinine C,oH,,N,0,. [18G®]. [a]p= -181° 
in a 4 p.c. solution. Formed from the compound 
C„JI^.,NaOa3ni [230®] {v. Quinine, Reaction 9) 
with alcoholic potash (Lippmann a. Fleissner, 
M. 12, 332). Needles (containing aq), v. e. sol. 
benzene, si. sol. ether, v. si. sol. boiling water. 
Coloured green by chlorine-water and ammonia. 
— B'HCl 2aq : needles, v. sol. water.— B'2IIC1, m. 
sol. water. —B'TI^PtCltf: yellow crystalline pp. — 
B'-jH^SO^ lOaq : needles, v. e. sol. water. — 
B'AgNO, : needles. 

»|^.Quinine [191®]. Formed, 

together with nichino (?), by heating 

quinine hydroiodide with alcoholic potash 
(Skraup, B. 25, 2911). Losvorotatory. Yields 
B'HCl, B'HNO,, and B',HNOa, all si. sol. water 
and readily crystallised. 

Chinene or Quinene v. Quiniene, vol. ii. 
p. 181. 

Homoquinine v. Cinchona bases. 

QUININIC ACID V . Methyl derivative of 

(B. 3)-OXY-qUINOLINE CABBOXYLIO ACID. 

QDINI8ATIC ACID C,H,(NHJ.CO.CO.C02H. 
O’Amido-hcnzoyl-glyoxylic acid. Foimed by 
oxidation of (Py. 1,2,3) -tri-o.xy-quinolino with 
FeClj (Baoyer a. Homolka, B. 16, 2219). Yellow 
prisms, v. sol. water. On reduction with zinc- 
dust and HOAc and exposure of the filtrate to 
the air it forms a dark-blue colouring matter. 

Anhydride [255“-2C0’]. 

Formed by heating the acid at 120°. Itnd 
crystals, forming a red solution in alcohol. 
Readily combines with water, with re-formation 
of the acid. Dilute NaOHAq forms a yellow 
solution, very quickly becoming colourless. 
NaOEt gives a body crystallising in indigo-blue 

needles. Gives an oxim 

crystallising in orange prisms [208°]. 

QUINITANNIC ACID. An acid occurring in 
cinchona bark (Schwarz, J. pr, 66, 76 ; cf. Pelle- 
tier a. Caventou, A. Ch. [3] 15, 337). Hygro- 
scopic yellow mass. Its alkaline solutions absorb 
oxygen. Converted by boiling dilute acids into 
glucose and a brownish-red powder 
which gives acetic and protocatechuic acid when 
tnaed inth potash (Bembold, A. 148, 270). 


CH(OH)<gg';Q|^CH(OH). Bydroquinone 

hexahydridc. Formed, by reduction with sodium- 
amalgam in a current of CO.^ from the product 
of the action of dilute HnSO^ on the dihydride 
of di-oxy-terephthalic ether (succinyl-sucoinic 
ether) (Baeyer, B. 25, 1037, 1810). V. sol. water 
and alcohol. Occurs in two modifications, 
trans [111®] and cis [90°], wliich yield acetyl 
derivatives melting at 106® {trans) and 32® (cis). 
Both acetyl derivatives boil at 244®. Quinite is 
converted by HBr into di-bromo-benzeno hexa- 
hydride {trans [114®], cis an oil), which on heat- 
ing with quinoline give oily benzene dihydride 
(81°), which forms a totrabromide [182 ’’]. 

QUINIZARIN V . Di-oxy-antukaquinonb. 

QUINIZINE. Substances supposed to be 
derived from the hypothetical quinizino were 
subsequently found to be derivatives of phenyl- 
pyrazole. Thus oxy-mothyl-quinizine is oxy- 
phenyl-methyl-pyrazole {q. v.). 

QTJINOL V . Hydroquinonb. 

QUINOLIC ACID 0JI,N,O,. •Got by oxida- 
tion of cinchonino with HNO3 (Woidol, A. 173, 
91 ; B. 12, 1152). Woolly crystals, almost insol. 
water, v. si. sol. alcohol, sol. IIClAq. Alkalis 
give a transient crimson colour. Br and water 
at 180® give hexa-bromo-quinoline. HNO3 at 
170® forms cinchomeronio acid.— AgA'. — 
IIA'HCl.— H.,A'.,H,.PtCl3 : orange needles. 

QUINOLINE C,H,N i.Ce 

CH-CH CN^’CII* Leticoline. MoL 

w. 129. (237’5°) (Young, C. J, 65, 485) ; (234®) 
(Schiff, B. 19, 566) ; (241® cor.) (Kretschy, M. 2, 
80). S.G. a 1T06 (0. de Coninck, Bl, [2] 37, 
208); ft 1*108 (Skraup). S.V. 139-8 (Sohiff). 
Va2)our~2:7'cssure : Young. Heat of neutralisa- 
tion : Colson, A. Ch. [6] 19, 409. Absorption of 
ultra-violet spectrum'. Hartley, C. J. 41, 47. 
Occurs ill coal-tar (Bunge, P. 31, 68; Hofmann, 
A. 47, 76 ; 63, 427 ; 74, 15 ; Greville Williams, 
Tr. E. 21 [2] ; [3] 377 ; 0. Fischer, B. 16, 720 ; 
Jacobsen a. Bcimer, B. 16, 1084). 

Formatio 7 i.—l. By distilling quinine, cin- 
chonine, or strychnine with potash (Gerhardt, 
A. 42, 310 ; 44, 279 ; 0. de Coninck, 

C. R. 94, 87 ; Bl. [2] 35, 290). Quinoline free 
from homologues is got from cinchonine by 
treatment with potash and CuO (Wyschnegrad- 
sky, B. 13, 2318).— 2. By passing allyl-aniline 
over heated FbO (Kdniga, B, 12, 453). — 3. From 
hydrocarbostyril (vol. i. p. 180) by treatment 
with PClj and reduction of the product with HI 
and HOAc (Baeyer, B, 12, 1320).-4. By distil- 
lation of acrolein-aniline (Konigs, B. 13, 911). — 
5. By distilling anil-uvitonio acid with soda- 
lime (Bottinger, B. 13, 2166).--6. By heating a 
mixture of nitro-benzene, aniline, glycerin, and 
H.SO^ for three hours with inverted condenser 
(Skraup, M. 1, 310; 2, 139, 535).— 7. By heating 
its carboxylic acids with lime. — 8. By adding a 
few drops of NaOHAq to a cold dilute solution 
of equimolecular quantities of o-amido-benzoio 
aldehyde and acetio aldehyde (Friedl&nder a. 
Gohring, B. 16, 1833).— 9. By heatingthe hydro- 
chloride of quinoline tetrahydride with water 
andHg(OAc)a at 160® (Tafel, B. 26, 1623).— 10. 
By fusing methyl-acetanilide with at 290® 
(Piotet,B. 28, 1903). 
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Pr^fOraHon . — mixture of aniline (38 pts.), 
glycerin (120 pts.), nitro-beuzene (24 pts.) and 
H2SO4 (100 pts.) is heated with inverted con- 
denser. Potash is then added, and the base dis- 
tilled over with steam and fractionally distilled. 
It may be further purified by means of the acid 
sulphate and freed from aniline by oxidation or 
by treatment in acid solution with NaNO^. Tho 
yield is 60 p.c. (Skraup). 

Properties.— Colourless liquid with peculiar 
odour, slowly becoming yellow. V. si. sol. water, j 
miscible with alcohol, ether, and (JS™. Quinoline ' 
is very hygroscopic, forming the hydrate 
(Cj^H^Nj^Saq, which becomes turbid on warming 
(HoogewerJi a. Van Dorp, li. T. C. 1, 1, 107). It 
is antiseptic, antipyretic, and antizymotic 
(Donath, B. 14, 178). Quinoline separated from 
solutions of its salts dissolves in excess of 
or ammonium carbonate, but not in NaOH or 
Na^COy. Iodine in KI gives a brown pp., insol. 
HClAq. Pliosphornolybdic acid a yellowish- 
white pp., sol. NH.,Aq. Picric acid a yellow 
amorphous pp. IlgCL a white pp., sol. IIClAq. 
KjHgl, a yellow amorphous pp., changed to yellow 
needles on adding HCl. K.CioOj gives crystals, 
sol. excess. Potassium ferrooyanide an amor- 
phous orange pp. (Donath, B. 14, 1769). On 
shaking with cone. CuSO^Aq a green pp. 
(CuSOJ.2(CuOJI.j34aq is got (Borsbach, B. 23, 
924 ; c/. Lachovitch, M. 10, 884). NaOBr gives 
no reaction (Denig^s, C. ii 107, 662). Quinoline 
forms very soluble crystalline compounds with 
NaHSO, (Brunck a. Graebe, B. 15, 1785). It 
combines with iodoform (Rlioussopoulos, B. 16, 
202 ). 

Reactions^ — 1. On passing through a red-hot 
tube it yields (i9)-diquinolyl (Zimmerinann a. 
Muller, B. 17, 1963).— 2. On boiling with 
or sodium-avialgavi it is converted into ‘diquino- 
line,’ which forms a scarlet hydrochloride which 
dyes silk a transient orange (Grevillo Williams, 
Pr. 31, 636; C. N. 37, 85).— 3. lleduced by tin 
and HClAq to quinoline tetrahydridc (214'^) 
(Wyachnegradsky, Bl. [2] 31, 339). — 4. Zinc- 
diist and NH:,Aq or alcohol and sodium-amalgam 
give the tetrahydrides of quinoline and of di- 
quinoline (Konigs, B. 14, 99). — 5. Oxidi.scd by 
bleaching-powder or other hypochlorites to oxy- 
quinoline (carbostyril) and chloro-oxy-quinolino 
(Erlenmeyer, B. 19, 489 ; Binhorn a. Lauch, A. 
243, 342). Chlorine pa.sscd into its solution in 
HOAo forms tri-chloro-oxy-carbostyril.— 6. On 
heating with SbClj at 170'^-400‘^ and passing in 
chlorine^ the products are C^Cl^ andC«CI« (Smith 
a. Davis, C. J. 41, 413). — 7. Bromine (2 pts.) 
added to a mixture of quinoline (1 pt.) and water 
(3 pts.) forms the tetr a bromide CyH^NBr^, 
which crystallises from chloroform in very un- 
stable red needles, and is converted, by heating 
with alcohol, into C^HjNBrjHBr [86“] crystal- 
lising in red prisms, insol. chloroform, v. sol. 
alcohol and ether, decomposed at 180° into HBr 
and bromo-quinoline-hydrobromide (Grimaux, 
BU [2] 38, 125 ; C. R. 95, 85). Bromine added 
to an ethereal solution of quinoline forms the di- 
bromide C^H^NBr^, yielding B'HCl [100°-105°J 
and B'HBr [88° cor.], which form red crystals 
(Claus a. Collischonn, B. 19, 2765).— 8. KMnO^ 
in alkaline solution forms pyridine dicarboxylio 
acid (Hoogewerff a. Van Dorp, R. T, C. 1, 1, 107; 
c/. Dewar, Pr. 26, 65). KMn 04 cone. l^SO^ 


also give quinolinic amd. KMn04 and 
H. 2 SO 4 form quinoline {B. 3^-carboxylio acid, di- 
quinolyl being an intermediate product (Georgie- 
vitch, M. 12, 312).-9. H.,S 04 at 220° forms the 
(B. 4)-sulphonic acid ; at 250° the {B. 2)'Sul- 
phonic acid is produced (Georgievitch, M. 8 , 
578, 641). — 10. Oxygen passed through platinised 
asbestos containing quinoline and quinoline hy- 
drochloride at 190^ forms (a)-diquinolyl. Oxygen 
acting on a mi.xture of aniline and quinoline 
hydrochloride forms {Pij. 3 ; B. 2)-diquinolyl 
and p-B,mido-{Py. 3)-phenyl-quinoline, while 
quinoline and o-toluidine hydrochloride are con- 
verted by oxygen into amido-phenyl-metliyl- 
quinolino (Woidel, M. 8 , 120 ; 9, 99).— 11. 
p-Amido-phenyl-qiiinoline is also formed by 
heating quinoline hydrochloride with aniline. — 
12 . BzCl at 240° gives (i3)-diquinolyl. — 13. 
.4ZZoa:anaddedtoa solution of quinoline saturated 
with SO^ forms B'C^H.,N 304 S 03 H, crystallising 
in yellowish prisms (Pellizzari, A. 248, 150). — 
14. SiCl, forms (C„H;N),,SiCl, (Harden, C.J. 51, 
40). SiF 4 forms (CBH,N) 32 SiP 4 , crystallising in 
needles (Comey a. Jackson, Ajn. 10, 176). — 15. 
Nitroso-di-vie.thyl-aniline and hydrogen cyanide 
form B’(C,jII,(NO).NMo.J.PICy, crystallising in 
golden plates (Lippmann a. Fleissner, M. 6 , 
543). — 16. Glycerin dichlorhydrin forms 
(ChII,N)C.JI.jC 1, which is deliquescent and forms 
(B'C 3 H 3 Cl).,PtCl, and B'C^H^AuClj.— 17. Ethylctui 
chloride at 100 ° forms B'^C.^HjCl^, crystallising in 
needles, yielding B'.^C.^HjPtCly (llhoussopoulos, 
B. 16, 879). — 18. Ethylene bromide (1 mol.) 
heated with quinoline (1 mol.) at 80° forma tho 
bromo-ethylo-bromide B'BrC.^H^Br, crystallising 
from alcohol in needles and yielding B'ClC.^HiBr 
and (B’CiC,JI,Br),PtCl, (Berend, B. 14, 1349). 

I Ethylene bromide (1 mol.) with quinoline (2 
I mols.) at 40° forms B'C^IIiBrj aq crystallising 
: from alcohol in needles. — *19. By heating quinol- 
I ine (16 g.) with glycolic chlorhydrin (10 g.) and 
, water (10 c.c.) for 3 days at 100° there is formed 
! B'C 1 . 0 . 3 H, 0 H, crystallising from alcohol-ether in 
' splendid prisms (Wurtz, Pr. 33, 452; C. R. 95, 
263 ; 96, 1269). It is hygroscopic, v. sol. water 
and alcohol, insol. ether. On boiling with moist 
I Ag.p it forms a caustic liquid that soon turns 
; crimson. It yields B'(GoHjOn)AuCli, crystal- 
1 Using in minute pointed hexagons, and also 
B'{C,H.OH)C16HgGk, and (B (G,,H,OH)Cl) 3 PtGl,. 
20. Iodoform (1 mol.) heated with quinoline 
I (2 mole.) for 8 days at 1C0° forms B'^GH^I^, 

^ crystallising in long needles [132°] (Illiousso- 
poulos, B. 16, 202, 880, 2004). It is converted 
by AgGl into B'gGII^Cl.^ [168°], which gives 
B^CPLPtGlg. Iodoform (1 mol.) added to quinol- 
ine (3 mols.) in ethereal solution forms B'jGHIj 
crystallising in needles [65°J, not affected by 
AgCl.— 21. Chloro-acctic acid forms quinoline- 
betaine GijHyNOj [171°], which separates from 
alcohol in thick crystals (containing aq) and 
forms (CiiEhNOj) Jl3PtGlrt2aq (Geriohten, B. 15, 
1254 ; llhoussopoulos, B. 15, 2006). —22. Chlora- 
acetic ether forms CaHjNGl.CHj.CO^Et crystal- 
lising in needles, v. e. sol. water, converted by 
moist Ag.O into quinoline. It yields the salt 
(C.sH.^NdjjHPtCl,. — 23. Chloral in ether 
forms CBH/NC’^HClaOaq [66°], crystallising from 
benzene (Bhoussopoulos, B. 16, 881). It is insol. 
water and decomposed by alcohol. It yieldi 
(aH,N0JEICl.Oaa).JJPtOl.. — 24. at 
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100® forms (O.H^NIjC.HaO^ [102®], S. -25 in the 
cold (Hook, B, 16, 886). It crystallises from 
dilute alcohol in silvery plates, decomposed by 
HClAq.— 25. PhtJialic anhydride at 150® forms 
* quino-phthalone ’ Cj;H„NO, [235°] (Traub, B. 
16, 207). 

Salts. — B'HCl. [94°]. Deliquescent 
nodules, v. e. sol. alcohol, chloroform, and hot 
ether (0. de Coninck, Bl. [2] 37, 208).— 
B'^H^PtCl, 2aq [225°] (Skraup) ; [218°] (Lell- 
mann, i4. 237, 323). — B'jH.^PtCly aq. S. *07 at 
11°.— B', PtClj : insoluble powder.— B'.H BtCl^.— 
B'HAuCI^. Canary-yellow needles. — B'lICdClaaq. 
— B'CdClr. white pp. — B'HgCl,. Pearly plates 
(Bromeis, A. 52, 136). — B'oH^HgCl^ 2aq. [01°]. 
Monoclinic crystals.— Cl,. Crystals. — 
B'H,SnCl, 2aq : needles.— B'HSnClj. [127°] . 
Thin needles. — B'^ILSnClg. [above 240°]. — 
B'-^HoUrO^Cl^ : yellow prisms. — B'SbCl.,. — 
B'lISbCl,.-B'3H,BiCl„.-B',H,ZnCl^.-B'2ZnClj. 
— B'lIOlICl. [118°] (Ostermayer). Yellow pp.,* 
converted by ammonia into explosive B'NH.,1 
(Dittmar, B. 18, 1013).— B'ICl. [100°]. Small 
white needles (Pictet a. KralYt, Bl. [3] 7, 73). — 
B'Br.jHCl. [100°-105°]. Orange crystals (Claus, 
B. io, 2760). — B'lIMnCla: rose-red needles 
(Borscbach, B. 23, 433).-BTlFeCl,. [150°]. 

Formed by adding HCl to a solution containing 
quinoline and FeCla (B.). Small needles, decom- 
posed by boiling water. — B'.^CoCl,,: blue triclinic 
crystals.— B'^CuCl^ : nearly black crystals. — 
B'Cu(OAc) 2. [above 240°]. Green crystalline 
powder.— B'.jZnljj : white powder, si. sol. cold 
water.-B'2ZnBr,..-B'CdBr,.-B'CdI.,. — B'..CdI... 
-B'HgBrj. [20 1°]. -B'HgT,. [108°].— B'Br^. 
[92°-100°]. Red crystals (Lubavin, J. It. 18, 
434).-B'Br4. Rod needles.-B'HRiv [86°].— 
B'Br,IlCl. [100°.105°].-B'l2. [90°J. Formed 
by adding 1 to a solution of (piinolino in CS.^ 
(Claus a. Istel, B. 15, 824). Dark -green lustrous 
needles.— B'HI^. [07°]. Ppd. by adding I in 
K1 to a solution of quinoline sulphate (Dafert, 
M. 4, 509). Green crystalline pp., sol. alcohol* 
and benzene.— B'H., SO,. [164°]. S. (alcohol) 2 
at 18° ; 11 at 78° (Krakau, J. R. 17, 301). Deli- 
quescent crystals. — IVJloOr.O^. [c. 167°]. 
Yellow needles (from hot water). S. '36 at 10°. 
— B'HNOj. Needles (from alcohol), v. sol. 
water, insol. ether. — B'jAgNOa : needles. — 
B'.^Hg(NO;j)2 • white crystalline precipitate. — 
B'2(HNOj,,Ce(NOJ., : orange-red plates (G. Wil- 
liams, C. N. 58, 199).~B'.JIBiFg. Long needles 
(Comey a. Jackson, Am. 10, 170). -B'HDjO,. 
Silky needles (from alcohol). Decomposes at 
100° (Williams).- B'^HgCy.^. : long needles (from 
water) (H. Schiff, A. 131, 11'2).— Tartrate 
B'34C,HgOg. [125°] (Friese, B. 14, 2805).- 
Cyanurate B'sH-jCaN^Oa. Crystals (Claus, 
J. pr. [2] 38, 220). - BilSCy(Cr(SCy)3NH.,). 
llodlamellaB, si. sol. hot water (Christensen, J.pr, 
[2] 45, 365). — Picrate: [203°]. — o-Oxy- 
benzoate B'CjHgOa. Crystalline powder. 

Alkylo-iodides. According to Decker 
{B. 24, 690) the alkylo-iodides B'RI are con- 
verted by alkalis into the hydroxides B'ROH 
which are readily oxidised by the air to crystal- 
PH'OTT 

line oxy-v- alkyl-quinolines which 

melt about 100°. The cyanines may be con- 
sidered as derived from one molecule of alkyl- 
quinoline and one molecule of oxy-i'-alkyl-quin- 


oline. The alkylo-hydroxides are converted by 
warming with alcohols B'OH into compounds 
BllOR'. 

MethylO’Chloride B'MeClaq. [126°]. 
On heating with ZnCl^ at 180° it is converted 
into a base C.^H.^N,0 [72°-75°] (above 860°), 
crystallising in largo trimetrio prisms, and 
yielding a hydrochloride [112°] and the double 
salts C„„ILuN.^OHAuCl4 and (C.j,H,.oN.O)jjH^tCl5 
[190°] nearly insol. water (Ostermayer, B. 18, 
593).-B'..Me..PtCl„. [230°]. Yellow plates.— 

B'MeAuCl,. • [205°]. — B'McClICl. [112°]. 
Formed by adding ICl to the mcthylo-cliloride 
in aqueous solution. Largo yellow plates. 

Mcihylo-tribromide IVMcBi'j. [123°]. 
Orange-red plates. Converted by picric acid 
solution into B'MeOCJL(NO,j3 [164°]. 

McthyLO‘iodidc B'Mel. [73°] (La Coste, 

B. 15, 192 ; Pictet, B. 23, 1903). Large crystals. 
Converted by moisi Ag.O into a strongly alka- 
line solution of the hydroxide B'McOII. Aqueous 
NaOH in the cold converts B'McI into the 
oxide B'.^Me.G, a white powder, reconverted by 
HI into B'Mel (possibly oxy-»'-me*liyl-quinoline) 
(La Coste; Claus, B. 15, 475; Bernthsen, B. 18, 
29 ; Decker, B. 24, 090). Potash, even in cold 
aqueous solution, forms an oil probably contain- 
ing methyl-quinoline (Icpidine) (Skraup, Sitz. 
W. [*2] 81, 593). By tlie action of KOII on a 
mixture of B'Mel (2 pts.) and the methylo- 
iodido of {By. ij-metliyl-quinoline (1 pt.) 
there is formed di-methyl-cyanine iodide 
C„,H,.,N J, crystallising in oblong green tablets, 
[29 rj, si. sol. water, forming a reddish-blue 
solution (Iloogewerff a. Van Dorp, R. T. 0. 2, 
317 ; 3, 337). The alcoholic solution is violet, 
with green lluorcscence. Its solution in acids is 
yellow. The aqueous solution is decolourised by 
CO., the colour re-appearing on boiling. The 
corresponding C..,,H,yN,^Cl 5aq [c. 300] forms 

C. ,,H,.,N.^Cl(HPiCls) .^aq as yellow crystals. Quin- 
oline metliylo-iodide is oxidised by alkaline 
K^FeCyg to oxy-metliyl-quinoline or v-methyl- 

qainolono [72”] (324" at 728 

mm.) (Decker, J. pr. [2] 46, 31 ; c/. Bernthsen a. 
Hess, B. 18, 37, who took it for di-methyl-di- 
qninolyl; Ostermayer, Lf. 18, 591). This body 
is also got from carbostyril and Mel (Fried- 
liinder a. Muller, B. 20, 2009). It deliquesces 
with water, forming an oil. Hydrochloride 
[ 112 °]. 

Ethylo-ckloride B'EtClaq. [93°]. Large 
Iriractric tables (Claus a. Tosse, B. 16, 1277).— 
B'3Et,PtClg. [226°]. Yellow pp. 

Elhylo -bromide B'EtBr aq. [80°]. Tri- 
metric tables. By the action of {Py. l).methyl- 
quinoline etliylo-bromide it is converted into di- 
ethyl-cyanine bromide Caan.^^N-^r or CgaH^jN-^r, 
crystallising in small needles, not melted at 290°, 
forming a blue solution in alcohol. 

Ethylo-iodide B'Etl. [118°] (Spalteholz, 
B, 16, 1851) ; [160°] (Hoogewerlf a. Dorp, B. T. C. 
2, 321). Monoclinic crystals At 280° it yields 
(7)-ethyl-quinoIine and di-ethyl-quinoUne 
(Reher, B. 19, 2996). Moist kg.fi forms strongly 
alkaline B'EtOH, which is sol. water and resini- 
fied by atmospheric oxidation. On heating 
B'Etl (2 pta.) with {Py. 3) -methyl-quinoline 
ethylo-iodide (1 pt.) and alcoholic potash, there is 
formed di-ethyl-isocyanine iodide 0.^aNJ 
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^oogewerff a. Van Dorp, B, 3*. 0. 8, 844) or 
OaaH,»N,I (Spalteholz, B, 16, 1861). This body 
forms lustrous green prisms (containing 4aq or 
J EtOH or } EtOH l^aq) melting at 162'^. It is 
insol. ether, si. sol. water, and forms a crimson 
solution in alcohol. By the action of EOH on 
a mixture of B'Etl and {Py. Ij-mcthyl-quinoline 
ethylo-iodide there is formed di-ethyl-cyanine 
iodide CjjHjgNjI [273°], crystallising in green 
prisms (Hoogewerff a. Van Dorp, E. T. 0. 2, 
317). Quinoline ethylo-iodide is oxidised by 

alkaline K^eCy, to igH 

(Decker, J, pr. [2] 47, 36), which body is also got 
from carbostyril and EtI (Friedliinder a. Wein- 
berg, B. 18, 1530). Solidifies at -20°. 
CgHjNEtlHgCy^j. [138°]. Needles (from water). 
CaHyNEtBrllgCy.^. [155°]. Crystals (from 
alcohol) (Claus, A. 269, 271). 

Ethylo-nitrate B'EtNOg. [89° uncor.]. 
Large trimetric crystals (Claus, B. 16, 1277). 

Propylo-chloride B'PrClaq. [c.95°](liy- 
drated) ; [135°] (anhydrous). Colourless crystals 
(Claus a. Colliftchonn, B. 19, 2504). Crystallises 
from chloroform in prisms (containing CIICl,) 
[79°]. V. e. sol. water.— B'PrClBr,. [85° uncor.]. 
Orange-red radiating crystalline mass.— B BrClIj. 
[62°]. Brown crystals. 

Propyl-hromidc B'PrBr2aq. [60°uncor.] 
(hydrated) ; [148° uncor.] (anhydrous). Formed 
by heating quinoline with PrBr and a little 
(10 p.o.) alcohol at 100°. Tables, v. e. sol. 
water and alcohol. The anhydrous crystals 
(obtained from absolute alcohol) are very deli- 
quescent. Crystals obtained from chloroform 
(containing CHCl,) melt at 65°. 129°.— BTrClJBr. 
[c. 60°], Formed by passing dry Cl into a solu- 
tion of B'PrBr in chloroform. Small sulphur- 
yellow plates. Unstable.— BTi-Brj. [93°]. 
Formed by adding Br to the aqueous or alcoholic 
solution of B'PrBr. Triclinic garnet-red crystals. 
Yields {Py. 3)-brorno quinoline on heating. — 
B'PrBrIj. [60° uncor.]. Formed by evaporating 
a mixture of I in ether and B'PrBr in alcohol. 
Lustrous brown needles. — B'PrBrI,. [49°]. 
Slender, nearly black, needles with green 
reflex. 

Propylo-iodide B'PrI. [145°]. Small 
yellow crystals. Not hygroscopic. Crystallises 
from chloroform with CHCI3, partially melting 
at 92°. — B'PrCljI. [87°J. Sulphur-yellow 
needles. — B'PrCl^I. [145°]. Converted by long 
boiling with water intoB'PrCl.— B-'PrBrJ. [77°j. 
Triclinio orange tables.— B'l’rBrJ. [48°-58°]. 
Very unstable orange powder. — B'Prlj. [62°], 
Very stable bronzy brown prisms. — B'PrL. 
[50°]. Stable tables. 

Iso-amylo-chloride B'CjHuCl. — 
B'.^(04Hj,)2rtCl„. [220°]. Yellow crystalline pp. 

Iso-amylo-hromide B'C^HuBraq. [87°J 
^ydrated) ; [140°J (anhydrous) (Claus a. Tosse, 

laoamylo-iodide B'C.H,,!. [185°]. 

Yellow monoclinio needles (Perkin, C. J, 14, 
246 ; Nadler a. Merz, J. pr. 100, 129 ; Greville 
Williams, 0. N. 1861, 219; Hoogewerff a. Van' 
Dorp, E. T. C. 2, 40 ; 3, 362 ; Arzruni, E. T. 0. 
4, 62). Does not form cyanine on treatment 
with potash unless it contains tho isoamylo- 
iodiJe of {Py. 1) -methyl-quinoline, in which 
ease di-isoamyl-cyanine iodide C^^Hg^N^ 


[0. 100°] is produced. This body crystallisei in 
lustrous green monoclinio crystals (containing 
l^aq) ; a:h\c - 2-379:l:l-669 ; 8 » 88° 46'. It also 
forms brass-yellow crystals. It is very hygro- 
scopic, nearly insol. ether, si. sol. CHCL, 
acetone, and isoamyl alcohol. It is v. sol. 
alcohol, forming a deop-blue solution. Iodine 
converts it into CjgHssNala [189°], which is si. 
sol. alcohol, V. sol. acetone, forming blue solu- 
tions. The solution of di-isoamyl-cyanine 
iodide in HClAq is colourless, and deposits on 
evaporation colourless scales of C2pHs4N2l2nCl, 
which at 100° gives off HCl, leaving bronzed 
CajH^NalHCl. Moist Ag.O forms uncrystal- 
lisable C2nH3jN2(OH). Alcohol and AgCl pro- 
duce CjaHjiNjCl 4aq, crystallising in long blue 
prisms, and yielding (C2uH3iiN2Cl)nPtCh. Alcohol 
and AgNOa give CjjoHgjNjtNOj) aq, which forms 
lustrous needles giving a blue aqueous solution 
and yielding colourless C29H3iN2(N03)2HCl and 
•blue C29H35N2(NOa)HCl. Alcoholic ammonium 
sulphide converts the nitrate into reddish- 
yellow monoclinio crystals of C3gHHgN4S302, which 
yields Cf,3H6,N4S;,Cl42PtCl4 as an orange pp. 
(N. a. M.). 11.864 converts di-isoamyl-cyanina 
iodide into (C2j,H35N2)2S04 2aq, crystallising from 
hot water in blue needles. 

Allylo-iodide BVJIJ.. [177-5°] (Pictet, 
C. E. 95, 300). 

BenzylO'Chloride B'C.HjClSaq. [65°]. 
Triclinio tablets. It crystallises also as 
B'C,H,C1 2aq [130°] in trimetric crystals (Claus, 
B. 13, 2045 ; 16, 1279 ; 18, 1305). V. sol. water 
and alcohol, insol. etlier. KMn04 oxidises it to 
bcnzyl-o-amido-benzoic acid and its formyl 
derivative. By treatment with KOH or AgD it 
is converted into a strong base, v. sol. water. 
Excess of KOH ppts. an oil which turns red in 
air. The benzylo-hydroxido yields quinoline on 
distillation (Bernthsen a. Hess, B. 18, 35). 
Mercuric chloride yields a crystalline pp. 
[142°].— (B'C,H,),>PtCl„. [246°]. Yellow pp.- 
B'CJI^ClBr,. [92*°]. Crystalline.— B'C^H.BrClg. 
[80°]. Yellow needles.— B'C,H,Brj. [100°]. 
Orange prisms. — B'CjHjBrIj. [110°], Dark- 
violet needles. 

Phenacylo-bromide B'Br.CHaBz. [115°- 
165°]. Neeles, v. sol. water and alcohol, v. si, 
sol. ether (Bamberger, B. 20, 3340).— B'HNOs. 

Eefere7tces.—A.viu>o-t Bromo-, Bkomo-amido-, 
Bbomo-nitro-, Chloro-, Chuoro-nitro-, IODO-, 
N1TB0-, OxY-AMiffo-, and Oxy- quinolinks. 

Diquinoline v. Diquimolyl. 

Isoquiaoline C„H,N i.e. [23“]. 

(241° i.V.). Occurs, as well as quinoline, in 
coal-tar (Hoogewerff a. Van Dorp, E, T, C, 4, 
125, 286; 5, 305). 

Formation.—!. By the action of HI at 230® 
or of zinc'dust in a current of H at a low red 
heat upon the di-chloro- derivative [123°] ob- 
tained by the action of POCl, on the imide of 

o-carboxy-phenyl-acetio acid 

(Gabriel, B. 18, 3470; 19, 1656, 2361; Le Blano, 
B. 21, 2299).— 2. Together with di-isoquinolyl, 
which yields B'jHjPtClg [177°] by distilling 
benzylidone-ethyl-amine (Pictet a. Popovioi, B, 
25, 733).— 8. By heating isocarbostyril or its 
oarboxylio iici4 with «inc4uBt io ft current of 
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hydrogen (Bamberger a. Kitsobelt, B, 26, 1146; 
Zinoke, JB. 25, 1497). 

—Hygroscopic tables. Yields 
phthalio and cinchomeronic acids on oxidation 
by KMnO^. Tin and HClAq give a tetra-hydride. 
Forms crystalline compounds with HgCl.^ and 
AgNO,. Bromine in ether gives CgH^NBra, 
[82®], which forms very unstable CgH^NBr^HBr, 
[c. 133°], converted at 200° into bromo-iso- 
quinoline [40°] (Edinger, J. pr, [2] 43, 191). 

Salts B'aHjPtCl, 2aq. [264°]. Beddish- 
yellow crystals.— B'HA.uCl4. [225°]. Yellow 
needles. — B'HgClj. [165°]. White needles. — 
B'HjSO^. [206°]. — B'HjCr.O; : needles.— 
PicrateB'C,H,N,0,. [223°]. Yellow needles. 

Methylo'iodide B'Melaq. [100°]. Flat 
yellowish needles. Treatment with AgCl and 
platinio chloride gives (B'MeCl)2PtCl4 [240°] 
(Claus, J. pr. [2] 38, 492). KOHAq added to 
B'Mel forms an oily base which yields 
(B'MeCl)2PtCl4 6aq. Oxidised by alkaline 

KaFeCyato v-methyl-isoquinoline 

[40°] (319°), sol. water, and yielding 

B'HoPtClg 2aq (Decker, J. pr. [2] 47, 37). 

Ethylo-iodideB'^tl. [147°]. Yellowish- 
red tables. Yields ethyl-phthaliraido on oxida- 
tion. Gives (B'EtCl)2ptCl4. 

Benzylo-chloride B'C,HjCl. V. sol. 

water and alcohol, si. sol. ether (Goldschmidt, 
M. 9, 678). Yields benzyl-phthaliraido [115°] 
on oxidation by KMn04 in a solution kept 
neutral by HCl. 

Phcnacylo-bromide B'BrOII^Bz. [205°]. 
Formed from isoquinoline and oj-brorao-aceto- 
phenone dissolved in benzene (G.). Prisms 
(from alcohol), v. sol. water. AgNO^ forms 
B'NOa(CH2Bz) crystallising in needles. 

DiquinoUne v . Diquinolyl. 

QUINOLINE (D. 1).CAIIB0XYLIC ACID 
CH;G(C02H).C,CH:CH ^ , 

q N'CH* dTux-carh- 

oxylio acid. Quinoline-m-carboxylic acid^ 
[357°]. 

Formation.— 1. Together with a smaller 
quantity of the {B. 3) -acid by heating m-amido- 
benzoic acid with glycerin, H2SO4, and wi-nitro- 
benzoic acid (Schlosser a. Skraup, M. 2, 618; 7, 
619). — 2. By saponifying its nitrile, which is got 
by distilling sodium quinoline (B. 1)- or {B. 4)- 
Bulphonato with KCy (Bedall a. Fischer, B. 14, 
2674; 15, 683, 1980).— 3- By heating quinoline 
(B. l,4)-di-carboxylio acid (Skraup a. Ilrunner, 
k 7, 163). 

Properties.— White crystalline powder, sol. 
dilute acids and alkalis, insol. ether and benzene, 
V. si. sol. water and alcohol. 

Salt 8.-HA'HC1 liaq : white needles.— 
(HA')2H2PtCla : yellow plates. — CaA'j 2aq. — 
GaHA's 6aq : needles. — HO.CuA' 2aq : minute 
violet plates, insol. water.— AgA': crystalline pp. 

mtriU C,H„N.CN. [88°]. (above 360°). 
Formed as above and also from (B. l)-amido- 
quinoline by diazotisation and treatment with 
CuCya (Freydl, Af. 8, 681). Crystals, si. sol. Aq. 

Tetrahydride 0,oH,,NOg. [147°]. Formed 
by reducing the acid with tin and HCl (Fischer 
a. Edrner, B. 17, 765). Yields a crystalline 
nitrosamine 0,oH,oN,0,. [186°]. 

iff-Isomerlde OioH^NOg. [338°]. Perhaps 
identical with the preceding. Formed by warm- 


ing quinoline with m-amido-benzoio add, nitro- 
benzene, glycerin, and H2SO4 (Lellmann a. Alt, 
A. 237, 318). Got also by saponifying its 
nitrile which is formed by fusing sodium quinol- 
ine ij'-ana-sulphonate with KCy in a current of 
hot air (Lellmann, B. 20, 1449 ; 21, 397). Snowy 
powder.— HA'HCl aq.— HjA'jHjPtClg : needles.— 
ZnAV— AgA'. 

Tetrahydride 0,oH„N02. [147°]. Got 

by reducing the acid or bromo-quinoline carb- 
oxylic acid with tin and HClAq.— HA'HCl aq. 

ATitrife .CflH^N.Cy. [89°]. Needles (con- 
taining l^aq), melting at 70°. Elilorosces, and 
then contains -^aq and molts at 74’6°. — 
B'jHaPtClg: needles. 

Quinoline (B. 2) -carboxylic acid 
C02H.g=CH.C.CH:CH ^ 

QJJ.Qjg Q N'CH* 


acid. [291°]. Formed by heating p-amido- 
benzoic acid with glycerin, p-nitro-bonzoic acid, 
and H2SO4 (Schlosser a. Skraup, M. 2, 518). 
Formed also by heating its nitrile with HClAq 
at 140° (Fischer a. Wittraack, B. 17, 440). 
Thick prisms, si. sol. hot water, g. sol. acids and 
alkalis. — HA'HCl. —(HA')2H2PtCla. — CaA'.^ 2aq. 
— AgA'. 

Nitrile C,„HeN2. [131°]. Formed by dis- 
tilling potassium quinoline p-sulphonate (from 
sulphanilic acid) with KCy. Needles, forming a 
red solution in HClAq. 

Quinoline (B. 3) -carboxylic acid 

CO.,n.C=CH.C— N'CH' Quinoline-m-carb- 
oxylic acid. [218°]. 

Formation. —1. By oxidation of (3)*di- 
quinolyl with CrO;, and TIOAo (0. Fischer a. 
Loo, B. 17, 1901 ; 19, 2473). —2. By oxidation 
of (B. B)-methyl -quinoline (Skraup a. Brunner, 
AT. 7, 142).— 3. By Ijeating the stannochloride 
of c-amido-phthalic acid with c-nitro-phthalio 
acid, glycerin, and ILSO, (Tortelli, 0. 16, 307). 

Properties. — Needles (from water). 

Salt8.-Cu(0H)A' aq.— AgA'.— HA'HCl aq ; 
triclinic prisms. — KA'-^H^PtCl^ : orange prisms. 

Quinoline (B. 4)-carboxylic acid 

CH:CH C.CHiCH ^ 

CH:C(CO^).d-N:6H- Q^^^nohm-o-carboxyhe 

acid. [187^. 

Formation.— 1. By heating o-amido-benzoio 
acid with o-nitro-benzoio acid, glycerin, and 
H2SO4 (Schlosser a. Skraup, M. 2, 518).— 2. By 
heating its nitrile with cone. HClAq at 160° 
(Lellmann a. Bcusoh, B. 22, 1392). -3. Together 
with the (B. l)-isomeride, by heating quinoline 
(B. l,4)-di-carboxylio acid (Skraup a. Brunner, 
k 7, 153). 

Properties.— Needles, m. sol. cold water and 
alcohol. FeSO, gives a purple colour in neutral 
solutions. — BLA'HCl : yellowish prisms. — 
H2A'2HC1 : golden prisms. - H^A'jH^PtCla : orange 
needles.— GaHA's : needles. -AgA': pp. 

Methylo-iodide HA'Mei. Slender yellow 
needles (La Coste, B. 16, 196). Moist AgjO 
forms a solution of the hydroxide which re- 
produces HA' on evaporation. 

Nitrile 0 ,oHsN 2. [84°]. Needles. Yieldi 
B'jHsPtClg, crystallising in orange needles. 

Quinoline {Py. Ij -carboxylic acid 

CH* (^i^honinic acid. [254°]. 


Fmnation,—l» By oxidation of cinchonine, 
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einohonidine, oinohotenine, oinohotenidine, 
oinohonitine, and cincholepidine (Weidel, A, 
178, 84 ; Jf. 8, 79 ; Skraup, A. 201, 803 ; M. 2, 
601 ; Forst a. BShringer, B. 14, 436 ; Schnider- 
*Bchnit8oh, Af. 10, 66). — 2. By oxidation of {Py. 
y-methyl-quinoline (lepidine) (Hoogewerff a. 
Van Dorp, R, T. G. 2, 11). 

Preparation. — By boiling cinchonine with 
nitric acid of S.G. 1*3 (Konigs, B. 12, 97 ; Claus, 
B. 18, 362). 

Properties. — Slender needles (containing aq) 
(Skraup) or triclinio crystals (corrtaining 2aq) 
o:6:c = •746:1: *817; a = 8P 37'; j3 = 120^ 2'; 
7* 86° 37' (Muthmann a. Nef, B. 20, 637). By 
Blow evaporation of an aqueous solution it is 
obtained in monoclinic forms (containing 2aq), 
<i:6:c « *276:1: *633 ; /3 = 98®3' (Ditscheiner, 
173, 84 ; Claus, B. 20, 1604). V. si. sol. water 
and alcohol, insol. ether. Yields quinoline on 
distillation with lime, and oyy-quinoline carb- 
oxylic acid on fusion with potash. On heating 
with cone. H^SO, it yields quinoline p-sulplionic 
acid (Georgiovitch, ^f. 8, 644). Sulphuric add 
and PjO.^ at 176° gives an (a)-8ulphonio acid 
CnH5N(SOaII)(CO.H), which forms very bitter 
triclinic crystals (containing aq), nearly insol. 
cold water, giving the salts (NH,).A"2aq, 
CaA" 2Jaq, BaA" 3aq, PbA" aq, and CuA" aq. 
H.^SO^ and P.,Oa at 260° give a (^)-sulphonio 
acid OniHjNSOj crystallising in bitter needles 
(containing 2aq), m. sol. cold water, forming the 
salts (NHJHA"2aq, BaA"aq, and PbA" 4aq 
(Weidel, M. 1, 845 ; 2, 565 ; Gcorgievitch, M. 
8, 644). — KMuOf forms pyridine tricarboxylic 
acid. 

Salts.— HA'HCl.-(HA'),n,,PtCl« : triclinic 
prisms.— HA'HCIICI 2aq (Dit'tmar, B. 18, 1618). 
— HA'HNOa. — (HA'),H,SO, : long prisms. - - 
KA' ^aq. — CaA'a l^aq : prisms (Weidel). -CaA'a 
(Skraup). — Cu A'.^ : dark-violet plates, si. sol. hot 
water.— AgA' : crystalline pp. 

Dibromide CioH^NOaBro. [188°]. Long 
red needles, decomposed by boiling water (Claus, 
B. 18, 1307). 

Di-iodide C,uH,NOX. [c. 242°]. Steel- 
blue tables, nearly insol. cold water. 

Ethyl ether EtA'. [13°]. Triraetrio 
crystals, v. si. sol. water, v. sol. ether, si. sol. 
alcohol (Van der Kolf a. Van Loent, R T. G. 8, 
217).— EtA'HgCla- [153°]. Small needles. — 
(EtA')aHaPtCla. [204°]. Orange-yellow needles. 

Amide C,oH„N,0. [181°]. Needles, v. e. 
sol. hot water.— B'^HyPteV [250°-255°]. 

Benzylo-hroinide C,oH;NO.^C,H,Br. 
[130°]. Silky needles, v. sol. water and alcohol, 
insol. ether. By heating the aqueous solution or 
by treatment with alkalis, it is converted, by loss 

of HBr, into the anhydride which 

crystallises in dimetric tables (containing 3aq) 
[84°J and has a bitter taste. This anhydride is 
converted by alkalis into C„H N(C7lI.)C03H 
[218°] (Claus a. Muchall, B. 18, 363. 1310). 

Tetrahydride C,nH,,NOa. Formed from 
cinchonic acid, tin, and HClAq (Weidel, M. 2, 
29 ; 3, 61). Yields a nitrosamine [137°]. — 
B'HCll.Uq; monoolinic crystals; a:b:c^ 
•932:1:1-942 ; i8 =. 90° 41'. Heated with H,80, it 
gives disulpho-cinohonic acid and mothyl- 
qoinoUne (cincholepidine).— B',H,Pt01^. 


Acetyl derivative of the Tetrahydride 
OjoHijAcNOj. [164°]. Trimetric crystals ; 
a:6:cs ‘848:1: *669. SI. sol. cold water and al- 
cohol. — CaA'a 2aq : minute needles. 

Quinoline {Py. 2) -carboxylic acid 

[273«]. 

Formation. — 1. By heating acridinic acid at 
125° (Graebe a. Caro, B. 13, 100). -2. By oxida- 
tion of {Py. 2) -ethyl- (or methyl-) quinoline 
(Riedel, B. 16, 1609 ; Doebner a. Miller, B. 18, 
1643). 

Propcrfics.— Slender needles, sol. alcohol, si. 
sol. cold water. Dissolves in acids and alkalis. 
Oxidised by KMnO^ to pyridine tricarboxylic 
acid. 

Salts.- HA'HCl : needles, v. sol. water. — 
Picrate: [216°].— CuA'j.— AgA': small prisms. 
— (HA')XJHCla : orange needles. 

Quinoline {Py. 3) -carboxylic acid 

QQ JJ. Quimldinic acid. [166°]. 

Formed from {Py. 3)-methyl-qumoline by oxida- 
tion with chromic acid mixture (Doebner a. 
Miller, B. 16, 2472). Got also by oxidation of 
(a)-diqumolyl (Weidel a. Strache, M. 7, 300). 
Needles (containing 2aq), v. sol. hot water, acids, 
and alkalis.--CuA',^2aq.— CaA'^.— AgA' : amor- 
phous precipitate. — AgHA'^HNOy aq : silky 
needles. -- HA'HCl aq. — (HA'),H.^PtCl« 2aq. — 
(IIA').^H.iCr,j,0, : sparingly soluble red crystals. 

Quinoline {B. l,4)-di-carboxylic acid 
CH:C(CO,H).C.CH:gH rovnoi 
CH;0(CO.,H).C.N=CH- 

heating amido-terephthalic acid with glycerin, 
H..S04, o-nitro-phenol (Skraup a. Brunner, 
M. 7, 147). Long needles (containing 2aq), v. 
Bl. sol. cold water. Salts.— HA'HCl liaq.— 
(HA'),H.,PtOl8.-CU;,A',(HO).,aq : bluish pp. 
Quinoline {Py. 2,3)-dicarboxylic acid 

Co^I4<Cn=C CO n* Acridinic acid. Formed 
by oxidation of acridino with KMnO,, (Graebe a. 
Caro, B. 13, 99). Long needles (containing 2aq), 
si. sol. cold water, v. sol. alcohol. Does not 
combine with acids. Decomposed by heat into 
CO.^ and a mono-carboxylic acid [275°]. 
Quinoline (i^?/. l,3)-dicarboxylio acid 

H_^C (CO,H): gH^ [246°]. Formed from 

{Py. 3)-styryl-cinchoninio acid by oxidation 
with alkaline KMnO^ (Doebner a. Peters, B. 22, 
3009). Needles, si. sol. cold water and alcohol. — 
CuA" aq.— Ag.A" : whito pp. 

Quinoline (a)-dicarboxylic acid 
CJI.=,N(C0^H)2. [270°]. Formed by saponifying 
its nitrile. Slender needles (containing aq), si. 
sol. alcohol and ether. 

Nitrile C„H-NCy2. [222°]. Formed by 
heating potassium quinoline (a)-disulphonate 
with KCy (La Coste a. Valeur, B. 20, 99). 
Needles (from alcohol), insol. Aq, v. sol. alkalis. 
Quinoline {B. 2, Py. 3)-dicarboxylio aoid 

C02H.C-CH.g.CH:gH .0750 28001 

CH:Cn.O.N=-C.CO,H- [276 -280]. 

Formed by oxidation of benzylidene-quinoline 
(B. 2) -carboxylic acid (Von Miller, B. 23, 2261). 
References. — Bromo-, Niteo-, and Oxx- 

QUINOLINE CABBOXYIilO AOIBS. 

QUINOLINE {Py. 8)-CABB0XTLI0 AIDS- 
HYDE OpH^N.CHO. [71°]. Formed by oxidtt- 
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tion of (IV. 8)-quinolyl<aer7Ho aoid with EM11O4 
(Miller a. Spady, B. 18, 8404 ; 19, 130). Mono- 
olinio plates (from ligro!n), si. sol. water. Re- 
duces ammoniacal AgNO,. Yields a phenyl- 
hydrazide OigHjsN, [198°] crystallising in yellow 
plates. 

QUINOLINE HYDRIDES. 

Folymeride of quinoline dihydride OigHigN^. 
[162°]. Formed by reducing quinoline with 
zinc-dust and HOAc, zinc-dust and NH3, zinc 
and HClAq, or alcohol and sodium-amalgam 
(Konigs, B. 12, 101, 252 ; 14, 99 ; Wysohnegrad- 
sky, B. 12, 1481; Lollmann, D. 22, 1337). 
Amorphous powder. Its solution in cone. HClAq 
is ppd. by water and by NaOAc. Yields a 
nitrosamine. 

Quinoline dihydride (?). (220°-226°). Found 
in small quantity among the products of the 
action of KOH on quinoline (0. de Coninck, 
C. B. 91, 87).-B'jH,PtClg. 

Quinoline tetrahydride OoH„N i.e. 

Formation. — 1. By reduction of quinoline 
with zinc or tin and HClAq (Wyschnegradsky, 
BL [2] 34, 3.39; B. 12, 1481; 13, 2400), with 
zinc-dust and NH^Aq, with alcohol and sodium- 
amalgam (Konigs, B. 14, 99 ; 16, 727), or with 
sodium (Weidcl a. Glaser, M. 7, 328). — 2. From 
carbostyril, alcohol, and Na (Knorr a. Klotz, B. 
19, 3302). 

Properties.— Needles, sol. water, volatile with 
steam. Secondary base. ICl forms in presence 
of HCl an amorphous pp. CglLLN (Dittmar, B. 
18, 1619). 

Beactions.—i. The vapour passed through a 
red-hot tube yields indole and quinoline.— 2. 
Chromic acid mixture yields quinoline.— 3. 
Nitro-benzene yields quinoline. p-dUoro-nitro- 
benzene at 200° does the same (Lollmann a. 
lleusoh, B. 22, 1389). — 4. HI and P reduce it to 
CgH,g, an oil (147° at 720 mm.) (Bamberger a. , 
Lengfeld, B. 23, 1158). — 5. I3r forms oily 1 
OgHigBrN and CgHaBr^N.—O. Benzene sulphonic \ 
chloi^e and NaOli form CgHigN.SO.CgNg [67°], | 
crystallising in plates, si. sol. alcoliol, insol. 
water (Schotten a. Sohlomann, B. 24, 3695). — 7. 
Methyl chloroformate gives CgHjoN-CO^Me 
[c. 35°], which may be oxidised by KMnO^ in 
the cold to an acid [156°] and at 100° to a com- 
pound [175°] crystallising in red needles.— 8. 
Diazobenzene chloride and aqueous NaOAo form 
CgHigN.N^CgHs, which is split up by dilute 
H2SO4 into phenol and quinoline tetrahydride. — 
9. Potassium cyanate acting on the hydro- 
chloride forms CgHigN.CO.NIL [150‘6°], crystal- 
lising in needles, si. sol. oold'water. It is con- | 
verted by cone. H^SO^ and HNO3 at 0° into 
C„H8(N0,).^.C!0.NH2 [191°], b 1. sol. alcohol, and 
CgH9(NO.j2N [161°], V. sol. alcohol, which forms 
a nitrosamine [127°] (Thomas, B. T. C. 10, 
148).— 10. Benzoic aldehyde and ZnClj yield 
CHPh(09H,oN)2 [163°], while p-nitro-benzoio 
aldehyde forms a corresponding body [177°] 
(Einhorn, B. 19, 1243). 

Salts. — B'HCl. [181°]. — B'^H^PtClg. — 
B'H2^04. [137°]. Prisms (from alcohol) or 

tables (from water). 

Acetyl derivative CgHjgNAc. (296°). 
Yields C02H.OO.NH.O<H4.COJB[ [1:2] on oxida- 
Uon by KNnO^. 
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Benzoyl derivative OgHjgNBz. [75°]. 
Tables (from alcohol). Oxidised by KMn04 to 
benzoyl-isatio acid (Schotten, B. 24, 772). 

OgH,9N(NO). Oil. Converted'' 
by alcoholic HCl into the isomeric {B. 2)- 
nitroso-quinoline tetrahydride [134°], vhich 
separates from benzene in steel-blue or3^stal8, 
converted by NaNO.j and HOAc into C.HiiNgO, 
[98°] (Ziegler, B. 21, 861). Phenyl -hydrazine 
forms CyHjgNaO.PhN^Ha [120°]. Zinc-dust and 
HOAc reduce the nitrosamine to the hydrazine 
CgH,„N(NH2) [56°] (c. 255°), which crystallises 
from ligroin , and forms B'.^H.SO^ 2aq, crystallising 
in yellow plates. The hydrazine is oxidised in 
ethereal solution by ppd. IlgO to the tetrazone 
CigH^oN,, which forms colourless needles [160°], 
sol. ether, si. sol. alcohol. 

M ethy 1 0 -chloride v. Hydrochloride of 
v-Methyl-qiiinoline tethahydiude. 

Ethylo-iodiae B'Etl. Changed byalkalis 
into v-othyl-quinoline tetrahydride, which is a 
liquid (254°-258°) yielding (C,H,„NEt)..H..Cd01„ 
[105°], and (CJI,oNEt)Jl2PtClg [c.JLGO"] (Wysch- 
negradsky, B. 13, 2400; Claus a. Stegolitz, B.17, 
1329). 

Quinoline tetrahydride C„H,,N. (213°), 

Formed by distilling cinchonine (I pt.) with 
KOH (3 pts.) (0. de Coninck, C. B, 94, 87 ; 
A. Gh. [5] 21, 478). Got also by distilling 
brucine with potash (De Coninck, C. B. 99, 1077). 
Slightly hygroscopic oil, v. sol. acids. Reduces 
FcCIj. May be oxidised to quinoline.— B'HCl : 
deliquescent needles, v. sol. water.— B'-^H^PtClg. 
— B'2HjPtCl4: pale orange plates. 

Quinoline hexahydride CgHjgN. (227°) at 
720 mm. A product of the action of HI and P 
at 230° on the liydrochloride of quinoline tetra- 
hydride (B.^mbcrger a. Lengfeld, B. 23, 1155). 
Liquid, turning brown in air, m. sol. hot water, 
FeCl., gives a brown colour on warming. Diazo 
benzene sulphonic acid gives a light-red colour- 
ing matter. Phosphomolybdic acid gives a white 
pp. Potassio-mercurio iodide gives no pp. 
NaNOj in acid solution gives an oily pp. of the 
nitrosamine.— B'HCl. [170°]. Silky needles, 
B'lIBr. Long silky needles. 

Quinoline decahydride CgH,jN i.e. 

CH.,.CH 2 .QH.Cn 2 .CH 2 r,Q.f?01 /OOilO nf 71 1 mm \ 

CH,.CH,.CII.NH .011/ ® at 714 ram.). 

Formed by heating tlio hydrochloride of quinol- 
ine tetrahydride (3 pts.) with HI (16 pts. of 
S.G. 1*9) for 7 hours at 230° (Bamberger a. 
Lengfeld, B. 23, 1145). Needles or prisms (from 
ligroin). Smells like coniine. Fumes with HCl. 
Sublimes, in needles, in the cold. M. sol. water, 

V. sol. alcohol and ether, si. sol. alkalis. Gives 
no colour with FeCl, or diazo salts. Reduces 
ammoniacal AgNO, in alcoholic solution. 
Phosphomolybdic acid gives a white flocculent 
pp. changing to needles. Potassio-mercuric 
iodide added to the acid solution gives scarlet 
crystals changing to black prisms on warming. 

Beactions. — 1. Phenyl-cyanate forms, in 
ethereal solution, OgH,gN.CO.NHPh, crystallising 
in needles [148°]. — 2. Phmyl thiocarbimide in 
ether forms CgH,gN.CS.NHPh, crystallising from 
chloroform in tables [134.*6°].— 3. An emereal 
solution of OS, gives CgHjaN.CS.SN^CgHig, 
crystallising in needles [120°], not decomposed 
by boiling alcohol, but converted by iodine into 

c c 
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(OJSi^HI and S2(OS.NCyH„)2, which crystal- 
lises in colourless needles [81°J, sol. alcohol. 
Salts.-B'HCl. [276°]. Small tables.— 
* B'HI. [263°]. Silky needles.— B'HAuCl^. 
[96°]. Golden needles.— B'jH.^tCl,. [207-6°]. 
Acetyl derivative C„H„NAo. Oil. 
Benzoyl derivative CbH.sNBz. [44°]. 
ISOQUINOLINE TETRAHYDBIDE C,H„N. 
(232°). Formed by the action of tin and HCl 
upon isoquinoline (Hoogewerff a. Van Dorp, 
B. T, C. 6, 306). Liquid, smelling like iso- 
quinoline, si. sol. water. Absorbs CO, from the 
air. forming a crystalline carbonate. The 
aqueous solution reduces AgNOj. Yields an 
oily nitrosamine. -B'HCl. [196°]. Tables, sol. 
alcohol. Not hygroscopic.— B'jHySO^: sol. al- 
cohol. — B'aHjPtClfl. [232°]. Reddish-yellow 

tables, decomposed by hot water. 

QUINOLINE-HYDROQUINONE u. Di-oxy- 

QUINOLINE. ^ 

QUINOLINE-IODOFORM v. Quinoune, 
Reaction 20. 

quinoito-quinone an.No, u. 

CH.CO.C.CH:CH « , , ^ 

CH CO C N=CH* fh® action of cold 

chromic acid mixture on (B. 4,l)-oxy-amido- 
quinoline (Fischer a. Renouf, B. 17, 1644). Flat 
needles with green reflex (from alcohol), decom- 
posing at 110°-120°. Its salts are decomposed 
by water. Reduced by sulphurous acid to di- 
oxy-quinoline. Aniline in alcoholic solution 
forms, on boiling, the dianilide 0,sH,aN.P2 
crystallising from dilute alcohol in small copper- 
red plates with green reflex [o. 190°], forming a 
violet solution in HClAq. 

CH.C(NOH).C.CH:gH 
Mono^oxtm ojj.CO — -C.N=CH* 

Formed by the action of NaNOj and nCIAq on 
{B, 4)-oxy-quinoline (Von Kostanecki, B, 24, 
162). Needles (from alcohol). Gradually 
blackens below 220°, decomposing completely at 


m CH.C(NOH).C.CH:gH 
Di-oajtm CH.C NOH .O.N=CH* 


Formed 


by adding hydroxylamine hydrochloride to an 
aqueous solution of the mono-oxim (Von Kosta- 
necki a. Reicher, B. 24, 156). Minute crystals. 
ACjO yields a crystalline di-acetyl derivative de- 
composing below 160° with evolution of gas. 
Dyes cotton mordanted with iron salts greenish- 
black. 

Quinoline-o-quinone C,HjNO^ Formed by 
oxidising {B. 2)-oxy-(B. 1 or 3)-amido-quinoline 
with FeCla in acid solution (MathSus, B, 21, 
1887). Unstable. — B'HCl : long reddish-yellow 
needles. Decomposed by Na.^GO„ forming a 
brown solution. The sulphate forms yellow 
plates. 

Mono-oxim OgH^N(OH)(NOH). Formed 
from p-oxy-quinoline, NaNOj, and HCl (M.). 
Golden needles (from HOAo), si. sol. ether. 

Di-oxim dgH5N(NOH)j. Needles, decom- 
posing at 190° (Von Kostanecki a. Reicher, B, 
24, 168). Converted by cone. EOHAq into the 
anhydride OoHgN(NfO), which forms colourless 


needles, readily volatile with steam. 

QUINOLINE (B. 1)-SULFH0NI0 ACID 

sulphonation of quinoline (0. Fischer, B, 16, 
6^8, 1979 ; 20, 731; La Coste a. Valeur, B. 20, 


97). Formed also from amido-benzene m-sul 
phonic acid, nitrobenzene, glycerin, and H.^S0 
at 100° (Lellmann a. Lange, B. 20, 1446). Mono 
clinic needles (containing aq). Yields oxy-quino 
line [224°] bypotash-fusion.— CaA'jbaq; needlee 
V. e. sol. water. According to Lellmann, then 
exists an isomeric quinoline (B. l)-Bulphoui( 
acid, also got by sulphonation of quinoline, witl 
112804 (containing 60 p.c. SO3 extra) at 260' 
(Lellmann, B. 20, 2172). Thisi/'-acid is converte< 
by cone. H2SO4 at 250°-300° into the (B. 2)-aci( 
(Lellmann, B. 22, 1391). The t^-acid forms an 
hydrous crystals. 

Tetrahydride CgHjgN.SOaH aq. [316°] 
Fonned by reducing the above acid (B. 4)-bromo 
quinoline (B. 11-sulphonic acid and also (B. 4) 
oxy-quinoline (B. l)-sulphonio acid with tin and 
HClAq (Lellmann a. Lange, B. 20, 3087 ; Claus, 
J. pr, [2] 42, 344). Trimotrio crystals (from 
dilute solutions) or monoclinio crystals (from 
cone, solutions). FeCla gives a brown coloui 
passing through purple to grass-green or 
warming. 

Quinoline (B. 2).sulplionic acid 
SOaH.C=CH.G.CH:gH „ , v v *• 

CH:CH.C.N=CH‘ heating a 

mixture of amido-benzene-p-sulpbonio acid, 
glycerin, nitrobenzene, and H2SO4 (Happ, B. 17, 
191). Formed also (to the extent of 70 p.c.) by 
heating (Juinoline with cone. H2SO4 at 240°-300° 
and by heating the (B. 1). or (j3 4)- acid with 
conc.H2S04 at 240°--300^ (Georgievitch, M. 8, 678, 
639). Monoclinic needles (containing l^aq), si. 
sol. alcohol and cold water. Not melted at 260°. 
Potash-fusion yields (B. 2) -oxy-quinoline [193°]. 
Bromine-water gives a yellow pp. of di-bromo- 
quinoline [126°] and at 100° Br (3 mols.) forma 
tri-brorao-quinoline [170°] (Claus a. Kiittner, B. 
19, 28841. Heating with KCy gives CgHgN.Cy 
[131°] which on saponification yields the carb- 
oxylic acid [288°]. 

Salts. — KA' (dried at 120°). Tables.— 
BaA'j (dried at 120°). — AgA' : slender needles. — 
AgaHA', : needles. — (HA')„K4l8 6aq ; lustrous 
green crystals. 

Ethyl ether EtA'2aq. Crystals, v. sol. 
water (Claus a. Happ, B. 18, 366).— EtA'KI, ; 
unstable brown needles, v. sol. water (Claus a. 
Stegelitz, B. 19, 921).— EtA'KBrs.— EtA'HgCla. 

Benzyl ether C,H,A'2aq. Monoclinio 
crystals. — 0,n,A'KI, ; needles with blue reflex. 

Quinoline (B. 3)-sulphonio acid 

SO.H.O=ci;c:™OH- [“boveaoo^. Formed 
by heating quinoline with H2SO4 (containing 16 
p.c. SO, extra) at 130° (Claus, J. pr, [2] 37, 
260). Small needles, v. e. sol. water, v. sol. 
alcohol. Potash-fusion yields oxy-quinoline 
[165°-200°]. Bromine forms di-bromo-quinoline 
[266°] and tri-bromo-quinoline[199°]. — NaA'3aq. 
KA' 2aq. — CaA'^ 4aq. — BaA', 4aq. — PbA'». — 
CuA'a 2aq : dark -green crystalline powder. 

Ethyl ether EtM, [276°]. Needles (from 
alcohol). 

Chloride CoHfN.SOaCl. Viscid mass. 

Amide OaH^N.SOjNHj. [119°]. Orystallina. 

Quinoline ?B. 4)-8ulphonio aoid 

OH:c|pO,H).O.N— 6H* o-evJphoim 

add. Formed, together with a smaller quantity 
of the p- aoid, by heating quinoline with fuming 
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HaSO^ $Jk IW (0. FUolier a. Bedall, B, 16, 683, 
1979 ; 20, 731 ; Biemersohmied, B. 16, 721 ; La 
Coste a. Yaleur, B. 20, 95 ; Glaus, B. 19, 925, 
2882 ; J. [2] 87, 260). Formed also by heat- 
ing quinoline with cone. H^jSO^ at 220^ (Georgie- 
vltoh, M. 8, 641). Monoolinio prisms, v. si. sol. 
water. Oxidised by KMnO^ to pyridine dicarb- 
oxylio (quinolinic) acid (Fischer, B.- 17, 755) and 
a small quantity of (1,2,3) -sulpho-amido- 
benzoic acid (Ziircher, B. 21, 180). Changed by 
cone. HaSO^ at 250° to the {B. 2)-isomeride 
(Georgievitch, M. 8, 578). Bromine -water forma 
a yellow insoluble pp. and, at 100°, tri-bromo- 
quinoline [198°]. 

Salts.-NaA'5aq (Spies, J.pr. [2] 37, 205). 
— K A' 2aq.— CaA'a 9aq. Monoclinic crystals. — 
PbA'j. — CuA'2 2aq ; small green needles. 

Ethyl ether EtA'. [G6°J. Needles (from 
chloroform). Decomposed by boiling water. 

Chloride C^^NSO^Cl. [124°]. Needles. 

Amide CeHaN.SO^NH.,. [184°]. Needles 
(from water) (Hoogewerff a. van Dorp, B. T. 0. 
8, 184). Converted by Br and KOHAq into 
CuHrtNSO.NBrK2aq, crystallising in yellow 
noodles, m. sol. water, and converted by HOAo 
into CiiIIaNSOaNBrll, crystallising from acetone 
in needles, yi^ding (C„HaNS02NBr)2Ba2aq. 

Quinoline (a)-disulphoxiic acid 
G8H^(SOaII)2N. Formed, together with the (/3). 
iaomeride, by heating quinoline (B. 4) -sul phonic 
acid with fuming H.^SO^ at 250® (La Coste a. 
Valeur, B. 19, 995 ; 20, 98). Yellow needles 
(containing 3aq), v. sol. water, insol. alcohol. — 
K2A"3.^aq; satiny plates, v. e. sol. water. — 
BaA",3aq. S. 4*08 at 15°. 

Quinoline (3)-disulphonio acid 
C„H4N(SOaH)2. Formed as above (La Coste a. 
Valeur, B. 19, 998; 20, 3199). Needles (con- 
taining l^aq), V. sol. water, insol. alcohol.— 
K^A" aq : crusts, si. sol. cold vvater.— BaA" 2aq : 
white powder, si. sol. cold water (difference from 
(a)- isomoride). 

Befere^tces. — Bromo- and Oxy-quinoune 

BULPHONIO ACIDS. 

ISOQUINOlilNE SULFHONIC ACID 

C,HaN(SOjH). Formed by heating isoquinoline 
(1 pt.) with fuming (2 pts.) at 100° 

(Hoogewerff a. van Dorp, B. T. G. 5, 305). — 
BaA'jGaq. Needles, v. sol. water. 

QT71N0LIN1C AGIB v. Pyridine dicarb- 
oxTLio ACID. The name is also given by Dew’ar 
(Pr. 80, 164) to an acid CyHyNO;, [143°] formed 
in small quantity in the oxidation of quinoline 
(derived from cinchonine) by boiling aqueous 
KMnO*. 

(a).DIQUINOLYL C^H.^N, i,e. 

[m"]. (above 400“). V.D. 8-73 (oalo. 8'86). 

Formation.—!. By heating quinoline with 
sodium at 192° (Weidel, M. 2, 491 ; 7, 327). — 2. 
In small quantity (8 p.o.) by passing dry oxygen 
into a mixture of quinoline and quinoline hydro- 
chloride in presence of platinum-black (Weidel, 
M. 8 , 120 ). 

Properties. — Monoclinic plates, a:6:c» 
1*87:1:1*32; j8»109°58'. Insol. water, sol. al- 
cohol, ether, and benzene. Oxidised by KMn04 
and HOAo to cyolothraustio (O^HijN-P,), quin- 
oline (Py. 8)’Oarboxylic, ozyisooinchomeronio 
(oxy-pyridin« dioarboxjrlio), and o-itQud9*henzoic 


acids (Weidel a. Straohe, M, 7, 280, 806 ; 8, 
197). Alkaline KMn04 forms isocinchomeronio, 
o-amido-benzoio, and pyridanthrilio (CijUiqN.oJ 
acid. MeOH and form B'^MeSO^H 

(Ostermayer, B. 18, 333, 597). 

Salts. — B"H.Cl2 4aq : white needles. — 
B"H.,PtCl, aq.— B^HAuCl^ 2aq.— B^'RaSO^ aq. 

Methylo- chloride B^Me-^CljOaq : needles. 
— ^B"Me2Ci./2ICl. [238°]. Lemon-yellow pp. 
Methylo-iodide B"MoI. [283°], 
Ethylo-iodide B"EtI. Yellow needles 
(from water), sf. sol. water (Roser, B. 17 , 2769), 
Sulphonic acid C,„H„N.,(SOjH). Formed 
by heating diquinolyl with II.BO4 (containing 
5 p.c. SO3 extra) (Weidel a. Gldser, M. 7, 308). 
Minute needles, almost insol. hot water, sol. 
cone. riClAq and H.SO^. Converted by potash- 
fusion into oxy-diquinolyl [208°]. — KA' 2aq : 
needles, v. e. sol. water.— CuA'j 2aq. 

{aybisulphonic acid C,„H,u(SOjH)2N2. 
Formed by heating diquinolyl (10 pts.) with 
(11 pts.) and SO3 (34 pts.) at 170° 
(Weidel, M. 2, 503). Minute needles, si. sol. 
water. Yields, by potash-fusidh, di-o.Ky-di- 
quinolyl [239°].— K2A" 6aq : needles. — CuA"6aq: 
bluish-green crystals, nearly insol. water. 

{^)-Disulphoni c acid C,^H,u(SOaII)2N2. 
Formed, together with the mono-sulphonic acid, 
by heating (a). diquinolyl (100 pts.) with H^SO, 
(3.32 pis.) and SO, (18 pts.) for 20 hours at 190° 
(Weidel a. Gldser, M. 7, 322). Small needles, 
converted by potash-fusion into di-oxy-di- 
quinolyl [above 305°]. — K^A" (dried at 120°) : 
crystalline powder.— CuA" (dried at 120°), 

(i8) -Diquinolyl 

CH:CH.C.CH:g.gH:CHv n n ri92°l 
CIi:N— C.CH;C.Cn:N-/^«^<* 

Formation.—!. By heating quinoline with 
BzCl at 259° (Japp a. Graham, 0. J. 39, 174). — 
2. In very small quantity by distilling cinchonmio 
acid with lime (Weidel, M. 2, 501).— 3. By 
passing quinoline through a red-hot tube (Zim- 
mermann a. Muller, B. 17, 1965). — 4. By dis- 
tilling quinoline (B. 4) -sulphonic acid ; the yield 
being 10 p.c. (0. Fischer a. Loo, B. 17, 1899 ; 19, 
2472). 

Properties. — Iridescent plates (by sublima- 
tion) or colourless prisms (from ether), sol. hot 
•benzene, alcohol, and ether, in.sol. water. Weak 
base, the salts being decomposed by water. 
Oxidised by CrOj and HO Ac to quinoline (B. 3)- 
carboxylic acid. CrO, and H^SO^ give pyridyl- 
quinoline carUbxylic acid CpHgN.C^HjN.COaH 
[273°]. Bromine forms CisHi^N-Pir^ [192 ']. 

Salts.— B^H-^SO^: sparingly soluble con- 
centric needles. — B"H2PtCl4 : granular pp. 

Ethylo-iodide B"EtI. Very unstable 
red crystals, decomposed by hot water. 

Disulphonic acid C,hH,o(S03H)2N2. 
Formed by heating the base (1 pt.) with cono. 
HaSO, (10 pts.) at 180°. V. e. sol. water.— 
IC^"3aq: prisms. 

(7} -Diquinolyl 

gH:N-Q.CH:gHgH:CH.C.N -gH j.. 
CH:CH.C.CH:C-C= CH.O.CHiCH* 
quinolyl. [178°]. 

Formation.—!. By boiling a mixture of 
benzidine, nitrobenzene, glycerin, and H3SO4 
(Roser, B. 17, 1817, 2767 ; 0. W. Fischer, M. 5, 
418 ; Colson, 0. B. 108, 677). A better yield ia 
got by using o-or jp* nitrophenolinsteetd of .nitrq- 



DIQUINOLYL. 


benzene (Ostennayera. Henrichsen, B. 17,2444). 
When crude benzidine is used there is also 
formed a base which yields B'2SnCl2 

[136°] and 2aq (Colson, G. B. 107, 

1008; 108, 677).— 2. By heating azobenzene 
with glycerin and H.SO^ (Claus a. Stegelitz, B. 
17,2380). 

Projpcrtics. — Monoclinic crystals, insol. water, 
si. sol. ether, v. sol. hot alcohol and benzene. 
MeOH and H,SO^ at 1 80° form B"(MeHSO,).,2aq, 
crystallising in needles. Bromipo in alcohol 
forms unstable C,„H,,,N..Brjjand CjsHjjN-jBr^, con- 
verted by HCJAq at iOO® into C,.H,,BrN- [160°- 
166°]. 

Salts. — B"HXla 4aq ; white needles. — 
B"HAuCl,2aq: slender needles. — B"H.^SnCl4: 
colourless needles.- B"H.PtCla (dried at 105°). — 
B"H.,C1./2IC1 : cheesy pp. (Dittmar, J3. 18, 1618). 
— Bm,SO, 3aq. ~ B '2ILSO4. “ B"2H,Cr,0,.— 
B"CaH3(NO.j40H : minute ylllow prisms. 

Methyio-iodides B"MeI. Crystals. — 
B^'Me^I.^. [c. 300°]. Yellow needles, sol. water. 

EthylO‘ijpdide B"2EtI. [270°]. Needles. 

Disulphonic acid C,JI,o(S03H).^N.^. 
White powder, insol. water and alcohol. — 
Na2A"5aq: small needles. The same, or an 
isomeric, disulphonic acid is got by heating 
benzidine disulphonic acid with o-nitro-phenol, 
glycerin, and H2SO4. It crystattises in plates or 
needles, and yields K^A" aq. 

(8)-Biquinolyl 

(?H:N— C.Cn:CH CH.CII:CH.C.CH:CH 


CH:CH.C.CH:C C C.N-CH* 

[148°]. Formed by heating o- p- di-amido-di- 
phenyl hydrochloride with nitrobenzene, glycerin, 
and HjSO^ (0. W. Fischer, M, 6, 646). Leaflets, 
insol. water, sol. hot alcohol and benzene. 
Bromine in presence of w’ater forms orange 
needles of C,8H,oN..Br,. — B^ILCl^ : needles, v. 0. 
sol. water.— B^HoFtCiy aq : reddish -yellow crys- 
talline pp.— Pier ate. [1G8°J. Yellow needles. 

Methylo-iodide B"MeI. [120°]. Needles. 

Disulphonic acid C,„H,„(S03H)2N2. Four- 
sided tables, not melted at 300°. SI. sol. hot 
water. - BaA" 3aq ; needles, m. sol. hot water. 

{Py. 3, B. 1 or 3)-Diquiuolyl CiaHijN.^. [150°]. 
Formed (7 pts.), together with the isomeride 
[116°], by heating a mixture of w-amido-(Py. 3)- 
phenyl-quinoline (20 pts.), glycerin (70 pts.), 
o-nitro-phenol (15 pts.), and H^SO., (60 pts.) 
(Miller a. Kinkolin, B. 18, 1910). Small mono- 
clinic tables, si. sol. ether, cold alcohol, and 
chloroform. — B"H2CL2aq : plates.— B^RPtCl,.. 
— B"Il2S04 : easily soluble needles. — B^C^IIaNaO,. 
[240°]. Crystalline powder. 

Methylo-iodide B"MeI. [263°]. Needles. 

{Py. 8, B. 3 or l)-Diquinolyl CigHjN.^. 
[116°]. Formed as above (M. a. K.). Light- 
yellow triclinic crystals, v. sol. alcohol, ether, 
and benzene, si. sol. ligroin.— B"n.2Cl2 3aq ; 
tables, V. e. sol. water.— B"H2PtCl<, : crystalline. 

{Py. 3, B. l)-Diquii)Olyl 
p „ /CH:gH CH.CH:CH.C.CH:CH 
^«“-4S.N=0 0 C.N=CH* J. 


Formed from p-amido.(P2/. 3) -phenyl-quinoline, 
glycerin, nitro-benzene, and HjjSO^ (Weidel, M. 
8, 140). It is also a product of the action of 
oxygen on a mixture of quinoline hydrochloride, 
aniline, and platinised asbestos at 180°. Mono- 
olinic tables (from alcohol). — B^H^PtClrt : crystal- 
line powder.— B"HC1 : yellow.— B"H„Cl2. 


Methylo-iodide [232°]. SnaH 

needles (from water), si. sol. boiling water. 

Sulphonic acid 0,gHn(SO,H)N2. In- 
soluble powder. Potash-fusion yields an oxy- 
diquinolyl [187°]. 

(B.. Py. l)-DiqTiinolyl C.gHjjNj. [122°]. Got 
by heating (a).amido-(Py. 1) -phenyl-quinoline 
[150°] with glycerin, nitro-benzene, and H2SO4 
fKoenigs a. Nef, B. 20, 632). Large crystals 
(from benzene). May be distilled. V. e. sol. 
alcohol, V. si. sol. ether. Strong base. — 
B"H2PtClB: granules, sol. cone. IIClAq. 

(B., Py. Ij-Diquinolyl [117°]. 

Got by heating (j8)-amido-(Py. l)-phenyl- 
quinoline [198°] with glycerin, nitro-benzene, 
and n SO4 (Koenigs a. Nef, B. 20, 634). Tables 
(from benzene), v. e. sol. alcohol. May be dis- 
tilled. Strong base. — B^II^PtCla: yellow 
needles.— Pi crate. [248°], Bulky flakes. 

^ {Py. 2,3) -Diquinolyl 

ci~cicH>OA- Formed 

by the action of {Py. 3)-quinolyl-acetio alde- 
hyde on o-amido-benzoic aldehyde in alcoholic 
solution (Carlicr a. Einhorn, B. 23, 2895). 
Plates (from alcohol). — Auro chloride: [248°]. 
— P latinochlorido: [278°]. — B^'H^CL^ 4aq. 

Methylo-iodide B"MeI. 

Diquinolyl tetrahydride C,kHh.N 2. [118°]. 
Formed by heating {Py. 3)-chloro-qmnoline 
with quinoline tetrahydride (Friedliinder a. 
Weinberg, B. 18, 1633). Crystals, si. sol. 
ligroin, insol. water. May be distilled, HClAq 
forms a deep-yellow solution. 

Bc/crence. — OXYDIQUINOIiYL, 

(Py. 3)-QDIN0LYL.ACETIC ACID 

Formed from 

the aldehyde by potasli-fusion or by oxidation 
(Carlier a. Einhorn, B. 23, 2896). Formed also 
by oxidation of a-oxy-quinolyl-propionio acid 
with KMnO^. Needles (from alcohol). — Hydro- 
chloride: [243°]; needles. — Silver salt: 
white scales, yielding quinaldino on distilling 
with lime. 

{Py. 3)-QUIN0LYL-ACETIC ALDEHYDE 

C„H,NOi.e. C„HBN.Cn2.CHO. [104°]. Formed 
by careful oxidation of a-oxy-quinolyl-propionio 
acid (Einhorn, B. 18, 3467 ; li), 908). Crystals 
(from alcohol). Yields a phenyl-hydrazide 
[199°].-B'2H2PtClB 2aq.— B'OeH3N,0,. [212°]. 

QUINOLYL-ACETONE v. Acetonyl-quinol- 

INB. 

{Py. 3)-QUIN0LYL-ACETYLENE 
GpHgN.CiCH. Formed by distilling a solution of 
di-bromo-quinolyl-propionio acid with Na^CO, 
(Carlier a. Einhorn, B. 23, 2896). Volatile oil. 
Br forms C„HgN.CBr:CHBr. 

{Py. 3)-QUIN0LYL-ACRYLI0 ACID 

CigHaNOg %.e. Q QJJ.0 H: qOjH* 

Formed by the action of boiling potassium carbon- 
ate solution upon ‘ quinolyl-acrylo-triohloride ’ 
C„HBN.CH:CH.CCl3aq [146°], which is got by 
heating {Py. 3) -methyl-quinoline with chloral at 
1^0° (Miller a. Spady, B. 18, 3402,8466; 19, 
130 ; Einhorn, B. 19, 908). Plates. Oxidised 
by EMnOf to aldehydo-quinoline. HBr forms 
/3-bromo-quinolyl-propionio acid. — “BaA*; 
needles, si, soh cold water.— “HA'HOl: needles. 



4tnr0Lin>-A0Bn0-lJBICHI0BIl)E V. 

»-4UIK0ITL-CASBIK0L 

(C^,N),O.OH. [108®]. Formed by oxidising 

tri-quinolyl-methane with H2Cr04 and HOAo 
(Noelting a. Schwarz, B. 24, 1608). Needles, v. 
Bol. alcohol, si. sol. ligroin. 

IB, 3, Py. 8)-QUINOLYLENE DIACRYLIC 
ACID gH:CH.O.CH:gH 

CO.^.CH:OH.C=CH.C.N=C.CH:CH.C02H. 
[over 300°]. Formed by boiling tri-chloro-pro- 
penyl-quinolyl-acrylio acid with KoCO^Aq (Eck- 
hardt, B, 22, 284). Sol. acids and alkalis. Insol. 
water, si. sol. hot alcohol. 

DI-(P. 2)-QDIN0LYL.ETHANE C.,oH,oNj i.c. 
CeH„N.CH,.CH,.C„H,N. [124°]. Formed by 
heating di-p-amido-di-phcnyl-ethane with nitro- 
phenol, glycerin, and H0SO4 (Comey, P. 23, 
1116). Hexagonal plates, insol. water, si. sol. 
ether.— B"H.,CLi4aq ; needles, v. sol. water. — 
B"H,Clj- ~ B"H,PtCl4. - B"2HAuCl4. — Sul- 
phate: prisms, m. sol. cold water. 

(Py. 3)-QUINOLYL-ETHYLENE C11H9N i.e. 

C.H.<N=e“H:CH; e- 

bromo-quiriolyl-propionio acid with cone. 
KoCOsAq (Einhorn, A. 24G, 172). Oil. — 
B'^l,rtCla4aq. [187°].— B'lIAuCh. [159°]. 

(B. 3, Py. 3)-Di-quinolyl-ethylene 
. ' ^Cri:CH CH:CH.O.CH:CH 

%.e. ^^4Vn=C.CH;CH.C= CH.O.N^CII* 
Formed by heating w-amido-(P//. 3)-styryl- 
quinolino with o-nitro-phenol, glycerin, and 
H.^S04 (Wartmann, P. 23, 3060). Oil, v. sol. 
alcoliol, si. sol. ether. 

Metltylo- iodide B'Mell^aq. [220°]. 
Golden needles v. sol. liot water and alcohol. 
Yields 0,„H,,N,Br,l\rcI. [210°]. 

QUINOLYL-DI-ETHYL-PHENOL C,„H,„NO 
i.e. O^B[«N.CflH.;Eto.OH. This is probably the con- 
stitution of apocinchene (Comstock a. Kouigs, 
P. 20, 2074; v.vol. ii. p. 174). 

(P. 4)-QUINOLYL-HYDRAZINE i.e, 

(P. 4)-ainido-quinoline by diazotisation and 
treatment with SiiClj and HCl (Dufton, C. J. 
69, 757 ; Buttinger, P. 24, 3277). Needier (from 
ether) or prisms (from ligroin). — B'TECh : 
prisms. Converted by potassium cyanato and 
HCl into C„H„N.NII.NH.CO.NH, [235°], and by 
pyruvic acid into Cj,H,.N.N.H:CMe.CO.^H crystal- 
lising in orange needles, converted by boiling 
HClAq into quinindole (a) -carboxylic acid 
C,2H,„N,02 [286'i. 

(P. l)-Quinolyl-hydrazme [151°]. Formed 
in like manner from ana-amido-quinoline 
(Dufton, C. J. 61, 785). Yellow needles (from 
water). Yields B'HCl [248°] and is converted 
by cyanic acidinto C„IIgN.NH.NH.CO.NH2[255°], 
by benzoic aldehyde into CflHgN.NH.NiCHPh 
[194°], by acetone into 0„HaN.NH.N;CMo3 
[140°] and by pyruvic acid into the acid 
C„HaN.NH.N:C.Me.C02H [185°], whence boiling 
HClAq forms the corresponding quinindole carb- 
oxylic acid, which decomposes at about 300°. 

DIQDINOLYLINE is Diquinolyl. 

DI.(P. 2).QUIN0LYL KETONE 
[174°]. Formed from di-p-amido-benzophenone, 
glycerin, H2SO4, and picric acid (Noelting a. 
Bohwarz, B, 24, 1608). Needles, v. soh alcohol, 


si. sol. hot water. — [over 200°]* 

Needles, v. e. sol. water and alcohol. 

(Py. 3).(IDIN0LYI-MERCAPTAN 

W<N=cln* heating 

(Py. 3)-oxy-quinoline with at 145° (Boos, 
P. 21, 020). Yellow plates, si. sol. hot water, v. 
Bol. hot alcohol. Yellow dye. Combines with 
acids and bases. Does not react with hydroxyl- 
amine or phenyl-hydrazine. 

Ethyl derivative CpH,jN.SEt. Formed 
from quinolyl-mercaptan, NaOEt, and EtI. Oil, 
decomposed By distillation. — B'HI. [154°]. — 
B'JI.PtCl«aq. [c. 190°]. Octahedra. 

■ TRI-(P. 2)-OUINOLYL-METHANE 
CH(C.jHgN).,. [202°]. Formed from p-rosaniline, 
glycerin, H,S04, and picric acid at 150° (Noelting 
a. Schwarz, P. 24, 1006). Needles (containing 
EtOH), melting at 98°. Melts at 202° when an- 
hydrous. — B'"3nCl: plates, sol. water. — 
B"C JI3N3O7 : yell'^v needles. — B'"4Hi.Pt3Ci3i ; 
yellow crystals. — B'"3MeI. [266°]. 

(P. 2)-QUINOLYL.METHENYL-AMIDOXIM 

c(NOH)(Niy.g=CH.c.cagi^ 

from OulI,;N.Cy, hydroxylamine hydrochloride, 
NaoCOg, and dilute alcohol (Bicdermann, B. 22, 
2701). Yellowish needles, m. sol. hot water. 
Fehling’s solution gives a greyish-green pp. 
FcCl., gives a deep-red colour. AgNO^ gives a 
white pp. yielding a mirror. 

Read io IIS.— 1. Phthalio anhydride on warm- 

ing foriHB CAN.C<^jf >C.C.U..CO,H [203°j. 

2. Ao^O yields C,Il,.N.C^^j;,°>CMo [175“], 

crystallising in needles.— 3. The hydrochloride 
is converted by potassium cyanato into 
G,ILN.C(NOH).Nn.CO.NH, [105°1. - 4. Ghloror 
formic ether forms C,,H,.N.C(NILV.NO.C03Et 
[97°], which is converted by NaOTIAq into 

C.n.N.C<^i°>0 [156“]. 

Salts.— BlICl ; needles.— B',H,PtCl,. 
Acetyl derivativ e C.HuN.”C(NOAc).NIl2. 
[115°]. Formed by means of AcCl in the cold. 
Needles, insol. cold water, si. sol. other. 

Ethyl ether CJI„N.C(NOEt).NH,. [85°]. 
I’ormed from the amidoxim, NaOEt, and EtI. 
Needles, v. sol. alcohol and hot water. 

(Py. 3)-QDINOLYL.PROPIONIC ACID 
C„n„N.CH,.CH,.CO,II. [110°]. Formed by re- 
ducing quinolyl-acrylic acid with sodium- 
amalgam (CarMer a. I'h’iihorn, P. 23, 2890). 
Ethyl ether EtA'. [110°]. Needles. 
Reference. — Oxy-quinolyl-puopionio acid. 
DI.(Py. 3)-aiTIN0LYL DISULPHIDE 
(C„HeN)2a.. [137°]. ^ Formed by oxidising 

quinolyl-mercaptan with 11, Og in dilute alcohol 
(Boos, B. 21, 022). Plates (from alcohol), insol. 
water and alkalis. 

aUINONE O.HA dttCO.CH- 
quinone. Mol. w. 108. [UG“]. V.D. (H-1) 
63*4 (calc. 64) (Hofmann, B. 3, 683). H.C. 
059,020. H.F. 45,200 (from diamond) (Berthelot 
a. Recoura, Bl. [2] 48, 699; A. Ch. [6] 13, 312, 
335 ; C. P. 104, 1672). 

Formatvm.—l, By oxidation of quinio acid 
with MnO, (4 pts.), H^SO* (1 pt.), and water 
(i pM (Woskreaensky, A, 27, 268),— 3. By 
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oxidation of hydroqninone (W6hler, A, 61, 148). 
, 8. By oxidation of benzidine, of aniline, and of 
|)-phenylene-diamine by MnOj and H,^S04 (Hof- 
mann, Pr. 18, 4).— 4. By action of MnO, and 
on amido-benzene p*Bulphonio acid and 
on phenol n-sulphonio acid (Schrader, B. 8. 
769). 

Preparation.—!. By adding cone. NajCrjO^Aq 
to a cold solution of aniline (1 pt.) in H.SO, 
(8 pts.) and water (26 pts.), and extracting with 
ether (Nietzki, B. 19, 1467).— 2. 20 g. of aniline 
are dissolved in 600 c.c. of water containing 
160 g. of H2SO4 ; 20 g. of finely-powdered potas- 
sium bichromate are added by degrees, with 
constant agitation, keeping the temperature at 
10®-16°. After standing over night 33 g. more 
potassium bichromate are added ; the quinone is 
then extracted with ether, dried over CaClj, and 
the ether removed by distillation. The yield is 
about 86 p.c. of the theoretical amount (Schniter, 
B. 20, 2283 ; cf. Seyda, B. <16, 687 ; Nietzki, B. 
11, 1102; A. 216, 127). — 3. From jo-amido- 
phenol. p-Amido-phenol sulphate is dissolved 
in water, some H^SO^ added, and then PbO.^ 
gradually, wlch shaking, till the violet colour 
first formed disappears. The quinone is ex- 
tracted with ether. Yield theoretical (Schmitt a. 
Siepermann, J. pr. [2] 19, 317). 

Properties. — Yellow monoclinio prisms (from 
water) or plates (from EtI) (Hesse, A. 114, 299), 
or needles (by sublimation). Its odour is 
characteristic. V. si. sol. cold water, m. sol. 
alcohol and ether. The solutions turn the skin 
brown. Sol. HClAq and cone. HNO3. Its alka- 
line solution turns brown in air (Laurent, C. R. 
26, 36). An alcoholic solution of hydroemru- 
lignone deposits, even in dilute solutions, 
crystals of ccerulignone with steel-blue reflex. 

Reactions.— 1. Chlorine forms tri-chloro- 
quinone. — 2. HCl and KCIO3 give tetra-chloro- 
quinone (Hofmann, A. 52, 55).- 3. Cone. HClAq 
forms chloro-hydroquinone (Wohler; Stadeler, 
A. 69, 308). — 4. HIAq forms quinhydrone and 
hydroquinone. — 6. HBr passed into a solution^ 
in chloroform ppts. quinhydrone, and finally forms 
bromo-hydroquinone. HBrAq forms, on heating 
di-bromo-hydroquinone (Sarauw, A. 209, 99) — 

6. Bromine. (1 mol.) in CHCl^ is instantly ab- 
sorbed. Excess of bromine (2 mols.) appears to 
form OjH^Br^Oj, which is split up by heat into 
HBr and two di-bromo-quinones C6H,Br.,02 
[2;6:4:1] and [2:6:4:1] (Nef, J. pr. [2] 42, 167).— 

7. HNOjOn heating yields oxalic and picric acids 
and HCy (Nietzki, A. 215, 138;.— 8. Ammonia 
gas forms emerald-green quinonimide O.HaNO, 
sol. water, the solution soon turning black 
(Woskresensky). NHj in presence of chloroform 
produces hydroquinone, quinhydrone, and brown 
OeHjNOj (Zincke, B. 16, 1656).— 9. An alcoholic 
solution exposed to sunlight yields hydroquinone 
and aldehyde (Ciamician, O. 16, 111). — 10. 
Hydrazine hydrate gives hydroquinone and a 
compound ObH 4(OH)2N2H4 (Curtius a. Thun, 
J.pr. [2] 44, 191).— 11. Heated in a sealed tube 
alone at 160°, or with water at 100°, it yields 
hydroquinone and quinhydrone (Schei^ A. 218, 
227). — 12. PCI, forms a thick oily product, 
Ci 2H,04P,C1,. Water acting upon this forms 
mono- and di-chloro-hydroquinone.- 13. Heated 
with POCI3, quinone gives mono- and di-chloro- 
hydroquinone. An amorphous body 


fs also formed.— 14. AToohoIib HgS form OjjHisSO,, 
a yellowish crystalline mass, melting below 
100°.— 16. AcGl forms in the cold the di-aoetyl 
derivatives of chloro-hydroquinone. On warm- 
ing it also forms 0,H,01a(OAo), (Schulz, B. 16, 
662). AcBr, in like manner, gives OaH,Br(OAo)a 
and 04H.,Br2(OAc)2. — 16, Ac^O does not act below 
200°, when it forms OjH4(OAc)2 and a brown mass. 
17. Cold dilute NaOAc converts it into hydro- 
quinone (Hesse, A. 220, 365).— 18. Aniline in boil- 
ing alcoholic solution forms di-phenyl-di-amido- 
quinone and hydroquinone 3C,H402 + 2NH2ph 
= C4H.(NHPh)202 + 2C,n4(OH)2. Other primary 
and secondary bases act in like manner. — 
19. 0- and p- Nitro-anilinc form red crystals 
0aH4020,H,(N02).NH2 melting at 97° and 120° 
respectively (Hebebrand, B. 15, 1976). o-Nitro- 
aniline in HOAc forms CflH2O2(NH.0„H4.NO2)a 
[1:4:2:6] [305°] crystallising from alcohol in red 
needles (Leicester, B. 23, 2794).— 20. o-Amido- 
phenol in hot alcohol forms a base (024H,gN404?) 
which crystallises in violet needles [250°], si. sol. 
alcohol (Zincke a. Hebebrand, A. 226, 61). In 
dilute acids it forms a rod solution. Ac,© yields 
C2,H,gAc2N.,04 [285°J, while Bz.,0 at 150° gives 
C24B,4 Bz 2N404 [265°]. Yields a crystalline ni- 
trosoamine C24H„(N0)2N40,. Forms the salts 
B"H2Cl2, crystallising in needles with green 
lustre, B'H2S04, B"H.,PtCl„ and a pi crate 
crystallising in steel-blue needles [236°]. — 
21. C„H4(NH2)(0Me) [1:2] forms 02oH,gN204 or 
Cj,H202(NH.C,H4.0Me)2 crystallising in reddish- 
violet needles [230°], forming a blue solution in 
H2SO4. — 22.p-Amido-phenol hydrochloride gives 
C„H202(NH.0aH4.0H)2 crystallising in violet- 
brown needles, not melted at 290°.— 23. (1,3,2). 
AmidO'O-cresol forms a compound [285°], which 
gives a crystalline acetyl- derivative.— 24. (2,4,1)- 
Nitro-toluidine forms C„H30...NH.0,HeN02, de- 
composing at 300°, and C3H202(NH.C,Ho.N02)a 
(L.).— 25. Acetoacetic ether and ZnOl, at 100° 
form OjeHiflO, [184°], crystallising in needles, 
insol. water, sol. hot alcohol. Cone. H2SO4 forms 
a deep-blue solution. Alcoholic potash forms 
2aq, the salt of an insoluble acid 
Ci4H,20a (Von Pechmann, B. 21, 3005). — 
26. CgH4(OH)(OMe) [1:4] in hot ligroin forms 
di-methyl-quinhydrone C,2„H^O^, crystallising in 
lustrous greenish -black prisms, decomposed by 
warm water (Hesse, A. 200, 253). 


Mono-oxim 


Mol. w. 123. 


P‘Nitro30-phenol. 


Formation.—!. By boiling nitroso-di-methyl- 
aniline (or nitroso-di-phenyl-aniline) hydro- 
chloride with dilute NaOHAq (Baeyer a. Caro, 
B. 7, 809, 967 ; TerMeer, B. 8, 622; Fischer, B. 
19, 2995).— 2. By adding KNOj and HOAc to an 
aqueous solution of phenol (B. a. C. ; cf. Sten- 
house a. Groves, A. 188, 360).— 8. By adding 
hydroxylamine hydrochloride to a cold dilute 
aqueous solution of quinone (Goldschmidt, B, 
17, 213).— 4. Formed also from aqueous phenol, 
hydroxylamine hydrochloride andH,0,(Wurster, 
B. 20, 2631). Free hydroxylamine merely re- 
duces quinone to hydroquinone. 

Pryperties . — Nearly colourless needles ot 
greenish trimetne plates; *698:1:2*469. 
M. sol. water, forming a light-green solation 



iami brown on boiling, Y. eoL ether, 
acetone, and aqneous alkalia, si, sol. HOAo. 
Decomposes at 120°-130°. Decomposed by hot 
cone. HClAq. When dissolved in phenol it 
gives, on addition of HjSO^, a cherry-red solu- 
tion turned blue on addition of EOHAq. In this 
reaction the compound 0,sH,jN0a is formed. 
Polyhydrio phenols, containing two hydroxyls 
in the m- position, give by like treatment 
fluorescent * dichroins ’ ; thus resorcin gives 
C,gH,jNO<„ CggHjgNgOjg, and azoresorcin (Brunner 

а. Chuit, B. 21, 249). 

Reactions.— 1. Oxidised by alkaline KjFeCyj 
to ^-nitro-phenol.— 2. Reditced by tin and 
HOlAq to p-amido-phenol.— 3. Nitrous acid gas 
passed into an ethereal solution forms diazo- 
phenol nitrate (Jaeger, B. 8, 894).— 4. Gaseous 
llGl passed into a cooled ethereal solution forms 
di-chloro-amido-phenol [175°] and tri-chloro- 
amido-phenol (J. ; Hirsch, B. 13, 1908). — 6. A 
solution of HCl in MeOH in presence of ice 
forms CgH..Cl,(NH,)(OMe) [72°] ; while EtOH 
and HCl give C,H,CL(NH,J(OEt) [46°] (275°). 

б. Cone. KOHAq at 180° forms azophenol 
C,.,H,oNA [214°] (Jaeger). — 7. KCIO, and 
HClAq form CttH4ClNOi, crystallising in yellow 
needles, v. sol. alcohol, insol. water, and ex- 
ploding at 70° (Mohlau, B. 19, 281). — 8. 
ClO'J.^Me added to its sodium salt forms 
CgH.(NO).O.CO,.Mo [137°], while ClCOgEt yields 
0giI,(N0).0.C02Et [109°] (Walker, B. 17, 400). , 
9. BzCl added to the sodium salt in ether forms j 
CjH,(NO).OBz, crystallising in yellowish needles 
[168°-175°], sol. hot alcohol (Walker). — 10. . 
Aniline forms azophenine CgH.^(Nrh)2(NHPh).^. ' 
p-Chloro-aniline forms, in . like manner, tetra- ' 
chloro-azophenine [2G5°] (Fischer a. Hepp, B. 
21, G77).- 11. Bromine forms CaHp3r20(N0n), 
crystallising in small leaflets, decomposed by ; 
water (0. Fischer, B. 21, 074). — 12, Phenyl | 
cyanate gives O^H^O.NO.CO.NHPh, crystallising 
in short yellow prisms decomposed at 160° with- 
out molting. It is converted by alkalis into the 
oxim, aniline, and COj (Goldschmidt a. Straus^, 
B. 22, 3105). 

Salts.— CgH4(NO)(ONa) 2aq. Red needles 
(from alcohol), v. sol. water, insol. ether. De- 
composed by boiling water. Ppd. by NaOH 
from aqueous solution.— (C<,n4(NO).0);,Ba (dried 
at 100°). Red needles (from warm water).— 
— OaH4(NO).OAg aq. Violet crystals with green 
reflex. i 

Dioxim C(NOH)<^g:pg>C(NOH).Formed ; 

by the action of hydroxylamine hydrochloride 
on the mono- oxim, on hydroquinone, and on p- 
nitroso-aniline (Nietzki, B. 20, 613; 21, 430; ^ 
Fischer, B. 21, 685). Yellowish needles (from | 
hot water). Decomposes at 240°. Reduced by | 
SnCljandHCltop-phenylene-diamine. Oxidised j 
by alkaline K,FeCy, into insoluble di-nitroso- 
benzene. Acjb forms a crystalline di-acetyl 
derivative, sol. hot alcohol. 

Quinone-ohlorimide [85®]. 

Formed by the action of bleaching powder on a 
solution of the hydrochloride of p-amido-phenol 
(R. Schmitt, J. pr. [2] 8, 1 ; 19, 816 ; Hirsch, B. 
11, 1980 ; 13, 1903 ; Fogh, B. 21, 890 ; Andresen, 
J. pr. [2] 23, 167) or Purified by 

ite^-distillation. Golden crystals (from HOAo). 


SI. sol. cold water, f. tol. alcohol and ether. 
Explodes above 66®. Smells like quinone. 
Stains the skin brown. Turned brown by al. 
kalis. Reduced by tin and HCl to p-amido- 
phenol. Water at 100° forms quinone. Aqueous 
SO.J forms amido-phenol sulphonic acid. HCl 
gives chlorinated amido-phenols. Gives Lieber- 
mann’s colour reaction with phenol and H^SO^. 
Quinone-di-chlorimida C0H4N2CI3 i.6. 

C4H4<^^^J. Formed from p-phenylene-diamine 

hydrochloride and blcaohing-powder solution 
(ivrause, B. 12, 47). Needles (from water), de- 
composing. at 124°. Almost msol. cold water. 

Its solution stains the skin brown. Reduced by 
SnCl^ to p-phenylene-diamino. HCl forms tetra- 
chloro-p-phenylene-diamine. Br gives di-chloro- 
di-bromo- quinone. (i3)-Naphthylamine forms 
amido-naphthophenazine. ($)-Naphthol forma 
! 0 ,bH,„N. 40, which dyes silk crimson and yields 
I B'HNO, (Nietzki a. Otto, B. 21, 1745). 

I Quinone-phenyiimide C,2H,jNO i.e. 

I CbH 4<^^^ ^ [97°]. Formed by oxidising p-oxy- 

di-phenyl-amine in benzene hy HgO (Ban- 
drowski, M. 9, 134, 415). Red crystals, v. sol. 
alcohol, ether, and chloroform. Decomposed by 
water and alkalis. Acids reproduce quinone. 
Reacts with aniline, forming p-oxy-di-phenyl- 
amino and di-phenyl-di-amido-quinone-phenyl- 
imide. 

Quinone-p-tolylimide C,jH„NO. [70°]. 
Formed in like manner from p-oxy-phenyl-p- 
tolyl-amine (B.). Dark-red scales (from ligroin), 
sol, most solvents. 

Di-methyl-amido-phenylimide C,4Hi4N20 <.«• 
Phenol-blue. Formed by 

the action of nitroso-di-methyl-aniline on an 
alkaline solution of phenol, or by oxidation of a * 
mixture of phenol and phenylene-di-methyl-p- 
diamine (Mohlau, B. 16,2851 ; 18, 2913). Formed 
also from quinone-chlorimide and di-methyl- 
aniline (Fogh, B. 21, 889). Steel-blue prisms 
(from water) (containing .>aq). Its solution in 
HClAq is blue. Cone. H2S04 forms quinone and 
C„H4(Nn2)(NMe.4). Boiling NaOHAq forma 

NMe.,H and The sulphonic 

acid C,4H,4N.4S04 ^aq, formed from p-amido- 
phenol-sulphonio acid in water by successive 
treatment with Cl and dimethylanilino, crystal- 
lises in bronzed needles, forming a blue solution 
NaOHAq., 

Quinone tetrahydride 

Diketohcxamethylcne. [78°]. Formed by heat- 
ing the dihydride of di-oxy-terephthalic acid 
(succinyl-succinio acid) of 200° and distilling 
the product under reduced pressure (Hermann, 

A. 211, 322 ; Baeyer a. Noyes, B. 22, 2170). 
Prisms, v. sol. water. FeCfy does net colour its 
solution. Its alkaline solution turns brown in 
the air. Bromine forms C4Br403. Reduces 
Fehling’s solution. HCy forma 0aH,(0H)2Cy3 
[180°]. Yields a di-oxim which when quickly 
heated melts at 200° ; when slowly heated at 192°. 

The di-phenyl-di-hydrazide C,H8(N4HPh), is ob- 
tained as a white pp. [126®] crystallising from 
alcohol in yellow prisms [160°], yielding a crystal- 
line hydrochloride 
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An ifomerld« of the tetrohydrlde CAO«i 
[170^, is got by the action of NaOHAq on 
sucoinyl-snccinio ether. It crystallises in prisms 
[containing Jaq). It changes into the preceding 
iBomeride on distillation. It reduces Fehling’s 
solution. 

References. — Amido«, Sbouo-, Bromo-nitbo-, 
Ohlobo', Chlobo-nitbo-, lono-, Nitbo-amido-, 
OxY-AMiDO-, and Oxy-quinone. 

TBIQUINONE v. Benzene-tri-quinone. 

QUIBOKE BICABBOXTLIO ACID dihy- 
dridev. Di-oxy-tbbephthalio acid. 

Tetrahydride v. Dihydride of di-oxy- 
TEBEPHTHALIO ACID. 

Quinone tetracarbozylic acid. Methyl 
ether C<,0.,(C0jjMe).,. [207°]. Formed by oxida- 
tion of C«(6H)2(CO,Me\ with HNO, (Nef, A. 258, 
818). Colourless prisms (containing 2MeOH) 
(from MeOH) or yellow needles (by sublimation). 

Ethyl ether OACCO^Et),. ^ [149°]. 
Formed by oxidising di-omido-pyromellitic ether 
with cone. HNOa (Nef, C. J'. 53, 428; A. 237, 
28). Gnlden needles (from alcohol). May be 
sublimed. On treatment with KOHAq or with 
HjSO^ in HO^c it yields hydroquinone tetra- 
carboxylic ether. Zinc-dust and HOAo also re- 
duce it to hydroquinone tetracarboxylic ether. 

QUINOFHENOL v. Oxy-quinoline. 

DiaUINO-FHENAZINE c.h,4>c.o. 

Formed by the action of dilute HNOj on 
0aH^:N2:C<,02(0H)3, which is got from rhodi- 
zonio acid and o-phenylone -diamine (Nietzki a. 
Schmidt, D. 21, 1228). Yellowish needles (con- 
taining 3aq), si. sol. water. Converted by 
o-phenylene-diamine sulphate into C^JIiaNa, 
crystallising in greenish needles. 

DiaUlNOQUINONE Di- 

quinoyl. The di-oxim CjLO^jNOH).^ is di- 
nitrosoresorcin {q.v.) (Goldschmidt a. Strauss, 
B, 20, 1611; Kehrmann a. Messinger, B. 23, 
2816). The dioxim is converted by hydroxyl- 
amine into the tetra-oxim, which, on heating 
with Ao.p, yields the anhydride CJI^Np^ crystal- 
lising in needles [61°], sol. ether. The tetra- 
oxira may be reduced by SnCl^ and HCl to tetra- 
amido-benzene. 

Triquinoquinone v. Benzene triquinone. 

2?e/erence. — OxY-DiQuiNOYL. 

WdUnfO-TOIAZISE 

Formed from rhodizonio acid and tolylene-o- 
diamine, the product being oxidiacd by HlfOj 
(Nietzki a. Kehrmann, B. 20, 324). Yellow 
needles (containing 2aq). On warming with an 
aqueous solution of a salt of tolylene-o-diamino 
it is converted into C2 ,H,hO„, which crystallises 
from chloroform in needles (containing CHCl,). 

QDINOVATANNIC ACID C.^H.gOs ? Occurs 
in the bark of Cinchona nova \Quina nova) 
(BQasiwetz, A. 79, 129). Translucent yellow 
mass, sol. water and alcohol, insol. ether. FeClj 
gives a dark-green colour. NH^Aq colours its 
solution brown. Its alkaline solution absorbs 
oxygen from the air. Boiling dilute RpO^ splits 
it up into sugar and ‘ quinova red ’ CggH^Pij 
(Bembold, A. 143, 273), which also occurs in the 
bark. Quinova red is a nearly black resin, nearly 
insol. water, v. sol alcohol, ether, and alkalis, 


gives no colour with Fed,, and ;p6l<is prof^ 
cateohuio acid on fusion with potash. 

QUINOVIN O^jHjgOg (Hlasiwetz) or 03ftHg40,| 
(Oudemans, jun., R. T. C. 2, 160). Qidnova* 
hitter. Quinovic acid, [a]^ « + 69°. Occurf 
in false cinchona bark from Cinchona nova 
(Pelletier a. Caventou, J. Ph. 7, 112 ; Winckler, 
Rep. Pharm. 61, 193 ; Buchner, jun., A. 17, 161 ; 
Peterson, A. 17, 166; Schnedermann, A. 45, 
277; Eochleder a. Hlasiwetz, A. 79, 129; 111, 
182). Occurs also in true cinchona bark (Schwarz, 

A. 80, 330 ; De Vrij, J. Ph. [3] 37, 255), in all 
parts of Cinchona Calisaya (from Java), and in 
tormentilla root (Rcmbold, A. 145, 9). 

Preparation.— The bark is extracted with 
boiling milk of lime, the extract ppd. by HCl, 
and the pp. repeatedly dissolved in alcohol 
and thrown down by water. 

Properties.— Needles (from alcohol), almost 
insol. hot water, v. si. sol. ether, v. sol. dilute 
alcohol. Tastes bitter. Dextrorotatory. Sol. 
aqueous alkalis. Resolved by acids into quinovic 
acid and quinovite. Does not reduce Fehling’s 
solution. 

Salt s.— PbCaoH^Pg aq.- (CuO)34C,„H*P8. 

(i8).auinovin. [o. 235°J. [a]„ = -i- 28° in a 2*7 
p.c. alcoholic solution. Occurs in cuprea bark 
(from Remijia) (Liebermann a. Gicsel, B. 16, 
928). Scales (from dilute alcohol). Insol. ether, 
V. e. sol. alcohol. Dextrorotatory. Forms with 
alcohol the compound 03BH,.20,j5Et0H, crystal- 
lising in large prisms. Split up by dilute acids 
into quinovic acid and quinovite. 

Quinovite C,.H,204i.e. O..HyO(OH)3. Quinova- 
sugar, (o. 300°). [a]„ 60° (0.) ; = + 78° (L. 
a. G.). Formed by the action of HCl on a hot 
alcoholic solution of quinovin ; quinovic acid 
crystallises out, and the mother-liquor is neu- 
tralised by BaCO;„ filtered, and evaporated. 
Hygroscopic mass, sol. ether. Has a bitter- 
sweet taste. Does not ferment with yeast. 
Reduces Fehling’s solution. 

Tri-acetyl derivative OyHHO(OAc).,, 
[47°]. (c. 303°). White needles (Liebermann, 

B. 17, 872). 

Quinovic acid C;,;,H,„Oy (Oudemans, R. T. C. 
2, 160) ; C2 ,H-,bOj (Hlasiwetz a. Oilm, A. Ill, 
182) ; 03H4 h 0 j (Liebermann). [ajo = + 86°. 
Occurs in tormentilla root (Rembold, A. 145, 6). 
Formed from quinovin as above. White sandy 
powder composed of minute trimetrio six-sided 
larainre, insol. water, v. sol. hot alcohol, si. sol. 
ether. Tasteless. Ppd. from alkaline solu- 
tions by acids in a gelatinous form, gradually 
becoming pulverulent. Dextrorotatory. HjSOi 
gives off CO and forms novic acid, quinochromin 
CsoHjyO^ (crystallising in needles), quinoveno 

C. s.H ,2 (?), and apoquinovic acid CiyH^nO^ (crys- 
tallising in needles ; whence Oj^HaiNaO^ 3iaq). 

Salts.— KD..,,H3yO, llaq : bulky pp. — 
CuA"Cu.,(On)g 6aq : light-blue pp. — AgjA"; 
bulky pp. 

Ethyl ether [127°-130°]. 

Crystals, v. sol, alcohol and ether. 

Pyroquinovio acid CajH^yO^. (above 860°). 
Formed by heating quinovic acid (Liebermann 
a. Oiesel, B. 16, 936). Needles, insol. water, v. 
sol. alcohol and ether. Its alkaline solution ia 
lievorotatory. Oh distillation, the distillate 
solidifies to a clear glassy mass, easily soluble 
in ether, and resembling gtim oopaJ in its proper* 
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ties, ^en this substance is heated with HI 
and P it yields a terpene (quinoterpene) which 
probably has the formula This terpene 

is also formed by direct reduction of pyroquino- 
vio acid with HI and P (Liebormann, B. 17, 
669). 

Salts.— KA' (dried at 110°). — BaA^ 
Quinoterpene CaoH^R. (above 360°). Formed 
as above. Dextrorotatory. * 
Oxy-qninoterpene 03 „H ,„02 or 
Cholestol. [139°]. (above 300°). Accompanies 
quinovin in false cinchona bark (Licbermann, 
B. 17, 871 ; 18, 1803 ; Hesse, A. 234, 377). 
Needles (from alcohol). Beduced by HI and P 
to quinoterpene. Yields an acetyl derivative 
[126°] and a benzoyl derivative [144°]. 

(HHNOX4I.INE CAN, i.e. 


[27°]. (222* uiicor.). I^onned by the action of 
o-phenylene-diamine on glyoxal in aqueous solu- 
tion (Hinsberg, B, 17, 320; .1.237,334). White 
crystals, smelling like quinoline and piperidine, 
miscible with cold water, alcohol, ether, and 
benzene. Partially separated from aqueous 
solution by warming or by adding KOHAq. Its 
aqueous solution gives white pps, with HgOl^ 
and AgNOj. Yields a sparingly soluble oxalate. 
Little attacked by oxidising agents. Sodium 
reduces it, in alcoholic solution, to phenyl- 
ene-ethylenc-diamine (Merz a. Ris, B, 20, 
1190).- B'llCl: needles, v. sol. water. Decom- 
poses at 184°.-B'H,SO,. [187°]. Silvery 

plates, V. sol. water. — B'.^.^rtCla (dried at 100°)* 
Needles. 

Eefcrenccs.-AmDO- and OxY*QUiNoxAi.iNa. 


RACEMIC ACID v. Tartauio Acm. 

RACEMIC CAMPHOR v. Camphor. 

RADICLE. Lavoisier and his followers re- 
garded an acid as a substance formed by the 
combination of much oxygen with another 
body; the body with which the oxygen was 
combined was called by de Morvoau the radicle 
of the acid, and the name was used in this sense 
by Lavoisier. ‘II faut done distinguer dans 
tout acide la base acidifiable, d laquclle M. do 
Morveau a donn6 le nom de radical, ct le priiicipe 
acidifiant, e’est-d-dire, I’oxigdne ’ {TraiU dU- 
mentuire de Chimie [1789] 1, 69). That the 
radicle of an acid might be either a simple 
or a compound substance is evident from de 
Morveau’s use of the term ; in speaking of the 
nomenclature of acids of unknown composition, 
he says : ‘ Nous nous sommes content6s de 
ddsigner I’etro simple qui y modifie I’oxiginte 
par TexprcHsion de base acidifiable, ou, pour 
abr6ger, de radicle, de tet acide ’ {Mdmoire sur 
le Ddveloppevient des Principes de la Nomencla- 
lure Mdtlwdiquc [1787]). Lavoisier, in 1789, 
extended the meaning of the term radicle when 
he said (Traitd, 1 , 209) that most of the oxidisa- 
blo and acidifiable radicles of mineral com- 
pounds were simple bodies, whereas the radicles 
of compounds of vegetable and animal origin 
were generally composed of at least two simple 
bodies. The notion of radicles was here, and 
elsewhere, extended by Lavoisier to mean the 
bases or foundations whereon more complicated 
bodies were built up, generally by the addition 
of oxygen. 

As organic chemistry advanced, and many 
compounds were obtained from animal and 
vegetable sources, attempts were naturally made 
to find some reason for the existence of so vast 
a number of compounds all composed of but 
three or four elements. Lavoisier’s assertion 
that the radicles of organic compounds are 
themselves composed of two or more elements, 
was revived, adopted, and developed. Berzelius, 
Liebig, Dumas, and other earlier workers in 
organic chemistry were struck by the enormous 
number of compounds produced by the union 


of the four elements carbon, hydrogen, oxygen, 
and nitrogen. They said the true elements of 
organic cliemistry are the radicles cyanogen, 
amidogen, benzoyl, ethyl, &c.,(X:c. Dumas iC>B* 

5, 300) said: ‘ In mineral chemistry the radicles 
are simple, in organic chemistry they are com- 
pound; therein consists the whole difference. The 
laws whereby the compounds are formed and 
their reactions are regulated are the same in 
both.’ Liebig said : ‘ Organic chemistry is the 
chemistry of compound radicles.’ In 1832 
Liebig and Wohler made apparent the moaning 
and wide applicability of the dictum that 
‘ organic chemistry is the chemistry of com- 
pound radicles’ by their researches into the 
constitution of the compounds obtained from 
oil of bitter almonds. By regarding these bodies 
as compounds of the radicle benzoyl, C.H,0, 
they became comparable with the compounds 
of the radicles potassium and other metals. 
From this time the conception of the radicle 
was firmly established. 

The elements are the simple radicles, on 
which, and by the combinations of which, com- 
pounds are built up. The reactions of a series 
of compounds often show such similarities that 
we arc obliged to conclude that the compositions 
of these compounds are also similar ; in many 
cases this similarity of composition can be made 
apparent only by supposing that a certain group, 
or collocation, of elements enters into the com- 
position of all the compounds. Such a group of 
elements, playing the part of a simple body 
throughout a series of reactions, but neverthe- 
less separable into two or more elements, itt 
called a compound radicle. 

For an example of the working out of the 
conception of the radicle t;. Ajimonium com- 
ROUNDS, vol. i. pp. 200-201. 

M. M. P. M. 

RADI OIL. The product of the distillation of 
the wood of a juniper. Contains a sesquiterpene 
OiftH-., whose hydrochloride CjaHai2H01 molts at 
118° (Wallaoh, A. 238, 82). 

RAFFINOSE C,8H,,,0„6aq (Morris a. BrowUr 
0. J, 63, 619 ; De Vries, H. T, C. 8, 826 ; 0. B, 
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106» 751; Toneu ft. Mayer, B, 31, 1569). 
MeliU>s$» Oossypose* Melitriose. Mol. w. 528 to 
644 (by Baoult’s method) (cal. 594) ; 596 (by rate 
ol osmosis in leaves of Tradescantia). [o. 87°]. 
S. 17 at 16° (R.) ; 14 at 20° (Loiseau). 8. (80 
p.o. alcohol) 1-4 at 70°. Wd = 104*6 (M. a. B.). 
[a]j = 116*6. H.0. 2,019,700 (Stohmann, J»pr. [2] 
45, 320 ; cf. Berthelot a. Matignon, 0. B. Ill, 
13). Discovered by Johnston (0. S, Mem. 1, 
169) in a manna, which drops from various 
kinds of eucalyptus in Tasmania. Further 
examined by Berthelot (0. B. 41, 302) and 
Bisohbiet a. Tollcns {B. 18, 2011). Occurs also 
in cotton-seed (Bitthausen, J. pr. [2] 20, 351 ; 
Bdhm, J. pr. [2] 30, 37), in beet-root molasses 
(Loiseau, Bl. [2] 20, 365; Tollens, B. 18, 26; 
A. 232, 201; Lipmann, B. 18, 3087; Lindet, 
C.B. 110,795; Bl. [3] 3, 682). 

Preparatiow.— Cotton-seed cake is extracted 
with spirit (S.O. *848). The extract is boiled 
down to a small bulk, and -then shaken with 
ether (to remove colouring matters). After a 
time lumps of sugar separate ; these are dis- 
solved in 80 p.o. alcohol at 70°, boiled with 
animal charcoal, and allowed to stand. In a 
week glittering needles, arranged in hemispheri- 
cal masses, separate (H. Eitthausen, J. pr. [2] 
29, 351). 

Properties.— Groups of needles, v. c. sol. hot 
water, v. si. sol. alcohol. Has a slightly sweet 
taste. Does not reduce Fehling’s solution. Not 
turned brown by boiling KOHAq. At 108° it 
gives off its water of crystallisation without 
melting; the anhydrous ralliuose is not very 
hygroscopic. A second hydrate (containing 
6aq) may bo got as lamollio by crystallisation 
from dilute^ alcohol (Berthelot, G. B. 109, 548 ; 
Bl. [3] 2, 656). Readily ferments, giving with 
good yeast approximately as much alcohol as 
cane-sugar, while with feeble yeast only one- 
third of that quantity is formed. Eafiinose can 
be assimilated by young plants, being converted 
into starch (Brown a. Morris, 0. J. 67, 486). 

Beactions.—l. Boiling dilute splits it 

up into lasvulose and ‘melibiose* CiJL^O,,, 
wnioh yields with phenyl-hydrazine the osa- 
zone Ca,H3.^N^09. The mixture of Ifevulose and 
melibiose shows [ajj, = 50°. On further boiling 
with dilute HjSO, the melibiose is hydrolysed, 
the product consisting of galactose (1 mol.), 
IfBvulose (1 mol.), and dextrose (1 mol.) (Scheib- 
ler a. Mittelmeier, B. 22, 1078, 3118 ; Tollens, 
A. 238, 308 ; 249, 227). Melibiose is identical 
with eucalyn, and may be reduced by sodium- 
amalgam to melibiotite a syrup which 

does not reduce Fehling’s solution, but yields 
galactose on boiling with dilute acids, luvertin 
also splits up raftinose first into Itevulose (which 
may be fermented by yeast) and melibiose, and 
then this melibiose may be split up at 36° by a 
cone, solution of invertin into dextrose and 
galactose. The Pneumocoeem of Friedlauder 
sets up fermentation in suitable solutions of 
raffinose (Percy Frankland, C. J. 69, 270).^ 
2. NaOEt gives a compound containing 6 to 7 
p.o. sodium.— 3. Boiling HNO3 (S.G. 1*16) gives 
23 p.o. of mucio acid. Saccharic acid is also 
formed. 

Salts (Beythien a. Tollens, A. 265, 196).— 
NaO,„H„0„. — NajjO„H,pO„ aq. Crystals. — 
C|JE^Oi«(SrO)saq. 81. sol. water.— Ci,H,20|«SrO. 


— 0„H«,0„2BftO. (b78tftk-^ 
0„H«0»p(CaO)p 2aq.-0„H„0i,8Pb0. 

Estimation. — In a mixture of cane-sugar and 
I raffinose, the amount of raffinose may be deter-, 
mined by observing the change of rotatory 
power after hydrolysis (Creydt, B. 19, 3115 ; 
Gunning, Fr. 28, 46). The raffinose may also be 
ppd. by lead acetate from a solution in methyl 
alcohol, and the effect on the polarising action 
of the liquid observed (Lotman, Oiem. Zeit. 12, 
391 ; Gunning). 

BANOIFOBMIO ACID 0„H„O3. [106°]. 

Occurs, together with atranoric acid, in the 
lichen Cladonia rangifoi'mis (Patcino, Q, 12, 
269). Plates (from benzene), sol. ether. Its 
ammoniacal solution gives a flocculent pp. of 
AgA' on adding AgNO,,. 

BAPIC ACID CigHsjOs, Occurs as glyceride, 
together with the glycerides of erucic and be- 
henic acids, in rape-seed oil (Eeimer a. Will, B. 
20, 2387). Oil. Yields stearic acid on fusion 
‘with potash. The zinc salt melts at 78°. The 
' Na salt is gelatinous, v. sol. water, si. sol. alcohol. 

BEDUCINE C,2U,,N,0„ or C^H^N^O,. An 
alkaloid occurring, as well as para-reduciiio 
C^n„Nj,0, according to Tliudichum (O’. B. 106, 
1803) in urine. It reduces ferric, cupric, mer- 
curic, and silver salts, and forms an insoluble 
barium compound. 

BEDDCTION. This term is used as 
synonymous with deoxidation in its widest sense. 
V. Dkoxidation, vol. ii. p. 377 ; and c/. Oxida- 
tion, vol. iii. p. 657. 

BECIIANIN V. JuGDONE. 

RENNET V, Milk and Piioteids. 

BESACETIC ACID v. vol. i. p. 18. 

BESACETOPHENONE v, Di-oxt-aceto- 

PHENONE. 

BESINS. Amorphous substances, occurring 
in all parts of plants, but especially in the bark 
(Wiesner, Sitz. W. 62 [2] 118). Frequently as- 
sociated with essential oils. Besins are also 
formed from various oils by atmospheric oxida- 
tion or by the action of alcoholic potash. Boil- 
ing aqueous potash resin ifies aldehydes, PjO, 
converts various aldehydes [e.g. benzoic alde- 
hyde) into resins. These resins are solid, 
translucent, with conchoidal fracture, insol. 
water, wholly or partially sol. alcohol and 
aqueous alkalis. The resins, therefore, contain 
acids. The resins soften when heated, but are 
decomposed by distillation. By potash-fusion 
protocatechuic acid is obtained from guaiacum, 
benzoin, dragon’s blood, asafootida, esparto 
resin, myrrh, acaroid resin, and opopanax. By 
potash-fusion p-oxy-benzoio acid is got from 
benzoin, dragon’s blood, aloes, and acaroid resin ; 
phloroglucin from dragon’s blood, esparto resiiv 
and gamboge; and resorcin from galbanum, 
asafobtida, gum ammoniac, sagapeuum, and 
acaroid resin (Hlasiwetz a. Barth, A. 134, 265 ; 
138, 61 ; 139, 83). Dammar, sandarao, mastic, 
and incense-resin are not attacked by fused 
potash. Besins containing gum or mucilage, 
soluble in water, are caUed gum-resins. Besins 
mixed with essential oils are termed balsams. 
The following resins are completely soluble in 
alcohol of 95 p.c. : benzoin, oaranna, resins and 
balsams from conifers (colophony), dragon’s 
blood, guaiacum, mani-resin, mastic from Alex- 
andria and from Bombay, black balsam of Fem, 
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{k)^oeiiit)tid resin, sandarao, balsam of Tola, 
zanthorrhoea resin. The following resins are 
only partially dissolved by aloohol of 95 p.o. : 
ammoniac, asafmtida, bdellium, Canada bal* 
earn, ccradia resin, copaiba balsam, copal, dam- 
mar, elemi, euphorbium, euryops resin, galba- 
num, gamboge, Uquidambar, common mastic, 
Mecca balsam, myrrh, olibanum, opopanax, 
white balsam of Peru, sagapenum, sonora-lac, 
and liquid storax (Hirschsolm, Ar. Ph. [3] 
10, 481 ; 11, 64, 152, 247, 312, 434). Ether dis- 
solves completely; caranna, Canada balsam, 
conifer resins, copaiba balsam, dragon’s blood, 
elemi, guaiac-resin, mani-resin, mastic, podo- 
carpus resin, and sandarac. Most other resins 
are partially soluble in ether. FeClj gives in 
alcoholic solution a blue colour with guaiacum 
and caranna, a dark -green colour with benzoin 
and some sorts of asafeetida, and a black colour 
with gamboge, balsam of Peru, opopanax, storax, 
sagapenum, shellac, and xanthorrhoea resin. 
FeCla gives in an alcoholic solution of Canada 
balsam and of some sorts of dammar, a pp. v/hicli 
disappears on heating, and with copal and 
Bonora-lao a pp. which does not disappear on 
heating. Alcohol containing liCl is coloured 
brick-red by white balsam of i^eru and ceradia- 
resin ; red to violet by common myrrh and 
ouryops-resin ; blue to violet by some sorts of 
elemi; yellowish-brown to green by guaiac- 
resin ; yellow, changing through brown to cherry- 
red, by benzoin and balsam of Tolu ; crimson by 
xanthorrhiea resin ; greenish, changing to dingy 
violet, hy asafoctida; yellow by gamboge and 
caranna ; light rose-coloured by podocarpus 
resin ; and brown by otlicr resins. Cone. H.^80, 
forms a cherry-red solution with benzoin from 
Siam and with balsam of Tolu ; a yellow solu- 
tion with gamboge ; a solution with yellowish- 
brown fluorescence with asahetida ; and brown 
with other resins. A drop of H^SO, added to a 
solution of pine-wood resin in llOAc gives a red 
or violet colour as the liquids mix (Morawski, 
C. C. 1888, 1030). Fossil resins {e.g. arafler) 
are often found in beds of coal and lignite, 
being clearly derived from plants. Schmidt 
a. Erban {M. 7, 055; cf. Kremcl, Fr. 20, 
202) have determined, for a great variety of 
commercial resins, the quantity of alkali neces- 
sary to neutralise on alcoholic solution, and the 
amount required for saponification, and also the 
amount of iodine the resins can take up. They 
also base a method of separation upon the rela- 
tive solubilities of resins. A classiiicatiou of red 
resins according to their solubility in chloroform, 
benzene, and CS^^ is given by Dobbio a. Hender- 
son {Tr.E. 30, 624). Colophony softens under 
boiling water, while powdered shellac, mastic, 
elemi, and dammar agglomerate, and sandarac, 
copal, and amber remain unchanged (Kliebhau, 
0. C. 1888, 87). The products of distillation of 
colophony have been examined by many chemists 
(Fremy, A. Oh. [2J 69, 13 ; A. 16, 284 ; Pelletier 
a. Walter, A. Oh. [2] 67, 267 ; ThSnard, Kobiquet, 
a. Dumas, G. B. 1838, i. 460 ; Schiel, A. 116, 96; 
Couerbe, J.pr. 18, 166 ; Curie, C, N. 30, 189 ; 
Kelbe, B. 13, 1167 ; B. 14, 1240 ; A. 210, 1 ; B. 
16, 808; Eenord, C. B^ 91, 416; B. 13, 2000; 
Bl. [2] 36, 216 ; Tilden, B. 13, 1604 ; Anderson, 
0. N. 20, 76 ; Mills, ‘ Destructive Distillation/ 
31 ; Tiohborne, Pk, [8] i. 302 ; Morris, C. J. 41, 


167) by whom the following sabsianoes 
been described as oonstitaents : water, reti- 
naphtha C,H8 (108'’) (P. a. W.), retinyl C,H„ 
(150'’) (P. a. W.), retinol [160'’] (286'’.246'’) 
(P. a. W.), retisterene [67'’] (325'’) (T. R. a. D,), 
carbonic acid, carbonic oxide, ethylene (S.), pro- 
pylene (S.), heptane (97'’) (T.), octane (S.), a 
valerylene (50’) (C.), cymenes (170‘’-178‘’) (K.), 
heptinene (104’) (R.), colophenone 

(S.) (97”), a terpene (160°) (S.), abietio 
acid (K.), isobutyric and methyl-propyl-aoetio 
acids (K.), hydroc.arbons 0|,H,j(190’-200'’) (K.), 
and iso-butyric aldehyde (T.). Renard [A. Oh. 
[6] 1, 223) found among the products of distilla- 
tion of colophony (rosin oil), pentane, amylone, 
hexane, hexylene, toluene, toluene tetrahydride, 
toluene hexabydride, xylene, xylene tetrahydride, 
xylene hexabydride, 7»-ethyl-propyl-benzene, 
tcrpencs, isobutyric aldehyde and acid, and 
valeric aldehyde and acid. Lwoff (B. 20, 1017) 
found, in resin c#l, valeric, heptoic, ennoic, and 
hendccoic acids. Kesin oil is coloured violet by 
n,SO, of B.G. 1*53 (Holde, G. G. 1888, 962). 

Resin of Pinna Laricio (Poir). [o. 100°]. V. 
sol. alcohol, ether, and oil of ttrpenline ; insol. 
ligroin. Contains much methoxyl (Paraberger, 
M. 12, 441). Turned red by air, and finally 
brown. It contains a little free calleio acid 
CJI,{OII)..CH:CH.CO,.H [195°J and forulio acid 
[4:3:1J C,H:,(OH)(OMe).CH:CH.CO.,H [169°]. 
4 p.o. of callcic and 1 p.c. of ferulic acid may be 
extracted by boiling with water. The resin also 
contains some vanillin G,iIa(OH)(OMe).CHO. 
The resin yields pyrocatcchiu and protocateebuio 
acid on fusion with potash. 

Resin of Picea vulgaris (Link), [c. 100°]. 
Contains mctlioxyl (Paiuberger, M. 12, 456). 
Contains p-coumario acid and vanillin. Potash- 
fusion gives protocatechuic and p-oxybenzoio 
acids. 

Resin of Pinus aylccstris contains an acid 
[143°], insol. water, v. sol. alcohol, 
ether, and HO Ac. [o]j=-74°. It yields the 
salts a^U,y AgOj, (C,oH.^ 03 ).,Ba 2aq, (C.^H.^O,).^Oa, 
and (C.^all »Oa).^Cu, and oily C.^uH.^Et 03 , which on 
distillation forms oily C.^uH^tEIOj. Alcoholic 
IlCl converts the acid into an isomeride [160°], 
[ajj= -93° (Shkateloll, J. R. 20, 477). 

Resin from Ficus rubigiuosa contains ‘ syco- 
ceryl acetate ’ [121°] which on saponi- 

fication gives acetic acid and sycoceryl alcohol 
C^JEljiO [114°j (De la Rue a. Miiller, Tr. 1860, 
43; Rennie a. Goyder, G. J. 61, 916). 

Refereifces. —Abietio acid, Aldehyde besie, 
Ambeu, Akbol-a-bbea kesin, Ahaecetida, As- 
I'iiALT, Benzoin (gum), Canada balsam, Colo- 
phony, Copaiba balsam. Copal, Dammaba bbsin, 
Dilvoon’b blood, Elemi, Euphorbium, Gal- 
BANUM, Guaiacum, Gum ammonuc, Gutxa peboha, 
Jaj.ap, Lac, Larch fungus, Labbea rebin, Masopin, 
Mastic, Maynas resin, Mecca balsam, Myrbh, 
Olibanum, Opopanax, Palisander resin, Podo- 
CARPio acid, Podophyllin, Sagapenum, San- 
darac, ScAMMONY, and Storax. 

RESORCIN C„HA i.e, 0/a[,(0H), [1;8]. 
[112°]. (267°) (Kopp). S. 86-4 at 0^ ; 147*8 at 
12*5°; 228-6 at 30° (Calderon, Bl. [2] 29, 234). 
V.D, 3-85 (calc^ 3-8l] (Troost, G. B. 89, 851). 
H.C.V. 683,100. H.C.p. 683,400. HJ?. 87,600 
(Stohmaun, J.pr. [2] 45, 835). S.V. 108 (Loa- 
sen, ii. 264, 59). B.y.8. 98*05. 
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1. By potash-fusion from gal- 
bannm (Hlasiwetz a. Barth, A. ISO, 354), 
m-iodo-phenol (Kdrner, BL [2] 7, 261), phenol- 
p-Bulphonio acid (Qlutz, Bl. [2] 8, 361), 2>-ohloro- 
henzene sulphonic acid (Oppenheim a. Vogt, A, 
Suppl. 6, 376), from umbelliferone (Hlasiwetz a. 
Grabowski, A. 139, 99), from asafoetida, from 
gum ammoniac, from sagapenum, from acaroid 
resin (Hlasiwetz, 130,354; 138,63; 139,78), 
from 0-, W-, and p- bromo -phenol (Fittig a. 
Mager, B. 8, 362), from ^;-chloro-phenol (Faust, 
B. 6, 1022), from p-iodo-phenol above 165° 
(NSlting a. Wrzesinsky, B. 8, 820), from phenol 
(Barth a. Schreder, B. 12, 420), and from benzene 
m- orp- disulphonic acid (Barth a. Scnhofer, B. 
8, 1483 ; Fahlbcrg, Am. 2, 195).— 2. By dry 
distillation of brazilin (E. Kopp, B. 6, 446).— 
8. By the action of nitrous acid on m-amido- 
phenol (Bantlin, B. 11, 2101). 

Preparation. —By fusing benzene w-disul- 
phonic acid with NaOH (Mithlhauser, D. P, J, 
263,154). 

Properties . — Colourless trimetrio tables (from 
water, alcohol, or ether); a:b:c = *912:1:1*059 
(Calderon, C. Bv 84, 779) or needles (from benz- 
ene). V. sol. water, alcohol, and ether, insol. 
chloroform and CS.. Acquires a reddish tint on 
exposure to air. Neutral to litmus. Has a sweet i 
taste. FeCl, colours its aqueous solution dark ’ 
violet. Its ammoniacal solution, exposed to the ! 
air, becomes rose-red and linally brown. The j 
ammoniacal solution leaves on evaporation a 
dark-blue mass, which forms a blue solution, ' 
turned red by acids. Bleaching-powder gives a 
transient violet colour. A drop of a solution of 
NaOGl gives a violet colour, quickly changing to 
yellow, and on heating to dark-red or brown 
(Stark, Ph. [3] 21, 848 ; Bodd6, Ar. Ph. [3] 27, 
G56), Resorcin reduces boiling ammoniacal 
AgNOj and boiling Fehling’s solution. On heat- 
ing resorcin with a few drops of nitro-benzene 
and cone. H^SO^ a blue mass is got which, when 
poured into water and made alkaline, gives a 
solution with vermilion fluorescence. If resor- 
cin is added to cone. H^SO^ and a little NaNO.^, 
and the mixture is heated to 100°, a product is 
got which, when mixed with water and rendered 
alkaline by NH,, imparts to fusel oil a crimson 
colour with vermilion fluorescence (Bindschcdler, 
Jf. 5, 168). Resorcin fused with phthalio an- 
hydride forms fluorescein, which dissolves in 
aqueous alkalis with strong green fluorescence 
(Baeyer, A. 183, 8). Resorcin heated with alco- 
hol, beet-sugar, and HGlAq gives* a reddish- 
violet colour (Ihl, Chem. Zeit. 13, 264). A solu- 
tion of resorcin (1 pt.) in absolute alcohol 
(2 pts.), mixed with an aldehyde and a few drops 
of oono. HClAq, gives, after standing for some 
hours and then pouring into water, a resinous 
or crystalline pp. (Michael a. Ryder, Am. 9, 134). 
A mittnre of resorcin and f urfuraldehyde touched 
with a drop of HCl gives an indigo-blue sub- 
stance, which dissolves with green colour in 
water, and is ppd. by HCl in blue flakes (Baeyer, 
B. 5, 25). On warming a liquid containing 
chloral or chloroform with resorcin and NaOH 
a yellowish-red colour with green fluorescence 
is got (Schwarz, Fr. 27, 668). .Cupric sulphate 
and excess of ammonia form a deep-black liquid, 
which dyes wool black (Wagner, D. P, 

W). 


TUration.-^!, Bromine- water is run in nntil 
all the resorcin is converted into tribromo-re- 
sorcin, which is ppd.: 0,H^(OH), + 3Br, » 
06HBr3(0H)2 + 3HBr. The excess is determined 
by adding M and titrating with hyposulphite 
(Degener, J, pr. [2] 20, 322).— 2. Potash and 
potassium iodide are added to the solution, and 
then a neutral solution of bleaching-powder is 
run in. On adding HCl a pp. of tri-iodo-re- 
sorcin is formed, and the excess of iodine is 
titrated by hyposulphite (Degener). 

Bcactions. — 1. Soda-fusion gives phloro- 
' glucin (65 p.c.), some pyrocatechin (3 p.o.), and 
^ tetra-oxy-diphenyl (1^ p.c.) (Barth a. ISchroder, 
i B. 12, 603). — 2. Exhaustive chlorination in pre- 
j sence of I forms CCl^ and GO^ (Ruoff, B. 9, 
1483). — 3. ICl forms tri-iodo-resorcin (Michael 
! a. Norton, B. 9, 1752). — 4. An alkaline solution 
I gives with KI a violet-red pp. of CgH^IaKOj 
I (Messinger a. Vortmann, B. 22, 2320).— 5. A 
I solution of resorcin (10 g.) in water (100 c.c.) 

I gives a purple colour with *5 c.c. of very dilute 
solutions of nitrates, to which a drop of 15 p.o. 
HClAq and 2 c.c. of H2S04 have been added 
(Lindo, C. N. 58, 176).— 6. Resorcin (15 g.) dis- 
solved in water (70 c.c.) and warmed with a 
mixture of (60 c.c. of) HBrAq (S.G. 1*47) and 
(20 c.c. of) HNO« (S.G. 1*39) gives C.gHa.BrNjO.a 
as a lustrous violet mass, which forms a red 
solution in alcohol, changed by alkalis to a blue 
liquid (Brunner a. Kriimer, B. 17, 1873 ; 21, 
2481). It yields C^^H.^uACaBrN.Pu as an orange- 
red amorphous powder [120°j, v. sol. hot alcohol. 

7. Resorcin (15 g.) heated with water (60 g.), 
HNO3 (20 c.c. of S.G. 1*39), and HCl (60 c.c. of 
S.G. 1*2) for half an hour on a water-bath forms 
a violet mass CrtiiH^gClNjOiy, insol. chloroform, 
sol. alcohol and ether. It yields yellowish-brown 
llocculent CBeH^jACaClNsOjg (Brunner, B. 21, 
2479).— 8. A blue colouring matter (lacmoid) is 
got by heating resorcin (55 pts.) withNaNOj (18 
pts.) at 130°, dissolving in NHgAq and reppg. by 
HCl (Benedikt a. Julius, ilf. 5, 534).— 9. Bromine 
in’CSj forms CuH.p3r2(OH).^ [111°] (Zehenter, M. 

8, 293).— 10. With AkClg it gives the compound 

(C,;Hg02)Al2Cl4, which is v. sol. hot CSj, less 
sol. cold CBj ; decomposed at once by water into 
resorcin, AljOj, and HCl (Claus a. Merklin, B. 
18, 2934).— 11. Dry passed into a solu- 

tion of resorcin in dry ether forms (CeHg02)NHg, 
which separates as a liquid, solidifying as co- 
lourless deliquescent crystals, turning green and 
afterwards blue in the air (Malin, A. 138, 80).— 
12. H^Oj and NHjAq give, after acidification, a 

[ brown pp. (‘ lacmoid ’) which forms an indigo 
blue solution in alkalis (Zulkowsky a. Peters, M. 
11, 243 ; cf. Wurster, B. 20, 2934). — 13. Ammo- 
nium carbonate solution at 125° forms (4,2.1)- 
and (6,2,1)- di-oxy-benzoio acid (Senhofer a. 
Brunner, Site. W. [2] 80, 504).— 14. Ammoniacal 
CaClj at 300° forms a brownish-red colouring 
matter [72°], insol. water and alkalis, sol. alco- 
hol (Seyewitz, C. B. 109, 946).— 15. Sulphur 
and NaOHAq form, on boiling, 0gH402S2, a yel- 
low powder, sol. alkalis, insol. water, and de- 
composing before fusion (Lange, B. 21, 263). — 
16. K2S2O2 acting on potassium resorcin forms 
C„H4(0H)(0.S0,K) and CgH4(O.SO,K)2. The 
latter salt is converted, by heating in the dry 
state at 160°, into a salt of resorcin disulphonic 
acid (Baumann, B, 11, 1311). -17. C001| forms 
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0 «H 4 : 00 „ a red amorphons substanoe, insol. 
water, v. sol. alcohol ^irnbaum, B. 14, 1753). — 
18. An alcoholic solution of potassium xantJiate 
forms C 8 H,(OH) 2 .CSaH, crystallising in yellow 
needles [lM°], sol. hot water (Lippmann a. 
Fleissner, M. 9, 296). — 19. Acetone dicarhoxylic 
acid and conc.H 2 SO , form(/3)-umbelliferone-acctio 

acid c^^CH!kc(CHj.COsH)^°^ 
crystallising in needles (containing aq), insol. 
ether (Michael, J. pr. [2] 37, 409) .—20. Benzene 
sulphonio chloride added to a solution kept 
slightly alkaline forms CyH^( 0 .S 02 CuHs) 2 , crys- 
tallising from hot alcohol in needles [70°] 
(Georgesen, i?. 24, 417).--21. Hydrogen ammo- 
nium o-sulphobenzoicacid forms G, 3 Hj.,NSOB 2 aq 
as pale-yellow crystals, v. sol. water and alcohol. 
Its alkaline solutions are slightly fluorescent. 
Cone. HClAq at 220^ reconverts it into the 
parent substances (Fahlberg a. Barge, B. 22 , 
754). Kesorcin (4 mols.) heated with o-sulpho- 
benzoic acid (1 mol.) forms CjiHooNSOg 4aq. — 
22 . Chloro-acctio acid forms CuH 4 ( 0 .CH 2 .C 02 H)j 
[194°], which yields a di-bromo- derivative (Ga- 
briel, B. 12, 10-10).— 23. ClCO^Et acting on 
C<iH^(OK )2 forms CJI^( 0 .C 02 Et). 2 , a thick oil 
(300°) (M, Wallach, A. 220, 84).— 24. Bty oxalic 
acid (1 mol.) in a sealed tube at 200 ° forms 
‘ resorcin-oxalein ’ CouHhO,, a hygroscopic red 
powder, sol. alcohol and ether (Claus, B. 10, 
1305 ; 14, 2503), At 100° it becomes Co^Uj^O,;, 
which is lass sol. alcohol. Dilute alkaline solu- 
tions are yellow, with dark-green fluorescence. 
Bromine gives Cnnll^BrjOs. HNOj forms 
C 2 oH,(NO,), 0 ,. yields 11 ) 30 ,. 

Ao^O forms red C,.uH„Ac.Do and colourless 
CjjoHyACjO,. — 25. Crystallised oxalic acid (Imol.) 
heated with resorcin (2 mols.) at 120° yields two 
compounds Cj^HaOjOne of which fluoresces green 
in alkaline solutions (Gukassianz, B. 11, 1184). 
26. HOAo and ZriClj at 145° form di-oxy-aceto- 
phenone. Kesorcin (100 g.) boiled with HOAc 
(200 g.) and ZnCljj (300 g.) for two hours forms 
‘ acetfluorescoin ’ and ‘rcsacetein’ 

C^HjjO^. Kesacctein crystallises by spontaneous 
evaporation of its ammoniacal solution in red 
needles. Its solution in KOIIAq is red; but soon 
turns brown. It yields the salts 13'HCl ‘2aq 
and (dried at 110°) and a triacetyl 

derivative CjgHjAcaO^ [229°]. Acetlluorescein 
forms minute brownish-red crystals. Its dilute 
alkaline solutions exhibit gi-een fluorescence 
(Nencki a. Sieber, J. pr. [2] 23, 540 ; Basinski, 
J. pr. [2] 26, 68).— 27. Kesorcin (20 pts.) 
heated with formic acid (10 pts.) and ZnClj 
(20 pts.) for 30 minutes at 140° forms ‘res- 

aurin’ Ci 9 Hj 40 a or 

Ecsaurin is a brick-red hygroscopic powder, 
forming a red solution in alkalis, sol. alcohol, 
insol. ether and acids (Nencki a. Schmid, J.pr. 
[ 2 ] 23, 517).— 28. On heating with ZnClj and 
acetoacetic ether or citric acid ‘ resocyanin ’ 
is formed (Wittenberg, J. pr, [2] 24, 125 ; 26, 
74 ; Schmid, J. pr. [2] 26, 81). Kesocyanin 
can be prepared by heating ^y citric acid 
(60 g.) with resorcin (60 g.) and H 3 SO 4 (160 g.) 
for an hour at 180°. Resocyanin 
[186°] is insol. cold water, si. sol. ether, v. sol. 
alcohol. Its alkaline solutions are colourless 
with blae fluorespenoe. I^s solutions are not 


coloured by Fed,. It yields [260°] 

and CjjHibAcP, [160°]. Resocyanin yields 
resorcin when fused with potash. It may be re- 
duced to a hydride C^xH^oO, [269°] which yields 
CajHjgACjO, [ 222 °]. NaOMe and Mel** give 
OijHjgMeaOfl [159°].— 29. A cold alcoholic solu- 
tion of sodium ^nalonic ether forms 0 ,,H, 0 | 
[191°], which is v. sol. hot alcohol, insol. cold 
water. Its alkaline solutions are fluorescent. 
It splits up when heated above 191° into CO, 
and mcthyl-umbelliferone (Michael, Am. 6 , 434 ; 
J.pr. [2] 35,455 ; 37, 409).— 30. Resorcin (7 pts.) 
heated with phthalic anhydride at 200 ° forms 
FLooREscEiN (vol. ii. p. 557).--31. Resorcin 
(2 mols.) heated with phthalimide (1 mol.) and 
H,SO, at 100° forms C^oHijNSO,, a light-yellow 
powder, insol. benzene and ether, v. sol. alcohol. 
It forms C.,Hj 2 N.aNSO, 7aq and C oHnAc^NSO,, a 
yellowish-green crystalline powder (Ostersetzer, 
M. 11, 425).— 32. g-Bcnzoyl-bemoic acid forms, 
on heating, di-oxy-tri-phenyl-carbinol carboxylic 
anhydride (u. vol. iii. p. 738). — 33. Maleic anhy- 
dride forms, on heating, maleic-fluorescein 

CO — 0> Oihibitsdeep 

green fluorescence in alkaline solution and gives 
crystalline C^H^Et^Oj and CiJlgAOjO, [167°] 
(Burckhardt, B. 18, 2864).— 34. Succinic acid 
(13 g.) heated with resorcin (20 g.) and H.BO 4 
(40 g.) at 195° forms * suocinyl-ttuorescein ' 

c,.n„o. or c which 

is crystalline (containing flat]) and fluoresces in 
alkaline solution. It yields Ci^HaBr^Oj (Nencki 
a. Bieber, J. pr. [2] 23, 153).— 35. Tartaric acid 
(1 mol.) healed with resorcin (2 mols.) and 
II 2 SO 4 (1 p.c.) at 165° forms resorcin -tartrein, a 
dark olive-green powder, which fluoresces in 
alkaline solution (Fraudo, B. 14, 2558).— 86. 
Na^COa added to a solution of resorcin and 
qitinone forms a deep-green solution changing 
through yellow to brownish-red on shaking with 
air (Wurstcr, B. 20, 2934).— 37. Heated with 
aniline and CaCl^ it yields w-oxy-di-phenyl* 
amine. With aniline and ZnCl.^ it yields di- 
phcnyl- 7 a-phcnylene-di-ainine (Calm, B. 16, 
2786 ; cf. Merz a. Weith, B. 14, 2345).— 
hyde in presence of weak acids forms C, 4 H ,404 
or CH 3 .Cn( 0 .C^H 4 . 0 H)o, yellow crystals, insol. 
water and ether, sol. alcohol. At 120° this body 
is converted into brown crystalline C.jaHjjaO,. By 
heating the compound C, 4 H ,,04 with zinc-dust 
in a current^)! hydrogen at 300°, resorcin is pro- 
duced. AcjjO at 140° gives CnHijACjO, [282°] 
(Causse, Bl. [ 2 ] 47, 89; J. Fh. [ 6 ] 13, 354).-39. 
Chloral hydrate in aqueous solution containing 
NallSO* forms silky needles of Cj^HjoOa, insol. 
water and benzene, sol. ether and alcohol. Its 
alkaline solutions are fluorescent. It yields a 
diacetyl derivative [252°] (Causse, Bl. [3] 8, 861). 
Kesorcin and glyoxylic acid yield the same 
Cj^Uj^Oj. By boiling chloral hydrate (5 pts.) with 
resorcin (10 pts.) and water (40 pts.) there is 
formed 0 «H „03 crystallising from ^lute alcohol 
in yellowish needles, and yielding 
[169°] and [166°] (Michael a. Comey, 

Am. 5, 360).— 40. Benzoic aldehyde, alcohol, 
and a little HCl give C 2 aH 2 o 04 a;aq [above 330°], a 
colourless resin, insol. water, v. e. sol. alcohoL 
Its alkaline solution absorbs oxygen from the 
air. Ac.^0 and NaOAo form HOI 
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aonverts It into the isomeiio 4aq crystal. 

Using alcohol in dimetrio tables, reduced 
by sodium-amalgam to crystallising 

from alcohol in prisms, and converted by kQ.fi 
and NaOAo into crystallising 

from xylene in prisms (Michaol, Am, 6, 
840).— 41. CHj,.CCl, and caustic soda form 
GH,.G(O.OgHf.OH), [169°], v. sol. alcohol, si. sol. 
hot water (Heiber, B. 24, 3684). — 42. Camphor 
forms the compo^ds GflH60.^(C,„H,„0) [29°], 
[a]p « 22*6°, crystallising in hygroscopic rectangu- 
lar plates, and G,H802(G,oH,„0)2, a syrupy liquid, 
S.G. it 1.037 ; Wd = 26'9'^ (L6ger, C. R, 111, 110). 
43. Phenyl-hydrazine (2 mols.) rubbed with 
powdered resorcin (1 mol.) forms CBHfl022N2HaPh, 
crystallising in unstable satiny needled [76°], v. 
sol. benzene alcohol, and ether. It is decom- 
posed by water and alhalis (Baeyer a. Kochen- 
ddrfer, B, 22, 2195). — 44. Quinone ^1 mol.) 
added to a solution of rcsorcyj (1 mol.) in hot 
benzene forms [o. 90°] crystallising in 

dark-red needles with green reflex, m. sol. water 
JNietzki, A. 216, 136).— 45. Cyanic acid passed 
into an ethereal solution of resorcin forms 
GgHBNj04 [120°], si. sol. ether, m. sol. hot water 
(Traube, B. 22, 1579).— 4G. Phenyl cyanate • 
forms at 100° CgH4(O.CO.NIIPh)2 [164°] (Snape, I 
C. J, 47, 772). — 47. Urea (2 pts.) in a current of 
GOj at 250° forms CgoHouN^Og Gaq, an olive-brown 
amorphous powder, melting above 300°, v. si. 

. sol. hot HOAc, sol. alkalis (Birnbaum, B. 13, 
1619).— 48. Heated with aqueous KHCO3 or 
ammonium carbonate it yields di-oxy-bcnzoio 
acid. — 49. Resorcin (1 pt.) mixed with acetone 
(2 pts.) and fuming HClAq (1 pt.) forms C,sII,„04 
or CMe2(0.C„H4.OH)2, which crystallises in small 
prisms [213°J, insol. water and ether, sol. KOHAq 
and Na^COgAq. It is decomposed by heal into 
acetone and resorcin. It forms a crystalline 
hydrate G,.,H,cO,aq. Ac^O yields CigHi^Ac^O. 
[126°] while BzCl gives Ci^HuBz^O^ [115°] 
(CauBse, Bl. [3] 7, 563).— 60. Resorcin (20 g.) 
heated with K,CSa under pressure at 100° forms 

G, HgS.402 [150°-155''], si. sol. CS^, converted by 
potash-fusion into resorcin and (4,2,l)-di-oxy- 
benzoic acid [205°] (Pribram a. Gliicksman, M. 
13, 626). 

Mono-methyl ether C^H4(OH)(OMe). 
(244°). V,D. (H-1) 62*2 (obs.). Formed by 
heating resorcin (1 mol.) with KOH (1 mol.) 
and KMeSO^ at 100° (Habermann, B. 10, 868). 
Formed also from resorcin, NaOMe, and Mel 
(Tiemann, B. 13, 2362; 14, 2019). „Preparedby 
heating resorcin with MeOH and KHB04 
10 hours at 180° (Wallach, B. 16, 151). Liquid, 
sol. hot water, alcohol, ether, benzene, and 
NaOHAq. Slightly volatile with steam. FoCl, 
colours its solution violet. Acetic anhydride 
forms GgH4(0 Ac) (OMe) (256°). KOHandK^O, 
form GeH4(0Me)(S04K), crystallising in plates, 
sol. water and hot alcohol. 

Di-methyl ether CJEi^{OMe).^ (216°) 
(R, Schiff, B, 19, 662) ; (224°) (Stohmann). 
VJ). 68-8 (obs.). S.V. 167*13. S.G. 2 1*075. 

H. P.p. 74,034 [0,02 = 94,000; H2,0 = 69,000] 

(Stohmann, J. [2] 35, 27). S.V. 167-1. 
Prepared by heating resorcin (1 pt.) with MeOH, 
KOH (1*6 pts.), and Mel (3 pts.) for 6 hours at 
260° (Oechsner de Ooninck, Bl. [2] 34, J.49). 
Oil, V. sol. alcohol and ether. Volatile witn 
steam. Ret coloured by FeO^ 


with steam (Spitz, M. 6, 488). Liquid. 

Methyl propyl ether OaH.(OMe)(OPr). 
(226°). Colourless Uquid. 

Methyl isobutyl ether 
OgH4(OMe)(OCH2Pr). (234°). Liquid. 

Methyl isoamyl ether 
CgH4(OMo)(OC,H„). (236°). Liquid. 

Mono -ethyl ether C,H4(OH)(OEt). 
Liquid. HNOj saturated with nitrous acid 
added to its ethereal solution at 0° forms 
CuH3(N02)(0H)(0Et) and two colouring matters : 

[230°] crystallising in red needles, 
insol. water, si. sol. boiling alcohol, forming a 
purple solution in H^SOi*, and G,,H,,N03 [228°] 
crystallising in orange-red needles, forming a 
bluish-violet solution in H2SO4 (Weselsky a. 
Benedikt, M. 1, 891). 

- Di-ethyl ether C„H,(OEt)2. [12*4°]. 

(229°) (Pukall, B. 20, 1140) ; (235°) (Herzig a. 
Zeisel, M. 11, 300). Formed from resorcin, 
KOH, and EtI. Colourless prisms, volatile with 
1 steam. On adding one drop of KNO.j solution 
! followed by HClAq to its solution in HOAo, an 
I intense emerald green colour is produced. 
Yields two di-bromo- derivatives [101°] and [77°]. 
Converted by dissolving in HOAc, adding NaNO^, 
and passing in HCl into 0,jH3(N0)(0Et)2 [123 °J 
and C3H3(N0)(0H)(0Et), whence BzCl forms 
yellow crystals of C,H3(NO)(OEt)(OBz) [155°] 
(Kraus. M. 12, 374). 

Hexa-chloro-di-vinyl ether 
CaH,(002Cl3)2. [54°]. Formed by heating 

CJI,(OAc )2 with PCI5 at 100° (Michael, Am. 9, 
210). Long prisms, insol. hot water. 

Di-propyl ether CJl4(0Pr)2. (251°). 

V.D. 7-02 (obs.). Liquid, m. sol. hot water, 
sol. alcohol, ether, and ligroin (Kariof, M. 1, 
258 ; B. 13, 1677). Br forms C«H3Br{OPr)2 [70°]. 

Mono-benzyl ether C,H4(OH)(OC,II,). 
Formed from resorcin, KOH, alcohol, and benzyl 
bromide (Schiff a. Pollizzari, A. 221, 376 ; G. 13, 
504). 

Di -benzyl ether C„n4(OC,HJ,, [76°]. 
Glittering tables (from alcobol). 

Tetra-nitro-di-phenyl ether 
CBH4(O.0aH3(NO2)2)2. [184°]. Formed from 

resorcin, NaOEt, and (l,2,4)-chloro-di-mtro- 
benzene in alcohol (Nietzki a. Schiindelen, B. 
24, 3586). Colourless plates. Converted by 
HNO3 a penta-nitro- derivative [68°], and 
by H3SO4 and HNO, into the hexa-nitro-di- 
I phenyl ether [220°]. 

Di-acetyl derivative C3H4(OAc)-. 
(273°) (Nencki, J. pr. [2] 23, 147) ; (278° i.V.) 
(Typke, B. 16, 662). Formed from resorcin 
and AcCl (Malin, A. 138, 78). Oil. 

Di-benzoyl derivative C«H4(OBz)2.' 
[117°]. H.F. 124,698 (Stohmann, J. pr. [2] 
86, 10). From resorcin (6 g.), benzoic acid (11 g.) 
and POCl, (13 g.}, the latter being added slowly 
(Rasiiiski, J. pr. [2] 26, 64). Formed also by 
shaking resorcin with BzCl and NaOHAq (Hins- 
berg, A. 254, 264). Plates (from ether). 

Anhydride CjgHjoOi i.e. 0(C3H4.0H),. 
Resorcinyl oxide. Resorcin ether. Formed by 
heating resorcin with NaOH and CO, (Bdttinger, 
B. 9, 182)f with Ra and CO, (Earthy B. 9, 308), 
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with HOIAq under presstire (Barth a. Welder, 
B. 10, 1464), or with H^SO^ (Barth, A. 164, 122 ; 
Kopp, B. 6, 447 ; Annaheim, B. 10, 976). 
Formed also by heating resorcin at 195° with 
the disulphonio acid ot resorcin or of phen- 
anthrene (Hazura a. Julius, Af. 6, 191). Brownish- 
red amorphous powder, acquiring by pressure a 
green metallic lustre. Nearly insol. water, v. 
si. sol. cold alcohol and ether. KOHAq forms a 
dark red solution with green fluorescence. Pot- 
ash-fusion reconverts it into resorcin. Oxidised 
by nitric acid to isophthalio acid. Yields 
CjaHaAcjOj, which forms a reddish-violet solution 
In alkalis, and OjaHgBr^Og. 

Anhydride C24H,805. Formed, together 
with OijHioOs, by heating resorcin with HClAq 
at 180°. Brick-red powder, v. sol. alcohol and 
ether. Its alkaline solution is brownish-yellow 
with violet-blue fluorescence. Yields C24H,rtAc205 
and 024H,2Br^04. Oxidised by nitric acid to 
isophthalic acid. 

Eesazurin C,2H,,N04 (B. a. K.), or C,2H,N04 
(Niotzki, B. 22, 3021 ; 24, 3366). Diazoresorcin. 
Azoresorcin. Resazo’in. Formed by the action 
of nitrous acid on an ethereal solution of resorcin 
( Weselsky, B. 4, 613 ; M. 1, 889 ; 6, 607). Formed 
also by the action of MnO.^ and H^SO, on an al- 
coholic solution of resorcin and nitroso-resorcin. 
Prepared by adding fuming UNO., (6 c.c.) to re- 
sorcin (10 g.) dissolved in ether (500 c.c.) at -7°. 
Dark-red prisms with green reflex. Insol. water 
and ether, v. si. sol. cold alcohol and HO Ac. Its 
alkaline solutions are bluish-violet. Cone. H2SO4 
forms a red solution. HCl forms a crystalline hy- 
drochloride. Yields Ba(C,jHeN04)2 crystallising 
in brown needles, and a sodium salt, which forms 
greenish needles, v. sol. water, si. sol. NaOHAq, 
fluorescing brick red in dilute alcoholic solution. 
Hesazurin forms C,.2n3Br4N04 on bromination. 

Reactions.— 1. AoCl in a sealed tube at 100° 
forms Ci.^HjiCl^NOs (?) crystallising from HO Ac 
in golden plates and amorphous C.^,JL2,Cl3N.20a (?) 
(Weselsky, A, 162, 288; Brunner a. Kraraei;, 

B. 17, 1854).— 2. Cone. H2SO4 at 210° and cone. 
HClAq at 100° form resorufin.— 3. On heating 
with tin and cone. HClAq an emerald-green solu- 
tion is got, from which on cooling ‘ hydrodiazo- 
resorufln hydrochloride ’ separates as colourless 
leaflets or needles, which, when exposed to air, ac- 
quire a coppery lustre, and when heated in a cur- 
rent of air produce resorufin. Hydrodiazo-reso- 
rufin is dioxyphenoxazine, the formula being 

C, H2(0H) <jJ^g>0aH3OH (Nietzki, B. 22, 3020). 

4. Hot cone. HNO, forms ‘tetrazoresorcin nitrate’ 
CigHjNjOjj (?), crystallising in lustrous garnet- 
red needles, sol. water, alcohol, and ether with 
Indigo-blue colour. According to Brunner a. 
Kramer (B. 17, 1864 ; 18, 587) these crystals are 
tri-nitro-resazurin C,.2H,j{N0.2)3N04. By heating 
them with cone. HNO, Weselsky obtained 
* tetrazoresorufin nitrate’ C3„H3Nj40.27(?), crystal- 
lising from NHOy in dark-red needles, and from 
wet ether in purple needles (containing 11 aq). 
Tin and HClAq acting upon either of these 
bodies form a red body, probably tri-amido- 
resorufin hydrochloride, and a colourless body, 
probably tri-amido-di-oxy-phenoxazine. By 
passing air through an ammoniacal solution of 
th« oolonrless body there are formed lustrous 
(preen oi^stitig 9f * hydioimidotetrazoresorvifln * 


(possibly tri-amido-resornfln). — 5. Bromine 
added to its solution in NaOHAq forms 
(C,3H,Br^04)HBr as a lustrous green mass, 
forming a blue alcoholic solution with red 
fluorescence (Brunner a. Kramer, B. 17, 1862). 
Nietzki obtained 0,jjH3Br,N04, which gave 
C,.Jl3NaBrjN04 2aq, crystallising from dilute 
alcohol in lustrous green prisms.— 6. Oxidised 
in KOH solution by H.D^ to oxyresazurin 
CigHj-^NjO, (?), which forms almost colourless 
crystals giving a reddish-yellow solution in 
alkalis. This compound is also formed by 
alkaline KMn04. is reduced by zinc-dust to 
C,„H,„N.P7 (?), crystallising in colourless needles 
(Ehrlich, M. 8, 425). 

Acetyl derivative G,.2H,AcN04. [222°]. 
Formed by heating the sodium compound with 
NaOAc and Ao,0 at 100° (Nietzki, B. 22, 3024). 
Buby-red needles. 

Ethyl cf/icr tJ,oH,FitN04. [215°]. Formed 
from the Ag salt, alcoliol, and EtI. Dark-red 
needles. According to Weselsky the formula of 
the ether [202°] got from resazur^p, alcohol, and 
HCl at 100° is C„H,Et,N,0,. 

Resorufin C,„H,NO., i.e. 
gO.CH:C.O.C.CH:C.On . .in* 
ai:CH.C;N.C.CH;CH ' 
resorufin. 

Formation .— By heating rosazurin with 
cone. H.^S()4 at 210°.— 2. By heating resorcin 
with a solution of nitrous acid in II0SO4 (Brunner 

а. Kramer, B. 17, 1817).~-3. By warming nitroso- 
resorcin with resorcin and n.S04 (Fevre, Bl. [2] 

39, 693).— 4. By heating resorcin with nitro- 
benzene and H3SO4 at 170°.— 6. By the action 
of zino-diist on an ammoniacal solution of 
resazurin (Weselsky a. Bcnedikt, ilf. 6, 608). — 

б. By boiling resazurin (I pt.) with FeCl^ (2 pts.) * 
and fuming HClAq (10 pts.) and ppg. with water 
(W. a. B.),— 7. By action of nitroso-phenol on 
resorcin or of nitroso-resorcin on phenol in 
presence of H.BO4 (Nietzki, B. 22, 3020; 23, 
718).— 8. By adding MnO.^ to a solution of jp- 
amido-phenol and resorcin in cone. H2SO4. 

Properties. — Small dark-red grains (from 
dilute HClAq), insol. water and ether, si. soL 
alcohol. Forms a bluish- violet solution in H3SO4. 
Alkalis form a crimson solution with scarlet 
fluorescence. 

Reactions.— 1. Reduced by tin and HClAq 
or by zinc and IIClAq to dioxy-phenoxazine 
C,.^.H3N08, cjystaUising in nearly colourless 
needles, which soon become green in the air, and 
yielding C|.^H„Ac3N03 [216°] crystallising in 
colourless needles, si. sol. hot alcohol.— 2. Bro- 
mine added to the alkaline solution yields the 
sodium salt C,.3HjBr4N03Na2aq, crystallising in 
lustrous green needles. — 3. Nitric acid (S.G. 1‘37) 
forms a body crystallising in green needles, 
forming a purple solution in water, alcohol, and 
ether. This body is probably tri-nitro-resorufin. 

4. Fuming HCl at 100° forms * azoresorufyl 
chloride* C.3,II,ttCl4N.304 (?) crystallising in red 
plates, sol. ether (Brunner a. Kramer, B. 17, 
1657). Its alkaline solution exhibits red 
fluorescence. 

Acetyl derivative OjjHgAcNO,. [228°]. 
Formed by heating resorufin with AOjO and 
NaOAc. Orange scales, t. sol. acetone, sh soL 
alcohol ar I ether. 
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Ethyl CijH^EtNO,. [225®]. Orange- 
red needles (Nietzki). 

Kitroso-resorcin v, vol. iii. p. 619. 

DireBoroin v, Tetiu-oxt-dipuentl. 
Re/erences.— A mido-, Amido-di-imido, Bromo-, 

Dl-BROMO'AmDO, BbOMO-NITRO-, CliLORO-, lODO-, 
Dmodo-nitbo-,Nitbo-,Nitro-amii) 0 -, and Nitroso- 

BBSOBCIN. 

BESOBGIN-AZO- v. Azo- compounds and 
Disazo- compounds. 

BESOBCIN•BENZ£^B v. Tetra-oxx-tbi- 
PHENTL’CARBINOL. 

BESOBCIN CABBOXTLIC ACID v, Di-oxy- 

BENZOIC AGIO. 

Besorcin (a)-dicarbozylic acid 
OA(OH),(CO,H).,. [276®]. Formed, together 
with di-oxy-benzoio acid, by heating resorcin 
(1 pt.) with ammonium carbonate (4 pts.) and 
water (5 pts.) in a sealed tube (Senhofer a. 
Brunner, Bn. 2, 1266). Mmute tables (from 
water), v. si. sol. hot water. FeClj colours its 
aqueous solution red. -KIIA"aq: needles. — 
E^"3aq : needles, v. e. sol. water. — BaA" 5^aq: 
needles. — CuA"5J-aq.— Ag.A" : amorphous pp. 

Besorcin (/3)-dicarboxylic acid 
CaH 2 (OH),^(CO.^H) 2 . [250®]. Formed by heating 
(l,3,6)-di oxy-benzoic acid with ammonium car- 
bonate and water (S. a. B.). Four-sided prisms 
(containing aq), si. sol. cold water. FeCl, colours 
its solution violet. — ICA".— Ba(HA"),^7aq.— 
BaA" 4aq : needles. — Ba 2aq (dried at 
160®).— PbC,H,0, Uaq.-Cu.V' S.^aq. 

Besorcin dicarboxylic acid 
CA(OH),(CO,n),[4:2:5:l] (?). [192®]. Formed 
by oxidising the corresponding aldehyde [127°] 
(Tiemann a. Lewy, B. 10, 2212). Slender needles. 
Diresorcin dicarboxylic acid v, Tetra-oxy- 

DIFHENYL DICARBOXYLIC ACID. 

BESOBCIN ALDEHYDE v. Bi -OXY-BENZOIO 

ALDEHYDE. 

Besorcin dicarboxylic aldehyde v, Di-oxy- 

ISOPHTHALIO ALDEHYDE. 

BEBOBCIN-INDOPHANE CyH.N^Oe. Ppd., 
as K salt, by warming potassium tri-nitro- 
resorcin with aqueous KCy (Schreder, A. 163, 
297). Small lustrous needles, forming a bluish- 
violet aqueous solution.— Na-^Cell^N^Goaq. — 
K 2 C„H.^N 40 b aq : dark-brown lustrous crystals, 
exploding when heated. — BaCnH,^N,OB aq. 

DIBESOBCIN-PHTHALEiN 03,H,.,0,o SJaq 
(Link, B. 13, 1654) or G,oH, 30 a (Benedikt a. 
Julius, M. 6, 182). [245®]. Formed by heating 
diresorcin (tetra-oxy-diphenyl) with phthalio 
anhydride and SnCI^ or 11^8(34 at 115®. Silvery 
plates or needles, forming an indigo-blue solu- 
tion in alkalis. Converted by heating with zinc- 
dust and caustic soda into diresorcin-phthalin 
0,2]^,0.„8Jaq (L.) or C2oH„OB2aq (B. a. J.), 
crystallising from water in colourless plates 
[238®], forming a colourless solution in alkalis. 

BESOBCIN 8DLFHONIC ACID 
CbH 3 ( 0 H)jj(S 03 H). Formed by potash-fusion 
from the disulphonio acid (H. Fischer, ilf. 2, 
337).— KA' 2aq : crystals. 

Besorcin disnlphonic acid CbH 2 ( 0 H) 2 (S 03 H) 3 . 
Prepared by sulphonation of resorcin (Piccard a. 
Humbert, B. 9, 1479 ; Tedeschi, B. 12, 1267). De- 
liquescent needles (containing 2aq), sol. water 
and alcohol, insol. ether. FoCl, gives a red 
ooloor. Gives phlorogluoin on fqsion with 


potash. Bromine forms tri-bromo-resorcin ovflil 
in the cold.— K,A" aq : needles.— I^A" 4aq : deli- 
quescent needles. — Na^A" aq. — BaA" 3aq. — 
BaA" 8 iaq.— Ba 3 CBH 3 S 308 4aq.-CuA" lOaq: tri- 
clinic crystals.— BaaOaHaSjOgSaq: crystals.— 
PbaCaHoS^Os 4aq. 

Besorcin disnlphonic acid 
CflH 2 ( 0 H) 5 j(S 03 H) 2 . Formed from di-amido- 
benzene disnlphonic acid by the diazo- reaction 
(Limpricht, B. 8 , 290). Long four-sided needles. 
BaA" 2aq : crystalline pp., got by adding alcohol 
to its aqueous solution. 

Besorcin trisulphonio acid 0 «H( 0 H) 2 (S 03 H) 3 . 
Formed by heating the disulphonio acid with 
fuming H 2 SO 4 at 200° (Piccard a. Humbert, B. 
10, 182). In neutral solution it gives a violet 
colour with FeCls. — Ba^A'^aSiaq. Insol. water 
and IIGlAq. 

References . — Iodo-, Nitro-, and Nitroso- 

RESORCIN SULPHONIC ACID. 

BESOBCYLIC ACID v. Di-oxy-benzoic acid. 
BESOBCYLIC ALDEHYDE v. Di-oxy-denzoic 

ALDEHYDE. 

Besorcylic dialdehyde v. Di-oxy-isoputiialic 

ALDEHYDE. 

BETENE G,«H ,3 i.e. ^H!c«H.!Mepi[l:2:C:3]' 
Mol. w. 234. [98'5®]. (394®) (Schwcizer, A. 264, 
195). V.D. 8-3 (calc. 8 - 1 ) (Knecht, B. 10, 

; 2074). S. (95 p.c. alcohol) 3 in the cold; 69 at 
I 78 ®. S.G. (solid) 1-13 at 16°. II.G.v. 2„323,600. 

I H.G.p. 2,326,100. H.F. -13,100 (Berthelot a. 

I Vieille, A. Ch. [ 6 ] 10, 447). Occurs in scales in 
1 fossil pine-stems, accompanying fiohtelite in 
peat bogs, and is a product of the distillation of 
! wood (Fritsche, J.pr. 75, 281 ; Fehling, A. 106, 
i .388 ; Wahlforss, [ 2 ] 6 , 73 ; Krauss, A. 106, 
391 ; Ekstrand, Bl. [2] 24, 63 ; A. 185, 75 ; 
Bamberger a. Hooker, A. 229, 115). Produced 
by passing acetylene through a red-hot tube 
(Berthelot, J. 1866, 616). White plates, sol. 
alcohol, V. sol. hot HOAc, ether, and OS.^. Not 
attacked by potash-fusion or by alkaline KMnO^. 
Dissolved by fuming HNO3. It is not attacked 
by sodium -amalgam or HIAq at 200®. 

Reactions. — 1. Absorbs chlorine^ forming 
C,sH,bG 12 , which splits up on heating into HGl 
and chloro-retone C,hH,,G 1, a crystalline body. — 

2. Bromine and water form di-bromo-rotene 
OjaHigBrj [180°] crystallising from GSjin colour- 
less tables. Excess of Br at 100° forms viscid 
G,„H,gBr, and crystalline GjgHj^Br^ [ 212 ®]. — 

3. Oxidised by chromic acid mixture to retene- 
quinone, phthalio acid, and HOAc. GrO, in 
HOAo forms retenequinone, retenicaoid GisHijOj, 
and an acid 0 ,gH , 363 crystallising from hot alco- 
hol in plates [139®], forming NaA' and BaA'j, 
both crystallising in plates. 

Compound with picric acid 
0 ,«H. 3 G 3 H 2 (N 0 ,.), 0 H. [124®]. S. (96 p.c. alco- 
hoi) 2-3 at 16 °; 20 at 78®. Orange-yellow 
needles (from alcohol). Decomposed by water. 
Grystalliaes as (G, 8 H, 8 )( 03 H 3 ) 03 H 3 N 30 , from 
benzene. 

Compound with di~nitro-anthra~ 
quin one. Dark orange-red needles (from 
HOAc). 

Tetra-hydride 0 ,gH, 3 . (280° at 60 mm.). 
Formed by adding Na to a solution of retene in 
isoamyl alcohol (Bamberger a* Lodler, B, 20^ 
8076). Pale-yellow liijuid. 



RHATANINE. 


401 


Bod eca -hydride (336^ uncor.). 

Formed b; heating retene with HI and P at 
2G0° (Liebermann a. Spiegel, B, 22, 780), 
Colourless oil with bluish fluorescence. Yiclas 
no retenequinono when oxidised by HNOa, 
PerhydrideQ.^n,^ [48°]. (335° i.V.) at 
719 mm. V.D. 8-69 (calc. 8*58). This is pro- 
bably the constitution of ficlitelite (Bamberger 
a. Strasser, B. 22, 3361 ; Spiegel, B. 22, 3369 ; 
c/. vol. ii. p. 648). By heating with iodine it is 
converted into OjaHao (346° cor.) at 714 mm. 

EETENE-FLUOBENE u. METiiYL-isoriiopYL- 
FLUOnENB. 

EETENE-GLYCOLLIC acid C„HiaO, i.e. 
C,uHm:C(On).COaH. Formed by boiling retene- 
quinone with NaOlIAq (Bamberger a. Hooker, 
A. 229, 132). White crystals, si. sol. hot water. 
— AgA' : llocculent pp., si. sol. hot water. 

BETENE ketone V. Metuyl-isopkopyl- 

DIPnENYLENB KETONE. 

BETENEQUINONE i.e. 

CO.O*H,VoPr‘ lietistenciuiHOHe. Dioxy- 

relistenl [192°]. S. (96 p.c. alcohol) *15 at 
0°; 2'2 at 78°. Formed by oxidising retene 
with CrOj in HOAc (Wahlforss, /i, [2] 6, 73; 
Ekstrand, A. 185, 75 ; Bamberger a. Hooker, B. 
18, 1024 ; A. 229, 117). Orange-red prisms, v. 
si. sol. cold alcohol and ether, al. sol. aniline 
and HOAc, sol. benzene and chloroform. Not 
attacked by Cl in the cold. Not alTccted by hot 
HNO3. Cone. H.SO4 forms a green solution. 
Alcoholic potash imparts to its alcoholic solu- 
tion a claret colour which disappears on shaking 
with air, but reappears on warming in absence 
of air. 

Rcaciions.--l. Broviine forms 0,„H,4Br.p, 
[262°], crystallising from HOAc in orange prisms. 

2. Cold NaOHAq does not dissolve it, but on 
boiling converts it into retene-glycollic acid. — 

3. On distillation with baryta it yields retene- 
ketone and oily 0,,H,, (216-220°).-4. Distilla- 
tion with zinc-dust forms retene.— 5. HI and P 
reduce it to retene. — 6. In boiling alcoholic solu- 
tion it is reduced by sodiura-araalgaiii to retene 
diphenic acid C,8H,e(COJI).^, an unstable resin 
yielding Ag,A".— 7. KMnO, forms oxy isopropyl- 
diphenyleno ketone carboxylic acid.— 8. Vhenyl- 

ene-o-diamine forms 0|jH,a<^Q;^^C^H*, crystal- 
lising in needles [164°], insol. water, si. sol. alco- 
hol, V. sol. ether, resinified by strong acids. — 
9. Alcoholic ammonia added to a solution of the 
quinone in chloroform slowly forms the imido 
CisH,„0(NH), crystallising in unstable golden 
needles.— 10. Aqueous SOo forms hydroretene- 

quinone crystallising in white 

plates, sol. alcohol ani alkalis. The same body 
is got by reducing the quinone with Zn and 
NaOHAq. It is oxidised by air to retenequinone. 

Oxun 0„H„O(NOH). [128-6°]. Golden 

needles |from alcohol), decomposed by acids into 
the quinone and hydroxylamiue. Forma green 
compounds with iron mordants (Von Kostanecki, 
H. 22, 1347). 

BETENE DISULFHONIC ACID 
0 ,hH,-{S 08 H)« S. 0 . 40 in the cold. Formed 
by Bulphonation (Ekstrand, A. 185,86). Needles 
(containing 10 aq), v. sol. water and alcohol, 
its aqueous solution is ppd. by H 3 SO 4 , forming 
Voifc lYf 


H.^"6 HjS 04, crystallising in hair-like needles. — 
K,A"iaq (dried at 100^). S. c. 18. Small silky 
needles.— Na.,A''Aaq (dried at 100°). S. c. 40 in 
the cold.— BaVOaq. S. 1-6.— SrA"liaq. S.4.— 
CaA"8aq. S.6.— MgA"2aq(driedatl00°). S.4.— 
CuA''5aq; long needles. S. c. 30.— PbA"aq 
(dried at 100°). 8.2. 

Chloride 0,8H,«(SO,Cl)j,. [175°]. Prisms 
(from HOAc). 

Betene trisulphonic acid 0,^11, ..(SOjH),. 
Got by heating retene with fuming* 11 BO, at 
100°. Crystalline mass, v. sol. water, alcohol, 
and ether; not ppd. by II^SO,.— Ba3A'".T8aq. 
Needles. S. 7. — Pb^A^MBaq : slender needles. 

BETENIC ACID Ci^H.^O,. [222°]. A pro- 
duct of oxidation of retene (Ekstrand, A. 185, 
111). Needles (from aleohol), v. sol. alcohol, 
ether, and HOAc. May bo sublimed.— NaA : 
plates, m. sol. water. 

BETIN APHTHA, is Toluenb. 

BETINDOLE u. Indole. 

BETISTENE is Betene. 

BHAMNETIN is the Methyl ether of 
Quercetin (q. u.). * 

BHAMNITE i.e. 

CH,.CH{OH).CH(OH).CII(OH).CH(On).CIHOn. 
[121°]. [a]^ = 10*7°. Formed by reducing isodul- 
cite with sodium-amalgam in a solution kept 
nearly neutral by ILSO, (E. Fischer a. Piloty, B» 

I 23, 3104). Ti'iclinic crystals, with sweet taste, 
V. sol. water aud alcohol, si. sol. chloroform, v. 
si. sol. ether. Dextrorotatory. Docs not reduce 
Fehling’s solution. 

KHAMNOHEPTOSE C.H„0, i.e. 

Cfl(OH).CH(OH).CH(OH).CH, . , _go 
CU(OH).CH(OH).CH(OH).CIIO’ ’ 

Formed by the action of sodium-amalgam 
on the lactone, [c. 160°], [o]u = 55-6°, of he.xa- 
oxy-octoic acid, which is formed from rhamno- 
hexose by successive treatment with HCy and 
baryta (Fischer a. Piloty, B. 23, 3106). Sweet 
syrup. Dextrorotatory. Yields CJI,,,0,i(N8HPh) 
[200°] and C^H^O.lN.HPh), [c. 200°]. Con- 
verted by treatment with HCy, followed by 
saponification, into hepta-oxy-ennoio acid 
QH(0H).CH(0n).CH(0II).CH3 
CH(OH).CH(OH).CII{OH).CH(OH).CO,H» 
lactone of which [c. 172"] is lievorotatory 
[ajD= -51° 

BHAMNOHEXITE C,H,„Oj t.e. 
gH(ori).CH(on).cH(on).cH, r 17301 

CH(OH).Cli{OH).CU2(OH) '-O. > 

[a]„ =- 11-6°. R)rjncd by reducing rhamnohexose 
with sodium-amalgam (Fischer a. Piloty, B. 23, 
3106). Small colourless prisms (from hot al- 
cohol). Does not reduce Fehliug’s solution. 

BHAMNOHEXOSE O^H^Oj i.e. 

CH,.CHCOU).CU(OH).CH(01Ij.UlUOU).On(OII).CHO. 

[181°], [a]D=~*61°. Formed by reducing the 

lactone of isodulcite carboxylic acid with sodium- 
amalgam in acid solution at a low temperature 
(Fisclier a. Piloty, B. 23, 3101). Small tables, 
si. sol. alcoliol. Its aqueous solution tastes 
sweet. Yields a di-phenyl-di-kydrazide [200°]. 

BHAMNOSE v, Isodulcite. 

BHATANINB 0,„II„NO,. S. -8 at 100°. 
S (alcohol) -01 at 15^ ; -04 at 78°. Occurs in 
the extract of rhatany root (Wittstein, J. 1854, 
656 ; Hugo, Viertelj. d, nat. Oes. in Zurich, 6, 
Heft 3 ; Gintl, Sitz. W, [2] 60, 668 ; Kreitmair, 
4. 176, 69). Spherical groups of white ne^dlea, 
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Insol. ether. Not ppd. by lead acetate or sub- 
acetate. Besembles tyrosine. On heating with a 
little solution of Hg(NOj 2 it becomes rose-red, 
and gives a brown pp. on further addition of 
Hg(N08)j. Boiling HNOj gives a red colour 
changing to blue, and finally to a fluorescent 
green. Sulphuric acid forms a sulphonic acid 
C,uH, 2 N 0 ;,(S 03 H)aq crystallising from alcohol in 
plates yielding BaA'^^^^aq and BaA'^Saq. 

Salts.— H 2 A"HC 1 : monoclinic prisms, de- 
composed by treatment with water or alcohol. — 
(HjA^jaHjPtClg. — Na^A" : deliquescent amor- 
phous mass.— -KjA".— BaA" 2aq.— SrA" 2aq.— - 
CaA". — Mg A". — AgjA" ; minute needles, el. sol. 
cold water.— H.,A"HN 03 .—H 2 A"IL.S 0 , : tri- 
metric crystals.— H^A'^H-jPO. : small prisms. 

KHATANITANNIC ACID C.AO, (Raabe, 
J. 1880, 1060). Occurs in rhatany extract from 
the root-bark of Krameria triandra (Wittstcin, 
J. 1854, 656; Grabowaki, A. 143, 274). Amor- 
phous, sol. water. Beduces Fehling’s solution. 
Gives a dark-green colour with FeClj. Yields 
phloroglucin and protocatechuic acid on fusion 
with potash. 'Boiling dilute HjSO, forms ‘ rha- 
tania-red * O^oHigOa, which yields pyrocatechin 
on distillation. 

BHINACANTHIN Occurs in the 

root of Rhinanihus communis (Liborins, J, 1881, 
1022). Tasteless resin, sol. alcohol. Does not 
form glucose on boiling with IIClAq. 

EHINANTHIN OagH^Ojo (L.) or 
A glucoside occurring in the seeds of the yellow 
rattle (Rhinanihus crista-galli)^ and giving rise 
to the \dolet colour of bread prepared from rye 
contaminated with these seeds. Occurs also in 
the seeds of Alectrolophus hirsutus (Ludwig, Z, 
[2] 6, 303; Ar. Ph. [2] 142, 199), and in the 
leaves and stalks of the snap-dragon (Anti- 
rhinum majus) (Phipson, G, N. 58, 99). Stel- 
late groups of prisms, with bitter-sweet taste, v. 
sol. water and alcohol. Gives a bluish-green 
solution on warming with alcoholic HCl. Be- 
Bolvcd by dilute HClAq into brown amorphous 
rhinanthogen and a sugar. 

KHIZOPOGONIC ACID 0,,IL,„0*. [127°]. 

Obtained from the mushroom Rhizopogofi ru^ 
bescens by extracting with ether (Oudemans, 
JR. T. C» 2, 166). Red needles, insol. water, v. e. 
sol. ether, chloroform, and boiling alcohol. Its 
alkaline solutions are intensely violet. — KA' aq ; 
minute dark-violet crystals. 

BHODAHMINES v. Rhodium-ammonium 
COMPOUNDS, p. 406. 

BHODAKIDES, another name for Sulpho- 
cyanides (q. v. vol. ii. p. 348). 

BHODANIO ACID CjHjNS^O i.c. 

HS.OH,.CO.S.ON or (Andreasoh, 

Jlf. 10,73). [169°]. Formed by warming an aqueous 
solution of chloro-acetio acid (1 mol.) with am- 
monium sulphocyanide (3 mols.) (Nencki, J. pr, 
[2] 16, 1 ; B, 17, 2279 ; Ginsberg a. Bondzynski, 
B, 19, 113). Formed also by passing HCl into 
an alcoholic solution of thioglycollio acid and 
potassium sulphocyanide (Freydl, M. 10, 82), 
Yellow six-sided prisms and tables, v. si. sol. 
cold water, v. sol. alcohol and ether. Acid in 
reaction. Boiling baryta- water splits it up into 
HOyS and thioglycollio acid. Water at 200° 
forms 00„ HnS, NHj, and thioglycollio acid. 
Neitcts with aldehydes in presence of HOI, form- 


Ethylidene-rhodanic acid [148°] 

forms yellow needles, sol. hot water. Benzyl- 
idene-rhodanio acid CjoHjNS^O [ 200 °] also forms 
yellow needles, converted by hot H 2 SO 4 (4 pts.) 
into OioHyNSjOj, crystallising in needles, yield- 
ing NaA', KA', and NH^A', and converted by 
HNO3 into OjoHaNaSjOy, crystallising in yellow 
needles yielding NaA' aq. o-Nitro-benzylidene- 
rhodanic acid OioHyNaS^Oj [189°] crystallises 
from dilute alcohol, and may be reduced to 

0- amido-benzylidene-rhodanic acid, which yields 
C^nH^AcN^S-P [280°-285°j and C.^H^Ac^N^S^O 
[189°]. p-Nitro-benzylidene-rhodanic acid [252°] 
is also crystalline (Bondzynski, M. 8 , 357). 
FeClj added to a hot solution of rhodanic acid 
forms a brown pp., from which alcohol extracts 

as a brownish-red powder, forming 
a red solution in alkalis. 

Salts. — CuA'jaq; yellowish-green amor- 
phous pp.— ( 03 H 3 NS 20 ) 2 CuC 1 : golden needles. 

BHODATES. No salts have been isolated 
the acidic radicle of which is composed of Rh 
and 0 ; but there is some reason to think that 
such salts exist in the solution obtained by pass- 
ing Cl into an alkaline solution of Rh 2 (OH) 3 ; v, 
under Hydkated bhodium dioxide, p. 405. 

BHODINOL C.oH.^O i.e. 

CH,:C{C 3 H,).CH: 0 H.CnMe.CH. 0 H. (217°). S.G. 

1- * 88 . Occurs in German and Turkish oil of 
roses (Eckart, B. 24, 4205). Oxidised by chromic 
acid mixture to an aldehyde, rhodinal, and rhodi- 
nolic acid. P^Oj yields a terpeno. KMnO^ forms 
valeric, butyric, acetic, oxalic, and carbonic acids 
and CgH, 40 .v possibly an alcohol. 

BHODIUM. At, w. 102*7. Mol. w. unknown. 
Melts at c. 2000 ° (Pictet, G, R, 88 , 1317). S.G. 
12*1 (Deville a. Dcbray, J, 12, 240). S.H. *05803 
[ 10 ° to 97°; specimen contained trace of Ir) 
(liegnault, A. Ch, [3] 63, 1). C.B. *0000085 at 
40° (Fizeau, 0. B. 68 , 1125). 

' Occurrence. — With the other Pt metals in 
“platinum-ore; thep.c.of Rh varies from 0 too. 6 ; 
as much as 12*3 p.c. was found in a South 
American ore by Deville a. Debray (A, Gh. [ 2 ] 
29, 137 ; cf. Kern, G. N. 35, 88 ). 

Del Rio (v. D. a. D., l.c.) found an alloy of Rh 
and Au in Mexico, containing from 34 to 43 p.c. 
Rh. Bhodium was separated from the other Pt 
metals in 1803 by Wollaston IT. 1804. 419), at 
the same time as he isolated Pd. The name 
rhodium was given by W . because of the rose- 
oolour of the salts (fi65oi/=^a rose). 

Formation.-^!, By reducing RhClj.SNaOlAq 
by Zn,H, formic acid, Ac. — 2. By strongly heat- 
ing RhCl 3 . 3 NH,Cl. 

Preparation.— Rh is generally prepared by 
adding iron to the mother-liquors from which 
Pt has been extracted (v. Platinum, this vol. p. 
286), and then treating the solid so ppd. The 
processes for the treatment of this residue are 
many ; that described here is the one employed 
by Claus (J. pr. 85, 129), and by Gibbs (^. pr. 84, 
65 ; 94, 19), and is a modification of Claus's 
older method (cf. Deville a. Debray, C. R. 78, 
1782). The platinum-residue — which contains 
Rh, Ru, Pd, Ir, Cr, Cu, and Pb — is fused at a 
bright red heat with 1 pt. Pb and 1 pt. PbO ; 
the re^lus, after separation of slag, is treated 
with nitric acid (equal vole. oono. acid and water) ; 
the insofoble residue is washedi dried, and mixed 
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with iti own weight of KaCl, and this mixture 
is heated to low redness, in a large porcelain 
tube, in a stream of 01, for some time ; the 
treatment with NaCl and Cl is repeated ; after 
cooling, the contents of the tube are lixiviated 
with water, when EhClj-SNaCl dissolves with 
small quantities of the corresponding salt of Ir 
and traces of some of the other metals. The 
solution is heated with HNO^Aq, to transform 
IrClj into IrCl4, and Ir is then removed, as 
IrCl,.2AmCl, by fractional ppn. with cone. 
AmClAq. The filtrate from the last pp. of 
IrCi4.2AjnCl, which is almost quite free from all 
metals except Rh, is evaporated to dryness with 
HNOyAq, to decompose the AmCl ; the residue is 
mixed with 3 or 4 times its weight of S, and 
heated to bright redness in a covered porcelain 
crucible, which is packed in powdered charcoal 
in a larger earthen crucible. The regulus thus 
obtained is boiled for some time with aqua 
regia, and then with cone. H2SO4; it is then 
fused, at a low red lioat, with 3 or 4 pts. Zn, 
whereby an alloy of llli and Zn is formed, with 
the production of so much heat that part of the 
Zn is volatilised. After cooling, the alloy is 
digested with cone. HClAq,to remove impurities, 
and is then dissolved in aqua regia. NlIaAq is 
added to this solution till the pp. which forma 
has dissolved; the solutionis boiled, and evapo- 
rated until yellow Rho(NH3),n01a separates; the 
whole is then evaporated to dryness at 100°, and 
the residue is treated with warm dil. HClAq 
until the washings show no yellow colour; the 
residue is dissolved in boiling water, and the 
liquid is filtered, hot, into dil. HClAq ; the small 
yellow crystals of Rh.^(NIl3),qClj which separate 
are re-crystallised several times from hot, dil. 
NHaAq, whereby the salt is obtained quite pure. 
The pure RhafNHajioCla is decomposed by heat- 
ing strongly in a graphite crucible, and the Xlh 
thus obtained is fused in a lime crucible in the 
0-H fiame (v. vol. iii. p. 642). The fusion re- 
moves the last traces of Os and Si. For other* 
methods of preparing llh v. Bunsen, A. 146, 
265; Fremy, G. li. 38, 1008 ; Lea, Am. S. 38,81, 
248 ; Schneider, P. Supp. 6, 261 ; Philipp, D. P. J. 
220, 96 ; Martius, A. 67, 357 ; Wilm, Bl. [2] 34, 
679. 

Properties.-^A. very hard, white metal, with 
a tinge of blue-grey ; about as ductile and malle- 
able as Ag. Melts only in the full 0-H flame, 
without volatilising; spits on cooling; is super- 
ficially oxidised when very strongly heated in 
air. Insoluble in acids when compact, but the 
finely divided metal ppd. from solutions is sol. 
HNOaAq, and also si. sol. HClAq in presence of 
air (Wilm, Bl. [2] 34. 679). Alloys of Rh with Bi, 
Cu, Pb, Pt, or Zn are attacked by HNO,Aq. Rh 
is obtained as a black porous solid by reducing 
solutions of Rh compounds by Zn, Hg, EtOH, 
or HCOjjH (v. Claus, J. pt. 86, 139 ; Wilm, i.c.). 
The finely divided Rh obtained by heating the 
purpureochloride takes up 0. 18 p.c, 0 when 
heated in a stream of air fithO requires 13*5 p.c. 
0), and the 0 is given up by heating in H. 

In its chemical relationships Rh is closely 
allied to Ru and Pd, and less closely to Os, Ir, 
and Pt ; v. Koblb ustals, vol. ill. p. 628. 

The at. w. of Rh has been determined (1) by 
analyses of Rh01,.8KCl (Beraelius, P. 18, 442 
[1828]) ; (2) by analyses of a large nombei of 


different Bh oomponnds (CHaus, J.pr, 85, 139 
[1862]); (3) by analyses of Rhj(NHj),oCI, and 
Rh.^(NH^,oBr, (Jorgensen, J.pr. [2] 27, 433,489 
[1883]); (4) by reducing pure Rh.^(NHj),o01, in 
H, and determining the residual Rh (Seubert a. 
Kobb6, A. 260, 314 [1890]) ; (5) by determining 

5. H. of Rh (Regnaiilt, A. Gh. [3] 63, 1). No 

compound of Rh has been gasified. The older 
values for at. w. of Rh varied from 104*3 to 103. 
Seubert a. Kobbe have shown that the true value 
is less than 103. * 

Reactions and Comhinations.—l. Rhodium 
black heated in air combines with 0 to form 
RhO, according to Wilm {B. 15, 2226). Leidi4 
{Bl. [2] 50, 664) says that the products contain 
from 14*5 to 17*8 p.c. 0 (RhO requires 13*5 p.c. 
0).— 2. Oxidised to Rh.P;„ and then to RhO.^, 
by fusion withpotash and nitre (Claus, I.c .) ; also 
by heating strongly with barium peroxide (D. a. 
D., I.C.). — 3. Fusion Rh black with potassium- 
hydrogen sulphate produces what is probably a 
double Rh-K sulphate (Claus, l.c.).—i. Ueated 
in chlorine to 0. 400°,RhCl3 is formed (v.Leidid, 
Bl. [2] 60, 664). — 6. Mixed with scdium-chloride 
and heated in chlorine, RhCls-SNaCl is produced ; 
KCl and Cl, and BaCl, and Cl, act similarly 
(Berzelius, P. 13, 435 ; Bunsen, A. 146, 266).— 

6. RhS is formed by heating Rh black in 
vapour of sulphur (B., l.c.).—l. Rh dissolves in 
molten phosphoric acid (Fischer, P. 18, 257), 
also in molten acid phosphates (Rose-Unkner, 
Hand. d. anal. Chcm.^ih ed., 1,354).— 8. Finely- 
divided Rh dissolves in molten zinc (Jbrgensen, 
J.pr. [2] 27, 433, 489).— 9. Hydrogen is absorbed 
in large quantities by Rh. The finely divided 
metal obtained by heating RhCl,.3AmCl becomes 
sensibly hot when H is passed over it (Wilm, 
lx.), — 10. Rh black decomposes chlorine water, 
forming HClAq and 0, and solutions of hypo- 
chlontes, forming chlorides and 0 (Jorgensen, 
i.c.). It also decomposes hydrogen peroxide, 
giving off 0.— 11. Rh black decomposes formic 
acid solution to H and CO./, alcohol in presence 
of alkali is oxidised to alkali acetate, and H is 
given off, at c. 30° (D. a. D., A. Ch. [2] 29, 137 ; 
56, 385 ; cf. Hoppe-Seyler, P. 16, 117).— 12. When 
Rh black obtained by heating RhCl,.3AmCl is 
heated in coal-gas, or in ethylene, the volume of 
the Rh increases and 0 is absorbed (Wilm, Bl. 
[2] 34, 679). 

Detection.— Rh may bo brought into solution 
in water, cither by repeated fusion with EHSO4, 
or by mixing with NaCi and heating to low red- 
ness in Cl. To detect Rh in solution, Demarqay 
{C. R. 101, 961) recommends to add AmOl to a 
neutral, or an ahuost neutral, solution which 
has been boiled with HClAq, then to add fairly 
couo. freshly prepared NaClOAq, and then a 20 
p.c. acetic acid solution, drop by drop, with 
constant shaking, till any pp. formed by the 
NaCIOAq dissoves to an orange-coloured solu- 
tion; on standing, this solution decolourises, 
deposits a greyish pp., and finally acquires an 
intense sky-blue colour, which remains for some 
time. Free HNO, or H2SO4 should be absent, 
not much acetic acid should be added, and the 
temperature should not be raised* By taking 
two equal portions of the liquid to be tested, 
diluting one with water to the same bulk as the 
other occupies when the reagents are added, 
and comparing ^e two, ‘00019 g. Bh can bf 
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detected in 3 e.o. liquid. The other Pt metals 
give DO reaction with NaCIOAq under the above 
oonditlons. 

Bhodium, alloys of. Bh alloys with many 
metals, by fusion with them. Some of the 
alloys seem to have definite compositions, e.g, 
BhjPb and EhZn;j. Descriptions of the alloys 
will be found in the papers referred to:— As 
(Wollaston, T, 1804. 419) ; Bi (W., Z.c.) ; Au (W., 
l.c. ; van Biemsdyk, J. 1880. 1269) ; Fe (Faraday 
a. Stodart, G. A: 66, 167) ; Pb (Debray, 0. li. 
90, 1195 ; Deville a. D., G. R. 44, 1101 ; 94, 1557) ; 
Pt (D. a. D., Z.C.); Ag (W., U.)\ Sn(D.,Z.c.; 
Leidi6, C. R. 106, 1076); Zn (D. a. D., Z.c.; 
Bunsen, A, 146, 271 ; Jorgenson, /. jjr. [2] 27, 
434h 

Bhodium, ammonio-salts of, v. IIuodium- 
JLMnOMIUM COMPOUNDS, p. 405. 

Bhodium, chlorides of. The only chloride 
of Eh which has been isolated with certainty 
is RhCl,. The lower chloride BhCl^ probably 
exists. 

BnoDiuM DiCHLoaiDE EhCl.„ This chloride 
probably exisU. Berzelius obtained a greyish- 
red powder, to which he gave this composition, 
by heating Rh in Cl, warming the product with 
KOHAq, and treating the hydrated oxide so 
formed with HClAq, when RhCla dissolved and 
RhCl] (?) remained (P. 13, 437). According to 
Fellenberg (P. 60, 63) RhCl,^ is obtained, as a 
rose-red powder, insol. water, HOI Aq, orHNOjAq, 
undecomposed by KOHAq, by heating Rhy in Cl. 
Claus (J. 1855. 423) and Leidi6 (G. P. 106, 1076 ; 
107, 234) regard the existence of RhCl, as un- 
proved. According to L., no substance of con- 
stant composition is obtained by F.’s method. 

(?) Double salt, AmJthCl^.iHjO. The com- 
pound to which Wilm gave this composition, 
and which he said was obtained by adding AmCl 
to RhClaAq in presence of much aqua regia {B. 
16, 3033), is almost certainly identical with 
AmjRh01g.NHiN03.3.Uip, obtained by Leidi6 (v. 
Ammonium chlok-rhoditk, infra). 

Rhodium TnicnLoiuDB RhCls {Bhodo- 
chloride, Bhodo-rhodic chloride^ RhCl^-RhCli. 
Bhodium sesquichloridc, Rh^Clj). RhCl, is 
the simplest formula possible, but it is not 
necessarily molecular. Leidi6 (0. B. 106, 
1076; 107, 234) prepared RhCl, by heating 
the alloy RhSus in a rapid stream of dry, air- 
free Cl at the B. P. of S, untE SnGl^ ceased to be 
formed, aUowing to cool, and removing Cl by a 
current of GO,. The chloride is« thus obtained 
as a sealing-wax-red powder. The alloy EhSn, 
is formed by fusing 1 part finely divided Rh 
with 30 to 60 parts Sn, and treating the product 
for a day or two with fairly cono. HClAq at 
(Debray, G. P. 104, 1470, 1577). RhClj was 
also formed by Jdrgensen (J, pr. [2] 27, 433) by 
heating Cl3Rh2(NH3),gCl4 in a stream of Cl. 
Leidie {Bl. [2] 50, 6G4) says that RhCL, is not 
obtained pure by Claus’ method of heating Rh 
in Cl, as part of the RhCly is decomposed at the 
temperature which mu.st be employed to cause 
combination of Rh and Cl. LeidiS (Z.c.) could 
not obtain pure RhCl, by heating Rh^Sg in Cl, 
nor by heating the double chlorides of Rh and 
alkali metals with BL^SO^, as recommended by 
Claus ; in the latter reactions L. obtained alkali 
•ulphate and Rh3(SO J,, RhCl, is a red powder, 
insol. water and aci^ ; decomposes to a&d 


d at 0. 460®-.600<» (L., U). When moist RhC^ 
is heated in vacteo, or in a stream of N, it is 
partially decomposed at 100°, and wholly at 360°, 
to Rh^Os and HCl (L., Z.c.). Slowly reduced by 
H at low redness (v. Claus, J. 1855. 423). 

Hydbatb of bhodium tbichlobidd 
RhClj.4H20. Said to be formed by Claus (l.c.) 
by dissolving freshly ppd. Rh(On)3 in HClAq, 
and evaporating ; by Berzelius (P. 13, 437) by 
decomposing KaRhClgAq by HjSiFgAq, filtering, 
and evaporating. Described as a dark-red, glassy, 
deliquescent solid; e. sol. alcohol, insol. ether. 
Leidi6 (Bl. [2] 60, 664) could not obtain this, 
nor any definite, hydrate of RhCl,. 

Double salts. G hloro-rhod ites 
DhCi3.3MCl, or MaRhCl^. M = Am, ^Ba, iPb, Hg, 
K, Ag, Na. ^ Also M^RhCl,; M = ?Ara, and K. 

Avimonium chlor-rhodite 2Am3RhCl^.3H^O 
(Ammonium-rhodium trichloride). Large, red, 
rhombic prisms (v. Keferstein, P. 99, 275) ; by 
adding cone. HClAq to Na, RhClaAq, filtering 
from NaCl, and adding cone. AmClAq (Claus, 
l.c.\ Wilm, P. 16, 3033 ; Leidi^, Z.C.). Sol. water, 
or dil. AinClAq ; insol. alcohol. The salt 
Am.RhCl,.n.D, said to bo formed by heating a 
solution of the preceding salt (Vauquelin, A. Ch. 
93, 204), could not bo obtained by Leidie (l.c.). 

Double salt with ammonium 
nitrate, 2(Am,RhCla.NH4N0;,).7Il20. Obtained, 
as violet-red crystals, by adding HNO^Aq to 
AmaRhOlyAq, and then excess of AmClAq, con- 
centrating, and drying the crystals in vacuo. 
Scarcely sol. HNO,Aq; when boiled with water 
gives oflf same gases as are obtained by boiling 
AmClAq with aqua regia. 

Potassium chlor-rhoditcs (1) K,RhClg.3H.,0. 
Dark-red triclinio prisms ; by adding cone. 
KClAq to RhCljAq, and allowing to evaporate 
(Claus, I.C.). Obtained by Seubert a. Kobb6 (P. 
23, 2566) by saturating the filtrate from the salt 
K^RhClj (infra) with IICl, filtering from KCl, 
and evaporating. Lcidio (Z.c.) failed to obtain 
this salt. 

(2) KJlliCls.H^O (no water, according to L.). 
Brown triclinic prisms, si. sol. water. Gives Rh, 
KCl, and Cl when heated to redness. Formed 
by heating a mixture of 1 part spongy Rh with 
2 parts KCl, in a stream of Cl, so long as Cl is 
absorbed, dissolving in water, filtering, and 
evaporating under reduced pressure (S. a. K., 
I.C.). 

Sodium chlor-rhodite Na3RhCls.9HjO. Pre- 
pared like the K salt (Berzelius, Claus, Leidid). 

The Icad^ mcrcivroiiSy and silver salts are 
obtained by adding Pb(N03).2Aq, HgNOaAq, or 
AgNOyAq, to solution of an alkali salt (Claus, 
I.C.). The barium salt is obtained like the K 
and Na salts (Bunsen, A. 146, 276). Compounds 
of KhClj with methylamine chlorides are de- 
scribed by Vincent (Bl. [2] 44, 613). 

Bhodium, cyanides of, and derivatives^ v. vol. 
ii. p. 346. 

Bhodium, hydrosulphide of, 
RhS3H3(*Rh2S3.3HB). A brownish - black, 
voluminous pp., obtained by passing H^S into 
solution of a Rh salt at o. 100° (Leidi6, Bl, [2] 
50, 664). Insol. acids, or alkali sulphide solu- 
tions ; decomposed by Br and aqua regia. Gives 
off HjS, and forms Rh^S, when boiled with much 
water in N, or when heated with water in % 
spalod tube to XOO^ 
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Ithodlua, hyd/ozldes of, v. Bhodium oxides 

JATD HYDBATBD 0X1OS8* 

Bhodium, iodide of. The black substance 
obtained by Jorgensen in making Eh2(NH3),oIfl 
{v. lonoPDRPUREORiioDiuu IODIDE, p. 40G) was 
probably Bhlj ; analysis gave 21*8 p.c. Eh, the 
formula requiring 21'3 p.c. According to Claus 
(l.c.) an iodide of Bh is formed when KlAq is 
added to solution of a salt of Eh. 

Bhodium, oxides and hydrated oxides of. 
Eh and 0 combine, when Eh is strongly heated 
in 0, probably with formation of EhO- The 
only oxides of Eh which have been isolated with 
certainty are Eh-Ps and EhOj*, EhO also pro- 
bably exists, and there are indications of the 
forjnation of EhO^. The hydrated oxides, or 
hydroxides, aro Eh.Oa.SH^O [ = Eh(0H)3], and 
Eh02.2H20 [ = Eh(OH),]. 

Ehodidm monoxide EhO {Rhodous oxide). 
Probably formed when Eh black is heated in a 
stream of air (Wilrn, B. 15, 2225). Lcidid (Bl. 
[2] 50, G04) says that from 14*5 to 17*8 p.c. 0 is 
taken up ; EhO requires 13*5 p.c. 0. The grey 
powder obtained by heating Eh (Oil)., was looked 
on by Claus as probably EhO. Dcville a. Debray 
{A. Gh. [3] 61, 83) obtained what they regarded 
as EhO containing a little PbO by melting Eh 
with PbO, Pb, and borax, cupelling, and treating 
the residue with IINO^Aq. EhO is said to bo 
fairly easily reduced to Eh by heating in H. 

EnoDiuji SESQUioxiDE Eli.^Oa {Rhodo-rhodic 
oxide). This oxide may be formed when Eh 
black is heated to redness in air. Leidi6 found 
from 14*5 to 17'8 p.c. 0 taken up {Bl. [2] 50, 
604) ; EhyOa I’o.quires 18*92 p.o. 0. Eh.Pa was 
obtained by Claus (J. pr. 76, 24 ; 80, 282; 85, 
129) by heating Eh(NOa)3 ^ crucible till 
oxides of N ceased to come off ; also by fusing Eh 
with BaO.3 and 13a(N03),3. F'-’emy (A. Gh. [3J 44, 
385) says that Kh.Oj is produced by heating 
NuaRhOl,; to redness in a stream of 0. Eh^Oa is 
also formed by heating EhOaH.,. Eh.Dj forms a 
grey solid ; insol. acids ; reduced by II to Eh 
(Claus, I.C.). Prciny obtained it as lustrous, 
metal-like, crystals, somewhat volatile when 
heated in a stream of 0, which decomposed 
ClAq giving IIClAq and 0. 

Hydrated ruodium sesquioxide. (1) 
Rh2O3.3H.aO {Rhodo-rhodic hydroxide, EhOjIla). 
A black gelatinous pp. formed by adding excess 
of KOHAq, and a little alcohol, to NajEhClaAq. 
SI. sol. cone. HClAq (Claus, Z.c.). (i?) Eh203.5H.0 
{IIydratedrhodo-rhodiGhydroxide,V,\\Q^,iAi.,Q). 
Obtained by adding KOHAq to solution of EhClj, 
the latter being in excess, allowing to stand till 
the pp. is citron-yellow (the first rose-red pp. 
contains the hydrate mixed with KjEhCy, and 
washing with hot water (Claus, l.c.). The whole 
of the KOH cannot be removed from the pp. 
by washing, Sol. HClAq, lIN03Aq, H-SO^Aq, 
HgSOjAq, and when freshly ppd. also in acetic 
acid. Also sol. cone. KOHAq, but reppd. on 
dilution (Descotils, Gm.-K, 3, 1201). Said by 
Leidi^ (0. R. 107, 234) to be sol. in solution of 
alkali hydrogen oxalates. Solutions of this hy- 
drate in acids yield the salts Eh23X on evapora- 
tion; X-2NOa, O2O4, SO^, SOa, &c. 

Rhodium dioiidb HhO, {Rhodv- or rhodic 
ozide). A brown solid ; obtained by repeatedly 
lusing finely divided Bh with KOH and KNO,. 


Jnsol. acids, or boEing KOHAq. Bedaoed to Bh 
by H at a high temperature (CJaus, l.c.), 

HydiUted rhodium dioxide Rh02.2H20 
{Rhodic hydroxide, Bh04H4). Obtained by Claus 
jZ.c.) by leading Cl into a solution of EhaOa.GHsO 
in KOHAq till a dark-brown gelatinous pp. was 
formed, then adding pieces of KOH from time to 
time, and continuing the passage of Cl until pp. 
became more compact, and green, and the solu- 
tion became blue-violet. A greenish solid, sol. 
HClAq, forming a greenish-blue solution, which 
evolves Cl and becomes the deep-red colour of 
EhClj solution (c/. Jorgensen, J. pr. [2j 27, 
446). 

Rhodic acid and rhodates (?). The 
blue-violet solution obtained by passing 01 into 
Eh.20.,.5H.30 in KOHAq {siipju) is fairly per- 
manent, but after some time it ppts. a blue 
powder, gas is given off, and the liquid becomes 
colourless. When the blue powder is dried it 
becomes green Eh(1.2H20. A blue pp. is also 
obtained by carefully neutralising the blue- 
violet solution by HN0.<Aq ; this powder, when ^ 
moist, is sol. IIClAq, with evolution of Cl ; on 
heating, more Cl is evolved, and *tho liquid be- 
comes the red colour of EhCl., solution. Claus 
{l.c.) regarded the blue-violet solution as contain- 
ing potassiuvi rhodate, and the blue pp. he 
looked on as rhodium trioxide or rhodic anhy- 
dride, EhO,. 

Bhodium, salts of. But few salts are known 
obtained by replacing H of oxyacids by Eh ; the 
chief aro nitrate, nitrite, oxalates, phosphates, and 
sulphates', a few double salts are also known. 

Bhodium, sulphides of. Eh and B combine 
when heated, probably forming EhS. EhjSj is 
formed by ppn. from Eh salts. 

Rhodium jionosulpjhde EhS {Rhodous sul- 
phidc). Said by Berzelius to be formed by beat- 
ing finely divided Eh in S vapour ; also, accord 
ing to Vauquelin {A. Gh. 88, 167), by heating 
AnijEhCl, with S. Kellonbcrg (P, 50, 63) ob- 
tained EhS by heating dry Eh^Sg in COg (?). A 
white-blue, lustrous solid ; heated in air gives 
spongy Eh ; heated in Cl forms EhClj and SjCl, 
(b’., l.c.). EhS is insol. aqua regia, according to 
l)ebiay {G. R. 97, 1333.) {v. also Gibbs, tl". pr, 91, 
171 ; Lecoq de Boisbaudran, G. R. 96, 152). 

Ehodidm SEsquisuLriiiDE Eh.Sj {Rhodo- 
rhodic sulphide). Formed, by passing HjS into 
solution of a Eh salt, as a black pp. according 
to Lcidid {C. R. 106, 1070, 1533) the pp. is 
Eh.,Sa.3H.jS {^. Rhodium, hydrohulphide of, p. 
404), which becomes Eh^Sa by heating for some 
time Avith water at 100'^, in a closed vessel or in 
N. Leidid {l.c.) obtained Eh.^S;,, in black crystal- 
line tablets, by heating EhClj to 360° in a stream 
of ILS ; according to L., this is the only method 
whereby pure EhaSj can be prepared. Loses 
8 p.c. S Avhen heated in N to dull redness ; all S 
expelled only in 0-H flame (L., l.c.). Insol. al- 
kali solutions; not acted on by HClAq, HNO,Aq, 
BrAq, or aqua regia (L., l.c.). Forms the 
double salt Eh.,vS3.8Na.3S, by adding excess 
of cone. NagSAq to NaaRhCieAq; decomposed by 
water, stable in presence of excess of alkaU 
sulphide (Leidi4, l.c.). M. M. P. M. 

BHODIUM - AMMOKIUH COMFOUHDS. 
{Rlwdammines. Ammoniacal rhodium hoses.) 
When a solution of Bh in aqua regia is eva- 
porated with excess of NH^q a oompoond 
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Bh|01,.10NH, !b obtained. By treating this 
body with moist AggO and water in the cold 
Bh^Ol4OgH3.10NHg is formed; if heat is used, 
the product is These com- 

pounds react as definite salts, which exchange 
their more negative radicles without losing Bh 
or NHj. The classification of the rhodium- 
ammonium compounds generally adopted is 
similar to that used for the Gr and Go com- 
pounds (v. vol. ii. pp. 158 and 222). In the 
following general formulte M and X represent 
negative radicles, which may be the same or 
different 

Mg.Bhg.lONH3.X, or 

Purpureo-rhodium series. 
Rh,.10NHj.X«.2HgO or N,H,(Nn,),Bh2.Xg.2HgO 
Boseo-rhodium series. 

Rhg.l2NH3.X, or N,H,(NH,)«Bhg.X, 
Luteo-rhodiwn series. 

The Bh compounds wore investigated by 
Berzelius {LehrbucK fith ed*., 3, 956) ; Vauquelin 
{A Ch, 88, 167); Glaus {Beitrage eur CJiemie 
der Platinmetalle^ Dorpat, 1854) ; and more 
recently by Jorgensen {J pr. [2] 27, 633 ; 34, 
894; 44, 48). 

1. PURPUBSO-BEODinU COMPOUNDS 

M2.Bh2.lONH3.X4. Ghangod to roseo salts, with- 
out loss of NH,, by boiling with alkali solution. 
The two atoms of radicle represented by are 
not removed by the ordinary reagents for remov- 
ing this radicle from salts. 

Chloro-purpureo’ series (Jorgensen, l.c.). 

Chloropurpureorliodium chloride 
GI2.Bh2.lONn3.Gl4. This salt is prepared by 
dissolving the alloy BhZn, in aqua rcgia^ 
evaporating to dryness, treating the residue 
with water, filtering, adding excess NHjAq, 
evaporating to dryness at 100®, heating with 
dil. HGlAq, and filtering while hot ; the insoluble 
salt is washed with dil. HGlAq, dissolved in 
boiling water, and the hot solution is filtered 
into HGlAq (1:1 by volume); the purpurco- 
ohloride whioh separates is washed with dilute 
HGlAq, and then with alcohol. Small lustrous 
yellow rhombio crystals; isomorphous with 
chloropu^ureo-cobalt chloride (u.Topsoe, J. pr. 
[2] 27, 433 ; Keferstein, A. Gh. 99, 275). S.G. 
2'079 at 18®. S. *56 cold water, considerably 
more sol. hot water, Sol. without decomposi- 
tion in hot cone. H2SO4, also in boiling NaOHAq. 
Easily reduced to Bh, but not acted on by 
such oxidisers as aqua regia or HGlAq and 
KOlO,. Heated in GOg gives Bli,, NH4GI, NH3, 
andN; heated in H, gives Bh, NH,G1, and NH,; 
heated in HGl gas, gives Bh and NH4GI ; heated 
in 01 gives lUiOl, and NH^Ol. Beacts with 
various substances to exchange GI4 for equi- 
valent quantities of other negative radicles. 
Oombines with PtGl4to form the double salt 
ClyRh2.10NH3.Gl4.2PtGl4. 

Chhropurpureorhodium hydroxide 
Ol2.Bh2.10NH3.(OH)4. Known only in solution, 
which is obtained by rubbing the chlorochloride 
with, a little water and moist AgjO for a few 
minutes, and filtering. Beacts strongly alkaline; 
gives salts by neutr^sation with various acids. 
After wanning, the solution contains roseo- 
shloride, and hydroxide Bh2.10NH,.Gl2(OH)4, 
ilong with Bh2.10NH,.(OH)3, and gives a pp. 
vith AgNOjAq. 

The other salts of this series are the 


chloro-earbonati M(CO,)2.2aq, chtoro^nUraU 
M{N0J4, sUicofiuoride M(SiFj)2, and ehloro^ 
sulphates M(S04),.4aq and M.2(S04)2.3H2S04. 
M Ol2J8h2.10NH3. 

Bromopurpureo^ series (Jorgensen, f.c.). 
Bromopurpureorhodium bromide 
Br3.Bh2.lONHj.Br4. Deep-yellow rhombio crys- 
tals ; S.G. 2-65 at 17'6° ; scarcely sol. water. 
Prepared similarly to the chlorochloride, using 
HBrAq in place of HGlAq ; also by dissolving 
the chlorochloride in 7 p.c. hot NaOHAq, digest- 
ing for about an hour at 100®, adding excess 
cone. HBrAq, washing thepp. which forms with dil. 
HBrAq and then with alcohol ; also by saturating 
solution of roseo-hydroxide, Bh2.10NH3.(OH)4, 
with dil. HBrAq and heating for some time at 
100®. Forms a double salt with platinio 
bromide, Br2.Bh2.10NH3.Br4.2PtBr4. The 6ro?»o- 
nitrate, Br2.Bh2.10NH3.(NO3)4, and 6ro7»o- 
silicofluoride, Br3.Bh2.iONH,.2SiF3, have been 
isolated. 

lodopurpureo- series (Jorgensen, Z.c.). 
lodopurpureorhodium iodide I2.Bh2.lONH3.I4, 
Prepared by heating the roscohydroxide with 
excess of HIAq for some time ; then transform- 
ing the impure product into iodochloride by 
washing with water, then with alcohol, rubbing 
repeatedly with dil. HGlAq, dissolving in hot 
water, and filtering into dil. HGlAq. The iodo- 
chloride is then dissolved in hot wafer and 
poured into KIAq; the ppd. iodo-iodide is 
crystallised from hot water. Beddish -yellow, 
rhombio crystals; S.G. 3*11 at 14*8®; very si. 
sol. cold water. Forms a double salt with 
2rtl4. The other salts of this series are the 
iodo-chloride MCI4, iodo-nitrate M(N03)4, iodo- 
silicojluoride MfSiFJj, and iodo-sulphate 
M(S04)2.6aq. M - L.Bh.^.lONHj. 

Nitratopurpureo- series (Jorgensen, 

j J. pr. [2] 31, 49). Nitratoimrpureorhodium 
I nitrate (NO3)...Bh2.10NH3.(NO3)4. Formed by 
heating the roseonitrate Rh2.10NH3.(NO2)3 to 
JOO® ; also by adding an equal vol. cone. HNOgAa 
to an aqueous solution of the roseonitrate, and 
heating at 100°. Yellowish-white crystals ; de- 
flagrates when heated. The other salts of this 
series are nitrato-chloride MGI4, and nitrato-di^ 
thionate M(S206)3. 2aq. M (NO2)2.Rh2.10NH,. 

Nitritopurpureo- series or Xantho^ 
series (Jorgensen, J. pr. [2] 31, 49). NitritO' 
purpurcorhodium nitrate 
(NO2)3.Bh2.10NH3.(NO3)4 {Xanthorhodium nu 
trate). 6 g* chlorochloride are heated with 
60 c.o. water and 30 c.o. NaOHAq (7 p.c.) till 
dissolved ; after cooling, 10 g. crystallised NaNO, 
are added and then a slight excess of dil. 
HNOjAq (1 acid : 2 water). The powder which 
separates after a time is washed with dil, 
HNOjAq, and then with alcohol, and is crystal- 
lised from hot water. Octahedral crystals, iso- 
morphous with corresponding Go salt. Insol. 
alcohol and dilute HNOsAq ; si. sol. cold water ; 
easily sol. hot water and cone. HNOjAq. No 
reaction with ordinary reagents for nitrites, e.g. 
KIAq, KMn04Aq, &o. Gone. H2SO4 does not 
evolve NOj. . 

' The other salts of this series are : aantho- 
bromide MBr4, xanihochloride MGI4, xaniho- 
dithionate 2aq, oxalate M(0,04)„ 

sUicofiuoride M(SiFg)2, sulphates HUfiOdt and 
M(S0J,.8H^04, 
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Rh^lONHyX^HjO. All the atoms of the nega- 
tive radiole in these salts react similarly ; e.g. 
AgNOjAq ppts. 6C1 from the chloride. Heated 
to 100° 2^0 is given off, and purpureo- salts re- 
main. These compounds are generally formed 
by treating the chloropurpureo- compounds with 
hot alkali solutions. Many are prepared from 
the hydroxide by the action of acids (Glaus, 2.C.; 
Jorgensen, Ic.), 

lioseorliodium hydroxide Ilh2.10NHj.{OH)y. 
Prepared by heating ohloropurpureochloride with 
excess of moist AgjO and water for some days, 
filtering from AgCl, and evaporating in vacuo. 
A yellow deliquescent solid, with strongly alka- 
line reaction; ppts. metallic hydroxides from 
salts; decomposes Nil, salts, giving off NH,. 
Neutralises acids, forming roseo- salts. 

RoseorJiodium bromide Rh2.lONH3.Bra.2H2O. 
Ppd. by adding ccno, HBrAq to solution of the 
hydroxide ; also by boiling chloropurpureo- 
chloride with NaOHAq, and then adding excels 
of cone. HBrAq. Pale-yellow crystals ; changes 
to the purpureo- salt at 100°, or by crystallising 
from hot water. The other salts of this series 
are : carbonate M(C03)3.aq ; iodo - sulpluite 
MlalSOJj; nitrate MINOj)^, and the double 
salt M(N03)2.PtGlB; phosphate M(IlPOj3.4aq, 
and the sodium pyrophosphate 
M(NftP20,)2.23aq ; stilphateM{BO^) 3 .Zsk(i^ and the 
double salt M(SOj2.PtOl8. 

III. LuTEonHoniUM compounds Rh2.12'NH3.Xa. 
These salts are very stable. Their colours are 
the same as those of corresponding roseo- salts. 
The chloride can be prepared by heating the 
ohloropurpureochloride with cone. NHjAq ; 
most of the other salts are obtained from the 
chloride (Jorgensen, J.pr. [2] 44, 48, C3). The 
negative radicles are ail acted on similarly by 
reagents. 

Luteorhodium chloride Rh2.12NH3.Cl«. Pre- 
pared by heating chloropurpurcochlorido with 
0. 30 times its weight NHjAq (25 p.c. NHj) for 
several days at 100°-102°, dissolving in hot wafer, 
and ppg. by cono. HClAq. S. c. 12 at 8°. Not 
changed to ohloropurpureochloride by digestion 
with HClAq at 100°. Forms the double salt 
Rh2.12NH3.Cl,.3PtCl4.0aq. The other salts of 
this series described by Jorgensen are : bromide 
MBr^, nitrates M(N03)a and M(N03)«.HN03, 
phosphate M(P04)2-8aq and sodium luteo- 
pyrophosphate M(NaP20;)j.23aq, and sul- 
phate M(SOj3.5aq. 

Bhodium-pyridino compounds. Compounds 
of Rh with pyridine, CjHjN, and negative ra- 
dicles have been prepared by Jorgensen (/. pr. 
[2] 27, 433). The compounds examined con- 
tain SOsH^N, and correspond with the chrom- 
tetrammonium series of ammoniacal compounds 
(vol. ii. p. 159), and with the octammine series 
of ammoniacal Co compounds (vol. ii. p. 225). 
The composition of these pyridine compounds 
is represented by the formula M^Rh2(C3H3N),X2; 
where M - Cl and X - Br, Cl, OH, NO3 and -iSO*. 
The salts resemble the N!^ compounds generally. 
The chloride (X^Cl) is prepared similar^ to 
chloropurpureorhodium chloride, using pyridine 
in place of ammonia; the other salts are pre- 
pared from the cUoride by the action of acids. 
AgNOjAq ppts. one-third of the halogen only from 
Ibo chloride and bromide. M. M. P. M. 
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BHOOIZOKIO ACID 0. Dx-oxt-diquxkotii. 
BHfEADIHE Oj,H„NO.. [232°]. S. (80 p.c. 
alcohol) -09. S. (ether) *08 at 18°. An alk^oid 
occurring in all parts of the red poppy Papaver' 
Rheeas, and in the white seed capsules of the 
white poppy Papaver somniferum (Hesse, A, 
140, 145 ; 149, 35 ; 153, 47). Small white 
prisms, nearly insol. water, alcohol, and ether. 
May be sublimed. Tasteless, and not poisonous. 
Its solution in very weak HCl is colourless, but 
in cone. HClAq and in H2SO4 it forms purple 
solutions, the base being partially decomposed. 
The colourless solution is ppd. by tannin and by 
HgClj. 

Salt s B'aHaPtOIg 2aq : yellow amorphous 
pp. — B'HI2aq: mass of minute prisms. 

RhcBagenine CajILiNOu. [223°]. S. (80 p.c, 
alcohol) *07. S. (ether) *00. Formed by boiling 
rheeadine with dilute H.BO,. Small crystals 
(from alcohol), si. sol. ether, alcohol, and water, 
V. sol. dilute acidsf Its alcoholic solution turns 
litmus blue. Cannot be sublimed. Not coloured 
by acids. Its salts taste bitter. -B'jHMPtCl,. — 
B'HI : short prisms, m. sol. hot water. 

ElBONIC ACID C^H.^O^ i.eT 

CH2(0H).CH(0H).CH(0H).CH(0H).C02H. 
Tetra-oxy-valeric acid. Formed by heating 
CH,(OH).Cn(OH).CH(OH).CH(OH).C02H, ara- 
bonio acid, with pyridine in a closed vessel at 
130° (E. Fischer a. Piloty, B. 24, 421G). When set 
free from its salts it changes into the lactone. — 
HgA'2: needles.— CdA'j. [o]d = 0’6°. Needles. 

Lactone [72°-76°]. [a]D=*-18°. 

Colourless prisms, v. e, sol. water and alcohol, 
V. si. sol. ether. Converted by heating with 
pyridine, and water at 135° into arabonic acid. 
HNO3 yields tri-oxy-glutario acid. Phenyl 
hydrazine forms C3H303(N2ll2Ph) [164°], 

RIBOSE ’‘CsHijOj. Formed by reducing the 
lactone of ribonio acid with sodium-amalgam 
(Fischer a. Piloty, B. 24, 4220). Colourless 
syrup. Yields a phenyl-hydrazide [165°] and a 
p-bromo-phenyl-hydrazide CuHijOjNaBr [166°]. 

RICINELAIDIC ACID C.^Hj A- . .[58°]. 
Formed by the action of nitrous acid on rioinoleio 
acid (Boudet, A. 4, 16 ; Playfair, A. 60, 322 ; 
Bouis, A. Ch. [3] 44, 82 ; Ulrich, Bl. [2] 9, 226).' 
Got also by saponifying ricinelaidin. White 
silky needles, v. sol. alcohol and ether. Reddens 
litmus. Yields n-heptoic acid on oxidation with 
HNO3 (Krafft, B. 21, 2735). Alkaline KMnO* 
yields two tri-oxy-stcaric acids [120°] and [116°] 
(Grussner «. Hazura, M. 10, 196 ; Mangold, M, 
13, 326). Forms oily C,gIl3,Br30a» converted by 
KOHAq in the cold into CigHigBrOa, whence 
alcoholic potash forms an acid melting at 71°. 

Salts. — BaA'j ; unctuous powder.— AgA' •' 
white powder, sol. NH.,Aq. 

Ethyl ether EtA'. [16°]. Crystalline. 

Amide Ci^AjNOa. [93°J (Rowney, Chew. 
Gas. 1856,361). 

Re/erence.— B romo-ricinelaidio acid. 

BICINELAIDIN. [45°] (Bonis) ; [66°] (Bou- 
det). Formed by the action of nitrous fumes on 
castor oil. Solid, v. sol. alcohol and ether. 
Split up by boiling KOBLAq into glycerin and 
potassium rioinclaidate. Yields heptoio alde- 
hyde (oenanthol) on dry distillation (Bertagnini, 
A. 85, 282). Yields octyl alcohol ana potassium 
sobacate on distillation with potash (Bouis)- 
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MOnaO ACID 

C„H„(OH).CO,H. [81°]. (252° at 15 mm.). 

Formed by distilling barium ricinoleate in vacuo 
IKrafft, B, 21, 2736). Plates (from dilute alco- 
hol). Yields, on oxidation by HNOj, n-heptoio 
acid and an acid [c. 103°] not volatile with 
steam. Converted by HCl into diricinio acid 
C„H32(0H).C0.0.CpH32.C02H, triricinic acid 
C„H32(0H).C0.0.CpH32.C0.0.C„H32.C02H, and 
polyricinic acids. Sulphuric acid forms these 
acids, as well as SO^H.O.CpHjj.CO.^H, 
S03H.0.C,,H3.2.C0.0.C„Il3.,.C02H, Ac. 
acting on castor oil forms the compound 


acids, constituting Turkey red oil. The poly- 
ricinic acids are converted by boiling KOIIAq 
but not by Na^COa intoricinic acid. Hot water 
decomposes the polyriciiio-sulphuric acids into 
KjSO^ and polyricinic acids (Juillard, Bl. [3] 6, 
638). 

EICIKINE. An alkaloid occurring, accord- 
ing to Tttson (0. J. 17, 195; C. N. 22, 229; c/. 


Werner, C. 22, 203), in the seeds of the 
castor oil plant {Ricinua communis). Kcctan- 


gular prisms or laminro, insol. water, nearly 


insol. ether, sol. alcohol. 


BIOINISOLIC ACID v. Tni-oxt-STEARio acid. 


EICINOLEKC acid C„H„03 u. 
CH3.[CH2]5.0H(0H).CH:CH[CH,]«.C02n (?). 
[17°]. Occurs as glyceride in castor oil (Bussy 
a. Lecanu, J, Ph. 13, 70; Saalmiillcr, A. 64, 
108 ; Svanberg a. Kolmodin, J. pr. 45, 431 ; 
Bouis, A. Ch. [3] 44, 103 ; 48, 99 ; Petersen, A. 
118, 69). Prepared by saponification of castor 
oil by KOH or HCl and purified by means of its 
Ca or Ba salt (Claus, B. 9, 1916; Krafft, B. 21, 
2731). Crystalline mass, miscible with alcohol 
and ether. Its alcoholic solution is alkaline in 


reaction. Does not absorb oxygen from the air. 
Yields OibHjsAcOj. Yields polymerides when 
heated with water in closed vessels (Scheurer- 
Kestner, G. B. 113, 201). 

Beactiona.—l. Oxidised by HNOg to azclaic 
acid oxalic acid, and hepioic acid. — 

2. Alkaline KMn04 forma two isomeric tri-oxy- 
stearic acids (Dieff, J. pr. [2] 39, 345 ; B. 20, 
1211 ; Hazura a. Griissiier, M. 8, 475 ; Mangold, 
M. 13, 32G).— 2. Nitrous acid forms ricinelaidic 
acid. — 3. Yields methyl hexyl ketone (173°) and 
an acid C,sHj ,03 [81°] on distillation of the Ba 
salt. — 4. The Na salt on distillation with NaOH 


yields methyl hexyl ketone, scc-dctyl alcohol 
and sodium sebacate Na2C,oH,,jO,.— 5. Bromine 
forms oily 0,«H3,Br20;„ converted by alcoholic 
potash into Oj^HjaBrOa, whence Br forms oily 
CjgHaJBrjOs, converted by alcoholic potash at 
120° into ricinostearolic acid CisHa-Hg, which 
combines with bromine forming unstable oily 
C,8H32Br403.-6. PClj forms CjaHa-aClaO.-T. HI 
and P give Ci^HaalOj. 

Salts. — BaA'j: soft scales (from alcohol), 
b 1. sol. water.— SrA'j : small grains (from alco- 
hol).— CaA'j (dried at 100°). [80°].— MgA', : 
slender needles, v. sol. alcohol.— Pb A j. [100°]. 
Crystalline mass, v. sol. ether.— ZnA'j.— AgA' ; 
ourdy pp. 

Ethyl ether Bikf, Oil. 

Amide Ci,H, 3.CONH^ [66°]. Nodules 
(from alcohol). 


Beferencee^—Bvmio- and Oit- afdttrotaio 

ACID. 

EICINOLIC ACID v. Tbi-oxy-stbabic acid. 
EICIN08TEAE0LI0 ACID [61°]. 

Formed by heating the dibromide of ricinolei'c 
acid with alcoholic potash (Ulrich, Z. 1867, 
547). Groups of needles (from alcohol), v. sol. 
ether. Volatile.— BaA', : plates (from alcohol) 
[135°].— AgA' : granular pp. 

EICINOSTEAEOXYLIC ACID 
[78°]. Formed by heating ricinostearolic acid 
with moist Ag^O (Ulrich, Z. 1867, 650). Den- 
dritic groups of needles (from alcohol), v. sol. 
ether.— BaA'j. — AgA'; granular pp. decomposed 
by hot alcohol. 

EOBININ [195°]. Occurs in the 

blossoms of tho acacia {Robinia pseudacacia) 
(Zwenger a. Dronke, A. Suppl. 1, 257). Thin 
yellow needles (containing 6|taq). Neutral in 
reaction. Tasteless, si. sol. cold water and alco- 
hol, insol. ether. Sol. alkalis, forming yellow 
solutions. The ammoniacal solution turns 
brown in air. FeCl, gives a brown colour. Its 
j alcoholic solution is ppd. by lead subacetato. 

: Reduces hot Fehling’s solution. HNO3 forms 
oxalic and picric acids. Split up by boiling 
dilute acids into quercetin and a sugar. 

BOCCELLIC ACID C^H;,^^. [132°]. S. (boil- 
ing alcohol of S.G. *819) 55. Occurs in various 
species of Boccella (Hecren, S. J. 59, 346; 
Liebig, P. 21, 31 ; Schunck, A. 61, 64 ; Hesse, 
A. 117, 332). Four-sided prisms, insol. water, 
i V. sol. alcohol and ether, si. sol. warm benzene, 
i Sol. NaUOaAq and borax, 
j Salts.— BaA" (dried at 100°).— CaA" aq : 

; amorphous pp.—PbjA''2(OIl)2 2aq: white powder. 
— AqA" : amorphous pp. 

Ethyl ether EtA". Oil. 

Anhydride CpHioOs. Got by heating the 
acid above 220°. Oil, v. sol. hot alcohol and 
ether. 

C„H,o02(NIirh)2. [55°]. Got by 
heating the acid with aniline at 190°, Colour- 
less laminic (from alcohol), insol. water, NHjAq, 
and HClAq. 

KOCCELIININ CjsHjbO;. Ocomis in Boccella 
fmefona (Stonhouso, il. 68, 69). Silky needles 
(from alcohol), nearly insol. cold alcohol and 
ether. Its solutions in alkalis are not coloured 
by air. Not decomposed by boiling KOHAq. 
Does not pp. metallic salts. 

BOCHELLE SALTS, Potassium-sodium tar- 
trate \ V . Tartrates. 

BOSANILINE O.oH^.NjO i.e. 

([4:l]C«H4(NH2))2C(OH).C,n3Mo(NH,)[l:3;4]. 
Tri-amido-di-phenyl-tolyl-carbinoL Formed by 
oxidation of a mixture of aniline, o-toluidine, 
and ^-toluidine (Hofmann, J. pr. 77, 190; 87, 
226 ; Pr. 12, 2 ; Miihlhiiuser, D. P. J. 266, 456, 
503, 647). SnCl^, AsA» HNO,,, Hg(N03)3, 
FeClj, and nitrobenzene may be used as oxidising 
agents. For the production of a red colouring 
matter it is essential that there should be pre- 
sent a base with methyl in the p- position to 
amidogen (p-toluidine, (l,3,4)-xylidine, or mes- 
idino), and also a base with H in thep- position 
to amidogen [e.g. aniline, o-toluidine, or (1,3,2)- 
xylidine) (Rosenstiehl, C. B. 82, 416 ; 94, 
1319; 95, 238; 98, 433; A. CA. [6] 2, 360). 
When nitro-benzene is used as oxidising agent 
it appears to be itself reduced to bensene and 
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nitrogen, and not to take part in the formation | Ked crjitals with green lustre. Insol. ether, si. 
of rosaniline. TJius, when chloro-nitro-benzene, sol. water, m. sol. alcohol. Its solution in water 
nitro -aniline, or di-nitro-benzene is used, a sub- or alcohol is crimson. Dyes wool and silk 
stituted rosaniline {e,g. chloro-rosaniline) is not ! magenta. The absorption-spectrum has been 
formed (Lange, B. 18, 1918). Colourless needles studied by Hartley {C.,1.51, ICO).— C,,„H,„N>3HC1. 
or plates, obtained by ppg. a solution of one of Ppd. by cone. HClAtp Yellowish-brown needles, 
its salts with NHjAq and rccrystallising. Nearly more sol. alcohol and water than B'"HCl.— • 
insol. water, si. sol. NHjAq, m. sol. alcohol, Decomposed by much water, forming B'"HC1.— 
insol. ether. Turns red in air. ^ Dyes silk and i C,.„H,.jN.,4HCl or (C,H,;NU,Cl).CCl(C,H^NH3Ci)j^ 
wool in acid, neutral, and even in slightly am- Got by passing dry HCl into rosaniline powder 
moniacal solutions. (Rosenstiehl, pj 9, 122). Reddish-brown and 

Beactions.—l. Reduced by ammonium sul- hygroscopic, forming a magenta solution. Fumes 
phide or powdered zinc to tri-amido-di-plicnyl- in air, giving oil HCl. After keeping it is not 
tolyl-methane (leucanilinu) (Hofmann, Pr. 12, completely soluble. ~C.„H,.,N.,4HBr. Resembles 
2).— 2. Yields alkyl derivatives on heating with the preceding salt.— Cj, Hu, NjlO Ac. Large crya- 
alkyl iodides and phenyl derivatives on heating tals with green mol allic lustre; v. sol. water 
a salt with aniline (Hofmann, Pr. 13, 9). Benzyl and alcohol. -(0,.oH,,,N3). H.,rtCl«. Amorphous, 
chloride, methyl iodide, and MeOII form — (C.uId,.jNa).^3HoPtCl,..— C,olI,,,N;,IIBr. yi. sol. 
C.,)H,g(C,H,)aN3MeI, crystallising in lustrous water. — G.uH„N.,HI. Green' needles, v. sol. 
green needles (Hofmann, B. 6, 2G3).— 3. The water. — C..oII,.,N:,HN03 : small crystals. 
hydrochloride, heated with water at 23;Y^, forms ' (C^.JT,;,N3)J4 so , (dried at 130 ’). Crystals with 
Nfl, Cl, phenol, red crystals of C2aH.oN.p.^ [170®], ! green lustre. Docs not form an alum with 
and colourless crystals, which turn red in air : AI„(SO,)3 (Wood, C’. ^.38,1).— C2oII,uNjC,ll3N30,. 
and then crystallise from alcohol in red needles Red needles, very slightly sol. water. — 
C.jJljiiNO., (Licbermanii, B. 5, 144; C, 951).— ! (C2„TI,„Ns).il2C20^ aq. — T arm ate: ppd. by 

4. The hydrochloride, heated with dilute HClAq adding tannin to an aqueous solution of a salt 
at 210^, yields aniline and toluidino (L.). — of rosaniline. Rod mass, insol. water, sol. al- 

5. Water at 270® forms di-oxy-benzophenono, cohol and HOAc (L. Kopp, J. 1802, 094). — 
di-amido-phenyl-tolyl-ketone,oxy-amido phenyl- Aurinate : (iot by healing equivalent quantities 
tolyl-kotone, phenol, and NTI, (Liobermann, /i. of rosaniline and auriii w-itli alcohol (Dale a. 
0, 951; 11, 1435; 10, 1927).— 0. Potassium Schorlcmmer, (7. J. 43, 180). Hexagonal 
cyanide added to rosaniline acetate in alcoliol j crystals with green lustre (Dyson, C. ^.43, 471). 
yields C.^iHooN,, a white crystalline powder, sol. More sol. alcohol than cither constituent. Dyes 
HClAq, and reppd. by NII^Aq. It separates I silk magenta.— Phena to C2„H,.,N3C,iH,iO. Got 
from alcohol in monoclinic crystals. It forms ■ by heating rosaniline w'ith phenol, dissolving in 
crystalline salts.— 7. A solution of a rosaniline alcohol, and ppg. with water (Dyson, C. J, 43, 
salt is decolourised by SOj, and the solution is 470). 

turned red, and afterwards violet, by aldehydes, Para-rosaniline CmHjyNjO i.c. 

and gradually deposits copper-colourcd scales ([l:4]C«H4(NH2))3COri. Tri-amido-truphenyU 

of alkylidcne derivatives (Scliitf, Bl. [2] 7, 518). carbinol. 

Thus cenanthol forms CyH,.,.CH:C2uH,,Nj, Formition. — 1. From tri-nitro-tri-phonyl- 
which yields BTIAsO.^ and B'Hd^tCl,.. — methane by oxidation by CrO;, and HOAo fol- 
8. CEnanthol reacts with rosaniline acetate ip lowed by reduction of tho resulting tri-nitro-tri- 
the cold, forming (07H,,)2(C2oH,bN3)2 (Schill, Bl. phcnyl-carbinol with zinc-dust and HOAc (E. a. 
[2] 6, 291). — 9. By exhaustive chiorination it j O. Fischer, B. 11, 195, 473, 012, 1079, 1598 ; A. 
yields CCl^ and per-chloro-benzene (Merz a. 194, 242). — 2. By heating a mixture of aniline 
Weith, P. 16, 2870). — 10. Boiling Ac.D yields a and p-toluidinc with arsenic acid (Rosenstiehl, 
tetra-acctyl derivative as a reddisli am )vphous A. Ch. [5] 8, 192) ; formed therefore in the pre- 
powder. The same body is got by treating tri- paration of rosaniline (Graebe, B. 12, 2241). — 3. 
acetyl-lji-amido-di-phenyl-tolyl-mctlianc with By heating p-nitro-di-ainido-tri-phenyl-mothane 
and HOAc (Renouf, B. 10, 1303). A with FeCI.^ at 170® (0. Fischer, B. 15, 078).— 4. 
mono-acetyl derivative CouH,„AcN3, got by heat- By heating p-nitro-henzylideno bromide with 
ing rosaniline hydrochloride with acetamide, is aniline (Zimpiermauu a. IMiillor, B. 17, 2936). — 
reddish-brown and yields dark-blue B'HCl with 5. Hy heating aurin with NHaAq at 180® (Dale 
metallic lustre (Beckerhinn, J. 1870, 708). — 11, a. Schorlemmor, B. 10, 10101. — 6. By heating 
May be sulphonated by IHSO^ containing SO3 at di-aiiiido-di-phonyl-methane (from aniline and 
130® (Schoop, Chem. Zeit. 11, 572).— 12. By j formic aldehyde) with aniline, aniline hydro- 
diazotisation followed by reduction with tin and chloride, and nitro-benzene or arsenic acid. 

HCl in the cold it is converted into ‘ roshydraz- Properties. — Crystalline plates. Nearly 
ido,’ the Hydrochloride of which forms green colourless ; si. sol, water ; absorbs CO3 from air. 
crystals, and dyes cotton brownish-red (Ziegler, It.'^ solution in cone. HClAq is coloured graas- 
B. 20, 1557). — 13. Br forms a tetra-brorao-ros- green by a crystal of KCIO3. 
aniline (?) crystallising from benzene in prisma Reactions . — 1. Yields o-toluidine and di- 
(Caro a. Graebe, A. 179, 203).— 14. Aldehyde amido-benzophenono [237®] on boiling with 
forms a blue product which is converted by HClAq for a long time (Wicnelhaus,B. 19,110). 
NajSjO, into aldehyde green CjjH^jNjSaO, an 2, HIAqatl90® forms aniline and p-tolnidine 
amorphous green mass, sol. alcohol and ppd. by 8. Nitrous acid forms the tri-diazo- derivative, 
ether (Gherpin; Uadbe, iT. pr. 92, 337; Hof- which on boiling is converted into aurin.— 4. Be- 
mann, B, 8, 761 ; Gattermann, B. 22, 227). duced by zinc-dust and HClAq to tri-amido-trl* 
Salts.— These are derived from the anhy- phenyl-methane.— 5. KCy added to its hydro- 
drous base 0,H,N:C(04H4.NH;{)3.— OJ8[„N,HCl. ehloride in presence of alcohol forms * hydro* 
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alcohol in colourless prisms, forming 
15ray01, 2aq. — 6. Pararosaniline (6 g.) is slowly 
oonver^ by cono. HOUq (65 g.), water (66 g.), 
and aldehyde (22 g.) in the cold into aldehyde- 
Dine, a dark-blue hygrosoopie powder, ppd. by 
ading NaCl to the product after dilution with 
water (Gattormann, JB. 22, 227). Aldehyde blue 
yields, on distillation, a solid base C,.H.N. 
Balt.-C,JH.,N3C1. S. -24 at 9°I 
Tri-methyl, rosaniline v. Tri-methtl-tri- 
amido-di-phenyl-tolyl-carbinol. 

Hexa-methyl-pararosanilinei;. Hexa-methyl- 
tri-amido-tri-phenyl-oarbinol. 

Phenyl-rosanilines v, Hexa-phbnyl-tri- 
amido-tri-phenyl-carbinol and tri-piienyl-tri- 
AMIDO-DI-PHENYL-TOLYL-CARBINOL. 

salts of Eosaniline. 
EOSEMAEYOIL. S.G. *905. +42' 

100 mm. (Schimmel, PA. [3] 21, 
940; 22, 328). Obtained By steam-distillation 
itom Rosmarinus officinalis (Kane, Trans. Irish 
4^. 18, 135 ; Lallemand, A. 114, 197 ; A. Ch. 

* Gladstone, J. 1863, 549 ; Mont- 
f°>fler, Bi. 1816, 18 ; Bruylants, J. Ph. [4] 29, 
608). Contains a terpene (165“), dextrorotatory 
camphor, borneol, and oineol C,„H,.0 <176“- 
179°) (Weber, A. 238, 89). The oineol forms a 
hydrochloride (C„II„0),JIC1, a tetra-bromide 
[124°], and the iodide [79°]. 

BOSE Oil. Obtained by steam-distillation 
from rose leaves. Contains a stearoptene C, H 
[34T (365°) which is not attacked ^by chromic 
acid mixture and appears to be a paraffin (Mar- ' 
kownikoflf, B. 23, 3191 ; J. pr. [2j 48, 311 ; cf. 
Blanchet, A. 7, 154; Gladstone a. Dale, G.J, 
17, 1; Salkuliinski, N. R. P. 24, 129; Bauer. 
A P. J. 204, 253; Fluckigcr, Z. [2] C, 126; 
lanajotoff, B. 24, 2700; Eckart, B. 24, 4205). 
Bose oil also contains rhodinol (q.v.). Bulgarian 
oil of roses contains roseol (225°cor.), 

which IS oxidised by KMnO. to C,.,H,,.(OH) 
(24(^) S.G. § P0445 ; '1° 10343 ; and is reduced 
^ P (159°) S.G. y -7700; *7554 

(Ladenburg, J. pr. [2] 48, 293). 

BOSEOCOBALT SAXTS v, Cobaltamines, 
▼ol. ii. p. 226. 

BOSEOCHROMITJM SALTS r. Ciirom-ammo- 
HIUM SALTS, vol. ii. p. 160. 

B08EOBHODIOM SAITS «. Riioniou-AaMo- 
»IDM COMPOUNDS, this vol. p. 407. 

The oil got by steam- 
aistillation from the wood of Convolvulus scopa- 
contains a terpene (24<)^) (Gladstone 
a. Dale). Bosewood also contains a black resin 
CjiHjjOa [95°] S.G. ^ 1-266, which is insol. 

alcohol, and gives a blood-red colour 
(Terreil a. Wolff, Bl. [2] 33, 435). 

BOSIKDOLES. Bed colouring matters 
^eatly resembling rosaniline, formed by heating 
indoles with BzCl, and by oxidation of benzyl- 
idene derivatives of indoles (E. Fischer a. Wag- 
ner, A 20, 815). Thus methyl-ketole yields di- 
ppvfjri 02 jHj,N„whioh may possibly bo 

W<5SSSp3>o,h. 
fmndui^ [262°]. Penned by heating rosin- 

/fe^r*** “S*®- “* pressure 

(Fischer a. Hopp, A, 266, 238; 262, 244). 


Fonn^ ^so from oxy-naphihoqulnone aif4 
(Kehrmann, J . pr . 
A ’ ?' ?®^ hexagonal tables, 

insol. hot water, m. sol. boiling alcohol, forming 
a scarlet solution with brick-red fluorescence. 
Beduced to naphthophenazine by distilling in a 
current of H over zinc-dust. Converted by 
p-toluidine at 130^ into p-tolyl-rosinduline. 
Oxidised by CrOj, to rosindonic acid C-jH-.N A. 
which crystallises in colourless needles, si. sol. 
alcohol, insol. water, v. sol. ether. 
K0SINDULINE^C^H,,N3 i.e. 

*^‘^<<C(NH).CH;C.NPh>‘^«^<- P99'’]- 

Formed by heating benzene- azo- (a).naphthyl- 
amine with aniline and alcohol at 165^ under 
pressure (Fischer a. Hepp, A. 256, 236). Formed 
also by heating phenyl-o-phonylene-diamine 
witb oxy-naphthoquinone imidc, HOAc, and 
' (Kehrmann, J. pr. [2J 43, 269 ; 
.B. 24, o87). Eeddish-brown plates, v. sol. alco- 
hol and ether, insol. water. Cono. H^SO, forms 
a green solution, becoming red on dilution. The 
alcoholic solutions exhibit reddish-yellow fluor- 
escence.— B'HCl 3.^aq : red needles. 

name has also been given 
to the phenyl derivative of the preceding body 
(v. vol. iii. p. 9). r b J 

BOSOLIC ACID V . Tri-oxy-di-phenyl-tolyii- 
carbinol and Tri-oxy-tri-phenyl-carbinol. 

ROTTLERIN C„H,A? [200°J. A yellow 
substance occurring in the fruit of Rottlcra 
hnc^ria, which grows in India (Anderson, 
N. Ed.P. J. [2] 1, 300; Jawein, B. 20, 182). 

It IS identical with Mallotoxin (q. v ) 

BUBAZONIC acid C,oII„N a. Formed by 
oxidation of oxy-amido-phenyl-methyl-pyrazole 
(Knorr, A. 238, 137). Got also by boiling pyr- 
azole-blue with NHyAq. Prepared from the 
phonyl-hydrazidc of oxy-phenyl-methyl-pyrazole 
by reduction with zinc-dust and HOAc, followed 
(Buchka a. Sprague, 
..2, 2o51). Insol. water and dilute acids, v. 
sol. ether and benzene. Its solutions in alkalis 
are deep violet, but on boiling become yellow 
RUBERYTHMC ACID C^JI^sO,, ic. 

Rubianic acid. 

L . , > from madder-root by extracting 

with boiling absolute alcohol (Bochleder. A. 80 
321 ; 82, 205 ; Schunck, A. 66, 176 ; Liebermann 
a. Bergarai, B. 20, 2241). Lemon-yellow needles, 

V. sol. hot water, v. si. sol. alcohol, insol. ether. 

Its alcoholic solution is yellow. Alkalis form 
blood-red solutions. It does not ferment with 
yeast. Boiling dilute acids split it up into 
n NaOAc yield 

UjaH^oA-c^Oi^, crystallising in yellow needles 
[23^^J. - C,„H 3 ,KO„.--BaA', aq. 

BDBIAN CogHaAis- A glucoside in madder 
root, split up by acids, alkalis, or the madder- 
fermen^t (erythrozym) into glucose, alizarin, and 
other bodies (Schunck, P. M. [4] 12, 200, 270 ; 

J. pr. 59, 465). Amorphous resin, v. sol. water, 
m. sol. alcohol, insol. ether. Its solutions are 
very bitter. Yields ruberythrio acid on treat- 
ment with baryta. It is probably a mixture of 
ruberythrio acid and other bodies. 

BITBIANIO ACID v . Bubertthbio acid. 
BDBIDIKE. A general name for homologuei 
of pyridine of the formula 0„H„N, Mr. di-mbthyit 

ZSODUTYL-PTBZmm. 
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ftabldine 0„HpN. (280®). S.G.m 1-017. 
Ooours in coal* tar (Thenius, Bep. Ghim. app. 4, 
181). Liquid, si. sol. water, miscible with dco- 
hoi and ether. Its salts redden in the air. 
Bleaohing-powder gives a red colour. Colours 
acidified fir-wood rod, — B'jHjPtClj : reddish 
crystalline powder. 

ETJBIDIUM. Rb. At. w. 85-2. Mol. w. un- 
known. Melts at c. 38*5^ (Bunsen, A. 125, 367). 
S.G. c. 1*62 (B., Z.C.). Refraction-equivalent 12*1 
(Gladstone, Pr. 18, 49) ; 11*6 (Kannonikoil, J. R. 
1884 [1] 119). Chief lines in emission-spectrum 
are two in the red, Rba and Rb^, 7800 and 6297 ; 
and two in the violet, Rb ;9 and Rb«, 4216 and 4206 
(Kirchoff a. Bunsen, P. 113, 337; Lecoq do 
Boisbaudran, Spectres luviineux [1874] 46; v. 
also B. A. 1884. 438). Beketoff (J. B. 1888. 303) 
gives [Rb^O] =94,900. 

Occurrence. — Never free. Salts are widely 
distributed, but in very small quantities, along 
with salts of Cs, and frequently also salts of Iji, 
K, and Na. Many lepidolites contain Rb salts 
amounting to c. -24 p.c. Rb (K. a. B., P. 113, 337 ; 
119, 1; Grandeau, A. Ch. [3] 67, 155; Allen, 
Ain. S. [2] 34, 367). Traces of Rb salts have 
been found in specimens of ortJwckise (Erdmann, 
J. pr. 86, 377, 418 ; Laspeyres, A. 134, 349 ; 
petalite (Grandeau, l.c.) ; micas (Schrotter, J.jpr. 
85, 468) ; basalt (Engelbach, A. 135, 126) ; 
earnallite (Erdmann, l.c.) ; in ahim obtained on 
the island of Volcano (Cossa, Acc. dei Lined, 
11, 9) ; saltpetre (Dieulafait, C. B. 98, 1545). 
Small quantities of Rb salts, varying from o. 
•0002 to 0 . *03 g. RbCl per litre, occur in mineral 
springs {v. Bunsen, A. 122, 347 : Grandeau, 
A. Gh. [3] 07, 155; Schr5tter, J. pr. 85, 458; 
Redtenbacher, J. pr. 85, 458 ; Bottger, J. pr. 89, 
378). Traces of Rb salts have been found in I 
sea water (Sonstadt, G. N. 22, 25, 44) ; in 
fumaroles giving out boric acid (Hofmann, 
J. C. T. 1863. 354) ; in coffee, tea, cocoa, and 
tobacco (Grandeau, l.c.) ; in the ashes of beetroot 
(G., l.c. ; Lofivre, G. R. 65, 430) ; in the ashes qf 
various plants (von Than, A. Suppl. 2, 84) ; 
in normal human urine (Schiaparelli a. Peroni, 
0. 10, 390). According to Lockyer a well- 
marked Rb line occurs in the solar spectrum 
(Pr. 27, 279). 

Uistorical.— In 1860 Bunsen applied the 
method of spectroscopic analysis, then being 
worked out by him along with Kirchoff, to the 
examination of the residue obtained by eva- 
porating very large quantities of the water from 
a mineral spring at Diirkhcim. Two red lines 
appeared which were not known to belong to 
any element. By further investigation Bunsen 
separated the chloride of the element, and on 
electrolysing the molten chloride he obtained 
metallic globules, which rose to the surface and 
took fire. By strongly heating an intimate mix- 
ture of the carbonate of the new element with 
finely divided charcoal and distilling into a re- 
ceiver under rock-oil, Bunsen obtained the metal 
in some quantity. The name rubidium was given 
because of the characteristio lines in the red 
part of the spectrum (ruber « dark red) (v. Bun- 
pen, A. 113,337; 122,347). 

FormaHon.^!. By distilling the mixture of 
Bb,GO, and 0 obtained by carbonising Bb.H 
tartrate (Bunsen, lo . ; Setterberg, A. 211, 100).— 
fL By distilling a mixtureof BbOH and A1 (Beke- 
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toff, J. B. 1888. 363).->8. By passing a strong 
electric current through molten RbCI, the posi- 
tive electrode being graphite, and the negative 
an iron wire, globules of Rb rise to the surface, 
and there take fire. If the negative electrode 
is surrounded with H {v. Lithium, vol. iii. p. 
148), a smalt-blue substance is formed, which 
dissolves in water with formation of RbOH and 
H ; this blue solid is probably a lower chloride 
than RbCl, perhaps Bbj,Cl (Bunsen, l.c ). 

Preparation.— ^\\o saline residues from the 
manufacture of lithium compounds from Saxon 
lepidolite (at Struve’s works in Leipzig) wore 
found by Bimscn (Z.c.), Heintz {J. pr. 87, 810), 
and Erdmann [J. pr. 86, 294) to be rich in Rb 
salts. The specimen examined by Bunsen con- 
taijicd 19-75 p.c. RbCl. Cossa [B. 11, 811) re- 
commended the natural alum from the island 
of Volcano as a good raw material for preparing 
Rb salts. ^ 

1. Bunsen’s method (A. 122, 351) for separa- 

ting Rb is based on the dillerent solubilities in 
water of the platinochlorides of K, Rb, and Cs ; 
these solubilities at 17^ are in the ratio of 
15:2:1. One kilo, of the saline residue from the 
preparation of Li compounds from Saxon lepi- 
dolito is dissolved in 2*5 kilos, water, and ppd., 
when cold, by 30 g. Pt in aqua regia. After 
settling the liquid is drawn off, and the pp. 
is boiled 25 times in succession with srijall 
quantities of water (1*5 kilos, in all), each portion 
being poured into the liquid which was drawn 
off from the pp. by the PtCl^. The 4 kilos, of 
liquid and washings are evaporated to 2*5 kilos. 
While this evaporation is proceeding, the washed 
platinochloride pp. is dried at 100°, heated 
nearly to redness in a stream of H until a mix- 
ture of Pt with RbCl, and perhaps a little CsCl, 
remains (if the solid melts reduction is incom- 
plete) ; and the RbCl is dissolved out in liot 
water. The Pt which remains is dissolved in 
aqua regia, and added to the liquid which has 
been evaporated. The pp. is washed with small 
quantities of water as before, dried, and reduced 
in H, the supernatant liquid and washings being 
evaporated. The reduced Pt is dissolved and 
added to the liquid, and so on. These processes 
are repeated seven or eight times. From 1 kilo, 
material Bunsen obtained *126 kilo. RbCl, con- 
taining 3-4 p.c. KCl and a little CsCl. To 
separate KOI, the approximately pure RbCl is dis- 
solved in water (36 g. in 1 litre), heated to boil- 
ing, and a boiling solution of PtCl^ (30 g. Pt ill 
aqua regia, diluted to 1 fitre) is added ; the pp. 
is washed repeatedly with water at 40°-60°, then 
dried, and reduced in H ; the RbCl is dissolved 
in water, and the Pt in aqua regia, and these 
processes are repeated until the RbCl shows no 
trace of the red lines of K in the spectro- 
scope. Finally, Bunsen separated CsOl by trans- 
forming the chlorides into carbonates, and treat- 
ing the powdered salts with boiling absolute 
alcohol until the insoluble RbCl ceased to show 
the blue lines of Cs in the spectroscope (RbCl is 
insoluble, while GsGl dissolves, in absolute (fico- 
hol). This process has been modified by Heinta 
(J. pr. 87, 310), Grandeau (A. Ch. [8] 67, 165), 
Piccard {J. 86, 449), Bdttger (J. pr. 89, 878), 

SohrOtter (j. pr. 86, 468), de Boisbaudran (BU 
[2] 17, 651), and others. 

2, Redtenbaoher’s method (/. pr, 96, 148) if 
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iMued on the different solubilities of the alnms 
of E, Bb, and Gs ; the solubilities in water, at 
17®, are as 22:4:1. The method has been modi- 
fied by Stolba iJ.pr. 99, 49), Godelfroy {A. 181, 
176), Petersen (D. P. J. 224, 176), Cossa (B. 11, 
fill), Setterberg (A. 211, 100), Bobinson a. 
Hntchins {G. N. 49, 253). The mother-liquor 
from which LijCO, has been separated by 
Sohr5tter’s method (vol. iii. p. 149) is evaporated 
with HjSO^Aq, with addition of Al, (80^)3, 
whereby Bb and Os alums are obtained mixed 
with K alum. Or lepidolite may bo decomposed 
by heating with H^SO^ and CaF., the residue 
boiled with five or six volumes water, KOH added 
equal to 5 p.c. of the quantity of lepidolite used, 
the whole boiled with water, and filtered hot, 
when the alums crystallise out on cooling 
(Stolba, Z.C.). The alums are dissolved in half 
their weight of boiling water, half as much cold 
water is added, and after stirring tho whole is 
let cool to 45°, when almost all the Bb and 
Cs alums separate, leaving much K alum in 
solution. The solution in water, and cooling, 
are repeated, toenperature being allowed to fall 
to 40° ; the alum which separates is dissolved 
in water equal to half tho weight of tho original 
quantity of mixed alums, boiled for some time, 
and allowed to cool to 60° while being stirred. 
The crystals which separate are almost pure Cs 
alum; the mother-liquor, when evaporated, yields 
almost pure Bb alum. 

To prepare the metal, BbCl or Bb alum can 
be transformed into BbOII, and Bb prepared 
therefrom; or the BbOH may be dissolved in 
the proper quantity of tartaric acid to form 
BbH tartrate, which may then be charred, and 
Bb obtained from the mixture of Bh^COj and 0 
so formed. 

To prepare BbOH, the BbCl is converted 
into Bb^SO^ by H.^SOiAq, the Bb^SO^ is dis- 
solved in water, boiled, liaOAq is added, the 
liquid being kept boiling. BaSO^ is removed by 
decantation, and the liquid is evaporated to 
dryness in a silver dish as quickly as possible. 
BbOH is obtained from Bb alum by dissolving 
in hot water, ppg. AljOg by slight excess of 
NHjAq, filtering hot, evaporating to dryness in a 
Pt dish, strongly heating till (NHJ.SO4 is re- 
moved, and then proceeding to decompose the 
BbjSOf by BaOAq as already described. BbOH 
is mixed with A1 clippings in the ratio 2BbOH:Al 
(«1 part A1 to 7*5 parts BbOH), and the mix- 
ture is heated to full redness in a furnace, in an 
iron cylinder, connected by an iron tube with a 
glass receiver. ThoBb distils over, and appears 
like Hg in tho receiver. As H is given off, the 
Bb is surrounded by a non-oxidising atmosphere 
(4BbOH 2Al = Bb30.Al,0., + 2Bb + 2K,). From 
28 to 33 p.c. of the Bb in BbOH is obtained 
(Beketoll, J. B. 1888. 363 ; abstracts in C. J. 58, 
108, and B. 21, Bef. 424). For a description of 
the method of preparing Bb from Bb^GOj and G 
V. Bunsen {A. 125, 867) and Setterberg {A. 211, I 
100). An explosive compound similar to the 
compound of K and GO (this voT. p. 300) is liable 
to be formed. 

For a method of separating Bb from Gs and 
E, based on the formation of double compounds 
of BbCl with SbClj, and with SnOl4, t>. Muth- 
mann (B. 26. 1019 [1893]). 

J?ropertm,--k very lustrous, white metal, | 


with an extremely faint tinge of yellow. Soft 
as wax, even at -10°; melts very easily ( 0 . 
88*6°). Lighter than water. Bunsen (A. 125, 
367) made one determination of S.G., which gave 
1*52, but the result is not final. Heated in ab- 
sence of 0, the metal distils below redness, 
forming a blue vapour. Bb dissolves in liquid 
NH3 (Seeley, C. N. 23, 169). When exposed to 
air Bb is at once covered with a greyish-blue 
film, which is supposed to bo a suboxide ; much 
heat is produced, and the metal soon takes fire. 
Decomposes cold water very rapidly, with evolu- 
tion of H, which takes fire. Bb is the most 
positive element next to Cs. It closely resembles 
K in its chemical relations {v. Alkalis, metals 
OF THE, vol. 1. p. 114). The at. w. of Bb has 
been determined (1) by determining Cl in BbCl by 
Bunsen (P. 113, 339; 115, 584 [1861]), Piccard 
{J. pr. 86, 454 [1862]), and GodelTroy {A, 181, 
189 [1875]) ; (2) by determining V.D. of BbCl 
and Bbl at c. 1200° (Scott, Pr. E. 14, 410). 
The S.H. of Bb has not been determined ; but 
from observations of the molecular heats of BbCl 
and Bb.^COa, and comparisons of these with those 
of the corresponding salts of metals that have 
normal atomic heats, it is probable that the 
atomic heat of Bb is c. 6*4, and, therefore, that 
the S.H. is c. -075. The atom of Bb is mono- 
valent in tho gaseous molecules BbCl and Ebl. 

Bcactions and Combinations. — 1. Bapidly 
oxidises in air ; much heat is produced, and the 
metal ignites. Beketoff {J. B. 1888. 363) gives 
[Bb%0] = 94,900.— 2. Decomposes cold water, 
with rapid evolution of H and production of 
BbOHAq ; Beketoff {l.c.) gives [Bb,H-OAq] 
= 90,400, with formation of BbOHAq and H. — 
3. Burns in vapour of chlorine, bromine, iodine, 
sulphtir, and arsenic, forming compounds with 
those elements (Bunsen, l.c.). 

Detection and Estimation. — Phospho- 
molybdic acid gives a yellow pp. insol. acids 
(Debray, Bl. [2] 5, 404). Silicotungstic acid 
(.SiW,2042HH.a;H30) ppts. Bb salts, but not salts 
of K (Godeffroy, B. 9, 1365). As Cs salts are 
ppd. by SbClg in cone. HClAq, added to solu- 
j tions containing cone. HCl (as OCsCl.SbCl,), 
i while Bb salts give no pp., Bb can be separated 
i from Cs salts by addition of HClAq and SbCl, 

! in HClAq (G., B. 8, 9). Bb is best detected by 
' the spectroscope. The most characteristic lines 
are in tho blue-violet, Bba(A-4206), and 
Bb^(A = 4216): *0002 mgm BbCl can bo de- 
tected (Bunsen, l,c.). Bb is determined in the 
form of BbCl. For tho separation of Kb from 
i K, and estimation of the Kb, v. Bunsen {l.c.), 
Bunsen determined BbCl in presence of CsOl by 
finding the sum of tho two chlorides, then esti- 
mating the total Cl, and calculating the quantity 
1 of each salt. 

I Bubldium, amalgam of. When cone. 
KbClAq is electrolysed, using Hg as negative 
electrode, a solid, white, lustrous, crystalline 
amaliftm is formed. Decomposes cold water 
rapidly ; becomes oxidised superficially in air, 
and then deliquesces with formation of BbOH. 
Is electropositive to E amalgam (Bunsen, A. 122, 
347). 

Babidium, bromide of. BbBr. Formula 
probably molecular, from analogy of BbCl and 
Ebl. Formed by burning Bb in Br. Also^ by 
saturating HBrAq with BbaCOs, and evaporatings 
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Wlilto, lustrong, regular octahedra. S. 98 at 6°, 
104-8 at 16® (Reissig, A. 127, 38). Melts at o. 

(OarneUey, G- J. 33, 279). Combines with 
IBr, to form RbBr.IBr ; and with Br to form 
EbBr.Bra (Wells a. Wheeler,* ilm. 8. [3] 43, 476). 

Bubidium, chloride of. RbCl. Mol. w. 
120-57. V.D. at 1200®-1500® 69-7 (Scott, Pr. E. 
14, 410). Melts at o. 710^ (Carnclley, C. tT. 33, 
279). By burning Rb in Cl. Also by saturating 
HClAq with Rb.COa, evaporating, and crystal- 
Using from water. Also by reducing Rb._.rtCla 
in H, and dissolving out RbCl in water (c/. 
Preparation^ p. 411). White, lustrous, cubi- 
cal crystals ; unchanged in air ; decrepitates 
when heated, and then molts, and volatilises at 
a very high temperature. S. 76-38 at 1®, 82*89 
at 7® ; sol. alcohol (Bunsen, l.c.). Molten RbCl 
is a good conductor of electricity (Hampe, Chem. 
Zeitung, 1887. No. 64). Double compounds : 
RbCl combines with many metallic chlorides; 
some at any rate of the products, the platincf- 
and platini-chlorides Rb.jPtCl4 and Rb-^PtClg, are 
best regarded as Rb salts of acids containing 
metals and Cl. The following compounds have 
been prepared: M = RbCl. eM.BbCl, (1) ; 
3M.2SbCl3 (6); eM.BiClj (1) 1 
M.CdClo.a;H.,0 (1) ; 2M.CrCl;,.ati (2) ; 2M.CuCl., (1) ; 
M.AuCi; (3)'; 3M.reCl, (1), 2M FeC^.aq (2) ; 
2M.MnCl..3aq (1); 2M.HgCl2, 2M.TIgCl,. iaq, 
M.2HgCL, M.4HgCl, (1) ; 2M NiCl, (1) ; 
2M.PtCL (4), 2M.PtCl4 (6); 3M.TICI3 (2); 
2M.SnCl4 (1) ; 2M.ZnCL (1). ^ ^ ^ 

Jleferences to above.— {!) Godeffroy, », 
9; (2) Neumann, A. 244, 329; (3) Rosenbladt, 
B. 19, 2536; (4) Nilson, Bl. [2] 27, 210; (5) 
Bunsen, A. 122, 347; (6) Muthraann, B. 26, 
1019, 14-25. . , * 

RbCl also combines with IBr to form 
RbChlBr; with ICl, to form RbCl.ICl; with 
BrCl, to form RbCl.BrCl ; and with Br to form 
RbCLBr. (Wells a. Wheeler, Am. S. [3] 43, 47o). 

Rubidium, cyanide of. Setterberg [A. 211, 
100) probably obtained a cyanide of Rb by pass- 
ing dry HCN into an alcoholic solution of RbOIl. 


Reissig {A. 127, 33) failed to obtain the salt 
free from products of decomposition. ^ ^ 

Rubidium, ferrocyanide of ; v. vol. ii. p. 33o. 

Rubidium, fluoride of, RbF. Formula pro- 
bably molecular, from analogy of RbCl and 
Rbl. S.G. 3-202 at 16*5® (Clarke, Am. S. [3] 
13, 293). Melts at c. 763® (Carnelley, G. J. 33, 
279). Forms a double compound with 
uranyl fluoride, dUbF-UOnF^-Oaq (Ditte, G. B. 

Rubidium, hydroxide of, RbOII. A white, 
brittle solid, with slight greyish tinge; very 
alkaline and caustic ; easily sol. w'atcr, with 
production of much heat ; sol. alcohol. F orined 
by decomposing ILO by Rb ; also by boiling 
RbaS04Aq till air is” driven out, adding BaOAq 
gradually, keeping the liquid boiling till BaB04 
ceases to be formed, decanting from BaS04, 
which separates out rapidly, and evaporating 
in a silver dish. Melts below redness; is not 
decomposed by heating. When molten attacks 
Pt. Beketoff (/. R. 1888. 363) gives [Rb,0,H] 
- 164,800 ; LRb^O,H^O] = 69,900. 

Rubidium, iodide of, Rbl. Mol. w. 211*63. 
V.D. 110*8 at 1200®-1600° (Scott, Pr. E. 14, 
410). Melts at 0 . 642® (Carnelley, C. /. 33, 279). 
liustroui, white, regular octahedra ; unchanged 


in air. S. 187*6 at 6*9®, 162 at 17-4®. Fcrtncd 
by saturating HIAq with Rb,CO„ evaporating, 
and crystallising from water. Also by heating 
Bb in I vapour (Reissig, A. 127, 83). llbB com- 
bines with I to form Bbl.1, (WeUs a. Wheeler, 

Am. 8. [8] 43, 475). . -ou i 

Rubidium, oxides of. No oxide of Rb has 
been isolated. Rb burns in air, possibly with 
formation of an oxide and peroxide similar to 
KoO and K.4O4. The greyish-blue film which is 
formed on the surface of the metal when ex- 
posed to the air is perhaps a suboxide. According 
to Beketoff {J. R. 1888. 363), the thermal value 
of l:Rb^O] is 94,900. . . , w 

Rubidium, salts of. The principal salts 
formed by replacing H of oxyacids by Rb are 
borate^ carbonates, chlorate and perchlorate^ 
chromate and dichromate^ molybdate^ nitrat^% 
oxalate, silicotungstate, sulphate, and thio- 
sulphate (v. Caubo^ates, Nitrates, (fee.). 

Rubidium, silicofluoride of. Rb.^SiFa. White, 
regular crystals. S.G. 3*338 at 20®. S. 0. *16 at 
20®, 1*35 at 100®. By ppg. hot Rb alum solu- 
tion by CuSiFa (Stolba, c/.pr. IOC, !)• 

M. M. F. M. 

RUBIJERVINE v. Jervink. 

RUE OIL. The essential oil (0. 229°) ob- 
tained by distilling Riita graveolcns contains 
methyl ennyl ketone CnHjoO (224®), a ketone 
(232°), and a small quantity of terpene 
(Gerhardt, G. B. 20, 225, 361 ; Cahours, G. B. 
26, 202 ; Greville Williams, 2’. 1868 [1] 99 *, A, 
107, 374 ; Hallwachs, A. 113, 108 ; Ilarbordt, 
A. 123, 293). By boiling oil of rue with nitrio 
acid (S.G. 1*2) an acid CJI.gN. ,04 may be ob- 
tained (Chiozza, A. 85, 225 ; Alexojell, 

736). This acid is a heavy oil, forming KA and 
NaA', crystallising from alcohol in greenish- 
yellow tables (Tiimpach, A. 190, 298). 

BUFICOCCIN V . Carminio acid. 

RUFIGALLIC ACID v. Hexa-oxy-anthea- 

QUINONE. , , 

RUFIN CailLaOs. A product of the action 
of heat on phlorizin (Mulder, Bei). 8cientif. 8, 
50 ; Stas, A. oO, 198). Dark-red rosin, sol. alco- 
hoi, nearly insol. ether and water. Its alkaline 
solutions are red. AOj^O forms C^iHuAcOa (Sohiff, 
A. 156, 5). 

RUFIOPINE is Tetra-oxy-anthraquinonb. 

RUFOL V . Di-oxy-antiiracene. 

RUTHENAMMINE3 v. Ruthenium - 
ammonium compounds, p. 418. 

RUTHEWATES v. Ruthenium, sarts ot 
OXYACIDS OP, p. 417. 

RUTHENITES v. Ruthenium, salts of 
OXYACIDS OP, p. 417. 

RUTHENIUM. At. w. 101*4. Mol. w. un- 
known. Molts at highest temperature attainable 
by 0-H flame, which is above 2000® (Deville a. 
Dcbray, A. Ch. [3j 66, 385). S.G. 12*26 at 0® 
(crystallised) (D. a. D., 0. 2?. 83, 928) ; older de- 
terminations varied from 8-6 to 11*4. Joly (u. 
116, 430) gives S.G. of Ru melted in an electrio 
furnace as 12*63 at 0° ref''Tred to water at 4®. 
S.H. *0611 from 0° to 100® (Bunsen, P. 141, 1), 
O.B. at 40® (linear) *00000963 (Fizeau, 0* B. 68f 
1125). 

Occurrence.— In many platinum ores ; Ru 11 
a constant ingredient of osmvridium (vol. iii, p« 
47), the quantity varying from 8 to 6 p.c. (v, 
Claus, A. 66, 267 ; 69, 234 ; Gibb», Ain, 8- [2] 2^ 
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427; 81, 68; 84, 841). Wohler found Bu,S, in 
Immte, a rare xnineral ocourring in Borneo and 
in Oregon {J, pr, 98, 226). 

In 1828 Osann (P. 13, 283 ; 14, 829 ; cf, 64, 
197) thought he had discovered three new metals 
In the portion of a Pt ore insol. in aqtia regia ; 
to these metals he gave the names polin, plura- 
nium^ and ruthenium (from Ruthenia - Eussia). 
In 1846 Claus {A. 60, 257 ; 69, 234 ; cf. 63, 369) 
examined the substance called ruthenium oxide 
by Osann, and found it to consist chiefly of SiO,, 
TiO^, J^ePa, and ZrO^ ; from this material Claus 
isolated a new metal, to which he assigned Osann’s 
name, ruthenium. 

Formation, — 1. By reducing llu^Oa by 
heating in H or C.— 2. By strongly heating 
(NH,),EuCl„, (NH,,)aIluCl„ or 

llu(NHa.NHaCl).^.HgCl2. — k By heating liuSnain 
a graphite boat in a stream of HCl. 

Preparatio7i.—I>6\i\lG a. D^bray {€. R. 82, 92G) 
prepared pure Eu by heating the ordinary metal in 
a stream of 0 till every trace of Os was removed 
as OsO, (vol. iii. p. 640), fusing with KOH and 
KNOj, dissolvingin water, saturating with Cl, and 
distilling off EUO4 into KOHAq, by heating in 
a stream of Cl on a water-bath, ppg. Kii^Os hy 
adding alcohol to the solution of KKuO^, heating 
the pp. in coal-gas till reduced to liu, melting in 
a graphite crucible with 5 to G parts pure tin, 
treating with boiling HClAq, washing and drying 
the crystalline EuSn^ which remained, and heat- 
ing this strongly in a graphite boat in a stream 
of HCl. — 2. Osm-iridium is mixed with 2 parts 
ENO3 and 1 part KOH, and the mixture is heated 
to redness in a large silver crucible, embedded in 
MgO in an earthenware crucible; the molten 
portion is poured off, and the residue is heated 
with more KNO3 and KOH. The fused mass is 
lixiviated with water ; the orange solution, which 
contains KOH and K salts of HNO.^, HNO^, 
H3OSO4, and H3EUO4, is neutralised by HNO.,Aq, 
when a black pp. forms containing OsOj.rcHjO 
and Eu303.a;H,40. This pp. is filtered off, the 
filtrate being set aside, and is washed and boiled 
with HClAq and HNO^Aq in a retort connected 
with a receiver which is kept very cold; the 
boiling is continued till a drop of the distillate, 
when brought alternately into the oxidising and 
reducing parts of the Bunsen fiame, ceases to 
give a bright flash in the former, i.e. until OSO4 
ceases to distil off. The residue, which con- 
tains EuClj and EuCl^, is dissolved in a little 
water, excess of NH^Cl is added> to the hot 
cone, solution, the liquid is poured off from 
(NHJ^uClj, evaporated and mixed with more 
NH4CI, when (NH4)3KuCl3 ppts. Excess of 
NH4CI is removed from the pps. by washing with 
alcohol. By strongly heating the pps. Eu is ob- 
tained. The solution filtered from the pp. of 
0s03.a;Hj0 and Ru208.a;H.p contains OSO4 
KUO4 ; it is made strongly acid by HClAq, OsO* 
is distilled off, the solution is evaporated till most 
of the KNO, crystallises out, the mother-liquor 
is evaporated to dryness, the residue is dissolved 
in water, and Eu-^Sj is ppd. by adding (NH4)3SAq 
and then acidifying ; after washing and drying, 
the BU3S3 is roasted, and the Eu^O, so formed is 
reduced by heating in H, or by strongly heating 
in a grapMte crucible; or the Eu^O, may be 
dissolved in HClAq, and NH4-KU chlorides ob- 
tfuned from this solution and decomposed by 


heat (Claus, J,pr, 85, 129; Carey Lea, Am. $• 
[ 2 ] 88 , 88 ). 

For other methods of separating Eu from 
osm-iridium v, Deville a. Debray (A. Ch. [8] 66, 
886 ; C. R. 83, 927;* Fremy, A. Ch. [3] 44, 386; 
Gibbs, Am, S. [2J 34, 343; 37, 61). Debray ob- 
tained ruthenium in crystals by dissolving the 
spongy metal in molten lead, heating strongly, 
and, after cooling, dissolving out the lead (with 
which Eu does not alloy) in HNO,Aq (0, R. 90, 
1195). 

Properties, — A white, lustrous, hard, heavy, 
brittle metal. As obtained by heating the double 
ammonium chlorides, Eu forms a white spongy 
mass ; the metal formed by reducing the oxide 
by H appears in white porous fragments, which 
can be powdered; after fusion in an electric 
furnace Eu appears greyish (Joly, 0. R, 116, 430). 
Next to Os, Eu is the most infusible metal ; small 
pieces can be melted at the highest temperature 
ci the 0-H flame (D. a. D., A. Ch. [3] 60, 386) ; 
a little BuO, is formed and then decomposed to 
lluOa (D. a. D., C. R. 80, 457). Insoluble in all 
acids if in compact pieces ; very finely divided 
Eu dissolves slightly and slowly in boiling aqua 
regia. Not attacked by molten KHSO4 ; oxidised 
to K2BUO4 by fusion with KOH, KNO.^, or KCIO3. 
Eu dissolves in molten Zn or Eb ; treatment with 
HNO^Aq loaves the Eu undissolved. Small quan- 
tities of Eu when alloyed with Pt metals soluble 
in acids go into solution, with the Pt metals, in 
these acids. Finely divided Eu combines with 
0, when heated in 0 or in air. 

Eu is closely related to Eh and Pd, and less 
closely, but very distinctly, to Os, Ir, and Pt ; 
V , Noble metals, vol. iii. p. 628. 

The atomic weight of Eu has been deter- 
mined (1) by determining the ratio of Eu to 
KOI in K^EuClj (Claus, P. 66, 218 [1845]; 
(2) by analyses of the salts M.,Eu(NO)Cl5, where 
M = K, Na, and NH, (Joly, C.^B. 107, 994; 108, 
946 [1889]; (3) by determining V.D. of EuO* 
(Debray a. Joly, C. B. 106, 328) ; (4) by mea- 
suring S.H. of Eu (Bunsen, P. 141, 1). Claus’s 
determinations gave values from 102'2 to 104-8 
for the at. wt. 

The only compound of Eu whose mol. weight 
is known in the gaseous state is EUO4 ! 
valency of the atom of Eu cannot be determined 
from this datum. 

Reactions and Combinations. — 1. Finely di- 
vided Eu, when heated to redness in air or in 
oxygen^ rapidly absorbs 18-6 p.c. 0 (Claus, J. pr, 
42, 364) ; after 10 hours, c. 2.8 p.c. 0 has com- 
bined (D. a. D., 0. B. 87, 441) ; the product is a 
mixture of EuOj and Eu (Claus failed to obtain 
a lower oxide than EuOj in this way). Crys- 
tals of EuO.4 are obtained by heating the metal 
in a tube in a rapid stream of 0 ; according to 
Dobray and Joly (C. R. 106, 1494), EuOi is 
formed and then decomposed (v. Ruthenium 
TETBOxiDB, p. 417). — 2. Heated in chlorine^ a 
small portion is changed to a chloride ; mixed 
with sodium chloride and heated in chlorinct 
Na^RuClj is formed (Claus, f.c.).— 3. Spongy Eu 
is said to form HClAq when placed in chlorine 
water ; and to produce chlorides in solations of 
hypochloriteSy 0 being given off (Sohfinbein, 
J, pr, 98, 761.— 4. Very finely divided Eu dis- 
solves slightly when kept in boiling aqua regia 
for some time, BuOl, being fonued,— 5. M,BuO^ 
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lolaUe in wafer, is formed by lasing Ba with 
oaoBtio alkalis, alkaU chlorates, or alkali nU 
trates. Alkaline earth nitrates or chlorates also 
form rathenates (v. Buthsnatbs, p. 417). 

Detection,— k few mgms. of the substance to 
be tested are heated, in a spoon of Pt, with ex* 
cess of KNO, until the whole melts and ceases 
to give ofl gas ; when cold, the mass is dissolved 
in water, when a strongly coloured orange-yellow 
solution is obtained ; a little HNOaAq is added to 
this solution, followed by HGlAq, and warming 
till the voluminous black pp., produced by 
HNO^Aq, dissolves to an orange-yellow solution ; 
H.^S is passed ipto this liquid, until it appears 
black from the presence of suspended Bu sul- 
phide (or oxysulphide) ; on filtering, an azure- 
blue liquid is obtained, probably containing 
BuClj (Bunsen, A. 146, 265). For estimation 
v.Deville a. Debray (0. B. 83, 927). 

Ettthenium, alloys of. An alloy with iridium 
was obtained by Deville a. Debray {A. Oh. [3]. 
66, 385). A crystalline alloy with tin, RuSua, is 
formed by melting Ru with 10 to 15 parts Sn, and 
when cold treating with HClAq. The tin is 
removed, and crystalline Ru remains, by heat- 
ing, in a graphite boat, in II Cl gas (D. a. D., l . c . ; 
V. also G. B. 83, 927). Ru alloys with sine ; 
much heat is produced (D. a. D., l . c .), Ru dis- 
solves in molten lead, but separates out again on 
cooUng (Debray, C, R, 00, 1105). 

Ruthenium, ammonio-salts of; v. Ruxas- 
NIUM-AMMONIUM COMPOUNDS, p. 418. 

Ruthenium, chlorides of. Two chlorides, 
BuClj and RuCl,, are obtained by heating finely 
divided Ru in a stream of Cl. No other chloride 
has been isolated ; the existence of double com- 
pounds of RuGlf with alkali chlorides is doubt- 
ful. The molecular weights of the chlorides are 
not known. 

Ruthenium dichloridb RuClj,. {Ruthenous 
chloride, Ruthe'noso-chloride.) Prepared by 
heating very finely divided Ru in a stream of 
Cl. Action begins at c. 300° (Joly, G, R, 114, 
291) with formation of RuCla, which is removed 
by subliming, and the temperature is kept at dull 
redness for an hour or two; the residue is 
powdered, and again heated in Cl; and this 
treatment is repeated several times (Claus, A, 
69, 234). A black crystalline mass; insoluble 
water, acids, or alkali solutions. The azure- 
blue liquid formed by the action of reducers, 
such as Zn or HjS, on solutions of RUCI3, was 
thought by Claus {l.c.) to contain RuCL. 

Ruthenium trichloride RuClj. { TtuihenO ’, 
or ruthenoso - ruthenic , chloride . Sesquichloride 
of ruthenium .) Obtained, as a brown, crystalline, 
very hygroscopic solid, by dissolving Ru(OH)j 
(Claus, A. 69, 234), or RuO, (Joly, C. R, 107, 
994), in HClAq, and evaporating to dryness. 
Joly (Q. R. 114, 291) obtained RuClj by heating 
finely divided Ru at 360° to 440° in a mixture of 
GO and Cl, the Cl being in excess. Claus says 
that RuClj is soL water, with partial decompo- 
sition to an insol. oxychloride ; and that, on 
heating, the solution decomposes with separation 
of a black powder (partly oxychloride, partly 
BaO,H,), the colouring power of which is so 
great that 1 mgm. sufiioes to make 500 0.0. water 
appear quite black. Joly (0. B. 114, 291) says 
that BuGl„ prepared by heating Rn in 01 and 
CO, u insol. cold water, acid solutions, GCl^, GSg, 


GHGlg, Ei^O, or PCI, ; It is decomposed slowlv 
by hot water ; slowly dissolved by digesting with 
50 times its weight of absolute alcohol, in a sealed 
tube. Solution in alcohol is purple-violet; 
slowly decomposes in moist air, more rapidly at 
60°, giving RuCljj.OH [v. Ruthenium hydroxy- 
CHLORIDE, p. 416). RuCl, absorbs NH, to form 
2HuCl,.7NH, ; another compound containing 
NHj, viz. Ru.^Cl^(OH).i.7NH3.3HoO, is formed by 
throwing RuCl^ in small successive quantities 
into cold saturated NH^Aq and then heating to 
40° (Joly, G, R. 116, 1209). 

Double salts. Ghlor-ruihcnites, 
RUCI3.2MCI, or MjRuClj; M = NH„ K, Na 
(Claus, A. 50, 234 ; 63, 359). Formed by eva- 
porating RUO3H3 in HClAq nearly to dryness, 
dissolving in water, and adding cone, solution 
of the alkali chloride ; also by heating a mix- 
ture of Ru with KCl or NaCl in Cl (Joly, 0. B, 
107,004). The poiassiujn salt, which seems to 
be the most definitS, is a brownish-violet, crys- 
talline powder, scarcely sol. cold water, some- 
what sol. boiling water, insol. alcohol of 80 p.o. 

Joly (C. R. 108, 854) obtained ruthenium 
nitrosochloride RuCla.NO.HD, by heating 
RuClj with a largo excess of HNOjAq, and eva- 
porating at 120°. Heated in vacuo, or in COj, 
at 440°, gives off NO, and leaves a mixture 
of RuCl, and RuO^. Solution of the nitroso- 
chloride is not ppd. by alkalis in the cold ; but 
on boiling with enough alkali to combine with 
3C1, a brown gelatinous pp. of nitroao-oxide, 
Ru 30,.2N0.2IL0, is obtained. For compounds 
of RuCl, with NO and alkali chlorides, v, Uitroso- 
chlor-ruthenates, infra. 

Ruthenium tetuachloridb RUCI4. {Ruthe* 
nichloride, Ruthcnic chloride.) Claus {A. 59, 
234) supposed that a solution of RUO4H4 in 
HClAq contained this chloride ; ho also de- 
scribed various alkali chlor-ruthenates, M,RuCl„ 
obtained by adding alkali chlorides to the sup- 
posed solution of RuCl4. Joly, however {G. R, 
107, 094), has shown that Claus’ salts contain 
NO ; and he asserts that the compound used by 
C. and supposed to bo RuO^II, itself contained 
NO. Joly failed to obtain either RuCl^ or the 
salts MjliuCl,. The compounds described by 0, 
as MjBuClfi, but shown by J. to be M,Ru{NO)01„ 
may be caUed nitrosoohlor-ruthenates. 

Nitrosochlor-ruthenates, 
M.3Ru(N0)Cl,(RuCl3.N0.2MCl). M- Am, K, Na. 
These salts were obtained by Joly (G. B. 107, 
994) by heatipg RuCl, in HNO,Aq for some time 
and adding alkali chlorides, also by adding 
alkali nitrites to warm solutions of RuCl, in 
HClAq. According to Joly, the salts described 
by Claus as MjRuCl, are in reality nitrosochlor- 
ruthenates. These salts yield NO when heated 
with CaCO,. Solutions of these salts are not ppd. 
by alkalis in the cold ; on boiling with alkali suffi- 
cient to combine with 3C1, a pp. of Ru,O^NO)2.2aq 
is slowly formed (J., 0. R, 108, 864). The group 
NO evidently forms part of the acidic radicle ol 
the salts (c/. Ruthenium-ammonium compounds, 
p. 418). 

Potassium nitrosochlor-ruthenate, 
K,Ru(NO)Cl,. Prepared by fusing Ru with KOH 
and KNO„ dissolving in HClAq, and evapora- 
ting somewhat till excess of EGl and ENO, crys- 
tallise out; by evaporating the mother-liquor 
a mixture of KjBuCi^ and E,Ru(NO)Cl, is 
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tafnedi from whioli water dissolves the latter iridiam containing Bu in a porcelain tube 
salt. Purified by crystallisation from water, (Fremy, A. Ch. [3] 44, 386). Also cbtained by 
wherein the salt is fairly soluble. Black, ortho- strongly heating finely divided Eu for some 
rhombic prisms; transparent when in thin time in a stream of 0 (D. a. D., A. Oh. [3] 66, 
crystals. Solution in water is violet-red. 385 ; 0. E. 83, 927 ; 87, 441). The whole of 

Kuthenium, cyanide of, and derivatives ; u. the Eu is not converted into KuO^, but some 
vol. ii. p. 346. metal remains unoxidised (D. a. J., 0. B. 100, 

Buthenium, hydroxides of ; v. Euthenium, 1494). At a very high temperature EuO, is 
OXIDES AND HYDRATED OXIDES OF, infra, formed, and at a lower teraj)eraturo this is re- 

Ruthenium, hydroxychloride of, Ru(OH)Cl2. solved into EuO., and 0 (D. a. D., 0. B. 80,457 ; 
Described by Joly (0. B, 114, 291) as a solid, D. a. J., 0. B, lOG, 1421). D. a. J. (0. B. 106, 
obtained by heating, in moist air to 60"*, a solu- 328) obtained RuO.„ partly amorphous and partly 
tion of EuClj in absolute alcohol. Very sol. crystalline, by heating EuO^ to 107° ; also by 
water ; the deep indigo-blue solution slowly heating Eu,0„ to 440°. 

deposits EuOjHj. Dark-violet, quadratic crystals ; isomorphous 

Buthenium, iodide of, Eulj. This com- with rutile (Fremy, Ic . ; D. a. J., Z.c.). S.G. 
pound is formed, according to Claus (A. 59, 7-2 (D. a. D., A. Ch. [3] 56, 385). Insol. acids, 
234), as a black pp. by adding KI to K^EuCl^q. sol. molten KOHAq. Easily reduced by H. The 
Buthenium, nitrosochloride of, Ru.NO.Cl 3 , only salt of an oxyacid corresponding with EuO^ 
V, under Ruthenium TRicnLonpE. which has been isolated is Eu(SO,)., (Claus, l.c.), 

Buthenium, nitro 8 opento*kide of. Hydrated ruthenium dioxide EuOa.SHD or 

Ruo(N 0 )a 03 . 2 H 30 , V, under Ruthenium pent- EuOjHj.SH^O. The existence of this compound 
OXIDE. ^ ^ is doubtful. Claus {A. 59, 234) gave this com- 

Buthenium^ oxides and hydrated oxides of. position to the gelatinous, yellow-brown pp. 
Claus described four oxides of Eu : EuO, Eu .Oa, formed by decomposing KJluCl,,Aq by NaXOg ; 
EuOa, EuO,; and the hydrated oxides : but Joly has shown that Claus’ KEuCla contains 
RU 3 O 3 . 3 H 3 O and RUO 3 . 2 II 2 O. According to De* | NO (c/. Euthenium tetkaculoride,p. 416). Claus 
bray and Joly, EuO and llu^Oa have not been ' also obtained hydrated EuO^ by evaporating 
isolated, but the oxides EuA and Eu A exist, i Hu(SO,) 3 Aq with KOIIAq; but as the sulphate 
besides RuO.j and EuO,. According to Joly, employed was obtained by oxidising Eu sulphide 
Claus* RuO^.^HD contains NO. Eu combines bynN 03 ,it mayhavecontainedNO. Joly (0.7?. 
with 0 when melted in the 0-H flame, with 107, 994) gives the formula Eu 30 ;,(N 0 ) 3 . 2 H 30 to 
formation of EuO^; it is probable that EuO, is to the brown gelatinous pp. formed by boiling 
formed, and then decomposed to RiiO., i 0.. Eu(NO)Clj or K 2 Eu(NO)Cl,, with KOHAq or 
Ruthenium monoxide EuO. (Buthenous K^CO^Aq. It seems probable that Claus’ 
oxide.) According to Claus {A. 59, 234), this ! EuO^.SH.O is the same as the nitroso- com- 
oxide is formed, as a dark-grey, metal-liko solid, pound obtained by Joly (c/. infra Hydrated 
by calcining EuCl.^ mixed with rather more than nitroso-pentoxidc). 

an equivalent of Na^COa in a stream of CO., and Ruthenium pentoxide Ru. 05 ( == Ru 03 .Ru 03). 
washing with water as long as anything dig- When EuO.Aq stands for some time in a closed 
solves. Debray and Joly (O.E. 106, 828, 1424) vessel, a black pp. settles down and a black 
could not obtain this oxide. crystalline crust forms on the sides of the vessel, 

Euthenium besquioxide EaP;,. {Butheno- while 0 is sot free and escapes when the vessel 
oxide.) When Eu black is strongly heated in a is opened. The composition of the pp. and 
Pt crucible, c. 18*5 p.c. 0 is rapidly taken up ; crystalline crust after drying at 100° is given by 
0 is then slowly absorbed till from 23 to 21 p.c. Dcbray a. Joly as EuA (C*. R. 106, 328). This 
has combined, and a blue-black mass is formed, oxide is also obtained by allowing a dilute solu- 
This blue-black solid is Eu A^ according to Claus tion of a ruthenato to stand for a long time, or 
66, 257 ; 69, 231) ; according to D. a. J. (^.c.) by adding a dilute acid to such a solution, 
it is a mixture of Eu and EuOj. D,. dissolves in IIClAq, giving off Cl ; heated 

Hydrated ruthenium besquioxide to 360° Eu.,Oy is formed. 

Ru.A*llHp or EuCgHg. [Black ruthenium Hydrated nitroso-pcntoxideB,\Ji.^Of[^0).i^.^'R^O. 
hydroxide.) A black powder; prepared by ppg. A black solid, formed by boiling Ru(NO)Cl3 or 
solutions of EuClj by alkali, or by alkali ear- K2Eu(NO)Cl3 (v. Nitrosochloride ^ and Nitroso- 
bonate, phosphate, or borate (Claus, A. 59, 234). chlor-ruthe nates, p. 415) with sufficient alkali 
Also ppd. from an aqueous solution ofRu(OII)Cl2 or alkaline carbonate to combine with 3C1, and 
(v. Hydroxy chloride, supra). Even after washing drying the pp. at 150° (Joly, C. E. 103, 854), 
for several days the pp. retains c. 1 p.c. alkali. Slowly decomposes when heated to 360° in CO,, 
Reduced, but incompletely, by H at ordinary giving EuA 1 above 440° decomposes violently, 
temperature. Insol. KOHAq or NaOHAq, si. giving off N oxides ; reduced by H below 100°, 
sol. NH3Aq (Claus, l.c .) ; sol. in acids. The only giving off NHj. Sol. in acids, forming nitroso- 
salts of oxyacids derived from this oxide which salts. 

have been prepared are Eu(N02)3.3KN0.3 and Ruthenium nonoxide EuA ( = 3Ru03.Eu03), 

the corresponding Na salt (Claus, J. 1803. 697 ; This composition was given by D. a. J. [G. B, 
Gibbs, Am, S. [2J 29, 427 ; 31, 63 ; 34, 341). 106, 328) to the black, lustrous, crystalline crust 

Ruthenium dioxide RuO,. [Buthenic oxide.) obtained by heating EuO^Aq to 100°. The same 
Formed by strongly heating Eu sulphide, or oxide is formed by heating Eu^O, to 860°. 
Eu(SO,) 2, in (Claus, A. 59, 234). Eu(S04)2 Heated to 440° this oxide gives amorphous 
is obtained by ppg. EuOl, solution by H.2S, and RuOj and 0. 

oxidising the pp. by HNO3. EuOj is also formed, Ruthenium tri- oxide BuO,. (Buthenio 
Its a crystalline sublimate, by roasting osm- anhydride.) This oxide has no^ be^n 
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bat falls derived from it are known. BuO, is 
the hypothetical anhydride of rnthenio acid 
(HjBuOJ, which has not been isolated. For 
the salts corresponding with this oxide v. 
RuthenateSt under Butueniuu, salts. or oxx- 
Acms OF, infra, 

Bdthenium heptoxidb RujO,. {Per-ruthenic 
anhydride.) This oxide, the hypothetical 
anhydride of the non-isolated per-rathenio 
acid (HRuOJ, has not been prepared. For the 
salts corresponding with this oxide v. Per- 
ruthenateSf under Ruthenium, salts op oxyacids 
or, infra . 

Bothenidm tetroxide RUO4. (Sometimes 
called per-ruthenic acid^ and frequently rwi/teuic 
acid.) Mol. w. 1G5-24. V.D. 83*3 at 100'’ and 
106 mm. pressure (Debray a. Joly, G. It. 106, 
328). 

Formation. — 1. By passing Cl into a solution 
of the product of fusing Ru with KOH and 
KNOa. — 2. By tho action of KCIO, and ilCl, not 
aqua regia^ on KaRuCljAq (Claus, A. 69, 234). — 
8. By heating finely divided Ru in a stream of 
0 to 0. 1000°, and cooling rapidly by means of 
ice. If the temperature is allowed to fall slowly 
the RuOi formed decomposes explosively at 0. 
108° (Debray a. Joly, 0. It. 106, 100). 

Preparation. —A mixture of 1 part finely 
divided Ru, with 8 parts KOH and 1 part KNOj, 
is heated to dull redness in a silver crucible till 
fused ; the product, when cold, is dissolved in 
16 parts water; the solution is placed in a 
tubulated retori connected, by a long tube, with 
a very well cooled receiver (the connecting tube 
being also cooled), and a rapid stream of Cl is 
passed into the solution ; a considerable amount 
of heat is produced, and RUO4 passes over and 
solidifies in the receiver (Doville a. Debray, A. Ch, 
[6] 4, 637). To free the preparation from water 
D. a. J. (0. R. 106, 328) place it in a tube with 
fused CaClj, contract the tube in the middle, 
pump out the air, and seal oS the tube. The 
liuO, slowly sublimes into the upper part, which 
is then separated from the rest. The RUO4 is 
finally distilled in vacuo into tubes which have 
been very carefully cleansed from all traces of 
organic matter, and dried by heating to redness 
in a stream of H. RuO, may be obtained in 
well-formed crystals by subliming in vacvjo at 
tho ordinary temperature. 

Properties.— (D. a. J., G. B. 106, 328.) Golden 
yellow crystals, molting at 25*5° to an orange-red 
liquid, which solidifies slowly to a vitreous solid. 
Smell resembles that of ozone ; the vapour 
causes coughing, but does not affect the eyes 
(Claus, J, pr. 80, 282). Sublimes at 3 to 4 mm. 
pressure on the slightest rise of temperaturo; 
tlie vapour is golden yellow. Decomposes at 
106°-107° without boiling. Tho vapour-pressure 
of the crystals is almost 7iil at 0°, 20 mm. at 
42°, and 182 mm. at 100*8°. May be distilled in 
water- vapour containing Cl or HCIO. Gradually 
reduced to RuO, by sunlight (Joly, 0, R. 113, 
693). Dissolves in water, forming a golden- 
yellow solution, which gradually decomposes 
with ppn. of Bu.p.^.a;R20. RUO4 attacks Hg, and 
slowly acts on glass. RuOf does not form cor- 
responding salts, either by reacting with acids 
or alkalis. Moist BUO 4 is very easily reduced, 
t.g> by contact with paper. 

Reactions.— 1. Decomposed by heat ; i|o ftc- 
V0L.IV, 
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tion below 106 ° ; at 107 ° sudden decomposition 
occurs, with a smoky flame and formation of 
amorphous BuO, on the walls of the vessel, and 
crystalline BuO^ from the part that has melted 
(D. a. J., I.C.). According to D. a. J. (C. R. 106, 
100), BUO4 IS formed when 0 is passed over 
spongy Ru at c. 1000°, and the product is 
rapidly cooled. If cooling is allowed to take 
place slowly the RUO4 decomposes at c. 108°.— 
2. Dissolves in water ; solution keeps unchanged 
for some time, but slowly deposits Ru-P^rrHaO. 
Decomposition is more rapid at higher tempera- 
tures ; at 100° Ru 40 u.xTI.G is formed (D. a. J., 
Z.C.).— 3. Solution in water, or moist Rn04, is 
quickly reduced by alcohol and several other or» 
ganic compounds (Claus, J, pr. 80, 282). — 
i. With solutions of alkalis forms ruthenates 
and por-ruthenates, with evolution of 0. Alco- 
holic solution of potash ppts. Ru^Oj-SH^O.— 

6. Heated with hydrochloric acid, Cl is given 
oU and RuClg formetWn solution.— 6. Hydrogen 
sulphide gradually throws down a black pp. of 
an oxysulphide, from Ru04Aq (Claus, l.c.). 

Ruthenium, oxyacids of. No oxyaoid of Bu 
has been isolated, but some salts *of the hypo- 
thetical acids HjRuOi and IIRUO4 known 
(n. Ruthenium, salts op oxyacids of, infra). 

Ruthenium, oxysulphide of. A current of 
H.B passed into RuO,Aq slowly ppts. all the Ru 
as a black substance, which is said by Claus 
(/. jpr. 80, 282) to bo an oxysulphide, whoso com- 
position varies according to the quantity of H^^S 
passed in. The pp. suddenly glows when dried 
at 100°, and burns, giving off SO^. 

Ruthenium, salts of. Very few salts are 
known obtained by replacing the H of oxyacids 
by Ru. Tho double nitrites Ru(N0i.):,.3MN08, 
where M - K or Na, are the only salts which have 
been prepared corresponding with RUgO, ; and 
Ru(S 04);( is the only salt of RuO.^ which has 
been isolated ; the double sulphite RuSOj.KjSO, 
corresponds with RuO. 

Ruthenium, salts of oxyacids of. A few 
’salts of the hypothetical acid H2RUO4, and two 
salts of the hypothetical acid HRUO4, have been 
isolated. 

Ruthenates, M*5jRu04. Salts of hypothetical 
H2RUO4 (formerly called nithenites). These 
salts are formed by heating Ru, or an oxide of 
Ru, with an oxide, hydroxide, nitrate, or chlor- 
ate of an alkali metal (Claus, A. 56, 257 ; 59, 
234), or of an alkaline earth metal (Deville a. 
Dcbray, A. Gh.^ [3] 66, 385). Ruthenates in 
solution are easily reduced by organic bodies, 
with ppn. of black RuaOa.SH^O ; acids added to 
cone, solutions form per-ruthenates, M*Ru04. 

Barium ruthenate BaRu04.aq. Obtained 
by adding RUO4 to BaOAq. Tho solution is at 
first green, probably from formation of per- 
ruthenate ; a black pp. is thrown down, wMch 
soon changes to the cinnabar-coloured crystal- 
line Ba salt. This salt is also formed by adding 
BaCl^Aq to a solution of the K salt (Debray a. 
Joly, G. R. 106, 1494). 

Potassium ruthenate E8Bu04.aq (D. a. 
J., 2.C.). 60 g. RUO4, melted under water, are 
slowly added to 70 g. EOH in 600 0.0. water at 
60° ; temperature is kept at 60° until the evolu- 
tion of 0 has ceased, when the solution is 
evaporated in vacuo ; long, black, orthorhombio 
prisms, reflecting green light, are formed (for 
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erystallind measarements v. D. a. J. (l.o. p.l497). 
After drying in vacuo, the crystals absorb 
moisture and GOj from the air. Unchanged at 
106® in vacuo ; loses H^O at 200°, and may then 
be heated to 400° without decomposition. Very 
sol. water ; solution is orange yellow ; it soon 
decomposes in air, depositing KujjOj.acH.p, and 
probably forming KRuO^Aq. Organic bodies 
dipped into the solution become black from de- 
position of Ru-Pa-SHaO. Acids hasten forma- 
tion of KRuO ,Aq and Itu-Pj ; from cone. 
KRuO^Aq acids ppl. KRuO^, which decomposes 
to Ru^Oj and RuO, (D. a. D., C. 12. 83, 927). 

The magnesium, silver, and strontium salts 
are obtained by adding MgCl^Aq, AgNOjAq, and 
SrCl^Aq respectively to KjRuO.Aq. The sodium 
salt has not been isolated ; it cannot be separated 
from excess of soda. 

Peb-butuenates, M^RuO,. Salts of hypo- 
thetical HRuO^ (formerly^ called ruthenates). 
Obtained by the action of Cl on ruthenates, or 
of acids on cone, solutions of ruthenates. 
Alkalis produce ruthenates from solutions of 
per-ruthenatoo. 

Potassium per - rutUe^iate KRUO4 
(Deville a. Debray, C. R. 83, 927). 50 g. RUO4, 
melted under water, are slowly added to GO g. KO ll 
in 250 c.c. water at 00° ; 0 is evolved, and the 
solution becomes green ; after 0 ceases to come 
off, the liquid is allowed to cool in a closed 
vessel ; the cold (red) liquid, which contains 
K^Uu 04, is poured off, and the crystals of 
KRUO4 that adhere to the sides of the vessel 
are dried in vacuo on an uiiglazed porcelain 
plate. Black, opaque, quadratic pyramids (for 
crystallographic measurements v. D. a. J., C. R. 
106, 1496). Unchanged in air after drying in 
vacuo ; decomposes suddenly at 440°, giving off 
0 (? with formation of K.^Ru04 and RuO-J. Cl 
reacts in the cold to form RUO4 and KCl. 
Slightly sol. water; solution is blackish-grocn 
and soon decomposes, KOH being formed. 
Alkalis added to KRu04Aq produce K^Ru04Aq, 
with evolution of 0. 

The sodium salt, NaRuO^.aq, has been 
isolated; it forms black crystals. Addition of 
chlorides of alkaline earths to solution of KRUO4, 
or NaRu04, ppts. M“Ru04, M“(Ru04)2, 

the solutions contain liu04. 

Buthenium, sulphides of. No sulphide of 
Ru has been isolated with certainty. Claus 
could not obtain a sulphide by heating Ru with 
S in CO2 [A, 66, 257 ; 59, 234). The pps. formed 
by HjS in solutions of Ru compounds vary in 
composition, and contain free S. By ppg. RuClj 
solution by H^S, and heating the solid in CO2, 
8 and H^O are given off, and a greyish -black 
metal-like substance remains, which is perhaps 
Rui^Sa (0., I.C.), The pp. which HoS produces in 
Ru04Aq is probably an oxysulpliide {g. v,)» The 
mineral laurite, from Borneo and Oregon, con- 
tains RUjSs with Os sulphide (Wohler, A. 139, 
U6; 191,374). M. M. P. M. 

RUTHENIUM-AMMONIUM COMPOUNDS. 
^uthenammines. Ammoniacal ruthenium 
oases.) These compounds have not been ob- 
tained by treating Ru chlorides with NHjAq. 
The starting-point for the compounds described 
by Claus was RUCI4.2NH4CI. By treatment with 
NHgAq, Claus obtained RuCl2.4NHv3aq, and 
from this he prepared various salts RuXj.4NH;„. 


where X « monovalent acidic radicle (AT. Pe(er$b» 
Acad. Bull. I, 97 ; 2, 168). By evaporating a 
solution of the base Ru(OH),.4NHj in vacuo 
over H.JSO4, Claus obtained a new base, to which 
he gave 4he formula Ru(OH)2.2NH3.4aq ; he 
did not prepare any salts of this base. Joly 
(C. R. 107, 994) found that Claus’ BuCl4.2NH,Cl 
is a nitroso' compound, and has the composi- 
tion RUCI3NO.2NH4CI. Joly also showed (0. R, 
108, 1300) that Claus’ RuCUdNHj has the com- 
position RuCl2.NO.OH.4NHj, and that the 
salts obtained by Claus belong to the form 
RUX2.N O.OH.4NH3. Whether the base described 
by Claus as Ru(OH)2.2NHj contains NO or not 
has not been determined ; it is described here 
provisionally. 

The nomenclature adopted in this article 
must be looked on as only provisional. 

Nitroso-butiieni-diammines, 
X.NO.Ru(NH 3.NH ,11)2 ; R may or may not be the 
same as X. (Joly, C. R. 108, 1300 ; 111, 969.) 
Described by Claus as ammonium ruthemso-di- 
ammonium compounds, N2H4{NH4),2Ru.X2, or 
ruthenoso-diammincs, Ru(NH3.NH3X)2. 

Series I. Hydroxy-compounds, 
OH.NO.Ru(NH,.NH 3R)2. Tho chloride, R = C1, 
was obtained (Joly, C. 22. 108, 1300) by boiling 
Ru(NO)Cl3 (described under Ruthenium tri- 
chloride, p. 415) with excess of NHjAq, until 
the liquid became golden yellow, and deposited 
orange-yellow crystals of the salt. The bromide 
R = Br, and iodide R = I, wore prepared similarly. 
The carbonate Rs^COj, nitrate R-^NO,, and 
sulphate R = ^804, were prepared by the reaction 
of the chloride with Ag salts. By reacting on 
the chloride with moist Ag20, Joly obtained a 
strongly alkaline liquid which probably con- 
tained the hydroxide, R-OH. The chloride 
forms a double compound with PtCl4. 

Series II. Ghloro • compounds, 
Cl.NO.Ru(NH3.Nn3R)2 (Joly, C. 22. Ill, 969), 
The chloride, R = C1, was obtained by dissolving 
the hydroxy-chloride in much IIClAq, evapora- 
ting, and crystallising from boiling water ; it 
combines with PtClj. Tho bromide and iodide, 
R = Br and I, were obtained similarly to the 
chloride. 

Series III. Nitrato - compounds, 
N03.N0 .Ru{NH 3.NH3R)2. The mfrafe, R = NO3, 
was formed by the action of AgNOjAq, or boil- 
ling HNOjAq, on the chloro-chloride (J., l.c.). 

Series IV. Sulpha to - compounds, 
SO,.2[NO.Ru(NH 3.NH3R)2]. Two sulphates, the 
normal salt where R == and the acid salt 
2(S04.2[N0 .Ru{NH,.NH;) 2S04]).H2S04, were ob- 
tained by the action of H2S04Aq on the chloro- 
chloride. 

These compounds give off NHj when heated 
in KOHAq, and separate Ru nitroso-hydroxide 
Ru(OH) 3NO, from which nitroso- salts are ob- 
tained by the action of acids. 

? ?Ruthenos-ammines, Ru(NHsX) J, or /wwos- 
diamtnonium compounds, NHj(NH4)Ru.X2. The 
only compound of this class which has been 
isolated is the hydroxide, Ru(NH3.0H)2.4aq, 
obtained by Claus {N. Petersb. Acad. Bull. 1, 
97 ; 2, 168) by evaporating, over H3SO4 in vacuo, 
a solution of the base to which he gave the 
formula Ru(NH3.NH|.OH)2. As the compound 
from which Claus obtained the supposed 
ruthenos-ammine hydroxide has beeA found 
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to oontam NO, It is probable that the product 
of evaporation was also a nitroso- oompound. 

M. M. P. M. 

BXTTIN [above 190^]. S. *58 at 

lOO^*. S. (boiling alcohol) 20. S. (ether) *29. 
Extracted by alcohol or HOAc from the leaves 
of the garden rue {Riita graveolens) (Weiss, 
Pharm. Centr, 1842, 903; Borntriiger, A, 63, 
885 ; Fdrster, B. 15, 217). Occurs also in 
capers, the ilower-buds of Capparis sinnosa 
(liochleder a. Illasiwetz, A. 82, 197 ; 90, 123 ; 
Zwenger a. Dronko, A. 123, 145), in satUowcr 
(Stein, J.pr. 68, 399; 88, 280), in rose leaves 
(Filhol, J, 1803, 694) , and in the leaves of the buck- 


wheat {PoVygomm Fagopyrum (Schunck, 0, /. 
53, 262). Crystallises from water in pale-yellow 
needles (containing 3aq). Sol. alkalis, forming 
a yellow solution, from which it is reppd. by 
acids. FeCl, gives a dark -green colour. Lead 
acetate added to its alcoholic solution forms 
a yellow pp. Pb3C4.^Hj,023. Does not reduce 
Fehling’s solution. Decomposed by boiling 
dilute into quercetin (1 mol.) and iso- 

dulcite (3 mols.). 

RUTYL. A name sometimes used for deooyl 
CioHieO or decyl C,oH..,. 

BUTYLENE v. Decinbnb. 

BUTYLIBENE v. Hendbcinbiob, 


SACCHARIC ACID i.c. 

CO,H.CH(OH).CH(OH).CH(OH).CH(OH).CO,n. 
Mol. w. 210. Formed by the action of nitric 
acid (6 pts. of S.G. 1*15) on dextrose (glucose), 
and therefore on cane sugar and on milk sugar 
(Sohecle, Opusculut ii. 203 ; Tromnisdorll, A. 
8, 36; Gu6ria-Varry, A. Ch. [2] 49, 280; 52, 
318 ; 65, 332 ; Erdmann, A. 21, 1 ; Hess, A, 
26, 1 ; Thauloll, A. 27, 113 ; Liebig, A. 30, 313 ; 
113, 1 ; Heiutz, P. 61, 316 ; 105, 211 ; 106, 
93 ; 111, 265, 291 ; A, 51, 185 ; Tollcns, D. 21, 
2149). Formed also by oxidation of dextrin, 
maltose, and dextrose by Br, and subsequent 
addition of ZnCOj (Herzfeld, A. 220, 352), and 
by the action of Br on glycuronio acid (Thier- 
felder, B. 19, 3148). 

Preparation.—l. Dextrose (5g.) is evapo- 
rated with HNOs (30 o.c. of S.G. 1*15) to a thick 
syrup. The syrup is dissolved in water (20 c.c.) 
and neutralised with K^COj ; HOAo is then 
added and the solution evaporated until the acid 
K salt crystallises out (Tollcns, A. 249, 218). — 
2. Starch (100 g.) is ground up with water (100, 
C.C.), poured into HNO^ (500 c.o. of S.G. 1*15), 
and heated on the water-bath till red fumes 
begin to come off. The temperature is then 
lowered and kept at 65'^ until syrupy. The pro- 
duct is converted as above into the acid K salt 
(20 g.), which is dissolved in water, neutralised 
with ammonia, and ppd. by AgNOj. The Ag 
salt is then decomposed by HCl (Sohst a. Tol- 
lens, A. 245, 4). 

P/'operfws.—Brittle deliquescent mass, v. sol. 
water and alcohol, v. si. sol. ether. Dextro- 
rotatory, [a]o varying from 8° to 38*^. Ueduces 
auric chloride and ammoniacal AgNO, (forming 
a mirror) but not Fehling’s solution (Kiliani, 
B. 14, 2529).. 

Reactions. — 1. Oxidised by HNOs l-o dextro- 
tartario, racemic, and oxalic acids. — 2. Potash 
at 260'^ yields acetic and oxalic acids. — 
8. PClj forms chloromuconio acid 0*11401^04 
[260'’] (Bell, B. 12, 1272).- 4. Boiling dilute 
(30 p.o.) HClAq forms dehydromucio acid (S. a. 
T. ; Schrotter, M, 9, 442). — 6. HIAq and P at 
160*^ forms some adipic acid (De la Motte, B. 12, 
1672).— 6. The ammonium salt decomposes at 
160® into COjj, NHj, and pyrrole (Bell a. Lapper, 
B. 10, 1961). The etbylamine salt yields, in like 
manner, ethyl-pyrrole.— 7. Phenyl-hydraiim 
uceUUe at lOQ® wms a 


.. yellowish 8ub8tance^210®], insol. water, alcohol, 
and ether *, not decomposed by alcoholic potash 
, (Maquenne, Bl. [2j 48, 721). 
j Salts. — KHA"; trimetric cnrstals ; a:hio 

: =1*763:1:2.234. fa. 1*1 at 7'’.-K^^": crystal- 
' lino crusts, v. sol. water.-- (NH^) HA". S. 1*22 
at 15® ; 24*4 at 100’. Four-sided prisms.— 

^ BaA" ; minute crystals, v. si. sol. water. — 
BaA" 3aq : amorphous.— CaA" aq.— SrA" 1 ^aq. 
— MgA"3aq: orystallinq, m. sol. hot water.— 
ZnA"aq. — CdA". — PbA". — Pb.^OAO*.— 
Pb^C^^H.^O,*. - Pb,0„H,„0.*. - Pb,0*H4O.. - 
Pb,Cl,A".— Bi,C Jl40g 2aq.- AgA'' : white pp. 

Ethyl ether Et^A". Crystalline mass, v, 
sol. water and alcohol.— (Et^A")2CaCl2. Pritfms, 
V. sol. water, si. sol. alcohol, insol. ether. 

Tetra-acetyl derivative of .the ethyl 
cf Aer CyH^Ao^EtgO*. [61®]. Monoolinio tables 
(from alcohol), insol. Aq, v. e. sol. hot alcohol. 

Anhydride C*H*0, ite. 

CH(OH)<®“(®^>CH.CH(OH).CO^ S<W- 

charolactone. [132°]. Formed by allowing 
syrupy saccharic acid to stand over H^SO, for 
some days (Sohst a. Tollens, A. 245, 6). Thin 
plates (from water). Yields pyromucio acid on 
heating. Reduced in acid solution by treat- 
ment with sodium-amalgam to glycuronio acid 
CO,H.CH(OII).CH(OH).CH(OH).CH(OH).OHO 
(Fischer a. Piloty, B. 23, 937 ; 24, 521). 

Di-acetyl derivative of the double 
anhydride C,„II,gO* i.e. 

CO.O CH--OH(OAo)‘ 

from Aep, acid potassium sacoharate, and 
H,S04 (Maquenne, Bl. [2] 48, 720; cf. Baltzer, 
Bl. [2] 10, 263 ; A. 149, 238). White plates, v. 
si. sol. alcohol and ether. 

Amide C*Hs04(N HJ.j. Amorphous powdex 

Isosdccharic acid G*H|oO*. [185®]. [ajp 
= 46® at 20°. Formed by careful oxidation of 
glucosamine hydrochloride by dilute HNO, 
(S.G. 1*2) (Tiemann, B. 17, 246; 19, 1268, 
1273). Trimetrio crystals (from water), v. sol. 
water and alcohol, si. sol. ether. Dextrorota- 
tory. Converted by heat into GO, and pyro- 
mucio acid. Reduced by HI to adipio acid. 
Heated in a current of dry HCl it yields fur- 
furane (aa')-dicarboxylio acid. PCI, forms 
' C4H4C10{C0,H),, which yields Et ^7 [ 40 ®]^. 
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KHA'^Uq: i. boI. water. 

OaA'^~SrA'^-PbA' 2aq.-CuA'^.~Ag,A'. 

Ethyl ether Et,A'. [73°J. (250®}. [a]o 
H + 35*5®. Needles, v. sol. water. Yields a 
tetra-aoetyl derivative 04H4(0Ac)4(C02Et)g 
[47®] V. sol. water and alcohol. 

Amide of the anhydride 
C4H40(0H),(C0NH.,), [220®]. [a]^ 7*2®. 

Anilide of the anhydride. [231®]. 

Acetyl derivative C4H4(0Ac)4(C02H)2aq. 
[101®]. Needles (from water). 

Parasacohario acid C(jH,oOg. Formed, to- 
gether with glyoyrrhetin, by boiling glycyrrhizin 
with dilute H2SO4 (Habermann, G. G. 1880, 
253). Hygroscopic mass, sol. water and alcohol. 
Its salts are amorphous. 

Metasaccharic acid GgHioOg. The salt 
CaA" aq, got by boiling an aqueous solution of 
the dianhydride with CaCOg, forms crystals, si. 
sol. water. KA' and Ag^CgllgOg have also been 
prepared (Fischer, B. 23, 2ii21). Solutions of 
metasaccharates turn deep red when exposed to 
air. 

Dilactone OgHgOg i.e. 
6 o*?*o'.CH-CH(OH) • l-ilamuisaccliaric 
add. [68% S. 5-5 at 15°. [a]o=-202'’ 

(Fischer, B. 24, 541). Formed by oxidation of | 
arabinose-oarboxylio (mannonic) acid Cgllj.^O, i 
by digesting its lactone with HNOj (S.G. 1-2) 
for 24 hours at 50® (Kiliani, B. 20, 341, 2710; 
21, 1422). Long colourless needles (containing 
2aq), si. sol. alcohol, insol. ether. Readily re- 
duces Fehling’s solution. Reduced by HI to 
n-adipic acid. Sodium-amalgam reduces it to 
raannite. Phenyl hydrazine hydrochloride and 
sodium acetate solution in the cold form 

CO . O.CH.CH(OH).CO.N.,H,Ph 
tallising in minute plates (containing -^aq), v. e. 
sol. hot water. Phenyl hydrazine hydrochloride 
and boiling sodium acetate solution forms 
04H4(0H)4(C0.N.2H2Ph)2, crystallising in minute 
plates [21B°], v. si. sol. water. 

Di-acetyl derivative of the dilactone 

Ca‘o--CH-CH(OA0)- ‘■y 

adding a few drops of H.2SO4 to a mixture of the 
dilactone and Ao^O (Kiliani, B. 22, 524). Prisms, 
T. sol. hot HOAc. 

Amide C4H,(0H)4(C0.NH.J2. [190®]. 

Formed from the lactone and NH^Aq. Mono- 
elinio tables. 

Dextro-metasacohario acid. d-Mannosaccha- 
ric acid CgHjgOg. Salts.— CaA": crystalline 
powder.— BaA" ; minute tables, m. sol. water. — 
SrA".— CdA" : minute tables, v. si. sol. water. 

Lactone G,HgOg. [180°-190®]. [a]p = 202" 
at 23®. Formed by oxidation of mannose, of 
mannite, or of d-mannonic acid by HNO, (S.G. 
1*2) at 50® (Fischer a. Wirthle, B. 24, 530 ;'Easter- 
field, 0. J. 59, 306). Long needles (from alcohol 
or water), y. sol. hot water. Readily reduces 
Fehling’s solution. Turns yellow on boiling with 
potash. Phenyl-hydrazine acetate in the cold 

forms <?H(OH).gH(OH) 

lorms Q — CH.CH{OH).GON2H,.Ph ■»» 

while at 100® it forms G4H4(OH)4(CO.N3H2Bh)2 
[212°], almost insol. hot water. ! 

Amide GgHijN^Og. [189®]. Formed from | 
the lactone and NH^Aq in the cold. Crystals* ^ 


Inactive metaiaocharioaoidCgRuO,. i-Man- 

nosaccharic acid. The salts of this acid greatly 
resemble thbse of the preceding acid. 

Lactone GgH^Og. [ 0 . 190®]. Formed by 
mixing equal parts of the dextro- and laevo- 
lactones in aqueous solution. Formed also by 
oxidising i-mannonic lactone (E. Fischer a. 
Stanley Smith, H. 23, 2622; 24, 644). The 
aqueous solution is inactive to light, and gra- 
dually becomes acid on standing. Phenyl-hy- 
drazine acetate reacts, forming in the cold 
gH(OH).gH(OH) - o 19501 

CO.O — CH.GH(OH).GON2H2Ph •* 

and at 100® G4H4(OH)4(CON2H2Ph)2 [220®-225°]. 

Amide. [185°]. 

SACCHARIN. The lactone of saccharinic 
acid {v. infra). The name has also been ap- 
plied to the imide of Sulphobenzoig acid. 

SACCHARINIC ACID CgHj^Og i.e. 

CIL(OH).CH(OH).GH(OH).CMc(OH).G02H. 

Formed by boiling an aqueous solution of dex- 
trose, Itovulose, or invert sugar with lime (P61igot, 
Bl. [2] 36, 226 ; G. B. 90, 1141 ; Scheibler, B. 
13, 2212). On setting the acid free it changes, 
especially on heating, into the anhydride. The 
salts are v. e. sol. water.— KA': monoclinio 
tables. — NaA'. [ajp - 17*2®. — CaA'^ (dried at 
100°). Formed by boiling the lactone with 
water and CaCOa. Amorphous. [a]D=— 6‘7®.— 
GuA'2 4aq : blue nodules (Kiliani, B. 15, 2955). 

Anhydride C,H,oOj. [161®]. [«]d-94®. 

S. 13 at 15®. Electrical conductivity : Walden, 
B. 24, 2028. H.C. 656,900. H.F. 252,100 (Stoh- 
mann, J.pr. [2] 45, 313). 

Preparation.— k cold solution of 1 kg. of 
invert sugar in 9 litres of water is treated with 
100 g. of powdered lime and allowed to stand, 
agitating at intervals. After 14 days 400 g. 
more CaOaHj is added, and the mixture again 
allowed to stand for one or two months, until it 
no longer reduces Fehling’s solution. It is then 
saturated with CO^, the remaining Ca precipi- 
tated with oxalic acid, and the filtrate evapo- 
rated nearly to a syrup. The saccharin which 
separates is recrystallised from hot water ; the 
yield is 100 g. (Kiliani, B. 15, 2954). 

Properties. — Prisms, with bitter taste, v. sol. 
hot water. Dextrorotatory. Converted by 
alkalis into Irovorotatory salts of saccharinic 
acid. May be volatilised almost without decom- 
position. Can be extracted by ether, even from 
solutions containing Na^CO;,. Does not ferment 
with yeast. Does not reduce Fehling’s solution, 
oven after long boiling with dilute H2SO4. Not 
attacked by dilute HNO3. Clone. HNO, forma 
oxalic acid and saccharonic acid CyllmO,. 1 g. 
reduces 4-6 g. of KMnO,. Oxidised by moist 
AgjO to formic, acetic, and glycollic acids. Boil- 
ing HIAq reduces it to the lactone of 7-oxy- 
isohexoic acid CH3.CH(OH).CH.2.CHMe.C0.jH, 
which is further reduced by HI at 200° to 
CHMePr.CO^H (Liebormann a. Scheibler, B. 16, 
1821 ; Kiliani, A. 218, 371). I and KOH give 
iodoform. Potash-fusion forms formic and lactic 
acids (Hermann a. Tollens, H. 18, 1333). Boil- 
ing HClAq has no action. Phenyl-hydrazine 
forms 0,H„0,(N2H,Ph) [166®], crystallising from 
alcohol in neeales, v. sol. water (Fischer a. Pass- 
more, B. 22, 2733). Phenyl oyanate at 165® 
forms C« 4 HmN^O„ orystitUising in silky needles 
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(330^-346^ ▼, Bot hoi aniline, si. sol. alcohol 
(Teslner, B. 18, 26071. 

Isosaooharinic aeid OaH^Og i,e, 
CH 2 {OH).CH(OH).CH,.C(OH){COgH).CHjOH? 
Formed by the action of lime on malt-extraot at 
20° or on milk-sugar (Cuisinier, Bl. [2] 38, 512). 
The free acid at once splits up into water and 
lactone. The Na salt is Itevorotatory.— CaAV 
S. 1 in hot water. Crystalline powder. 

Lactone 0^11, oO^. IsosaccJiarin, [95°]. 
[o]i, = 63° in a 10 p.o. aqueous solution ; ^=74° in 
HOAc. Electrical conductivity : Walden, B. 24, 
2028. Prepared by allowing a solution of milk- 
sugar (1 kilo) in water (9 litres) mixed with 
slaked lime (450 g.) to stand for 6 weeks ; filter- 
ing ; saturating the filtrate with CO.^ ; boiling, 
again filtering, and evaporating to 600 c.o. The 
calcium isosaccharinate (170 g.) which then 
crystallises is decomposed by oxalic acid (Eiliani, 
B. 18, 631). Large crystals, v. e. sol. water, al- 
cohol, and ether. Dextrorotatory. Does not 
ferment with yeast or reduce Fehling’s solution. 

Reactions.— 1. Reduced by III and P to the 
lactone of oxy-hexoic acid, and finally to 
CHPrMc.COJI.-2. Oxidised by UNO, to di- 
oxy-propanc tricarboxylic acid C;,Ha(OH)^.(CO.H)j, 
which is split up by heat into CO., and a 7 -di-oxy- 
glutaric acid CH.,(CH(OH).C 02 lI), (Kiliani, B. 
18, 2614). -3. Phenyl cyanate at 165° forms 
Ca.IljoN.OB [181°] a white amorphous powder 
(Tesmer, D. 18. 2609). 

Anilide C„H,,NO,. [165°]. Formed by 

heating the lactone with aniline at 115° (Sorokin, 
Bl. [2] 47, 108 ; J. pr. [2] 37, 318). Needles, v. 
sol. water. Decomposed by acids and alkalis 
into aniline and isosaccharin. 

Metasaccharinio acid G„H,.,O 0 i.e. 
CH2(0H).CH(0H).CH(0H).CH(0H).CH,.C0,H. 
Formed, together with isosacchariuic acid, by the 
action of lime on a cold solution of milk-sugar, 
its Ca salt being contained in the mother-liquor 
from which calcium isosaccharinate has crystal- 
lised (Kiliani, D. 16, 2625; 18, 042). Tnefree 
acid splits up at once into water and lactone. — 
CaA'j 2 aq : crusts of minute prisms, v. si. sol. 
cold water.— CuA '2 2 aq: groups of minute green 
plates. 

Lactone C^H, jO*. Mctasaccharin. [142°]. 
[a]D=s -48°. Large trimotrio plates; a:b:c^ 
'624:1: -899. V. sol. cold water and alcohol, v. 
b 1. sol. ether. Loavorotatory. 

Reactions.— 1. Reduced by HI to the lactone 
of oxy-n-hexoio acid.— 2 . Oxidised by HNO^ to 
tri-oxy-adipio acid. — 3. Phenyl cyanate at 105° 
forms Cj^HjoN^O,, a white amorphous powder 
[205°-2lb°] (Tesnfcr, B. 18, 2608). 

SACCHABOLACTONE v. Anhydride of Sao- 
chahic acid. 

SACCHAKONIC AOIB OgH,„0,i.c. 

CO.;i.CH(OH).CH(OH).CMc(OII).CO,H. 
Formed by heating saccharin (1 pt.) with UNO, 
(3 pts. of S.G. 1-376) at 86 °, diluting, adding 
CaCOj, filtering, evaporating, and extracting 
with ether (Kiliani, A. 218, 361). The product 
so obtained is the lactonic acid ; the free acid at 
once splits up into water and lactone.— Na,_,A'^ 
Formed by boiling the anhydride with NajCOsAq. 
Crystalline. — (NH 4 ) 2 A".— CaA" ; gummy. — 
Ag^A'^ : flocoulent pp. 

Lactonic acid 0,H,O,. Saccharone, 
w.- - 6°. Formed as above. Large irimetrio 


crystals (containing aq), T. sL sol. ether. Gone. 
HIAg converts it into a dibasic acid 0 ,H ,04 
[139°] crystal]ising from water in small prisms, 
and finally to a-metbyl-glutario acid. Does not 
reduce Fehling’s solution.— NaA' aq. Formed 
from saccharone ( 2 mols.) and NajGOgAq (1 mol.L 
Trimetrio prisms with neutral reaction.— NH|A': 
crystals. Its aqueous solution is ppd. by lead 
Bubacetate, but not by lead acetate or AgNO,. 

SACCHABTJMIC ACID ChH.hO,,. A product 
of the action of baryta on dextrose (Reiohardt, 
Viertcljahrschrift pr. Phaiin. 19, 384, 603). 
Yellowish-brown powder with bitter taste, v. soa 
water and alcohol, si. sol. ether. Its solution 
becomes dark on exposure to air or on addition 
of alkalis. — BaH.A*’, — Ba^A*' 5aq : pp. — 
CujA‘'' 8 aq : greyish-brown pp. — Tbi^A'^ — 
Pb, 0 , 4 H,p„. 

8 ACCULMIC ACID C„H,„0,? Formed, 
together with sacculmin, by boiling cane-sugar 
(300 g.) with II 2 SO 4 (15 g.) and water (420 g.) 
(Stein, A. 30, 84; Bestini, O. 10, 121). The 
yield of the two bodies is about 10 p.o. of the 
sugar used. Glittering blacky mass, si. sol. 
water and alcohol, insol. ether. The alcoholic 
solution is red, with reddish-brown refiox. Sol. 
KOHAq and reppd. by acids. AgNO., gives 
brown amorphous CiiH^AgO,,. BaCl, ppts. 
brown OgJIiHBaO, aq. Chlorine passed into 
water in which sacculmio acid or sacculmin is 
suspended gives yellow flocculent di-chloro-oxy* 
sacculmide C,,H„C1 ,Ok. Di-chloro-oxy-saocul- 
mide boiled with KOKAq forms oxysacculmio 
acid C,,HgO„, which is sol. water, but insol. water 
containing IT^SO,. CuSO, gives in its aqueous 
solution a brown pp. of CjiH-juGuO^,. Bromine 
and water form amorphous orange Ci^U^BrgO.^, 
(Sestini, 0. 12, 292). 

Sacculmin Formed as above. 

Black amorphous mass, insol. KOHAq. Reacts 
with chlorine water in the same way as sao- 
culmic acid. According to Conrad and Guthzeit 
{B. 18, 443 ; 19, 2844), sacculmin and sacculmio 
acid are mixtures of variable composition. 
SAFFLOWER v. Caktiiamin. 
SAFFEANINE(PHENO.) C^H^N^O. Phmo- 
saffranine. The hydrochloride may be represented 

as C,H 3 (NH 2 )<^ “>C«H,NH 2 (Bernthsen, 

B. 20, 179, 2690; cf. Andresen, B. 19, 2216; 
Nietzki, B. 19, 3017, 3163 ; Witt, B. 19, 3121), 

or by 
(Witt). 

Formation.— 1. Formed by gently warming 
phenylene-p-diaraino (1 mol.) with aniline (2 
mols.) and K.^Cr.^O, (Nietzki, B. 16, 466). A blue 

compound (?) is 

first formed, and changes at 100 ° into the red 
saffranine (Barbier a. Vignon, Bl. [2] 48, 838 
772 ; C. B. 105, 939). The blue compound is 
reduced by zinc and hydrochloric acid to 

CaH 4 <^^J|^CBHa.NH„, w- ich is oxidised by air 

to amido phenazine. According to Nietzki, how- 
ever, the blue intermediate compound is the 
indamine C,H 4 (NH 2 ).N;G 4 H 4 :NH 2 G 1 and yields 
di-amido-diphenylamine on reduction.— 2. From 
benzene-azo-aniline (amido-azo-benzene) by 
treatment with nitro-benzene, Fe, and HClAq 
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a. V.).>^ 8 . By oxidiBing a mixture of 
aniline (1 moL) 

with ^ 0 r* 0 , (B.). 

Properties.— Golden plates. When freshly 
precipitated by baryta from the sulphate it is 
CihHijN^OH, but after frequent recrystallisation 
from hot water it approximates to 
(Nietzki a. Otto, B. 21, 1590). V. sol. hot water, 
sol. alcohol, almost insol. ether. Cone. H 2 SO 4 
gives a green colour, changing to blue and red on 
dilution. Gone. HGlAq gives a blue colour. NaNO.^ 
added to a solution of saffranine hydrochloride 
forms the diazo- compound GjaH^NjClj, which 
gives a blue solution and yields CisHisNsGl^SAuClj. 
This diazo* compound on boiling with alcohol 
forms G„H„Nj, the salts of which form red 
aqueous solutions and dye wool and silk a bluer 
shade than saffranine. The base GihHijN, is 
also got by adding H^SO^ till the colour is vio- 
let, then adding excess of NaNOj and boiling : 
it yields B'HNOj, and a violet acetyl 

derivative. Alcoholic potash forms NH 3 and 
saffranol. Zinc-dust and HGl give Ibuco-saffra- 
nine and, on^ong boiling, CjgHjgNaO [130'’], 
crystallising from water in long needles yielding 
CibHihAcNjO [173°J and converted by nitrous 
ether into G,BH,„NaO [117®], crystallising from 
alcohol in needles. 

Salts. — (C,„H,,N 4 Cl),PtCl 4 . — C.bH^N^GI. 
Flat needles with green lustre, si. sol. cold, v. 
sol. hot water, insol. HClAq.— B'HNOj. Almost 
insol. HNOj. 

Di-acetyl derivative CuHi^AcjN^. — 
B'HGl. Got by heating saffranine hydrochloride 
with ACjO and NaOAo (Nietzki, B, 16, 408). 
Lustrous brown plates, forming a violet solution 
in alcoholic soda.— B'HI. 

Di-methyl-salfranine. The chloride of this 
substance G^HjjN^Gl is formed, together with 
Nj(GjH 4 NMej) 2 , by the action of p-nitroso-di- 
methyl-aniline (1 mol.) on aniline (1 mol.) in 
alcoholic solution at 100® (Barbier a. Vigiion, 
C. R. 105, 672), An isomeric (?) di-methyl- 
saffranine cot by oxidising a mixture of 
C,H 4 (NH 2 )NMe 2 and aniline yields B'.,n 2 PtClj 
and B'HNOj (Nietzki, 11.16,869 ; 19,31*63). An 
isomeride is formed by heating bcnzonc-azo- 
xylidine with aniline at 160® (Menton, A. 263, 
837). Grystalline, forming a rose-red aqueous 
solution. A tetramethyl-saffranine C. 22 H 22 N 4 is 
got by oxidising di-methyl-phenylene-green 
mixed with aniline acetate (Bindschedler, B. 
16, 867). It yields B'HGl, v. e. foI. water and 
B'HNOj aq. 

Ethyl-saffranine CigHuEtN^. Formed by 
boiling p-phenylene-ethyl-diamine with aniline, 
EjGrjO;, and dilute HOAo (Schweizer, B. 19, 
160). Formed also by oxidising phenylene-p- 
diamine, aniline, and ethyl-aniline with KjGrjO, 
and dilute HOAo (S.). The hydrochloride forms 
bluish-green hygroscopic crystals, sol. water and 
alcohol, insol. ether. Its solutions exhibit olive- 
green fluoresoence.— B'. 2 H 2 FtGle: dark lustrous 
needles. 

Bi-ethyl-saf&anine Formed by 

oxidising a mixture of G«H,(NH 2 )(NEt 2 ) (1 mol.) 
and aniline (2 mols.) with KjCrjO, (Nietzki, B, 
16, 470). Formed also by oxidising a mixture 
of phenylene-p-diamine, aniline, and di-ethyl- 
aniline with EjGrjO , (N .) . The alcoholic solution 
is fluorescent. The hydrochloride is sol. HGlAq. 


NaNO, added to itii solution in HOlAq give! d 
greenish-blue colour due to the diazo-onlorido 
which forms G 32 H 2 ,NjGl 2 PtGl 4 . — B'jHjPtGl, ; 
green needles. 

Acetyl derivative G,gH„Et 2 AcN 4 . The 
hydrochloride is ppd. as glittering brown 
needles on adding NaGl to its aqueous solution. 
-B'. 2 H 2 PtGlj. 

Tetra-ethyl-saffranine G. 28 HJ 2 N 4 or 
G 28 HJJN 4 .OH. Formed by oxidising a mixture of 
phenylene-di-ethyl-p-diamine, aniline, and di- 
ethyl-aniline with J^GrjO, (N.).— B'jHjPtGlj. 

Fara-saf&anine 02 oH, 8 N 4 . Prepared by dis- 
solving mauveine in dilute acetic acid and boil- 
ing with Pb 02 . NaOH is added to slight ex- 
cess, and the rod filtrate boiled with some pow- 
dered zinc and GaCOj and then NaGl added. 
Gommercial saffranine contains some para- 
saffranine (Perkin, G. J. 36, 728). 

Properties.— Bed-brown pp., dissolving in 
• water or alcohol. It is isomeric or identical 
with commercial saffranine, prepared from equal 
molecules of tolylene p-diamine, o-toluidine, and 
aniline. Salts.— B'HGl.— B'HNOj. These salts 
dye silk a shade more scarlet than saffranine. 

Saffranine 02 ,H 2 oN 4 or G 2 ,H 2 ,N 40 H. Formed 
from o-toluidine by treatment with nitrous acid 
and oxidation of the product with KjGrjO, (M 6 ne, 
C. AT. 26,216 ; Hofmann a. Gcygcr, B. 6,626 ; Dale 
a. Schorlemmer, C. J. 35, 683). Obtained by 
heating toluene-azo-o-toluidine with o-toluidine 
hydrochloride at 160®-160® (Witt, B. 10, 873), 
and by adding KoCrO, to a hot solution of 
tolylene-^-diamine hydrochloride (1 mol.) and 
0 - or ^-toluidine hydrochloride (2 mols.) (Witt, 
B. 12, 939 ; Bindschedler, B. 13; 207). The 
commercial saffranine (saffranine hydrochloride) 
can bo purified by recrystallisation from water 
containing HCl, or by treatment with alcohol 
(Bottger, N. B. P. 23, 181). Keddish -brown 
crystals, v. sol. water and alcohol, insol. ether. 
Cone. IICl changes the colour of its solution 
through violet to blue. H 2 SO 4 turns it blue and 
finally green. Decolourised by zino and HGlAq. 
Saffranine is also decolourised by glucose and 
NaOHAq on heating, and hence may bo used as a 
test for sugar in urine (Crismer, G. G. 1888, 1610) ; 
the colour is restored by atmospheric oxidation. 
Gommercial saffranine (*5 g.) is fatal when ad- 
ministered to dogs by subcutaneous injection 
(Weyl, JB. 21, 2191).-B'HC1. Thin reddish 
crystals, sol. water and alcohol, insol. ether and 
NaClAq.— B'jjHjPtClj. Yellowish-red crystalline 
powder, almost insol. water, alcohol, and ether. 
— *B'HBr ; minute needles. — B'HNOj. Slender 
reddish-brown needles, v. sl.^ol. cold water. — 
Sulphate : needles, m. sol. water.— 
B'GjIIjNjOj ; brownish-red insoluble needles. 

Substances of the saffiranine class are formed 
by heating NH(CjH 4 NH 2 )a with (4,3,1)- and 

(4.2.1) - xylidine and with (6,4,2, l)-oumidine, 
but not with mesidine, (5,4,3,l)-cumidine, or 

(5.2.1) -, (6,2,1)-, (6,3,1)., and (3,2,l).xylidine 
(Nietzki, JB. 19, 3163). 

Saffranol G, 8 H,oN 2 (OH) 2 . Formed by boiling 
saffranine hydrochloride with alcoholic potash 
for 8 days (Nietzki a. Otto, B, 21, 1693). Ppd. 
as yellowish needles by adding HGl to its solu- 
tion in alkalis. Nearly insol. water, alcohol, and 
HOAo. Gone. l^SO^ forms a brown solution^ 
Yields a crystalline diaoelyl derivative. 
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fiAFFBOir. The dried Btigmas oi urocus 
saiivus, used as a colouring matter. It contains 
orocin orocose (q.v,), picroorocin (g. v.), 

polychroite, and an oil CjoH^O (209®) miscible 
with alcohol and ether but decomposea by water 
(Quadrat, 56, 63 ; Weiss, J.pr. 101, 65). 

Polychroite C^sHaoO,8. Dried saffron is 
washed with ether and extracted with water. 
The extract is mixed with alcohol and filtered, 
and the filtrate ppd. by ether. Orange deli- 
quescent mass, v. sol. water, inaol. alcohol. 
Yields glucose on boiling with dilute acids. 
BAFROLE 0,„H,A i.e. 

^^2'^aRcH:C.CH.CH;CH, * OT- 

(232°). S.G. 1 0956 (S.) ; nj 10963 (Glad- 
stone, G, J. 59, 290). V.D. 81 (obs. and calc.). 
/*u = 1-639 at 11° (G.). Rao =45-57 (Briihl, R. 
21, 477). II.G.V. 1.243.800. H.C.p. 1,244,700. 
II.F. 40,300 (Stohmann a. Langbein, J, pr. [2J 
46, 533). The chief constituent of the essential 
oil of sassafras {Sassafras officinalis) (Grimaux 
a. Ruotte, A. 152, 83; J. Schiff, B, 17, 1935; 
Poleck, B. 17, 1940 ; 19, 1094 ; 22, 2861). 
Occurs also in the oil obtained from the leaves 
and fruit of lllickm religiosum (Eykraan, 
B. T. C. 4, 36, 45 ; B. 22, 2757 ; 23, 864), and 
in tho oil of the camphor tree, Cinnamomum 
camphora (Fliickiger, Bh. [3] 17, 989). Mono- 
clinic crystals, sol. alcohol and ether. Smells 
like oil of sassafras. Inactive to light. Oxidised 
by dilute KMnO^ to CO., formic, oxalic, and 
piperonylio acids, and pipcronal. Alcoholic 
potash converts it into isosafrolc. Does not I 
react with hydroxyl amine or 13zCl. Does not 
combine with NuHSOa. Bromine forms 
CioH^BrsO., [170'^j S. (chloroform) 7. 

Isosafrole CjJIjuO. i.e, 

CH2 <q>C«H,.CH:CH.CH 3. (247°). V.D. 803 

(obs.); 81 (calc.). H.C.v. 1,233,600. H.C.p. 
1,234,500. H.F. 50,500. Formed by boiling safrqjo 
(100 g.) with KOH (250 g.) in alcohol (500 c.c. 
of 94 p.o.) for 21 hours (Schiff ; Ciamician a. 
Silber, B, 23, 1160). Liquid, even at —18°, 
miscible with alcohol, ether, HOAc.and benzene, 
insol. water and alkalis. Cone. forms an 

intensely red solution. Oxidised by KjCrjO, and i 
ILSO, to pipcronal and acetic aldehyde. Alka- | 
line KMnO^ gives piperonylio acid. Bromine in j 
CSj forms Cj^raH^O^ [110°], crystallising from | 
ligroin in colourless needles. Sodium reduces j 
it in alcohol solution to or | 

C3H3Pr<^Q^CH^(228°), a liquid miscible with j 


alcohol and ether. Isosafrole is converted by 
treatment with KOH and MeOH into a com- 
pound, apparently different from methyl- 
eugenol, but yielding iso vanillic acid on oxida- 
tion, and [4:2:1] OflH3(Cj,H,,)(OAc)j on treatment 
with Ac^O (Ciamician a. Silber, B. 25, 1470). 

Nitrosite OjoH^NjO^ i.e. 

CE.03:C,H3.C CMe 

N.O.O.N 


(Angeli, B. 24, 8994; 


25, 1956). Mol. w. 224 (by Baoult’s method). 
[124°]. Ao.p forms a white modification [124°]. 
Alcoholic potash forms an isomeride [185°] 
which yields a mono-acetyl derivative [129°], 
and a bwoyl derivative [146°]. KMnO^ oxidises 


it to piperonylio acid. J^duoed by tin and HOlAq 
to 0„H,N,0, or CH,O,:0A.C- gUe , 


Mol. w. 197 (by Raoult’s method). Zinc and 
HOAo yield C,oH,„ 03, probably represented by 
(CHA)C«H,.CH3.C0.CH3 [38°], which yields 
a phenyl-hydrazide C,„H,A(N*HPh) [97°]. 
Another product of the action of zinc and HOAo 
is C.>„H,sN.p, [180°] ; and a third is 0,.H,gN.04 

or 01130.3:0,113.0 OMe „ riKooi which 

N.O.H HOX ^ 


yields a di-acetyl derivative [138°]. 

SAQAPENUM. A gum rosin imported from 
Egypt and Persia, consisting of yellow agglo- 
merated granules, smelling like garlic and 
having an acrid bitter taste. Softens in 
the hand. Yields umbclliferone on distillation. 
HNO, forms styphnio acid. Potash-fusion 
forms resorcin (Brandes, N. Tr. 2, 2, 97 ; 
Pelletier, Bull. Pharm. 3, 481 ; Johnston, Tr, 
1840, 361). After* moistening with alcohol it 
dissolves in H.3SO4, forming a brown liquid. 
Sagapenum is. only partially soluble in alcohol 
and ether, but the ethereal extract is not clouded 
by addition of alcohol. FeClj dblours its solu- 
tions black (Hirschsolin, J. 1875, 859 ; Ar. Ph. 
[3] 10, 481 ; 11, 54, 152, 247, 312, 434 ; C, C. 
1877, 182). 

BAOE OIL. Obtained in the south of Europe 
by distilling sago {Salvia officinalis) with water, 
the plant being cut down in the autumn (M. M. P. 
Muir, G. J, 33, 292 ; 37, 678 ; cf. Bochleder, 4 
44, 4; Herbcrger, B. P, 34, 138; Hlasiwctz, 
J. pr. 51, 355). Contains a torpene (166°), 
salvioi {q.v.)y C,„H,„0 (c. 200°), a camphor 
probably a little cynicne, and, especially 
when prepared from English plants, cedrene, 
CijH^^ (c. 260°). The amount of salvioi and of 
camphor is very small at first and increases 
with the ago of the oil, being formed by oxida- 
tion of the terpenes. Pure salvioi, pure sage 
terpene, and pure cedrene do not resinify when 
singly exposed to lieat and light ; but a mixture 
of these rapidly darkens. 

SAGO. Balls of starch got from the pith of 
certain species of Sagus and Cycas by stirring 
with water, allowing to settle, and rubbing the 
deposit through sieves. 

SALAMANDRINE C3,H,oN.303. An alkaloid 
obtained from tho poisonous secretion of the 
cutaneous glands of tlio salamander {Salainan^ 
lira viaculatn). Crystalline, v. sol. water and 
alcohol (Zalesky, Bl. [2] 6, 344). Alkaline in 
reaction. Poisonous. — B'H-.Cl.^ : needles. 


8 ALICIN C,.,H,„0, i.e. 

C.H„03.0.C,H,.CH..0H. Mol. w. 286. [201»] 
(Schiff, B. 14, 304): S. 3-3 at 11° (Piria, A. 96, 
378). [a]o = - 62-6° (Tiemann, B. 18, 1600 ; of, 
llcsse, A. 176, 116 ; Sorokin, J.pr, [2] 37, 331). 
Occurs in the bark of several species of willow 
and poplar, e.g. Salix helix, S. amygdaUna, 
Populus trcmida, P. grceca (Leroux, A. Ch. [2] 
43, 440 ; Braconnot, A. Gh. [2] 44, 296 ; Felouze 
a. Gay-Iiussao, A. Gh. [2] 44, 220 ; 48, 111 ; Hria, 
A. Ck. [2] 65, 281; [3] 1 1, 257 ; Bouohardai.C.B. 
18, 299 ; 19, 002, 1179 ; 20, 610, 1636 ; Gerhardt, 
A. Gh. [3] 7, 216; Tischhauser, A. 7, 280). Ocouri 
also in castoreum (Wdhler, A, 67, 360). 

Formation.— 1. By digesting an aqueous so- 
Intion of helicin with sodium-amalgam (Lisenko, 
Z, 1864, 577) or with sino and H,SOg (Miohasl^ 
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Am. 6, 172).— 2. By boiling populin with lime- 
water (Piria). ^ , 

Preparation , — Willow bark (0 lbs.) ifl boiled 
with water ; the filtrate evaporated (to 18 lbs.) ; 
mixed while hot with PbO (2 lbs.) ; digested for 
24 hours and filtered ; the filtrate evaporated to 
a syrup and left to crystallise (Duflos, A. 8, 200 ; 
cf, Peschier, A. Ch. [2] 44, 418 ; Erdmann, B. J, 
83, 1, 186). 

Prqperto.— Trimetric tables ; 
a;6:c» •927:1:2*494. Sol. water and alcohol, 
insol. ether. Laavorotatory. Tastes bitter. 
Neutral to litmus. Its solutions are not ppd. by 
lead acetate or subacetate, by gelatin, or by 
tannin. Cone. H^SO, gives a red colour. IClAq 
forms a crystalline body (Stenhouso, G. J, 17, 
827). After injection of salicin, salicylic alde- 
hyde and salicylic acid are found in the urine 
averan a. Millon, A. Ch. [3] 13, 145 ; Banke, 
pr. 56, 1). ... 

Reactions. — 1. Decomposed at 240^^ into sali- 
retin and glucosan. — 2. Split up by emulsin and 
saliva at 40° into glucose and saligenin (Piria ; 
Stadeler, J. pr. 72, 350).— 3. Boiling dilute 
H2SO4 forms glucose and saliretin.— 4. Oxidised 
by chromic acid mixture to CO^,, formic acid, 
and salicylic aldehyde. — 5. Cold dilute IINO3 
forms helicin. Hot cone. HNO3 forms picric 
acid.— 6. Potash-ftision forms salicylic acid. — 
7. Boiling NaOHAq forms saliretin. — 8. HCl 
and KCIO, give tetra-chloroquinone. 

* Metallic derivatives. — C|3H„NaO,. 
Formed from salicin and NaOEt in alcohol 
(Perkin, C. N. 18, 110). Crystalline. — 
PbaO„Hj40,. Got by adding NIIjAq to a hot 
cone, solution of salicin, and then adding lead 


(Piria, A. Ch. [8] 14. 275). tong silly needlei 
(containing 2aq), sol. water and alcohol, insol. 
ether. Tastes bitter. Resolved by emulsin 
into glucose and ohloro-saligenin. Yields a tetra- 
acetyl derivative, crystallising from alcohol in 
prisms. 

Di-ohloro-salioin CuHuCi^O,. Formed by 
the action of Cl on chloro-salicin. Silky needles 
(containing aq), nearly insol. cold water, m. sol. 
alcohol. Gives no colour with FeClj or H^SO^. 
Split up by emulsin into glucose and di-chloro- 
saligenin. 

Tri-chloro-salicln 0,3H,501.,0,. Formed by 
chlorinating the preceding body in presence of 
water and CaCOa. Yellowish needles (contain- 
ing aq) (from dilute alcohol), almost insol. cold 
water. 

Bromo-salicin CjaH^BrO,. [160°]. Formed 
by slowly adding Br to salicin (1 pt.) in water 
(20 pts.) (0. Schmidt, Z. [2] 1, 320). Four-sided 
.prisms, v. sol. water and alcohol. Split up by 
emulsin into glucose and bromosaligenin. 

SALICYL. The radicle o-oxy-bonzoyl 
I [l:2]CeH4(OH).CO. The same name is some- 
times applied to the radicle o-carboxyl -phenyl 
[1:2JC03 H.ChH 4 and, rarely, to o-oxy-benzyl 
C„H4(0H).CII,. 

SALICYL A MIC ACID. An old name for 
o-Amido-benzoic acid. 

SALICYLAMIDE. The amide of o-Oxv< 

1 BENZOIO ACID. 

SALICYLAMINE. A name for o-Oxy-benzvl. 

AMINE. 

8ALICYL-GLYCIDIC ACID v, Oxv-rnKNVL- 

OLTCIDIO ACID. 

BALICYL-GLYCOLLIC ACID is o-Cauboxy- 


Bubaoetate. Bulky white pp. 

Acetyl derivative C,3lInAc,0.. Needles 
(from alcohol), nearly insol. water- (Schiff, Z. [2] 

6. 51). 

Benzoyl derivative CjoHjfPB i.e. ! 

C,,H,,BzO,. Populin. [180°]. S. *05 at 9° 
(Piria); -04 at 16°; *24 at 100° (Schiff); S. 
(alcohol) 1 at 16°. Occurs in the bark and 
leaveB of the aspen [Populus ircmula) (Bracon- 
not. A. Ch. [2] 44, 296 ; Piria, A. Ch. [3] 34, 
278 ; 44, 366 ; A. 81, 245). Formed by heating 
B^cin with Bz^O (Schiff, A. 154, 5). Prepared 
by boiling the leaves of the aspen with water, 
ppg. with lead Bubacetato, removing lead from 
the filtrate by H^S, and evaporating to crystal- 
lisation. Light silky needles (containing 2aq). 
Tastes sweet. Lasvorotatory (Biot a. Pasteur, 
C. B. 34, 607). SI. sol. water and alcohol, nearly 
insol. ether. K^CrjO^ and H^SO^ form salicylic 
aldehyde. HNOj (S.G. 1*3) forma benzoyl- 
helicin. Cone. H3SO4 forms a deep-red solution, 
whence water ppts. a red powder (‘ rutilin ’). 
Boiling dilute acids split it up into glucose, 
benzoic acid, and saliretin. Alcoholic NH, at 
100° forms benzamide, benzoic ether, and salicin. 
Populin is not hydrolysed by emulsin. 

Di’benzoyl derivative OjaHjaBz^O,. 
Formed, together with the mono- and tetra- 
benzoyl derivatives, by heating salicin with 
BzjO (Schiff). Flocculent mass, nearly insol. 
water, si. sol. ether. 

Tetra-bensoyl derivative OijHuBz^O,. 
Amorphous resin, not coloured by cold 

Obloro-saliciii OiaH^OlO,. Formed by pass- 
ing into water in which salicin is suspended 


BHENOXV -ACETIC ACID. 

SALICYLIC ACID v. o-Oxy-benzoic acid. 
Homosalloylio aoidv. Oxy-toluic acid, 
SALICYLIC ALDEHYDE v. o-Oxt-benzoio 

ALDEHYDE. 

SALICYL-LACTIC ACID v. Di-oxy-pubnyl- 

l^BOPIONIC ACID. 

8ALICYL-PHEN0L v. Di-oxy-benzophenone. 
8ALICYL-EE80RCIN 1;. Tbi-oxy-benzophen- 

ONE. 

SALICYL-SDLPHDRIC ACID v, Cabboit- 

PHENYL SULPHURIC ACID. 

SALIGENIN V . o-Oxy-benzyl alcohol. 
BALIGENOL. Another name for o-Oxy- 
benzyl alcohol. 

SALIRETIN V . o-Oxy -benzyl alcohol. 

SALOL V . Phenyl ether of o-Oxy-bbnzoio 

ACID. 

SALT-FORMING OXIDES. Oxides which 
form salts, either by reacting with acids (or 
acidic oxides) — in which case the oxides are 
basic — or by reacting with basic oxides or 
hydroxides — in which case the oxides are acidic* 
For a table showing the compositions and gene- 
ral characters of the characteristic highest salt- 
forminc oxides of each group of elements, v. voL 
in. p. 661. M. M. P. M. 

SALTPETRE. A common name for potassium 
nitrate ; v. vol. iii. p. 514. 

SALTS. The earliest use of the word salt 
seems to have been to designate the solid ob- 
tained by evaporating sea-water. ^ The term 
was afterwards applied to solids which more or 
less resembled sea-salt, especially to those sohd 
bodies which were easily soluble in water. Tha 
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gtndy of the composition! of salt-like Babstances 
led to the view that they were made np of two 
parts, one of which was electro-positive with 
regard to the other. When the compositions of 
acids had been generalised in the statement that 
acids are compounds of hydrogen with non- 
metallio, or negative, elements, the relation of 
salts to acids was indicated by calling salts me- 
tallic derivatives of acids. This conception of 
the composition of salts included the older view, 
inasmuch as the metallic derivative of an acid 
is necessarily a compound of a positive metal 
with a less positive non-metal, or with a (less 
positive) group of elements, which non-metal, or 
group of elements, was combined with hydrogen 
in the parent acid. 

The most general conception of the compo- 
sition of salts is that which formulates them as 
where M is the positive, or basic, or 
basylous part, and R is the negative, or acidic, 
or chlorous part of the salt. Both M and 11 
may be either simple or complex. Common 
salt, NaCl, is the typo of all salts as regards 
composition ; the positive radicle, Na, may be 
replaced by other metals, or by groups of ele- 
ments which are positive with regard to the 
other part of the compound; so the negative 
radicle Cl may be replaced by other non-metals, 
or by groups of elements which are negative 
with regard to the other part of the compound. 

When an aqueous solution of a salt is elec- 
trolysed, the positive radicle is separated at the 
negative electrode, and the negative radicle at 
the positive electrode (secondary reactions may 
occur). An element may form part of the posi- 
tive radicle of a salt, and the same clement 
may form part of the negative radicle of another 
salt. Thus in the electrolysis of a ferric salt 
the iron travels to the cathode, but in the elec- 
trolysis of K,Fe(CN)a the iron travels, with the 
cyanogen, to the anode. In the electrolysis of 
PtCl, the Pt is separated at the negative elec- 
trode, but in the electrolysis of Na-inCla the Rt 
is separated, with the Cl, at the positive elec- 
trode. We must then regard the radicles of, 
say, FeCl;„ as Fo and 3 C 1 , the radicles of PtCl, 
as Pt and 4 C 1 , and the radicles of NaCl as Na 
and Cl ; but we must look on the radicles of 
K^Fc(CN),, as 4 K and Fe(CN)^, and the radicles 
of Na^PtCl,;, not as 2 Na, Pt, and 6CI, but as 
2 Na and PtClj, Again, neither the salt 
K,Fe(CN)a, nor the salt Na^PtClg, in aqueous 
solution, gives the ordinary reactions of iron or 
platinum ; but if these salts were composed of 
the radicles 4 K, Fe, and 6CN, and 2 Na, Pt, and 
6 C 1 respectively, we should expect them to 
show the same qualitative reactions as solutions 
of FeCl, and PtCl,. In contrast with these salts 
is the compound formed by evaporating a mix- 
ture of K2S04Aq and CuSO^Aq. The salt thus 
produced, K2S04.CuS04.CH.p, when dissolved in 
water, gives the ordinary reactions of sulphates, 
of K compounds, and of Cu compounds ; more- 
over, on electrolysis the K and Cu appear at the 
cathode, and the group SO4 is set free at the 
anode (where it reacts with RjO to give H2SO4 
and 0). 

Bat all these salts— NaCl, PtOl4, FeCl„ 
K4Pe(CN)„ NajPtCls, and OUSO4.K2SO4— are re- 
presented, as regard composition, by the general 
jonnula This formula satisfactorily ex- 


presses the composition of all salts ; but it says 
nothing about the properties of these com- 
pounds. When solutions of two salts are mixed, 
a more or less complete interohange of positive 
radicles generally takes place. This capability 
of reacting as if they were composed of two 
parts— or, one may say, of reacting in a binary 
way — is characteristic of salts. Salts in solution 
are most probably dissociated into two parts, 
each of which carries an electric charge. Even 
if the whole of the salt is not dissociated, the 
portion which readily takes part in chemical 
changes is most probably dissociated binarily 
(c/. Electrical methods, p. 181 ). 

•Salts, then, may be regarded as compounds 
of the form MxRi^, which readily exchange M 
and R with other compounds of similar compo- 
sition, and which in aqueous solutions are wholly 
or partially separated into their positive and 
negative radicles, ojeh radicle carrying with it 
an electric charge. 

Salts are often classified as normah (icid, 
basict and double salts. 

An acid salt is one whose qegative radicle 
contains hydrogen that can be eliminated by 
causing the salt to react with an alkali or basic 
oxide, while a normal salt contains no replace- 
able hydrogen. As an acid is described as a 
compound containing hydrogen, all or part of 
which is replaceable by metal when the acid 
interacts with a metal or a basic oxide, it is 
evident that an acid salt comes under the de- 
scription of an acid, and, strictly speaking, is an 
acid. According to the meaning already given 
to the term ‘ salt,’ the class of salts includes acids. 
It is, however, convenient to give a special name 
to the compounds of hydrogen with negative 
radicles. A basic salt contains a positive radicle 
or radicles which can be replaced by a negative 
radicle with formation of a normal salt. This 
positive radicle is sometimes the group OH, 

I sometimes it is a group M^Oy, where M is the 
metal of the salt. Thus Bi(0H)2N03 and 
rb(Pb0)N03 are basic salts. When treated with 
nitric acid the former gives the normal salt 
Bi(N03)3, and the latter the normal salt Pb(N0j)2. 
The basic salt is an intermediate stage between 
the base and the normal salt, just as the acid 
salt is an intermediate stage between the acid 
and the normal salt. 

Basic salts are formed by fairly weak bases ; 
the very strong bases, Na^O, KgO, CaO, Ac., do 
not form basic salts. 

Normal salts frequently combine with other 
normal salts to form double salts. Generally 
speaking, one of the components of a doable 
salt is a salt of a strong base which forms acid 
salts but not basic salts, and the other oom- 
ponent is a salt of a weaker base which readily 
forms basic salts but does not form acid salts. 
That component which is itself the salt of a 
strong base— C.7. K^SO^, NaCl, &c.— may be re- 
garded as the more acidic or negative radicle of 
the double salt, while the component which is 
itself the salt of a weaker base — e.g. Al3(S04)|, 
Zn3(F04)2, &c.— may be regarded as the more 
basio or positive radicle of the double salt. The 
double salt belongs to the typeMzR^; both M 
and R are themselves salts. And just as many 
normal salts are formed by the direct union of 
their radicles— NaCl by combining Na and! 
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d, BaSO^ by oombinltig BaO and SO,— so doable 
iflJts are ionned by the union of a more positive 
with a less positive radicle, which is, in such 
eases, itself a salt. 

The reactions of some double salts indicate 
that these salts are to be regarded as composed 
of the two simple salts which were brought 
together when the double salts were formed ; the 
salt MgSO^.KoSO,. 6aq, for instance, gives, in 
solution, the reaction of sulphates, of Mg, and 
of K, and on electrolysis the Mg and K go to the 
negative electrode. On the other hand, the re- 
actions of some double salts indicate that these 
salts are not to be regarded as composed of the 
simple salts by the union of which the double 
salts were formed ; the salt Cr.^( 0,^04)3X^0204, 
foi^ instance, does not give the reactions 
of oxalates, nor the reactions of Or : this 
salt must be looked on as the potassium 
salt of the acid H20r2(0304)4. If the salt 
(^£[4)20^3(0204)4.21120 is treated with NHjAq, 
a new salt is formed having the composition 
Crj(0204),.(NH4)20204.4NH3.a'ILO, and the re- 
actions of this salt show that it is an oxalate, 
and therefore that it has a dilTercnt constitution 
from that of the salt (NH4)20r2(0204)4from which 
it is obtained. 

The salts of the haloid acids combine to form 
many double salts, e.g. Pbl2.KI, BiOla-SKCl, 
AuGls.EOl, (&c. Most of these double haloids 
are generally regarded as double salts in the 
usual acceptation of the term ; but several of 
them do not give the ordinary reactions of the 
less positive metal they contain, nor the re- 
actions of the halogen which enters into their 
composition. For instance, Pt0l4.2NaClAq re- 
acts with two equivalents of AgNO, to give 
Pt0l4.2Ag01 ; if PtOl4.2NaCl were a double salt, 
reacting in solution as if it were composed of 
the two radicles PtOl4 and NaOl, it would inter- 
act with six equivalents of AgNO,, and the pro- 
ducts would be PtlNOj),, NaNO.,, and AgOl. It 
is evident, then, that the Na-Pt chloride is the Na 
salt of the acid H2ptC1a, and that the constitu- 
tion of this salt is similar to that of the ordinary 
simple salts. 

Kemsen {Am. 11, No. 5 [1889]) proposes to 
regard all the so-called doable haloids as simple 
salts similar to ordinary oxysalts. It seems to 
me that the constitutions of these salts cannot 
be determined by an examination of their com- 
position only, but that the reactions of each 
salt must be examined. Some of the double 
haloids are undoubtedly simple salts, as some of 
the double oxysalts are certainly simple salts of 
metal-containing acids; but as some oxysalts 
containing two metals react so as to show that 
they are composed of two radicles, each of which 
is a simple salt, so some of the double haloids 
also give the ordinary reactions of both the 
metals, and also of the acidic radicle, which they 
contain, and must therefore be regarded as true 
double salts. M. M. P. M. 

8ALVI0L C„H,»0. (200°). S.G. ^ *938. 
MD»l*462 at20°. Ra> 7^-2. (M. M. P. Muir, 
C. J, 33, 292 ; 37, 683). A constituent of oil of 
Sags (q. v.). It is a dextrorotatory liquid. On 
distillation some of it splits up into H2O and 

Beactims,— !. Chromic add mixture or 
dilate nitric acid produces acetic and oxalic 


acids and camphor [174°].— d. prodaedi 

polymerides of a terpene (171°), an 

aromatic hydrocarbon (0. 130°), and a paralhn- 
like hydrocarbon (170°-180°). Cymeno is not 
formed. Hence salviol is not 0,oH,yO. However, 
according to Semmler (B. 25, 3350), salviol is 
identical with tan acetone. 

Oonsfifufzon.^-Befractive index appears to 
indicate absence of 0:0 groups. 

SALTLIC ACID. A name given by Kolbe to 
a supposed isomeride of benzoic acid got from 
salicylic acid by successive treatment with POI5 
and sodium-amalgam. It is identical with 
benzoic acid (Keichenbach a. Beilstein, A. 132, 
309). The name is also applied by Stiideler (A. 
Sup;pl. 7, 159) to two acids : (a) 0, iH, ,04 [101°] 
and (/3) OaiHjjOg [95°], obtained by allowing 
salicylic aldehyde to stand for 12 years under 
water. The (a), acid forms small four-sided 
prisms, gives no colour with FeOla, and yields 
“Ag-A". The (j8)- acid forms aggregates of needles, 
gives an intense violet colour with FeOlj, and 
yields AgjA"'. Both acids are v. sol. alcohol and 
ether. 

SAMARItTM. This name was given by Locoq 
de Boisbaudran (C. B. 88, 322 ; 89, 212) to the 
metal of an earth which he separated from 
what was then known as didymia, occurring in 
sainarskite. Delafontaine (0. B. 89, 632). ob- 
tained from didymia an earth which he called 
dccipuif and when this had been' removed by 
ppn. as sulphate, the new earth, samaria, 
remained in solution, and was obtained by frac- 
tionally ppg. by Nn^Aq, Olcve (0. J. 43, 362) 
separated what he regarded as pure samaria 
from ortkite ; he prepared and described several 
salts of the new clement. Olevo found the at. 
wt. of Sm to be 150, supposing the oxide to be 
Sm-Ps ; this number was confirmed by Betten- 
dorff {A. 203, 164). It is still very doubtful 
whether samaria is a homogeneous substance; 
according to Orookes, it contains at least four 
'different bodies [v. Met.vls, hare, vol. iii. p. 244). 
Because of the great uncertainty attaching to 
the homogeneous nature of the so-called samaria 
it docs not seem desirable to give an account of 
the bodies which have been described as com- 
pounds of Sm. The student is referred to the 
memoirs cited above, and also to the following: — 
L.de Boisbaudran, G.B. 114, 575 ; 116, 611 (spec- 
trum and compounds of bamaria) ; Marignao, 
Ar. Sc. [3] 3, 413 (spectrum, and compounds); 
Kriiss a. Nilson, B. 20, 2134 ; 21,2310 (spectrum) ; 
V. also, for spectrum, B. A. 1884. 438. The com- 
pounds of the supposed element are described 
by Oleve (l.c., and also Bl. [2] 43, 162) (c/. also 
Eaiiths, vol. ii. p. 422). M. M. P. M. 

SANDAL WOOD. A dye wood furnished by 
Pterocarjpus santalinm^ which grows in tropical 
Asia. It dyes mordanted cotton red. It con- 
tains santalin (Meier, A. 72, 320). Tellow 
sandal wood (from Santalum album) t yields 
by steam-distillation an oil containing santalol 
0,jH,,p, and santalal OjjH^jO (Ohapoteaut, Bl, 
[2] 3*7, 303). After treatment with Na the oil 
yields a terpene 0 ,oH,b, S.G. *919, 1*487 

(Gladstone, 0. J, [2] 10, 6). The crude oB 
heated in sealed tubes at 8X0° forms 04(Ha,0| 
(0. 840°), (360°) and 0g,H„0 (240°) 

whence P,0« forma OmH ,4 (0. 177°). 




fiaatalol (810®) is converted by P^O, into } S. ‘66 at 17®. [«Jd * —74® at 20® in chloroform 
water and 0,^^^ (260®). HOAc at 160® forms ! (Nasini, B. 13, 2210 ; 0. 13, 164). Formed by 
the acetyl derivative Ci^H^j^OAo (298®), and a j boiling santonin with baryta-water (Cannizzaro 
compound (283®). I a. Scstini, Q, 8, 241 ; Hesse, B. 6, 1280). Golour- 

Santalal (300°) is converted by PjO^ into | less trimetric plates (Striiver, 0, 6, 849), m. sol. 
OisHja (248°). j hot water, v. sol. ether, v. e. sol. alcohol. Acid 

Sandal wood oil from Santalum Preissianum ■ to litmus. Ljcvorotatory. HIAq forms OjjHjg 
contains a crystalline solid [105®] (P/i. [3] 22, j (235®-216°) and C, ,H^I (144° at 3 mm.) (Can- 
828). nizzaro a. Amato, B. 7, 1104). Boiling HIAq 

SANBABACH. A gum resin which exudes ' and P form (a)- and (^) -metasantonin. By boil- 
from Thuja articidata growing in Barbary, and j ing with HOAc and heating the residue it is 
from various species of Callilris growing in | converted into santonide and parasantonide. 
Australia and Now Zealand (Johnston, J. pr. • Sodium-amalgam yields hydrosantonio acid. 
17, 157 ; Maiden, Ph. [3] 20, 662). Transparent j Does not react witli hydroxylamine. When its 


yellowish mass with vitreous fracture, resembling 
pine-resin in taste and smell. Sol. alcohol. Com- 
pletely sol. ether. Its alcoholic solution is ppd. 
by Pb(OAc)a. It appears to contain several resins 
(e.g. C^„Hg,Og, and differing 

in solubility in alcohol. 

SANGUINARINE CpHijNO, (E. Sclimidt, 
Ar. Ph. [3] 26, 622). Prepared from the root 
of Sanguinaria canadensis (Dana, Annals of 
the Lycctm of New York, 2, 245; Probst, A. 
29, 120; 31, 241; Schiel, A. 43, 233; Am. S. 
[2] 10, 220 ; Naschold, J. pr. lOG, 385). Accord- 
ing to Probst and Scliicl it is identical with 
chelerythrinc, but Naschold and Schmidt assign 
the formula C,;H,aN04 to sanguinarino and 
C/gH^NOi to chelerythrine. Prepared by ex- 
hausting the root with ether and ppg. the 
hydrochloride by HCl. Pearly grains, insol. 
water, sol. alcohol and other. Poisonous.— 
Sal ts : B'HCl aq.-B'jILPtClg (dried at 100°).— 
B'jHaPtCyg. According to Konig (0. C- 1891, 
i. 321) sanguinariue has the formula C.j,H,r,N04, 
crystallises with ^aq, melts at 211°, and forms 
the red salts B'llOl 5aq, B'lINO, aq, B'HAuCl^, 
and B'2H,PtCl«. 

SANTAL CgHgOj. Obtained from sandal 
wood by extracting with very dilute KOH, ppg. 
with HGl, and extracting the pp. with ether 
(Weidcl, Z. [2J 6, 83). It is accompanied by, a 
scarlet crystalline powder C^HioO^? Santal 
crystallises from alcohol in colourless iridescent 
four-sided laminro (containing l|aq), insol. 
water, si. sol. cold alcohol, sol. KOHAq, si. sol. 
NHjAq. FeClj colours its alcoholic solution 
dark red. Potash-fusion yields protocalechuic 
acid. 

SANTALIN C„H„Oj (Meier, A. 72, 320) ; 
Oj.HjgOj (Wegermann a. Hiiffely, A. 74, 226) ; 
C„H,gOg (Franchimont, B. 12, 14). [105°]. The 
colouring matter of sandal wood and of coliatur 
wood. Extracted by ether or alcohol, and purified 
by ppg. its alcoholic solution with Pb(OAc);i, and 
decomposing the pp. by dilute H^SO*. Minute 
zed prisms (M.) or amorphous (F.), without 
taste or smell, insol. water. Its alcoholic solu- 
tion is blood-red. Sol. alkalis, forming violet 
solutions in which BaCl, ppts.Ba(C,jH„02)2 as a 
dark-violet amorphous pp. Pb(OAo)2 added to its 
alcoholic solution ppt8.PbO,3HnOg (dried at 100°), 
On heating with HCl, santalin gives off MeCl 
(1 mol.). Gives resorcin and HOAc on fusion 
with potash. EMnOg gives off* an odour of 
vanilla. 

BANTONIO AOII) U 

®A<CHMe!oH!oH|oH).C^CO^ 
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chloroform solution is heated with POClg as 
long as HCl comes off, and a current of damp 
air passed through the product, there is formed 
PO(C,3lI„OgCl)3 [98°] (Cannizzaro, 0. 10, 459) 

Salts.— Na A'. Stellate groups of needles. 
— BaA'^. — AgA' ; white pp. 

Methyl ethe'f MeA'. (8G°). Colourless 
needles (Cannizzaro, G. 6, 335). 

Ethyl ether EiM. [95°]. [a]D«-45°at 
26°. Trimetric crystals. 

n-Propyl ether PrA'. (i(^0° at 3mm.). 
S.G. 1*125. [a]D=-40°at 20°. 

Isobutyl ether CH.PrA'. [67°]- 
[o]i)= -41°. Needles (Carnelutti a. Nasini, 
B. 13, 2208 ; Q. 10, 530). 

Allyl ether G,n,k'. [55°]. [a]„--40°. 

Acetyl derivative C,.,H,gAc04. [140°]. 
Got by boiling the acid for six hours with AcCl 
(Scstini, Q. 5, 121). Prisms (from CECla). It 
is accompanied by C,flH„rt07 [128°]. 

C/iforuZeC„H,oO,Cl. [155°]. 

Bromide [145°]. 

Iodide CJI.AI- [136°]. 

Hydrosantonio acid C,5H,...04. [170®]. 

Formed by reducing santonic acid with sodium- 
amalgam (Cannizzaro, 0. 6, 341). Colourless 
trimetric crystals (from ether), less sol. alcohol 
than santonic acid. Dextrorotatory. Oxidised by 
Ag.p to metasantonio acid. HOAc at 150 ' forms 
hydrosantonide OjjH^oOa [156°], which is re- 
converted into hydrosantonio acid by alcoholic 
potash (Cannizzaro a. Valcnte, 0. 8,309). AcCl 
converts hydrosantonio acid into acetyl-hydro- 
santonide C,,,H,gAc03 [204°], which is converted 
by alcoholic NH3 at 180° into hydrosantonamide 
0 ,jH,, 0,.NH2 [190°]. BzCl forms benzoyl- 
hydrosantonide CijHigBzOj [157°]. 

Salta.— NaA'3aq ; trimetrio crystals. — 
KA' 2aq : m^noclinic crystals. 

Santoninic acid Cj^H^gO* i.e. 
gn;CH.gH.CHMe.gO 
CH:CH.CH.CHMe.CH.CH{0H).CH,.C02H 
(Cannizzaro, B. 18, 2746). Santonous acid, 
aj - 26° in alcohol at 22°. Formed by heating 
santonin with KOHAq (Hesse, B, 6, 1280). Tri- 
metric tables, si. sol. cold water, m. sol. ether, 
V. e. sol. alcohol. Not turned yellow by light. 
Acid to litmus. Not coloured red by alcoholic 
potash. At 120° it splits up into water and 
santonin ; dilute HjSO^ acts in like manner. 

Salts.— NaA' 3^aq. S. 83 in cold water. 
S. (90 p.o. alcohol) 25 (Lepage, J, 1876, 618). 
Stellate groups of needles. Leevorotatory ; 
cy = - 18° at 22°.— BaA'j aq. 

Metasantonio acid CigH^O^. [161°]. Formed 
by heating silver hydrosantonate with water. 
Got also by distilling santonic acid at 45 min^ 
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hj boiling Mntonide with KOHAq, and by the 
araon of NasCOjAq on isosantonin. Trimetrio 
crystals (from ether). Lievorotatory. Its E and 
Na salts are very soluble. — AgA' : pp., m. sol. 
water. 

Methyl ether MeA'. [102®]. 

Chloride 0 , 5 H,„ 0 ,C 1 . [139^. 

Farasantonio acid [173®], 

[«] = — 99® in chloroform (Carnelutti a. Nasini 
0, 10, 634). Formed by boiling parasantonide 
with NaOHAq or HClAq. Trimetric crystals, 
m. sol. water and ether. Converted by AcCl, 
ACjO, or PCI 4 into parasantonide. Boiling HIAq 
and P form (o)- and (/3). metasantonin. The 
parasantonates are mostly v. sol. water. — BaA', : 
slender needles (from water). 

Methyl ether [184®]. [a]D=-109° 

in chloroform at 27°. 

Ethyl ether EtM, [173®]. [a]D»--100® 
in chloroform at 20 ®. ^ 

n-Propyl ether VrA.\ [113®]. [a]D= -91° 
at 26®. Colourless prisms. 

Allyl ether C,K,A'. [149®]. [a]o=-92®. 
LaBVorotatory. , 

Fhotoflanionio acid C,sH.vP« i.e. 
CH:CH.CH.CHMe.COja ‘ 
CH:CH.CH.CHMc.CH;.Cn(OH).CH.,.COjH 
[165®]. [o]d=— 125®. Formed, as ethyl ether 
of the lactonic acid, by exposing a solution of 
santonin in 65 p.c. alcohol ta direct sunlight 
(Sestini, Bcp. ital. chim. pharm. 1805). Formed 
also by exposing an aqueous solution of sodium 
santonate to sunshine. Prepared by insolation 
of a 1 p.c. solution of santonin in diluted HOAo 
for one month (Cannizzaro a. Villa vecchia, B» 
18, 2760, 2859). Trimetric prisms (from alco- 
hol). Gives off HjO at 100®, forming the lac- 
tonic acid and then melts at 165®. V. 

si. sol. water, v. sol. alcohol and ether. Lasvo- 
rotatory. 

Salts. — (NHJjA'^Gaq. — BaA" aq : white 
amorphous pp. — Call.^".^ 3aq : silky needles, si. 
sol. cold water. — CaA" araq.— Ag.A": white pp. 

Methyl ether of the lactonic acid. 
[67°]. Got by the action of sunshine on a solu- 
tion of santonin in MeOH. Long prisms (from 
MeOH). 

Ethyl ether of the {a)dactonic acid 
C.A.O,. [69®]. (306®). [a]o=-118® in a 

6 p.c. alcoholic solution at 14®. Got by exposing 
an alcoholic solution of santonin to sunlight 
(Sestini, J, 1876, 622). Formed also from 
AgaCjjHjoOa and EtI (V.). Formed also by the 
action of alcohol and H.BO 4 on photosantonic 
acid. Thin tables, almost insol. cold water, v. 
sol. alcohol and ether. Lrevorotatory. NaOH 
converts it into sodium photosantonate. 

Ethyl ether of the (&)-lactonic acid 
C„H„ 04 - [166°]- [«]d=» 77* in alcohol at 14®. 
Formed, together with the preceding, by insola- 
tion of a solution of santonin in absolute alco- 
hol. Tables (from ether). Dextrorotatory. 

Anhydrophotosantonio acid CijH.^o 04 t.e. 
CuH„(COjH),. [133®]. [a]D«+31*9. Obtained 
by saponincation of its ether, which is formed 
by passing gaseous HCl into a solution of photo- 
santonic acid in absolute alcohol (Villavecchia, 
B. 18, 2862). Ci^stalline solid. V. sol. alcohol 
and ether. — BaA" : white amorphous solid, v. e. 
toL water. 


Di.tihyl ether 
Wd " + 20*4®. Colourless liquid. 

Isophotosantonio acid C,,H2«0. i.e. 
gH:CH.QH.CHMe.g(OH), ... 

CH:CH.CH.CHMe.CH.CH(OH).CH 2 .CO.,H^^^ 
[a]o=^124® in a 3 p.c. alcoholic solution at 11®. 
Formed, together with photosantonic acid, by ex- 
posing a solution of santonin (1 kilo.) dissolved 
in HOAc (52 litres of S.G. 1*054) for several 
months to sunshine (Cannizzaro a. Fabris, B, 
19, 2260). Thick trimetrio crystals (from alco- 
hol), si. sol. water, m. sol. ether, v. sol. alcohol. 
Dextrorotatory. At 100® it gives an anhydride 
CjjHj^O^. Sol. alkalis and hot NajCOsAq, form- 
ing orange-red solutions. — BaA',j aq : white amor- 
phous powder, v. e. sol. alcohol and water. 

Acetyl derivative C, 5 lI^,AcOj. [183®]. 
[a]i, = 69®. Transparent needles. Dextro- 
rotatory. 

Di-acetyl derivative *C,iHa)Ac.^ 05 . [ 0 . 
166®]. Crystals, v. si. sol. alcohol and ether. 
Converted into CuHojAcO^ by heating with 
absolute alcohol at 120°. 

Pyrophotosantonic acid C^H^oOg. [94*5®]. 
Formed by heating photosantonic acid in a 
current of CO.^ or (Sestini a. Danesi, O. 12, 
83). Got also by heating photosantonic acid 
with HI (Cannizzaro a. Fabris, B. 19, 2260). 
Crystals, sol. alcohol and ether. — BaA'j. Forms, 
on distillation, CiaHgp (222°). 

SANTONIDE [127'5®]. [a]D = 754® 

in chloroform at 20® ; 666® in alcohol at 20®. 
S.V.S. 206. Formed by evaporating a solution 
of santonic acid in HOAc and heating the residue 
at 180® (Cannizzaro a. Valente; Carnelutti a. 
Nasini, 0. 10, 628 ; 13, 149). Trimetrio crystals. 
Dextrorotatory. M. sol. chloroform, v. si. sol. 
alcohol. Not attacked by PCI5. Boiling KOHAq 
forms motasantonic acid. 

Parasantonide CisHiaOj. [110®]. S.G. 
1*202. [a]D = 897°at26®. S.V.S. 206. Formed 
bj^ boiling santonic acid with HOAc, evaporating, 
and heating the residue at 260® (Cannizzaro, G. 
8, 309 ; 10, 528). Trimetric crystals, v. si. sol. 
alcohol, m. sol. Ac^O. Not attacked by ACjjO or 
PClj. Boiling KOHAq converts it into para- 
santonic acid. 

Metasantonide. [138°]. [a]D=~223® at 

26°. S.V.S. 236. Prepared by heating santonin 
with cone. H^S 04 for some hours at 100° and 
ppg. by water (Cannizzaro a. Valente, EeTid, 
Accad. Luiccii ii. ; O. 10, 42). Crystals (from 
ether). Converted by Na^COsAq into metasan- 
tonic acid. 

SANTONIN Cj^H.gO, 
gH;CH.gH.CHMe.gO 
CH:CH.OH.CHMe.CH.CH< Q»>CO or 

gH,.gMe.C.CH,.gH.O 

CO '.CMo.C.CHo.CH.CHMo/*^® (Cannizzaro). 
Mol. w. 246. [170°]. 8.0.22 1-247. [a]B=-174° 
in alcohol of 90 v. p. 0 . (Hesse, A. 176, 126) ; 
*» — 172® in chloroform at 20®. S. *02 at 17*6® ; 
•4 at 100°. S. (alcohol) 2*8 at 22*6® ; 8 at 60® ; 
87 at 80®. S, (ether) 2*4 at 40®. S. (chloroform) 
23 (Schlimpert, N. Br. Arch. 100, 161). Occurs 
in wormseed (semen contra, semen oinsB, or 
semen santonici), the undeveloped flower heads 
of Artemisia Vahlia/na and other species of 
Artemisia (Eahler, Brandes Archiv, 84 , 818 ; 85 , 
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S16 ; Alms, ibvi, 84, 319 ; 89, 190 ; H. Tromms- 
dorff, i. 11, 190 ; Heldt, A, 68, 10, 40). 

Pre^raiUm. — From Art^isia maritima 
(Linn.) wbioh contains 2 p.o. The seeds (5 pts.) 
are treated with lime (1 pt.) and water, and ex- 
tracted with alcohol. The extract is freed from 
alcohol by evaporation and neutralised with HCl, 
when santonin crystallises out. In this process 
a lime- compound (CuHigOJ^Ga, is first formed, 
and afterwards decomposed by HCl, which forms 
santonio acid, G,5H2o04, whence santonin is 
formed by splitting off HjO (Busch, J. jtt. [2] 35, 
822). 

Properties* — Flattened hexagonal prisms, 
which turn yellow in light. May be sublimed. 
liSBVorotatory, the specific rotation being but 
little affected by temperature or concentration 
of the solution (Hesse; Nasini, O. 13, 139). 
Nearly insol. cold water, v. sol. hot alcohol and 
ether. Poisonous, exerting an anthelmintic 
action, and producing temporary colour-blind-^ 
ness (Lavater, Phann. Viertelj. 2, 110; Wells/ 
J. Ph. [3] 16, 111 ; Martini, C. R. 47, 259 ; 60, | 
645). Beacts with hydroxylamine, forming an ' 
oxim (Cannizzaro, B. 18, 2746); santonin is 
best administered as oxim (Coppola, C. 0. 1887, 
1206, 1301). Not attacked by aqueous KMnO^. 
Besinified by boiling cone. HClAq. KOH turns 
santonin crimson (especially in presence of ! 
alcohol) and forms CijHjoKO^. AcCl has no j 
action. Cone. H.^SO^ containing FeCla gives a 
violet colour (Lindo, C. N> 36, 222; Knapp, 
D. P. J, 268, 42). 

Reactions* — 1. By treatment with 1 mol. of 
PClj it gives a compound C, sH,,C 102 [126° uncor.]. 
With 2 mols. of PClj it gives a compound 
CijHijCLp, [182° uncor.] (Pawlewski, B. 18, 
2900). According to Klein (P. 26, 982) the 
compound is CjjHisClaOj.— 2. Beducod by HI 
and P to santonous acid CiiHjjoOj.— 3. HNOa 
(S.G. 1-123) at 95° forms CO^, succinic, oxalic, 
and acetic' acids, and HCy (Wagner, B, 20, 
1662). — 4. Boiling baryta-water forms san- 
tonic acid.— 6. Hot KOHAq forms santoninib 
acid. ~6. Potash-fusion forma formic and pro- 
pionic acids (Banfi a. Chiozza, A. 91, 112). — 7. 
An alcoholic solution exposed for some months 
to sunlight forms the ethyl ether of the lactonic 
acid of photosantonic acid (v. supra). — 8. A 
solution in HOAc exposed to sunshine yields 
photo- and isophoto- santonio acids. — 9. Forms 
santonol on distillation with zinc-dust. Distil- | 
lation over red-hot zinc-dust gives di-methyl- ! 
naphthalene (Cannizzaro, O* 12, 416). — 10. Cold 
cone. HClAq forms an isomoride CjjHjgOg, [260°], ! 
si. sol. hot alcohol, insol. water (Andreocci, B. 
26, 1373). [a]i, = + 112°. This body is not acted 
upon by hydroxylamine or phenyl-hydrazine, but 
yields an acetyl derivative GjsHpAcOa [156°]. 
Like santonin it is insol. NujCOsAq, but sol. 
NaOHAq. It is reduced by zinc-dust and HO Ac 
to CjjHjjO, [175°] [a]D= -63-3° an acid isomeric 
with santonous acid, which when fused with 
potash yields propionic acid and di-methyl-(j3)- 
naphthol.-~ll. Br in glacial acetic acid forms 
C,4H,g08.HOAo,Br2. Crystals (from alcohol), de- 
composing above 60°. On boiling with alcohol 
and aniline it yields bromo-santonin CigH^BrOg 
[151°1. On boiling with KOHAq the acetate 
bromide yields santonin (Klein, B. 25, 3317). 

Qaim 0,|H,.0,(N0H)a^. [209^ (Klein, 


26, 411; cf. Gucci, G. 19, 867). Needles (from 
dilute alcohol). Ao^O yields 0,gH,HOg(NOAo) 
[166°] or [170°] (K.) ; [203°] (G.j. The oxim 
prepared by alkaline hydroxylamine gives with 
HCl and FeCl, a violet-red colour [syn-oximio 
acid]. 

Bengyl ether of the oxim [162°]. HIAq 
forms benzyl iodide. 

Phenyl-hy dr azide C,4H,BOj(N^Ph). 

[220°]. Pale-yellow needles (from alcohol), not 
decomposed by cold acids (Cristaldi, 0. 17, 526 ; 
Grassi, C. C. 1887, 1163). 

Chlorosantonin CuH^ClOg. Formed from 
santonin and chlorine- water (Heldt, A* 63, 34; 
Sestini, Bl* 6, 202). Crystalline. Turns yellow 
in light. 

Di-chloro-santonin C,jH,gCl.,Oj. Formed by 
passing Cl for a long time through water con- 
taining santonin in suspension (Sestini). Groups 
of small plates (from alcohol). Coloured orange- 
red by alcoholic potash. 

Tri-chloro-santonin CuHigCljO,. [213°]. 
Monoclinic prisms, not coloured by sunshine, m. 
sol. alcohol and ether. 

(o). Metasantonin C,..H,gOa. (^161°]. (239°). 
S.V.S. 205. [ajn = 124° in chloroform at 20°. 
Formed, together with (i3)-raetasantonin, by 
boiling santonio acid or parasantonido with 
HIAq and P (Cannizzaro, 0. 4, 446, 452; 8, 
318; 10, 461). Trimetrio hemihedral plates 
(from ether). Dextrorotatory. Not affected by 
light. Yields 0,5H„Br08 [212°] and CigHigBr^Oi 
[184°]. 

(/3)-MetaBantonin G,j,H,g03. [136°]. S.V.S, 
211. [o]d-124°. Formed as above. Mono- 
clinic crystals. Yields C,.Hi,BrOj [114°] and 
C„H,.BrA[186°]. 

Photosantonin. A name for the ethyl ether 
of the (a) -lactonic acid of photosantonic acid (v. 
supra)* 

SANTONOUS ACID C.^H^oO, i.e* 
C,oH8Me,(OH).C.^,.CO.^ ? [179°]. » 74° 

in alcohol at 20°. Formed by boiling santonin 
with HIAq and P (Cannizzaro a. Carnelutti, B* 
12, 1574; G. 12, 393; 13, 385). White needles, 

I v. e. sol. alcohol and ether, si. sol. cold water, 

I sol. NaXOgAq. May be distilled in vacuo* 
i Distilled over powdered zinc in a current of 
; hydrogen it yields di-methyl-naphthalene, di- 
; methyl-naphthol, propylene, and a little xylene. 
On heating with Ba(OH)2 above 360° it yields 
C0.2, CH4, and di-methyl-naphthol CijHnOH 
[135°], which Yields C,2H,,OMe [68°]. Converted 
by heat into tne anhydride of isosantonous acid, 
and, finally, into di-methyl-naphthol dihydride 
and propionic acid. 

8 alts.— -NaA'. Needles, ppd. by adding 
ether to its alcoholic solution. V. sol. water.— 
BaA^— “AgA': white pp., quickly turning black. 

Methyl ether MeA'. [82^. 

Ethyl ether EtA'. [117°]. [a]i>«78° in 
chloroform or 67° in HOAc at 20°. White 
crystals, sol. alcohol and ether. Dextrorotatory. 
Converted by BzCl into Ci^HjgBzEtOa [78°]. Na 
added to its ethereal solution ppts. C„H,aNaEtO„ 
whence EtI produces CuHuEtjOj [82°], which 
on saponification yields ethyl-santonous acid 
OjgHjgEtOj [116°], [a]i,- +76° in alcohol. 

Isosantonous acid 0,4^0,. [165°]. Formed 
by heating santonous acid, dissolving the re- 
pulting anhydride in NaQ]^^, and ppg. wi^ 
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DOlAq. Got also by beating santonous acid (1 
pt.) with Ba(OH), (3 pis.) in a bath of molten 
lead (Cannizzaro a. Gamelutti, B, 12, 1574; 
O, 12, 400). Small plates, si. sol. water, sol. 
lUoohol and ether. Inactive to light. May be 
distilled in vacuo. 

Ethyl ether EtA'. [125®]. Crystalline. 
BzOl at 100° yields CisH^BzEtOj [91®]. Na 
added to its ethereal solutions gives no pp., but 
on adding alcohol OijHigNaEtOa is thrown down 
as an amorphous powder, readily decomposed 
^ water. The Na derivative is converted by 
Btl into On9,BEt.p, [54°], whence alcoholic 
potash produces C,jH,BEt03 [143®], v. sol. alcohol 
and ether. 

SAPONIFICATION. The conversion of the 
natural fats into soap (and glycerin) by boiling 
with alkalis. In a more general sense it is used 
to denote the resolution of compound others into 
acids and alcohols. In th^ widest sense it is 
used to denote the production of an acid from a 
neutral substance by hydrolysis. 

SAPONIN CjA^C.b (Eochleder, Z. [2] 3, 
632) ; C,BH3oO,di (Stutz, A. 218, 231) ; C,2ll,,0„ 
glesse, A. 261, 373). Struthiin. OUltagin, 
Polygalin. Poly galic acid. Seiiegin, Aglucoaide 
occurring in the common soapwort {Saponaria 
officinalis) (Schrade, N. Journ. d. Chem. 8, 548), 
in the Oriental soapwort {GypsopUila Struthium) 
(Bley, A. 4, 283 ; Bussy, A. 7, 108), in quillaja 
bark (0. Henry a. Boutron-Chdriand, J, Ph. 4, 
249), in the corncockle Githago) 

(Malapert, J. Ph. [3] 10, 339 ; Scharling, A. 74, 
851 ; Christoph sohn, Ar. Ph. [3] 6, 432, 461), in 
the root of Pohygala Senega (BolIey,X. 90, 211; 
91, 117), and in many other plants. White 
amorphous powder, insol. alcohol and ether, v. e. 
sol. water. The dilute aqueous solution froths 
like soap when shaken ; the lather is prevented 
by addition of alcohol. Impure saponin pro- 
duces sneezing. Baponin begins to turn black 
at 145® (Blyth), but does not melt or sublime 
when heated. Baryta forms amorphous 
(P,BH,BO,p)3Ba(OH)3, A solution of saponin is 
ppd. by lead acetate. Decomposed by boiling 
dilute acids into sapogenin and sugar 
(ro]D*52® at 25°) (Kochleder a. Schwarz, Site. 
1^. 11, 339; Overbeck, N. Br. Arch. 77, 135; 
Schiaparelli; cf. Crawford, Phann. Vierielj. 6, 
861 ; Fliickiger, Ph. [3] 8, 488). 

Acetyl derivatives(J^^}A.,^kc^0^f^. [161®]. — 
C,^„Ac,0,.. [99'>].-C,.H^Ao,0„. [137^.- 
0.,H„Ac,O„. [84“] (Stutz).-C*II,,,Ac,0„.— 

CB^I|ACgO|,. C32 HioA^®U^J7* 

(Hesse). 

Butyryl derivative C,bH 2 „(C 4 H, 0 ) 40 ,b 

B ; 0,2H«(C4H,0),0„ (Hesse). [68®-72°]. 

ing to Schiaparelli (0. 13, 422 ; Ph. [3] 
14, 801), saponin obtained from soapwort has 
the formula Cj^Hs^Ois, is Imvorotatory, [a]i,= -8 
at 20°, yields amoiq)hous Ba2H,(C32Hi20,g)3, and 
is split up by boiling dilute HaSOi into glucose 
and saponetin C^qH^bO,,. 

SAPOGENIN C,,H,_aO,. Formed by hydro- 
lysis of saponin. Concentric groups of needles 
(from alcohol), sol. ether, insol. water. From 
solution in mlute potash it is ppd. by cone. 
KOHA(^ as flocculent potassium-saponin. Pot- 
ash-fusion gives acetic and butyric acids and a 
erystaU»6 compound [12S®]. 


Oxyiapogenia CjiHsaO, is obtamsd by the 
action of HClAq on a glucoside present in the 
alcoholic extract oTHemuma (Barth a. Herzig, 
M. 10, 172). 

SAFPAnIN C,,H,o 04. Formed, together with 
resorcin and a little pyrocatechin, by fusing 
extract of sapan wood with NaOH (Schreder, 
B. 6 , 572). Crystallises from water in plates 
(containing 2aq), nearly insol. cold water, y. sol. 
alcohol and ether, insol. CHCl,. Neutr{j in re- 
action. FeCls colours its aqueous solution red. 
NaOCl gives a grass-green colour. May be dis- 
tilled. rb(OAc)2 gives a yellowish pp. Reduces 
hot Fehling’s solution and ammoniacal AgNO,. 
HNOj forms tri-nitro-resorcin (styphnic acid). 
Yields diphenyl on distillation with red-hot zinc- 
dust. AcCl gives CjjHbAc^O^, crystallising from 
alcohol in prisms. Br and HO Ac give C,2H3Br404, 
crystallising from dilute alcohol in needles. 

SAPBINE CjHjflNj. [From <rairp(is, putrid.] 
^ alkaloid in putrefying flesh (Gautier, Bl, [2] 
48, 13), V. Ptomaines. 

SARCINE V. Hypoxanthinb. 

SABCOLACTIC ACID v. Lactic acid. 

BABCOLEMMA v. Mcsclk. 

SABCOSINE V. Methyl-amido- ACETIC acid. 

SABCOSINIC ACID C^H^NOj. [195®]. Oc- 
curs in a variety of shellac known as Sonora 
gum (Hertz, J. 1876, 912). White silky scales, 
V. sol. water, insol. alcohol and ether. Cannot 
bo sublimed. Converted by nitrous acid into 
lactic acid. Forms salts with acids and bases. 
It is a weaker acid than alanine. 

BABCOSINUBIC ACID v. vol. iii. p. 260. 

SABSAPABILLA v. PAiimLiN. 

SASSAFBAS OIL. Obtained by steam-dis- 
tillation from the bark and wood of the root of 
Laurus sassafras of North America. Contains 
saffrole (g. v.) and a terpeno CjoH,, (156°). S.G. 
s -835. 

SATIVIC ACID V. Tetra-oxy-stearic acid. 

SATURATION, CAPACITY OF.* When a 
base is added to an acid, a point is reached 
whereat the properties of the base are neutralised 
by those of the acid, and the properties of the 
acid are neutralised by those of the base. The 
compound that is produced — a salt — has neither 
the xnoperties of the acid nor the properties of 
the base. The capacity of saturation of an acid 
is measured by the quantity of a base, taken 
in formula-weights, which must be added to the 
quantity of the acid expressed by its formula in 
order to form a normal salt. The capacity of 
saturation of a base is measured by the number 
of formula-weights of an acid which must be 
added to a formula-weight of the base in order 
to form a normal salt. The study of the capa- 
cities of saturation of acids and bases leads to 
the classifleation of acids as monobasic, dibasic, 
tribasic, <&c., and of bases as mono-acid, di-acid, 
tri-acid, &c. (v. Acids, vol. i. p. 49 ; and Acme, 
Basicity of, vol. i. p. 51). The notion of equi- 
valency also arises from the study of the capa- 
cities of saturation of acids and bases (v. yoL ii. 
p. 446). 

When chlorine combines with potassium, one 
atom of the metal is saturated by one atom of 
the halogen; but three atoms of chlorine are 
required to saturate a single atom of bismuth or 
antimony. The notion of a definite capacity of 
saturation l?as b$en ex^nde4 fr9m$h6 acids iin4 
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bflMi to the atoBiB of the elements. The develop- 
ment of this conception leads to the hypotheses 
of valency and atom-linking (U. Classification, 
vol. ii. pp. 213-215 ; Equiyalenoy, vol. ii. p. 446 ; 
and Formula, vol. ii. p. 572). M. M. P. M. 

BAVINS OIL. Oleum SabincB. The essen- 
tial oil from Juniperus Sabina contains a 
sesquiterpene which has a crystalline 

hydrochloride CuH2^2HCl [118°] (Wallach, A, 
238, 8^. 

SAvOBT. Essence of savory (from Satureja 
montana) contains 40 p.o. carvacrol (232°) and 
two terpenes (174°) and (183°) (Haller, C. ii. 
94, 132). The oil from Satureja Iwrtensis con- 
tains 20 p.c. cymene, 50 p.c. carvacrol, a terpene 
(179°). S.G. *855, and a very small quantity 
of a phenol which differs from carvacrol in not 
being extracted by ether frem its dilute alkaline 
solution, and yields a phosphate [69°] (Jahns, 
B. 15,816). 

SCAMMONY. A purgative gum-resin com- 
posed of the dried milky juice of Convolvulus 
scammmiia and of other species of Convolvulus. 
It is purified by boiling with alcohol, neutralising 
the alkaline filtrate by dilute H^SO^, filtering, 
and evaporating (Ferret, Bl, [2] 28, 622). It 
contains jalapin {g. v.). 

SCANDIUM, Sc. At. w. 44. Mol. w. un- 
known. The oxide of a now element was 
isolated in 1879 by Nilson {B. 12, 554) from 
euxenite and gadolinite ; the same oxide was 
obtained, about the same time, by Cleve, also 
from Scandinavian minerals {Bl. [2] 31, 486 
[1879]). The name scandium was given to the 
metal of the new earth by Nilson to denote the 
locality of the minerals from which the oxide 
had been obtained. In his first memoir Nilson 
represented soandia as ScO.^, and determined the 
at. w. of Sc to be c. 170 ; in his second memoir 
(B. 13, 1439) he adopted Clove’s correction, and 
formulated the oxide as Sc^Oj, and gave the 
at. w. of the metal as 44. The element scandium 
has not yet been isolated. 

Occurrence. — So^Oj is found, along witlf 
yttria, yttorbia, &c., in very small quantities 
in a few rare minerals— g'adofimie, keilhatiite^ 
yttrotitanite, and euxenite. From 4 kilos. 
gadolinite Cleve obtained *8 g. ScaO,, and 12 g. 
Sc-Pafrom 3 kilos, yttrotitanite. 

Preparation.—Uho metal has not been 
isolateu [v. Scandium oxide, infra). 

Detection.Sa salts give a very brilliant 
emission-spectrum, rich in rays. Thal6n 
(B. 12, 555) gives the wave-lengths of the most 
oharacteristio lines as 6304, G079, 6037 in the 
orange; 6626 in the yellow (very marked); 
5031 in the green; 4415, 4400, 4374, 4326, 
4326, 4314, and 4249 in the indigo {v, also B. A. 
1884. 440). 

Chemical relations. —Ten years before Nilson 
discovered So, MendeUeff asserted that an 
clement would be found in the group of which 
boron is the first member, and that this element 
would resemble B and Al. To this unknown 
element MendeUeff gave the name ekaboron, 
and he stated the properties of the element and 
its compounds in detail. The properties of the 
compounds of scandium correspond with great 
closeness with those of Mbndel6e£f*8 ekaboron 



comparing the properties of pain of elements 
related to one another, as regards positions in 
the periodic arrangement, similarly to ekaboron 
and its atom-analogues. The relations ex- 
pressed by the following scheme were specially 
studied by Mendel5eff : 

Eb:Al = Ca;Mg = Ti;Si = V;P =» Cr;S; 

Eb;B = Ca:Be = Ti:0 - V:N = Cr:0 = Mn:P. 

These statements mean, the relations between 
the properties of Eb and Al are similar to the 
relations between the properties of Ca and Mg, 
&c. For a brief working out of similar rela- 
tions in the case of eka-aluminium v. Gallium 
(vol. ii. pp. 598-9). Scandium is the second 
even-series member of Group III. It follows B, 
and is followed by Y, La, and Yb in the even 
series of this group. So resembles Al in many 
respects, but the difference between these ele- 
ments is shown, among other ways, in the fact 
that the double sulphate of So and E— 
Sc.^(SO,)s. 3K2SO,— iL'^not an alum (v. Earths, 
METALS OF THE ; vol. ii. p. 424). 

Scandium, chloride of, ScGl2(?). White 
hygroscopic needles separate on evaporating a 
solution of the oxide in HClAq to -a syrup; HCl 
is given off on heating, and an oxychloride 
remains as a white powder (Cleve, l.c.). 

Scandium, oxide of, SoA. {Scandia.) Pre- 
pared by ppg. solutions of So salts by NH,Aq, 
washing the white, gelatinous, very bulky pp. of 
hydrated oxide, drying at 100°, and then heating 
strongly ; also obtained by heating to redness So 
nitrate, sulphate, or oxalate. A white, light 
powder, resembling MgO; sol. in hot cono. 
H..SO<Aq or HNO.Aq. S.G. 3*864 (Nilson a. 
Petters8on,.B. 13, 1461). S.H. from 0° to 100° 
= •153 (N. a. P.). 

Scandia is best obtained from euxenite* 
The finely-powdered mineral is fused with 
KHSO4, the product is dissolved in cold water, 
and ppd. by NHsAq, the pp. is dissolved in 
HNO^Aq, the solution is boiled for some time, 
filtered from any pp. which forms, and ppd. by 
oxalic acid ; the ppd. oxalates are dried, heated 
strongly, washed with hot water to remove the 
KoCO,, dissolved in HNOgAq, and the solution is 
evaporated to dryness and the residue heated till 
it melts ; the fused nitrates are treated with 
water, when a pp. forms, consisting of oxide of 
Thwith small quantities of oxides of Ce, U, and 
Fe; the filtered solution is evaporated to dryness, 
the nitrates are partly decomposed by heating, 
and then treated with water ; the residue, which 
contains a balio nitrate of So, is evaporated with 
HNOjAq, and the residue is again heated for 
some time, treated with water, and the insoluble 
evaporated with HNOjAq, and so on. This 
process separates didymia, yttria, and terbia, the 
nitrates of which earths are not so readily de- 
composed by heat to basic nitrates as So 
nitrate is. By repeating this process 68 timei 
Nilson (B. 13, 1442) obtained a nitrate solution 
which showed no absorption bands, and^ con- 
tained only salts of So and Yb. The solution of 
So and Yb nitrates is ovaprated with cono. 
H2SO4, saturated K^SO^Aq is added, the salt 
So 2(S04 )j. 3K4S04 which separates (Yh sulphate 
remains in solution) is dissolved in water, and 
ppd. by NHjAq ; the ppd. So.20,ui;B[20 is washed 
and dissolved in HNO.,Aq, and So oxalate is 
ppd. by oxalic ; the ppd. oxalatq is washodt 
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SELENATES. 


Barium lelenate BaSe04. A white salt, 
obtained by decomposing an alkali selenate by 
BaClgAq, Altering, and washing. Insol. water 
and HNOjAq ; boiled with HOlAq gives BaSeOj, 
which dissolves. S.G. 4*67 at 22® (Schafarik, 
J. 1863. 15 ; Michel, C. B. 106, 878). 

Beryllium selenate BeSe04.4aq. Rhombic 
crystals (Topsoe, W, A, B, 66, 5). 

Cadmium selenate CdScO^. 2aq. By dis- 
solving Cd0.ajH.p in ILSeO^Aq, and crystal- 
lising ; lustrous, rhombic plates ; S.G. 3-632 
(von Hauer, J. pr. 80, 214). Forms double salts 
with Nfl^ and K (Topsoe, Z.c. ; von H., l.c. ; von 
Gerichten, B. 6, 162). 

Calcium selenate GaSe04.2aq. Resembles 
CaS04 ; obtained by ppg. K.^SeO^Aq by 
Ca(NO;,)Aq, dissolving in cold water, and ppg. 
by heating (von Hauer, lx.). Also formed by 
fusing CaClj with K^So04 and NaCl (Michel, 
C. R. 106, 878). 

Chromium selenate. l^ot isolated. Double 
saZZs,. which are alunis, are known, of the com- 
position Cr.^(Se04)3.M^Se0,.24aq (Wohlwill, A. 
114, 162 ; Fabre, C. R. 105, 114 ; Pettorsson, B. 
6, 1466). Alums are also known of the com- 
position Cr2(Se04)3.M..S0,.24aq (von G., l.c.). 

Cobalt selenate CoSe04. 7aq. Hydrated salts 
have been obtained with 6aq and 5aq {v. Mitsch- 
erlich, P. 11, 327 ; Topsoe, W. A. B. 66, 5). 
Forms double salts with K^ScO^, and (NH4)3Se04 
(T., l.c. ; von G., l.c. ; von H., Ic.). 

Copper selenate Cuye04.5aq. Blue, trans- 
parent, lustrous crystals, isoinorphous with the 
sulphate. By dissolving CuO^H^ in H^SeOjAq 
(Mitscherlich, P. 11, 330). Forms double salts 
with selenates of NH^, K (Topsoe, l.c. ; von G., 
Z.c.) ; also with Mg and Zn selenates (Wohl- 
will, Z.C.), 

Didymium selenate 012(8004)3 (Cleve, Bl. [2] 
43, 362). Also with 6aq (0., Z.c.) ; and with 6aq 
(Frerichs a. Smith, A. 101, 350). Forms double 
salts with NH4 and K selenates (0., Z.c.). 

Iron selenate rcSo04.7aq {Ferrous selenate). 
By evaporating, in H, a solution of Fe, or 
FeCOs, in H2Se04Aq ; resembles FeSO^. 7aq 
(Topsoe, Z.C,). Obtained by Wohlwill {A. 114, 
189) with 5aq. Forms a double salt with 
|^Se04 (von G., l.c.). 

Lanthanum selenate LaiSeO.),. 12aq (F. a. 

B.J.C.). 

Lead selenate PbSe04. A white powder ; by 
ppg. K2Se04Aq by Pb(N03)2Aq (Schafarik, J, 
1863. 16). 

Magnesium selenate MgSe04.Caq. White, 
monoolinio crystals ; isomorphous with the sul- 
phate ; S.G. 1*928 (Topsde, Z.c.). Forms double 
salts with NH4 and K selenates (T., lx. ; von 
G., Z.C.). 

Kickel selenate NiSe04. aq. By evaporating 
solution of NiCO, in H2Se04Aq (Mitscherlich, 
Z.C. ; Wohlwill, Z.c.). Forms double salts with 
selenates of NH4 and K (von G., Z.c. ; von Hauer, 
J.pr.QO, 214). 

Mercury selenates. 1. Mercuric selenate^ 
HgSe04. By digesting HgO with'H2Se04Aq, or 
by adding excess of H2Se04Aq to mercuric 
acetate, and evaporating; a yellowish-white 
solid. Decomposed by water, giving a basic salt 
HgSe04. 2HgO (Cameron a. Davy, Trans. I. 28, 
187). 2. Mercurous selenate, Hg^SeO^ ; by ppg. 


HgNOjAq by E2Se04Aq (0. a. D., Ic.). With 
NHjAq forms (NHg.2)jSe04. 2aq. 

Potassium selenates. The normal salt, 
£38004, is obtained by fusing Se, KgSeO,, or 
native lead selenide, with KNOj, dissolving in 
hot water, allowing to cool partly, pouring off 
from excess of KNO, which separates, and col- 
lecting the crystals which separate from the 
mother-liquor. Equally soT. hot and cold 
water (Mitscherlich, P. 9, 623 ; 11, 827). Closely 
resembles IC2SO4. The acid salt KHSe04 is 
obtained like, and closely resembles, KHSO4 
(M., Z.C.). £28004 forms many double salts; 
with MSO4, M= Cd, Co, Cu, Fe, Mn, Hg, and 
Zn (von. Gerichten, B. 6, 162) ; with Al2{Se04), 
and Cr2(SeO,)8, the compounds being alums 
(von G., l.c. ; Pettersson, B. 9,1559, 1676 ; Schro- 
der, J. pr. [2] 22, 432; Fabre, C. R. 105, 114). 

Silver selenate Ag2Se04. Similar to, and 
isomorphous with, Ag.2S04 (Mitscherlich, Z.c.). 

Sodium selenate Na2Se04. Prepared like 
K..Sc 04 ; separates with iOaq when crystallised 
below 40° (M., Z.C.). 

Strontium selenate SrSe04. Obtained by 
fusing Sr CI2 with NaCl and an alkali selenate ; 
S.G. 4-23. Exactly resembles celestine in crys- 
tallographic and optical properties (Michel, C.iZ. 
106, 878). 

Thallium selenate Tl2Se04. By dissolving 
TI.2CO3 in H,2Sc04Aq, and evaporating. Forma 
white, prismatic needles, isomorphous with 
£28064 ; si. sol. cold water ; insol. alcohol or 
ether (Kuhlmann, Bl. 1864 [1] 330 ; Oettingor, 
Zeit. CJiem. Pharm. 1864. 440). Forms double 
salts, which are alums, with A1.2{Se04)3 and with 
Cr2(Se04)3 (Fabre, C. R. 105, 114). 

Zinc selenate ZnSeO,. 7aq. Various hydrates 
arc known (v. Mitscherlich, P. 11, 326 ; 12, 144 ; 
Topsoe, Z.C.). Forms a double salt with TlaSeOi 
(Werther, Bl. 1865 [1] 60) ; also with K2SO4 
(von Gerichten, B. 6, 162). 

THIOSELENATES M*2SeS03. [S^enothio- 
^sulphates. SelenosuIpJmtes.) Solutions of the 
normal alkali sulphites dissolve So, forming 
these salts. The acid has not been isolated. 
The salts correspond with the thiosulphates, S 
being replaced by Se. , 

Potassium thioselenate £28680,. aq. Formed 
by mixing £2SeAq with S02Aq (CloiiZ, Bl. 3, 
112; [2] 4, 419). Better prepared by digesting 
£2S63Aq with excess of Se, filtering the cold 
liquid from Se, and concentrating without heat ; 
crystals of K2SO4 mixed with £286820, {v. infra) 
separate, and l^SeSOs crystallises from the 
mother-liquor (CloSz, Z.c. ; Rathke, J. pr. 95, 1). 
White, lustrous, six-sided tablets ; deliquescent 
in moist air; effloresce over H2SO4. Decom- 
posed rather easily by heat, giving E poly- 
selenides; cold water separates Se, and forms 
EgSeSjO, {v. infra) ; acids evolve Sbj and sepa- 
rate Se ; BaClgAq ppts. BaSOj and Se from an 
aqueous solution of the salt ; an ammoniacal 
solution of AgaO forms AgjSe and E2S04Aq on 
heating. 

DITHIO - TRISELBNATES Mi2SeS20,. 
{Selenotrithionates.) These salts may be re- 
garded as derived from trithionates (^‘2830,) by 
replacing S by Se ; as the salts M^SaO, are called 
trithionates, so the salts MiaSesO, might be 
called triselenates if they were isolated, and the 
salts MiySaSeO, may be called dithio-tri^elenates* 
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Potaaiium dithio-triselenate EsSeS^O^. 
This salt is formed In the preparation of potas- 
sium thioselenate (v. supra); if KHSO, is 
present in the K^SO, used considerable quan- 
tities of KaSeS.p<, are produced (Rathke, J. pr. 
95, 1). It is also obtained by mixing K^SeSOs 
with excess of K^SQg and cone. H^SeOaAq. 
Forms lustrous, greenish-yellow, monoclinic 
prisms, isomorphbus with K^SgO^ ; stable in 
air ; sol. water without change (Rathke, J. pr, 
[2] 1, 33). Acids evolve SOjj and ppt. Se, on 
warming ; ammoniacal solution of ppts. 

Ag,Se, forming also KaSO^Aq and HaSO^Aq. 

Dithio-triselenio acid, HaSeSaO^, is said to 
be present in the solution obtained by the action 
of excess of SOj on SeO-aAq (Schulze, J.pr. [2] 
32, 390). M. M. P. M. I 

SELENHYDRIC ACID HaSe ; v. Hydrogen 
SELENIDB, VOl. U. p. 724. 

SELENIC ACID HaSeO^. Mol. w. not de- 
termined. S.G. 2*9508 at 15°; S.G. of super- 
fused acid, 2*6083 at in'" (Cameron a. Macallan, 
Pr. 46, 13). Melts at 58° ; the molten acid may 
bo cooled below 6° without solidifying (0. a. M., 
Z.C.). H.P. [Se,0\Aq] = 76,660; [ScO'Aq,0] 

= 20,500 (271.2,279). 

Formation— 1. By passing Cl into HaSeOaAq, 
and evaporating. — 2. By fusing Se or SoOa with 
KNOj, ppg. BaSeO^ from solution of the fused 
mass, decomposing by KjCOa, filtering from 
BaCOa, neutralising any KaCOa present by 
HNOaAq, ppg. PbScO^, and decomposing this 
salt by H.,y (von Gcrichten, A. 168, 214). 

3. By heating Se with HNO^Aq, boiling with 
HClAq (to reduce any HaSeO., to HaSeOj), ppg. 
traces of 11^^04 by adding a little Ba(NOa)2Aq, 
filtering from BaSO„ neutralising by NaoCOa, 
evaporating to dryness, heating to dull redness, 
boiling with HNOaAq, ppg. PbSe04 by addition 
of Pb(NO,,) ,Aq, and decomposing by HaS (Fabian, 
A. Supd/l, 241). — 4. By fusing SeO,, with 
excess of KNOa, boiling with HNOaAq, ppg.^ 
CaSe04 by addition of Ca(NOa),Aq, decomposing 
the CaSe04 by addition of CdCa04, and decom- 
posing the CdSe04 so obtained by HoS (von 
Hauer, J, pr. 80, 214). -5. By adding AgNO, or 
AgaCOs to a solution of pure SeO^ in water, 
digesting the ppd. Ag.,SeOa with water and a 
Blight excess of Br, filtering from AgBr, and 
evaporating the filtrate, which contains H,Se04 
(Thomsen, B. 2, 598). — 6. By oxidising 
H^SeOsAq by K,Cr04Aq, PbOa, or MnOj (Wohl- 
will, i. 114, 169, 176). 

Preparation, — ScO^ is heated till sublimation 
begins ; it is then dissolved in water, and BaOAq 
is added so long as a few drops, when filtered, 
continue to give a pp. with BaOAq ; the filtered 
liquid is now free from HaS04 and naSe04, it is 
evaporated to dryness, and the residual SeO.^ is 
heated till it sublimes (Thomsen, B. 2, 598). 
The pure SeOj thus obtained is dissolved in 
water, excess of AgNO^Aq is added, the ppd. 
Ag SeOa is washed with water and shaken with 
water and Br-at first Br is added, and then 
BrAq till the liquid shows a faint orange colour; 
the liquid filtered from AgBr contains only 
H. Se04, it is evaporated and treated as described 
hereafter (T., Z.c.). Another method consists in 
neutralising the solution of pure SeOj by 
EaCOit evaporMing to dryness, fusing with a 


little KNOa some time, dissolving in water, 
slightly acidifying with HNO^Aq, boiling for 
some time to decompose any nitrite present, 
aUowing to cool, adding Pb(N03)*Aq, washing 
the ppd. PbSe04, suspending this salt in water, 
and decomposing it by a rapid stream of H^S ; 
the filtered liquid is then evaporated (von 
Gerichten, A. 168, 214). 

Tlie solution of n,Se04is concentrated by eva- 
poration in an open dish on a water-bath so long 
as water passes off ; an acid containing c. 83-84 
p.c. HjSeO, is thus obtained; this acid is placed 
in a small flask connected with a short wide tube 
containing soiid KOII, which is connected with a 
large (J tube also containing solid KOH ; the U 
tube is connected with the receiver of an air- 
pump, or with a vessel in connection with a good 
water-pump. The air is pumped out of the 
apparatus, and when a good vacuum is obtained 
the small flask is heated to 100° so long as acid 
distils over (this is known by the KOH effervescing 
slightly, as ordinary KOH contains K.^COJ ; 
the temperature is then raised to 180° (an oil- 
bath being used to heat the flasl^, and heating 
at this temperature is continued so long as acid 
distils off ; as soon as the potash ceases to be 
acted on the heating is stopped and the flask is 
at once cooled ; a very good vacuum must be 
maintained throughout the process. H^SeOi 
crystallises as the flask is cooled. A small quan- 
tity of ILiSe04Aq should bo evaporated thus at a 
time (Cameron a. Macallan, Pr. 46, 13). 

Properties . — A white crystalline solid, crystal- 
lising in long hexagonal prisms, and melting at 
58° to a colourless oily liquid. The liquid acid 
may be cooled below 5° without solidifying if it 
is not stirred; a crystal of H,Se04 dropped into 
the liquid causes it to solidify at once, the teni* 
peraturc rising to 58°. The liquid acid is 
specifically lighter than the solid (v. data at 
beginning of article) (C. a. M., l.c.). H3Se04iB 
very hygroscopic ; it mixes with water, with pro- 
duction of heat. 

The following table is taken from Cameron 
and Macallan [l.c .) : — 


S.O. n.SoO*A.q 
at 15° 

2*3848 
2*3568 
2*3291 
2*3061 
2*2796 
2*2558 
2*2258 
2*1946 
2*1757 
2*1479 
2*1216 
2*0922- 
1*9676 

Reactions.— 1. With water much heat is pro- 
duced, and hydrates are probably formed {v, 
infra^ Hydrates of selenir acid), H^SeO, acts 
as a dehydrating agent, similarly to H^SO* 
(C. a. M., Z.c.).— 2. Heated m vaom begins to 
decompose into 0, HP, and SeO^ at o. 200° ; the 
water formed dilutes the remaining acid, which 
then distils over. When dilute HjSeOjAq is 
heated at ordinary pressure water distils off till 
temperature riges to 905°, whon the ^cid hae thf 


p.c. 

S.o. H,SeO*A<l 

P.c. 

H,,ScO* 

at 15° 

IlgSoO* 

99*73 

2*6083 

90 

99*5 

2*6051 

89 

99*0 

2*5975 

88 

98*5 

2*5863 

87 

98*0 

2*5767 

86 

97*5 

•2*5695 

85 

97 

2*5601 

84 

96 

2*5388 

83 

96 

2*5163 

82 

94 

2*4925 

81 

93 

2*4590 

80 

92 

2*4322 

79 

91 

2*4081 

73*5 



486 SBLGNia ACID. 


composition HjSe 04 .H 20 ; traces of HaSe 04 then 
distil over ; at 260° white fumes of H^SeO^ come 
off. When ^38004 is strongly heated at the 
ordinary pressure, some of it is decomposed to 
SeOj, 0, and H 3 O ; the remaining acid is diluted 
by the water till a dilute acid distils off 
(0. a. M., I.C.), — 3. Dilute H 3 Se 04 Aq dissolves 
many metalSt with evolution of H ; warm oono. 
acid dissolves copper and gold^ with partial re- 
duction to H-SeOa.— 4. Digestion with hydros 
chloric acid reduces H 3 Sc 04 Aq to HaSeOjAq, with 
evolution of Cl ; the acid is not reduced by 
sulphur dioxide nor by sulphuretted hydrogen . — 
6 . Sulphur reacts with liquid H.Se 04 at 0 . 60°, 
forming a deep-blue, very unstable substance 
SeSOg) which decomposes to SOj and H 3 SCO 3 
(C. a. M., 6 . (Se/e»won dissolves in H 28 e 04 , 

giving a green unstable substance—? Se^O, 
(C. a. M., I.C.). — 7. Tellurium dissolves in £[ 28004 , 
forming a reddish bod^, probably TeScOa 
(C. a. M.).— 8 . Heated with phosphoric anhy- 
dride, SeOj is given oil ; but at a lower tempera- 
ture crystals were obtained which C. a. M. think 
were SeOj. 

Hydbatbs** op sklenic acid. The mono- 
hydrate Il 2 Se 04 .H 20 was obtained by C. a. M. 
(Z.C.) by diluting HaSeO, to 88-1)6 p.c., freezing at 
— 23°, melting and re-crystallising by freezing 
several times. This hydrate forms long needles, 
melting at 25°, and remaining liquid even 50° 
below its melting-point ; Pickering {priv. conmn.) 
gives melting-point as 16-6°. S.G. of solid 
hydrate = 2*6273 at 15°; 8.0. of superfused 
hydrate *= 2*3557 at 15°. 0. a. M. did not 

succeed in obtaining other hydrates as solids. 
For salts of H^SeO, v. Selenates, p. 433. 

M. M, P. M. 

8 ELENIDES. Se combines with most metals 
when heated with them. Se also combines with 
many non-metals, e.g. with B, Br, Cl, F, H, I, 
O, P, and 8 . Many metallic selenides are 
forflied by heating the elements together (XJels- 
mann. A, 116, 122; Schneider, A. 97, 192; 
Little, A, 112 , 211 ) ; also by the interaction of 
Se and metallic salts (Schneider, P. 127, 642 ; 
Potilitzin, B. 12, 697) ; sometimes by the inter- 
action of Se and n^etallic sulphides at high 
temperatures (P., lx,). For thermal data regard- 
ing the formation of many metallic selenides v. 
Fabre (0. R. 102, 1469 ; 103, 269, 345). Selenides 
of the alkali metals are sol. water; they are 
formed by saturating the hydroxides in water 
by HjSe (Fabre, C. E. 102 , 613^, by reducing 
the selenites by C (Wohler a. Dean, A. 97, 1), 
by reducing selenates by H at 200° (Fabre, C. B. 
102 , 1469), and by heating the elements to- 
gether (Ueismann, A. 116, 122 ). The selenides 
of metals other than the alkali metals are insol. 
water. M. M. P. M. 

Bi^ENION. Se. (Selenium.) At. w. 78*8. 
Mol. w. 157*6 (u. infra). M.P. 217° for crystal- 
line variety (Hittorf, P. 84, 214; Draper a. 
Moss, 0. E. 33, 1 ; v. Action of heat on seUnion). 
Boils at 676°-683° (Carnelley a. Williams, C. «/. 
86, 6681. S.G. c. 4*7 crystalline ; c. 4*3 amor- 
phous (for more details v. description of varieties 
of 8e, infra). V.D. 111 at 860°, 92 at 1040°, 82 
at 1420° (Deville a. Troost, C. R. 49, 239 ; 66, 
891). S.H. crystalline —20° to + 7°-=*0732, crys- 
taUine20° to 98° = *0762, amorphous - 27° to -i- 8° 
• •0746, amorphous 19° to 87 ° **1036 (i^nault, 


A. Oh. [8] 46, 267). OJB. vitreous at 40* 
« *0000368 (Fizeaii, C. R. 68, 1125 ; c/. Spring, 

B. 14, 2580). For E.G. v. infra. /Ua- 2*654, 

2*692, /4d = 2*98 (u. Sirks, P. 143, 429). 

For emission and absorption spectra v, B. A, 
1884. 440. H.C. [8e,0^ = 67,080 ; [Se,0*,Aq] 
*66,160; [Se,0»,Aq] = 76,660 (Th. 2, 274). 

Historical. — In 1817 Berzelius (S, 23, 809) 
obtained a new element from the crystals 
formed in the leaden chamber of a sulphuric 
acid works at Gripsholm in Sweden ; as the new 
element was found to resemble tellurium (dis- 
covered in 1798 by Klapstock), Berzelius gave it 
the name selenion {ffeKijvrj = the moon). As Se 
is distinctly a non-metallio element, and as the 
termination um is characteristic of the names 
of metals, it seems altogether improper to use 
the name selenium rather than selenion. 

Occurrence. — In small quantities uncombined 
with other elements ; in combination with various 
metals, such as Bi, Cu, Pb, Hg, Ag, generally 
along with sulphur. Most selenion-contain- 
ing metallic sulphides are very poor in Se ; but 
certain selenides from the Argentine Republic 
contain from 29 to 48*5 p.c. Se, combined with 
Cu, Pb, and Ag. Minerals containing Se are 
fairly widely distributed, but occur only in small 
quantities (Stromeyer, S. 43, 452 ; Macivor, 
G. N. 56, 251 ; Nordstrom, B. 12, 1723 ; Pisani, 

C. R. 88, 391 ; Henslor a. Klinger, B. 18, 2556 ; 
Stelzner, J. 1874. 1234). When sulphides which 
contain Se are roasted, the Se cendenses in the 
flues. The deposits that form in sulphuric acid 
chambers often contain Se ; and many specimens 
of the acid also contain this element. Com- 
mercial HClAq sometimes contains Se, derived 
from the IL^SO, used in making the* HClAq 
(Kemper, J. 1860. 84; Nilson, B. 7, 1719; 
Laniy, 0. R. 74, 1285 ; Scheurer-Kestner, C. R. 
74, 1286 ; Personne, 0. R. 74, 1199 ; Drink- 
water, An. 8, 63). 

Formation.— 1. By passing into 

.H^SeOaAq; H^SeOaAq + 2 S 03 -f H^O 
« 211^804 + Se. — 2. By allowing the solution of 
an alkali sclenide to stand in air (Bottger, J. pr, 
71, 512). — 3. By adding acid to solution of a 
thio-selenate (Bottger, J, pr. 94, 439), or to 
KCNSoAq (Oppenheim, J. pr. 71, 266).— 4. By 
the action of such metals as Zn or Fe on 
HaSeOsAq made strongly acid by HCl or HgSO^. 
6. By heating (NH 4 ) 3 Sc 03 or (NHJjSeO^. 

Preparation. — 1. From the flux-dust formed 
in roasting sulphides containing Se. The flue- 
dust is washed with water, dried, and distilled ; 
this method is applicable to dusts rich in Se. 
Dusts poorer in Se are washed, the heavier 
particles are lixiviated with dilute HClAq and 
then with water, dried, fused with pearlash and 
soda, and washed with water ; the solution of 
alkaU selenide thus obtained is allowed to stand 
in the air, and the Se which ppts. is washed, 
dried, and distilled (Bottger, J.pr. ll, 612). Or 
the washed dust is made into a thin paste with 
equal volumes of H^SO^ and H^O, heated to 
boiling, with addition from time to time of a 
little HNO, or KC10„ till the red colour of the 
liquid is destroyed, oono. HClAq is added equal 
to half the volume of the liquid, and the whole 
is evaporated to one-fourth its bulk, whereby 01 
is evolved and HgSe 04 is reduced to Bf^SeOi ; 
SO| is passed into this solutiODt tbs ppd. Be ii 
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waabed, 4ried» and distilled (Wdhier, (?. A. 69, 
264). — 2, JVom dejposit in the leaden Cham- 
here of sulphuric acid loorks. The washed 
deposit is boiled with oono. Na^SOjAq till it is 
blaok (from formation of PbS), and the liquid, 
which contains Na-^SeOj, is filtered into dil. 
HClAq, whereby Se is ppd. This process is re- 
peated several times (Bottger, J. pr, 94, 439). 
Or the washed deposit is digested at 80°-100° 
with fairly oono. KONAq until the red colour of 
the liquid has changed to grey, the liquid 
is filtered, the residue washed with boiling 
water till HClAq ceases to produce a reddish 
opalescence in the washings, and excess of 
HClAq is added to the filtrate and washings, 
whereby Se is ppd. (KCNAq + Se=KCNSeAq; 
KCNSeAq + HClAq = KClAq + HCNAq + Se). The 
ppd. Se is dissolved in HNO^Aq, the solution is 
evaporated (slowly, to prevent loss of SeO^) to 
dryness, the SeO^ is sublimed in a tube of hard 
glass in a stream of dry dust-free air, the subli- 
mate is dissolved in water, HClAq is added, and 
Se is ppd. by SOj (Oppenheim, J. pr. 71, 260). 

Se, as prepared by reducing cold HaSeO^Aq, is 
a red amorphous powder; an amorphous 
vitreous variety is obtained by melting ppd. 
Se and cooling very rapidly by pouring on to a 
porcelain plate (Hittorf, P. 84, 214 ; llammels- 
berg, P. 162, 151 ; Hegnault, A. Gh. [3] 46, 
257); a black crystalline variety of So is 
prepared by allowing cone. K.^SoAq or Na^SeAq 
to stand in air until a crust forms on the sur- 
face (H., l.c. ; It., Z.C.), also by crystallising any 
form of Se from ScaCl^ (Eathke, A. 152, 181) ; 
a red crystalline variety is prepared by 
slowly and repeatedly heating a solution of Se 
in eSa y a sealed tube to somewhat under 100°, 
and allowing to cool (II., he . ; Bathkc, A. 152, 
181), also by subliming amorphous Se (Born- 
triiger, D. P. J, 242, 55) ; a grey metal-like 
variety is prepared by very slowly heating 
amorphous or red crystalline Se to 96°-97"’ 
(H., ^.c.^ R., he . ; Fabre, G. R. 103, 63). Ac- 
cording to Schutze {J. pr. [2] 32,390) a col* 
loidal soluble form of Se is obtained by 
reducing H.^SeOaAq by SOa; no acid must be 
present. The colloidal Se remains in solution, 
colouring the liquid dark red. The solution is 
not changed by boiling but on adding an acid 
or a salt Se is ppd. in red flocks. 

Properties.— Be exists in several, probably in 
five, forms. 

I. Amorphous selenion; sol. in OSj. — 
(i.) Red-powdery amorphous (Sa forms sealing-wax- 
red flocks, or when dried at a low temperature a 
dark-red powder ; when formed by reduction of hot 
HaSeOjAq it appears as a black powder (Hittorf, 
P. 84, 214). S.G. at 20° = 4-3 (Rammelsberg, P. 
162, 151 ; Schaffgotsch, P. 90,66) ; 4-2 (Bathke, 
A. 152, 131). This variety is a non-conductor 
of electricity (Hittorf. he.). It is sol. GS, ; S. 
at b.p. of CSa{46-6°) = -l, at 0° = *016 (Mitscher- 
lioh, J. 1855. 314) ; according to Rammelsberg 
(Z.C.) the solubility in CS.^ varies much. For 
kH. V. beginning of this article. Petersen 
(Z. P. G. 8, 601) gives H.O. of this variety 
[Se.O*] = 67,260, and at. vol. 18*4 ; the change 
from this form to any other form of Se is 
attended with contraction and the production 
of a small quantity of heat. For action of heat 
V* infra* 


(ii.) Amorphous tnircous Se forms a blaok 
lustrous solid,- appearing red in thin layers. 
S.G. 4*282 at 20° (Sohaffgotsoh, /. pr, 43, 308 ; 
60, 312). Sol. in CS^. No fixed melting-point; 
when heated it softens at 60°, and becomes 
gradually less viscous till at 250° it is quite 
liquid; if this liquid is rapidly cooled, the 
vitreous variety is re-formed (Hittorf, l.c, ; 
Draper a. Moss, C. N, 33, 1). Heated very 
slowly to 96°-97° this variety changes to . metal- 
lic Se, with production of heat (R., he. ; Begnault, 
A. Ch. [3] 46, 257 ; Fabre, G. R, 103, 63). 

11. Grystalline selenion; insol, in 
Black crystalline Se. Small, micro- 
scopic, glittering leaflets. S.G. 4*8 (R., he.) ; 
4*76 to 4-78 at 16° (Mitscherlich, J. 1856. 314). 
Insol. CS.,. H.O. [Se.O-T = 65,820 ; at. vol. =. 16*6 ; 
change from amorphous Se to this form is ac- 
companied by slight production of heat and 
contraction (Petersen, Z. P, G. 8, 601), 

(ii.) Red ciystallme Se. Small, thin, trans- 
parent, lustrous crystals ; in thicker layers ap- 
pears black and opaque. S.G. 4-46 to 4-5 at 16° 
(R., he. ; M., he. ; Bathke, he.). Melts at 217° 
(H., he. ; D. a. M., he.). Insol. ii>CS,j. Petersen 
(he.) gives H.O. [Se,0-] = 56,200 ; and at. vol. 
= 17*7. This variety is a conductor of elec- 
tricity, the conductivity increasing with increase 
of temp, and also by exposure to light. (For 
details, v. infra.) When heated to c. 110° this 
variety becomes black. The crystals are mono- 
clinic, ratio of axes = 1*62:1 :P6 (M., he. ; Begnault, 
he.) ; isomorphous with monoclinio S (R., he.). 
For S.H. V. beginning of this article. 

(iii.) Grey metallic Se. Lustrous, grey, 
metal-like, granular solid, resembling grey pig- 
iron ; somewhat malleable (Begnault, he.). In- 
sol. in GS.^. S.G. 4*4 to 4*5 (R., he.). Melts at 
217° (H., he.) ; on cooling, the vitreous variety 
is chiefly formed, but if the cooling is stopped 
at 210° after a time there is a sudden rise to 
217°, and the whole solidifies in the metallic 
form. All varieties of Se are sol. Se.^CL, and 
SeEt^. 

Action of heat on selenioii. Any one of thf 
crystalline varieties of So melts at 217° ; when 
the molten Se is allowed to cool slowly it 
gradually becomes less soft, a thermometer 
placed in the cooling substance continuously 
falls and shows no point of rest (Hittorf, he. ; 
Begnault, he.) ; the final product is crystalline 
Se, but if the cooling is caused to take place 
rapidly the amorphous vitreous variety is 
formed ; if tfio cooling is stopped at 210°, and 
that temperature is maintained for some time, 
there is a sudden rise to 217° and the Se again 
solidifies in the crystalline (metallic) fonn. 
When amorphous Se is heated it softens at o. 
60°, and becomes gradually less viscous until 
at 250° it is quite liquid ; if the heating is very 
gradual, there is a sudden evolution of heat at 
96°-97° (Begnault, he., found temperature rise 
to 200°-230°), and the metallic variety is pro- 
duced. Se boils at 670°>683°, forming a reddish' 
yellow vapour, the V.D. oi which does not be- 
come constant until 600°-700° above the b.p. 
Effects of light and heat on the electrical con- 
ductivity of crystalline selenion. Amorphous 
Se does not conduct electricity ; but when heated 
rapidly it begins to conduct at 165°-175°, and 
conductivity increases until it attai^ a 
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piaximnm at 0.217® (Draper a. Moss, C, N. 33, 1). 
Crystallme Se conducts, the conductivity in- 
creasing proportionally with increase of tem- 
perature to 217®, after which it decreases and 
reaches a minimum at 250® (Hittorf, P. 84, 214 ; 
D. a. M., Z.C.). If Se is heated for a considerable 
time to 200° and is then allowed to cool, con- 
ductivity decreases as temperature rises and 
increases as temperature falls (W. Siemens, 
P. 151), 117). This observation seems to show 
that at 0. 200® a variety of Se is formed which 
behaves like a metal, and that on cooling this 
•form remains mixed with the ordinary crystal- 
line variety, so that the conductivity depends on 
the relative quantities of the two forms, and 
therefore on the temperature (c/. Kalischer, 
W, 31, 101). The electrical conductivity of 
crystalline Se increases enormously when the So 
is exposed to light (Sale, Pr. 21, 283 ; Smith, 
B. 6, 204 ; Rosse, P. M. [4] 47, ICl ; Forssmann, 
W. 2, 613). Adams and Day (Pr. 24, 163) found 
that the resistance of Sc varied directly as the 
square root of the intensity of the source of 
light ; also that light caused an electric current 
in Se from they less to the more illuminated part 
(Pr. 25, 113 ; c/. Bidwell, C. N. 52, 191). 

Se may be sublimed and distilled m vacuOy 
or in an indifferent gas (Schuller, J. 1884. 
1650) ; heated in air it is burnt to SeO.^. Se 
dissolves in cone. H^SO^, forming SeSOj, and is 
ppd. again on adding water ; Se is sol. in alkali 
solutions, forming alkali selcnidcs ; also in 
KCNAq, in alkaline sulphite solutions, in Se-^Cl^, 
Se.^r.,, and SeEt4 ; the amorphous varieties are 
gl. sol. CS2 

Se resembles S and Te in its chemical cha- 
racter ; it is somewhat less negative than S and 
more negative than Te; it shows distinct 
analogies with Or, Mo, W, and U (v. Oxyoen 
GKoup OF ELEMENTS, vol. iii. p. 705 ; and Chro- 
mium GROUP OP ELEMENTS, VOl. il. p. 168). 

The atomic wt. of So has been determined 
» (11 by analysing SeCl^ (Berzelius, P. 8, 21 [1 818]) ; 
(2) by analysing K^SeO, (Mitscherlich a. Nitzsch, 
P. 9, 627 [1827] ; (3) by oxidising Se to SeO., 
by reducing ScO., to So, and by analysing 
BaSeO, (Sace, A. Ch. [3] 21, 119 [1847]) ; (4) by 
analysis of HgSe (Erdmann a. Marchand, J,pr. 
65, 202 [1849]) ; (5) by converting Sc into SeCl^ 
(Dumas, A. Gh. [3] 55, 186 [1859] ; (6) by re- 
ducing SeO^ to Se and by analysing Ag^SeO, 
(^Pettersson a. Ekman, B. 9, 1210 [1876]; (7) by 
determining S.H. of Se (Kegnault, A. Gh. [3] 
46, 257) ; (8) by determining V.D. of, and 
analysing, SeH.^, SeO.^, ScXl., SeCl^, and SeBrCl,. 

The molecular wt. of Se has been found by 
determining the V.D. of Se at 860®, c. 1000®, 
and 0. 1400® ; the values at 1400® agree with the 
formula Scj. 

The atom of Se is divalent in the gaseous 
molecule SeH.^, and tetravalent in the gaseous 
molecules SeCl^ and SeBrClg. 

Reactions and Combinations. — 1. Water and 
ozone produce H^SeO^ (Mailfert, G, R. 94, 860, 
1186). Water alone does not react at 160® 
(Cross a. Higgin, G. J, 35, 249). — 2. Gone, sul- 
phuric acid dissolves Se on warming, forming 
HySeO,, and some H^SeO^, and giving’ off SOj. 
Fuming sulphuric acid forms a greenish solu- 
tion containing SeSO, (v. Thio-oxidcy p, 441) ; 
pn boiling is formed and SO, evolved 


(Kvera a. Shimos^, B. 18, 1209).— 3. Slot cofid. 
nitric acid oxidises Se to HgSeO,, with evolution 
of NO. Hydrochloric acid does not react with 
Se. — 4. Se dissolves in alhali solutions, forming 
alkali selenides ; fusion with alkalis produces 
the same compounds. — 6. Fusion with nitre or 
potassium chlorate forms K2Se04.— 6. Potas- 
sium cyanide solution dissolves Se to KONSeAq. 
7. Solutions of alkali or alkaline earth sul- 
phites dissolve Se, forming thioselenates (Eathke 
a. Zschiesche, J. pr. 92, 141 ; Uelsmann, A. 116, 
123 ; V . also Thioselenates, p. 434). — 8. Se 
vapour passed over heated lead fluoride forms 
So fluorido (Knox, Pr. Irish Acad. 1841. 299). — 
9. Se combines with oxygen to form SeO^, when 
heated in 0 or air.— 10. Se combines with cTiZor- 
ine, bromine, and iodine at the ordinary tem- 
perature. — 11. Heated to low redness with hydro- 
gen, H.^Se is formed (Uelsmann, A. 116, 122). — 
12. Phosphorus combines at the ordinary tem- 
perature. — 13. Se combines with arsenic and 
'antimony, by heating the elements together. — 
14. Selcnidcs of most metals are formed by heat- 
ing Se with metals {v. Selenides, p. 4.36). Some- 
times the combination is effected without heat, 
under the influence of light {v. Bidwell, P. M. 
[6] 20, 178 ; Moss, G. N. 33, 203).— 15. Se dis- 
solves in molten sulphur, but no definite com- 
pounds are formed in this way.— 16. With 
sulphuric anhydride Se combines to form 
SeSOg (v. Thio-oxide, p. 441). 

Selenion, acids of. Selenhydric acid H^Se, 
vol. ii. p. 724 ; selcnic acid HoSe04, p. 435 ; 
sclenious acid HjjSeOa, p. 445 ; Selenocyan- 
hydric acid HCNSo, vol. ii. p. 348; also Selcno- 
cyanic acid, this vol. p. 443 ; salts of thioselcnic 
acids, R^SeSOg and H.^SeS.p,;, are known^ p. 434 ; 
and salts of scUnosamic acids, Se(NH2)OM* and 
2SeO(NH2).OH.OM^, have been isolated, p. 446. 

Selenion, antimonide of; v. vol. i. p. 283, 
Antimony, Combinations of. No. 6. 

Selenion, arsenides and arsenosulphides of ; 
V, vol. i. p. 303, Arsenic, Combinations of, No. 7. 

Selenion, boride of. A yellow -grey solid is 
formed by strongly heating amorphous B in a 
stream of H^Se ; the solid is decomposed by 
water with rapid evolution of ILSo (Sabatier, 
G. R, 112, 865). As S. gives the formula B.S., 
to the boron sulphide formed by passing H^S 
over B, it is probable that the Se compound has 
the composition BgSej,. 

Selenion, bromides of. Two compounds of 
Se and Br are known, Se^Br.^ and SeBr^ ; both 
are formed by the direct union of the elements. 
Both are decomposed by heat, but they are more 
stable towards heat than the corresponding S 
compounds (Evans a. Ramsay, C. J. 45, 62). 
As the V.D. of neither has been determined, the 
formulas are not necessarily molecular; but 
from the analogy of SejClj and SeCl4, which 
formulte represent the compositions of gaseous 
molecules of these chlorides, it is probable that 
the mol. wts. of the bromides correspond with 
the formulae SegBr^ and SeBr4. 

Selenious bromide Se^Br^. (Selenion mono- 
bromide.) Formula probably molecular, from 
analogy of Se^Cljj. To 16’9 parts powdered Sa 
covered with three times its weight of dry CSj, 
16 parts Br are gradually added ; after a time 
the CS, is distilled off ; and remains as % 

thin oily liquid, having a dark reddish-brown 
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fiolonr (spp«aribg black in a thiokish layer), and 
an unpleasant smell resembling that of S^GLj 
(Serullas, A, Ch. [2] 35, 349 ; Schneider, P. 128, 
827). A thin layer of Se^Brj transmits rose-red 
light; the absorption spectrum has been ex- 
amined by Gernez (C. R, 74, 1190). S.G. of 
Se3Br2= 3*604 at 15°. Bris given off on heating, 
then a little SeBr^, and at 225°-230° most of 
the Se2Br2 distils over, and finally some Se is 
obtained (Schneider, l.c.). So-^Brj dissolves in 
all proportions in CS2, less easily in CIICI3, 
EtBr, and EtI. It sinks in v^ater, and then de- 
composes to H^SeO^Aq, HBrAq, and Se. Abso- 
lute alcohol forms SeBr^ (which remains dis- 
solved) and Se. Se-^Brj dissolves Se (c. 22 p.c.), 
on adding CS2 the Se separates. Br is absorbed 
by Se^Bra, with formation of SeBr^. A solution 
of Se2Br2 in CS.^ shaken with dry AgCN forms 
a little Se cyanide (Schneider, P. 129, 634). 

Selenio bromide SeBr4. {Selenion tetra- 
bromide.) Formula probably molecular, from 
analogy of SeCl4. To a solution of 1 part SoJltj 
in CS2 li parts Br are gradually added, the 
SeBr, which separates is allowed to stand in 
contact with the CS.^ for some days, whereby it 
becomes crystalline, and the CS.^ is distilled off ; 
the compound obstinately retains some CSg. 
By heating to 75°-80^ Br is given off, and the 
SeBr„ containing SejBr.^, sublimes in black, 
lustrous, six-sided leatleta, mixed with a little 
pure SeBr4 in dark-orange crystals, and Se2Br2 
remains (Schneider, P. 129, 450). SeBr4 is also 
obtained by dissolving 1 part powdered So in 
10-12 parts Br, pressing the crystalline mass 
between filter-paper, and removing excess of Br 
by gently warming. SeBr4 dissolves in CS^, 
CHOI.,, and EtBr ; it dissolves with decomposi- 
tion in alcohol, also in HClAq. SeBr4 is very 
hygroscopic; in moist air it gives Br and 
Se JBrj ; in much water it forms H2Se04Aq and 
HBrAq. Combines with SO3 to form SeCl4.S03 
(v. Selenion thio-oxychloride, p. 441). Forms 
compounds with KBr and NH4Br, KjSeBr^ and 
(NH,)2SeBr4 (u. Muthmann a. Schafer, B. 26, 
1008). 

Selenion, bromochlorides of. Two com- 
pounds of Se, Br, and Cl were obtained by 
Evans and Kamsay (C. J. 45, 68) by the inter- 
actions of Se.jClj and Br, and Se2l3r2 and Cl. The 
bromochlorides thus formed are SeBrCl, and 
SeBr^Cl. 

Selenion tribromoculoride SeBrjCl. 

Orange, hygroscopic crystals formed by adding 
2*1 parts Br, in CS.^, to 1 part Se.Cl.^, crystal- 
lising from CS2, and gently warming in a current 
of air to remove adhering CS2 (Se.^C^ + BBrj 
«2SeBrsCl). Decomposes when heated, giving 
off Br ; as V.D. at 200° was 0. half that calcu- 
lated for SeBrjCl, dissociation is probably com- 
plete at that temperature. 

Selenion bromotriculoridb SeBrClj. Mol. 
w. 264*66. V.D. at 179° and 754 mm. pressure 
«= 131*5; dissociation begins at 0. 190°-200°. 
Yellow-brown crystals ; obtained by passing Cl 
into Se2Br2 in CS., washing the pp. with CS.^, 
and drying in a current of warm air. Gives off 
Br when heated above 0. 190°, and yields sub- 
limate of SeBrf. 

Selenion, carbide of, o. Carbon belbnide, 
vol. i. p* 693. 


Selenion, chlorides of. Two chlorides are 
formed by passing Cl over heated Se *, using an 
excess of Se the product is SojClj, and with an 
excess of Cl the product is SeOl4. Attempts to 
form SeCh, corresponding with SCI2, have been 
unsuccessful. 

Selenious CHLORIDE S 02CI2. (Sclcnion wowo- 
chlonde. Selenion selenochloride.) Mol. w, 
228-34. V.D. 110 at 200°-250° (Evans a. 
Banisay, G. J. 45, 62; Chabri6, Bl. [3] 2, 803). 
S.G. 2-906 at 17*5° (Divers a.'Shimos6, C. J. 45, 
198). Boiling begins at o. 145°, but no definite 
b.p. can be given (K. a. R., l.c.). H.F. [Se*,CB] 

= 22,150 {Th. 2, 405). 

Formation.—l. By passing Cl over excess of 
heated Se. — 2. By heating SCCI4 with Se at 100° 
(Berzelius, P. 9, 225). -3. By passing HCl into 
a solution of Se in fuming H.2SO4 (Divers a. 
Shimos6, 0. J. 45, 194, 198). 

Preparation.— HCl gas is passed into a solu- 
tion of Se in fuming H2SO4 till a deep-red liquid 
is deposited and the mother-liquor is yellowish- 
brown ; the mother-liquor is then poured off, the 
red liquid is dissolved in fresh fuming II.^SO, 
and HCl is passed in ; this process is repeated 
again ; finally, the red liquid is digested, in a 
closed vessel, with dry KCl (to remove H2SO4) and 
decanted (D. a. S., Ic.). The reactions are pro- 
bably (1) 2SeS03-»-2HCl = SeS03.SeCl2 + H2SO, ; 
(2) SeS03.SoCl2 + HCUSe.2Cl2 + S02.C1.0H (D. 
a. S.). 

Properties, Reactions, and Combinatwns . — 
Se.,Cl2 is a heavy, deep-red liquid, smelling some- 
thing like S CL/, S.G. 2*906 at 17*5°; somewhat 
volatile at 'ordinary temperatures, giving off 
orange-coloured vapour at 100°, beginning to 
boil at c. 145°, but exhibiting no fixed b.p. 
(E. a. R., Z.C.). V.D. determined ate. 200° gave 
results agreeing with SoaClj. For absorption 
spectrum of vapour v. Gernez, C. R. 74, 1190. 
SeXl.^ is easily sol. OS., CHC1„ C^Ha, and CCI4. 
It is slowly decomposed by H.O, I5tOH, and 
Ei,0; a solution in CS2 shaken with water 
gives H-^SeOsAq, HClAq, and Se. Warm SejCla 
dissolves Se freely ; on cooling the Se is partly 
ppd. in the metal-like form (Rathke, A. 152, 
181). SejCl.^ is decomposed by shaking with 
Hg or Ag (D. a. S., l.c.) ; with P it gives PCI, and 
Se (Baudnmont, A. Ch. [4] 2, 5). Se-^Cl, com- 
bines with PCI, to form a yellow substance 
(B., Ic.). 

Selenio cnLORii>K SeCl4. (Selenion tetra^ 
chloride.) Mol. w. 220*28. V.D. at 180° = 110 
(Evans a. R&msay, G. J. 45, 65). H.F. [Se,CP] 
= 46,160 (T/i. 2,405). 

Formation. — 1. By heating Se, or Se^Cl.^, in 
excess of Cl. — 2. By heating SeO, with PCI, 
(v. Preparation). — 3. By the action of SOCl, on 
SeOCl^. 

Preparation. -To 13 parts PCI, in a long- 
necked flask 7 parts SeO^ are added little by 
little, the reaction being allowed to cease after 
each addition before more SeO, is added 
(SeO,-j-PCl,= SeOCl, + POCl,); the mass be- 
comes li<iuid and thou suddenly solidifies 
(3SeOCl, + 2 rOCl 3 = 3SeCl4-HPA); excess ot 
pool, is now removed by heating the flask 
while a rapid stream of dry CO, is passed 
through it ; a wide tube is then fitted by a cork 
into the neck of the flask, and the flask is placed 
in a tray containing hot sand (if the flask is 
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allowed to cool the condensing P^O, may canse 
it to crack) (Miohaelis, J. Z. 6, 79). 

Properiiest Reactions, and Combinations. 
A slightly yellow crystalline solid; volatilises 
when heated, without melting, in yellow vapours. 
Evans a. Kamsay {C. J. 45, 66) found V.D. at 
180^ to be 110, agreeing with the formula SeCl^; 
dissociation to SejjClj and Cl began at c. 210®, 
and at 360® c. 66 p.c. was decomposed. 
Clausnizer (J3* 11, 2007) got the value 67 for 
V.D. at 218°, at which temperature E. a. B.’s 
value was o. 86; at 368° Chahri6 {Bl. [3] 2, 803) 
obtained the number 57, which agrees fairly with 
the results of E. a. R. SeCl, is nearly insoL 
CSj. In moist air SeOCl^^ and HGl are produced 
(Weber, P, 108, 615) ; water forms H^SeOaAq 
and HClAq. H^S produces IICl and So sul- 
phide; SO.J has no action. NH^Aq produces 
Se, N, and H at ordinary temperatures, and 
N selenide at a low temperature (Verneuil, Bl, 
[2] 38, 648). Dry NH3 combines with SeCl4 
at -20°, forming a very unstable compound, 
probably SeCl^.dNH, (V., Ic.). With VG\, the 
compound SeCl4.2PCl4 is formed (Baudrimont, 
A, Ch. [4] 2, 6^. 

Selenion, chlorobromides of, v, Selgnion 
BBOMOCHLORIDES, p. 439. 

Selenion, cyanide of; v. Cyanogen selenide, 
vol. ii. p. 358. 

Selenion, fluoride of. No definite compound 
of Se and F has boon isolated. According to 
Knox (Pf. Irish Acad. 1841. 299) a fluoride of 
Se sublimes when Se vapour is passed over 
molten FbF,. 

Selenion, haloid compounds of. Se com- 
bines with the halogens to form two types of 
compounds, Se^X, and SeX^ (the fluorides have 
not been examined) ; the formulm are probably 
molecular, as the V.D.s of Se.^Clj and SeCl^ have 
been determined. The compounds Se^Xj, where 
X»C1 or Br, are liquids at ordinary tempera- 
tures ; the other compounds are solids. All the 
compounds are fairly easily decomposed by heat, 
but less easily than the corresponding S haloid 
compounds. 

Selenion, hydride of; v.Hydroqkn selenide, 
vol. ii. p. 724. 

Selenion, hydroxides of. The hydroxides of 
Se, SeO(OH)2, and ScO..(OH)2 are acids ; v, 
Selenious acid, p. 445, and Selenic acid, 
p. 435. 

Selenion, iodides of. Two compounds of Se 
and I are known, Sejl^ and Sel„ corresponding 
with the bromides and chlorides. ^ 

Selenious iodide Se^Ij. {Selenion mono- 
iodide,) Formula probably molecular, from ana- 
logy of Se^Clj. Formed by heating the elements 
together in the ratio Sc:I(l:l*61) ; also by heat- 
ing Se^Brj and EtI at 100^ in a sealed tube 
(Schneider, P. 129, 627). Crystalline, steel-grey, 
somewhat metal-like solid; meltiqg to a dark- 
brown liquid at 68°-70°. Decomposed to Se 
and I by continued heating at 100°; also by 
solvents of I. Water forms H^SeCaAq, HIAq, 
and Se. 

Selenio. iodide Sel^. {Selenion tetra-iodide,) 
Formula probably molecular, from analogy of 
SeCla. Formed by heating together Se and I 
in the ratio Se;4I(l:6-44) ; also by mixing SeBr4 
and EtI in the ratio SeBr^idEtl, the Sel 4 sepa- 
rates after a little. Best prepared by adding 


HIAq to eono. HsSeOsAq as long as a pp. Is 
produced ; the pp. is washed, pressed, and dried 
over HjS 04 (Schneider, A dark-grey solid, 
melting at 75°~80° to a blackish-brown liquid. 
Gives up all I when heated to o. 100°, or treated 
with solvents of I ; slowly decomposed by 
water. Attempts to form an iodochloride oj 
selenion were unsuccessful {v, Evans a. Ramsay, 
O.J-. 45, 70). 

Selenion, nitride of ; v. Nitrogen selenide, 
vol. iii. p. 670. 

Selenion, oxides of. Only one oxide of Se 
has been isolated with certainty ; this oxide is 
SeOj. Berzelius thought that an oxide SeO was 
formed, along with SeO^, by heating Se in air or 
0, by heating Se and SeO^, and by the partial 
oxidation of Se sulphide by HNO3. According 
to Chabri6 (A. Ch. [6] 20, 202) Se takes up 0 
approximately corresponding with that required 
to form SeO, when heated in air to 180°. 
Attempts to prepare SeO^ have failed. By pass- 
ing gaseous SeOj and 0 over hot spongy Pt, von 
Gerichten {A. 168, 214) obtained a white sub- 
limate that dissolved in water with a hissing 
sound, forming HBeO,, but Cameron a. Macallan 
(Pr. 46, 32) failed* to confirm this result ; C. a. 
M. (Z.C.) did not get SeO^ by passing 0 over hot 
Pt sponge mixed with Se, nor by the action of 
ozone on ScO.^, nor by heating selenate of Sb, 
Bi, Fo, Pb, Hg, or Ag. By heating dry H.^ScOi 
with P-Ps in a closed flask they got a trace of a 
crystalline solid, analyses of which pointed to 
the composition SeOg. A solution of Se in 
H^SeO, perhaps contains Sep^ {v. Selenic acid. 
Reactions, No. 6, p. 436). 

Selenion dioxide SeO^. (Selenious oxide, 
Selenious anhydride.) Mol. w. not determined. 
S.G. 3 9538 at 15° (Cameron a. Macallan, Pr. 
46, 27; Clausnizer, A. 196, 265). [Se,0»] 

-67,2.50 from amorphous Se; 65,820 from 
black crystalline Se ; 66,200 from red crystalline 
So (Petersen, Z. P. C. 8, 601). Melts at 340° 
in a sealed tube ; at ordinary pressure volatilises 
Y/ithout melting, slowly at 250°, rapidly at 280° 
(Chabri6, A. Ch. [6] 20, 202; C. a. M., Z.c.). 
For absorption-spectrum of SeO, vapour v, 
Gernez {G. R. 74, 803). 

Preparation.— 1. Se is placed in the lower 
part of a V-tnbe with one limb longer than the 
other, and the longer limb drawn to a fine open- 
ing; the shorter limb is connected with a gas^ 
holder, from which a stream of dry 0 is passed 
into the V-tube; the tube is heated till the Se 
burns; the SeO.^ condenses in the longer limb of 
the tube. —2. Se is dissolved in cone. HNO^Aq, 
the solution is evaporated to dryness, best in a 
retort (solidification occurs suddenly, with evolu- 
tion of heat) ; the dry H^SeOg is heated in the 
retort till sublimation begins, then let cool, and 
dissolved in water; the solution is ppd. by 
BaOAq ; the solution, after filtering, is evapo- 
rated to dryness, and the residue is heated, when 
ScOa sublimes ; traces of HpeO^ and H2SO4 are 
thus rcmovecl, excess of BaO remains in the 
residue (Thomsen, B. 2, 698 ; cf. Wohlwill, A, 
114, 176 ; Fischer, P. 67, 412). 

Properties arid Reactions, — Long, white, 
lustrous, four-sided needles (for m.p. &o, v. begin- 
ning of this article). 1. Slowly withdraws water 
from moist air, forming EgSeOa; ^solves in 
water, forming same aoid, with disappeaianoe of 
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heat, [SeO* Aq3« -920 {fh. 2, 405).-2. SI. sol. 
boiling atetic axhydridey orystalliaing un- 
changed ; heated to 180°-200‘^ oxidation of the 
AojO occurs (to CO,, &o.) and Se separates 
(Hinsberg, A, 260, 40).— 3. Dissolves in ^ueotis 
acetic acidt HjSeO, separating on cooling (H., 
Z.C.).— 4. Dissolves in alcohol of 96 p.c.t and is 
re-obtained on evaporation over H 2 SO 4 (H., lx.), 
6 . Reacts with phosphoric chloride to give SeCl^, 
P 2 O 5 , and POClj ; heated with phospJwryl chlor- 
ide gives SeOCl, and P^Oj (Michaelis, J. Z. 6 , 
79).— 6 . Heated with sodium chloride yields 
SeOClj and Na.SeOj, (Cameron a. Macallan, Pr. 
46, 35). — 7. Heated with selenion tetrachloride- 
in a closed tube produces SeOClj ; with SeBr^ 
probably forms SeOBr^ (Schneider, P. 129, 450). 
8 , Decomposed by dry ammonia to H.^O, Se, and 
N ; when NH^ is passed into SeO^ in absolute 
alcohol, SeO{NH 2 ).ONH 4 is formed {v. Sklenos- 
AMic ACIDS, SALTS OF,p. 446).— 9. Hcatcd with dry 
HON and Ac-^O, Se cyanide is probably formed 
(Hinsberg, A. 260, 40). — 10. Hydriodic acid 
reduces SeO.^ to Se and H^O, even at 10®. — 

11 . SeO^ and sulphur dioxide do not react at 
any temperature (Schulze, J.pr. [2] 32, 390). — 

12. The compounds K.^SeBr^ and (NHJ^ScBra 
are produced by dissolving SeO^ in hydrobromic 
acid and adding potassium or ammonium brom- 
ide (v. Muthmann a. Schafer, B, 26, 10081. 

Combinations. — 1. According to Ditto [A. Ch, 
[5] 10, 82), SeO.; combines with dry hydrogen 
chloride to form two compounds, one of which, 
S 0 O 2 . 2 HCI, is liquid, and the other, Se 02 . 4 HCl, 
is solid, at the ordinary temperature. With 
hydrogen bromide SeOo.4nBr is formed, and 
when this is kept very cold and IIBr is passed 
over it, D. says that SeOa-SHBr is produced. 
Hydrogen fluoride is said also to combine with 
SeOo, but the product has not been ex- 
amined.— 2 . With alkali halides the compounds 
MX. 2 Se 02 . 2 H ,,0 arc formed (Muthmann a. Scha- 
fer, B. 26, 1008).— 3. Hinsberg {A. 260, 40) de- 
scribed a compound with alcohol^ SeOj.C.H^O, ob- 
tained by evaporating SeO.^in absolute alcohol owdt 
CaCI^. — 4. Large white crystals of the compound 
SeO.j.SOa are obtained by warming ScO^and pure 
sulphuric anhydride to 100 °, distilling off excess 
of SO 3 at 00°-70°, and allowing to cool. At 100^ 
the compound gives up SO 3 (Weber, B. 19,3185). 

Selenion thio-oxide SeSOj. {Selenion stilph- 
bxide. Selcnion-sulphur trioxide.) Mol. w. not 
determined. Magnus (P. 10, 491) noticed that 
•Se dissolved in fum’ing H.SO^ to produce a 
green solution ; Weber (P. i56, 531) separated 
and analysed the green compound, and gave it 
the formula SeSO;,. Divers a. Shiraos 6 (C. J. 
45 , 201 ) further examined this substance. 
Powdered Se is placed in liquid SO^; heat is 
given off, and a dark-green liquid is formed; 
after a time the whole solidifies ; after warming 
to 30®-40° for a few minutes the liquid part is 
drained off, and the adhering SO 3 is removed by 
the use of a Sprengel pump (for details v. D. a. 
S. on TeSOj, C. J. 43, 824). SeSO, is a green 
solid, which may be heated to 0 . 35® without 
change ; decomposition begins at 0 . 40°, and at 
0 . 120® SOj and 0 are rapidly evolved and Se 
separates *, by heating slowly in vacuo it changes 
to a yellow powder, which D. a. S. think to be a 
modmoation of the thio-oxide. SeSO, is sol. 
MHO. '!]^SO« ; on adding much water Se is ppd., 


and HjSeO, and H,SO, go into solution. HCl reacts 
with SeSO, inH^SO, to form Se^Cl, and SO^-ChOH 
(y. Selenious chloride, Preparation, p. 489). 
Schulz-Sellack {B. 4, 118) observed that the 
vapours of SO, react with Se to form a yellow 
powder. 

Selenion, oyacids of, and their salts. The 
oxyacids of So are selenious acid HjSeO, {v, 
p. 445) and selenic acid H^SeOi (v. p. 485) ; 
salts of the thioselenic acids Tl^SeSO, and 
HBeS^Og have been isolated (u. p. 484) ; and 
salts of the selemsamic adds Se 0 (NH 2 ). 0 H 
and 2 SeO(NH.J.(OII )2 are known (u. p. 439). 

Selenion, ozy bromide of. By melting to- 
gether SeO. and SeBr^ Schneider (P. 129, 460) 
obtained needles which were probably SeOBr,, 
corresponding with SeOCl, formed in a similar 
way. 

Selenion, oxychlorides of. The oxychloride 
of Se, ScOClj, corresponds with sulphuryl 
chloride SOCl.^; an ■ oxychloride containing Se 
and S, and corresponding with S, 0 ,Cl 4 , has also 
been isolated. 

Selenyl cnLORiDB ScOCl,. {Selenion oxy- 
chloride.) Mol. w. not determined. 

Preparation. — 1. Equivalent weights of SeCl^ 
and SeO, are heated in a sealed tube to 150®, 
and the product is purified by repeated distilla- 
tion (Weber, P. 118, 615).— 2. SeO.^ and PCI, are 
brought together in the ratio SeOoiPCl, ; SeOCl^ 
and POCl, are produced, but the heat evolved 
suffices to cause a secondary reaction, which 
yields SeCl^ and P.O,,, so that very little SeOCl, 
can bo obtained by this metliod (Michaelis, J. Z, 
G, 79 ; cf, Sklenio cnLORiDB, Preparation, 
p. 439).— 3. By distilling SeO^ and NaCl in 
the ratio SeO^iNaCl (Cameron a. Maoallan, Pr. 
46, 35). 

Properties.— k yellowish liquid, fuming in 
the air, boiling at 179*5®, and solidifying below 
0 ® to colourless crystals, which melt at 10 ® 
(M.. I.C.). 

Eeact'ioiis and Combinations (M., 2.c.). — 
1 . Water decomposes SoOCl^, forming ]^SeO,Aq 
and HClAq. — 2 . Anwionia produces SeO._„ Se, N, 
NH 4 CI. — 3. Sulphuryl chloride produces SeOl 4 
and SO,.— 4. PhospJwryl chloride forms BeCli 
and P 2 O, {v. Preparation of selenic chloride, 
p. 439).— 6 . With phosphorous chlmide POCl,, 
SeCl 4 and ScoCl, aro produced. — 6 . SeOCl, 
combines with stannic chloride to form 
SScOCla-SnCl, ; also with titanic chloride and 
antimonic chloride to form 2 SeOCl 2 .TiCl 4 and 
2 SeOCl 2 .Sbd 5 (Weber, P. 125, 325); 

Selenion, thio-oxychloride or, SeSOgCi,. 
{Pyrothioselmyl chloride. Selenion sulpho* 
oxytetrachloride.) Mol. w. not determined. 

Formation. — 1. By the interaction of SO, and 
SeCl 4 (H. Rose, P. 44, 315).— 2 . By dissolving 
SeCl 4 in Nordhausen sulphuric acid (Olausnizer, 
B. 11, 2007)f— 3. By heating SO^Cl, and Se001| 
in a sealed tube to 170°-180® (0., l.e.).—L By 
the interaction of SO,.OH.Cl and SeO„ SeOCL, 
or SeOl 4 ( 0 ., l.c.). 

Preparation.— and SO,.OH.Gl are 
warmed together in the ratio SeCl 4 : 2 (S 0 ,. 0 H. 01 ) 
till the SeClf is quite dissolved : 

SeOl 4 + SO 2 .OH.Ol « S 02 . 01 . 0 SeCl, + Cl. 
(Excess of SO 2 .OH.Ol is needed to hasten the reac- 
tion and to serve as a solvent.) The reddish sola- 
lion solidifies on cooling ; the white needles at« 
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separated by prdssliig between porous plates, and 
dried over H^SO^. 

Properties and Reactions* — Small white 
needles ; unchanged in vacuo or on gentle 
warming ; deliquesces in moist air ; molts at 
166® and boils at 183®; V.D. at 209® --=48*6, 
calculated for SeS03Cl4 = 150 ; dissocia- 
tion has therefore occurred, perhaps thus ; 
2SeSOA = 2SO3 + Se.,Cl, + SCl^ (C., l.c.). Decom- 
posed by water, at once, to H^SO^Aq, H^SeOjAq, 
and HClAq. 

Selenion, phosphides of ; v. Pbosphobus 
BELBNIDBB, p. 144. 

Selenion, sulphides of. The only compound 
of Se and S that has been isolated is SeS. Divers 
a. Shimidzu (C. J* 47, 446) say that this is the 
only compound of the two elements that exists, 
but Rathke {B. 18, 1534) considers that others 
exist, although none but SeS has been obtained in 
a state of purity. Se and S may be melted to- 
gether in all proportions, *but no compound is 
produced (Bettendorff a. von Rath, P. 139, 329 ; 
Rathke, P. 141, 590). Isomorphous mixtures of 
the two elements crystallise from solutions of 
Seand Sin CSj (B. a. von R., l.c.). The pp. 
formed by passing H.^S into H^ScOa contains Se 
and S in the ratio SeS.„ but it” is a mixture of 
SeS with S (H. Rose, P. 107, 186 ; D. a. S., l.c . ; 
Rathke, B. 18, 1534). The pp. containing Se and 
S in the ratio obtained by passing Hj.So 
into HjSOa is merely a mixture (D. a. S., Lc.). 

Selenion monosulphide SeS. Mol. w. not 
determined. Very dilute H2Se03Aq, cooled to 
0®-6®, is saturated with H-S, which is first 
passed through a flask filled with pieces of ice ; 
the yellow pp. which forms is washed, dried 
in vacuo, moistened with CS^, and allowed to 
stand for some days till the mass becomes crys- 
talline, the CSj withdrawing S ; CS. is added to 
the crystals, after a few minutes the CS.^ is de- 
canted, and the residue is washed with and 
then with alcohol. SeS forms small, orange- 
yellow, lustrous tablets ; S.G. 3*056 at 0®, 3*035 
at 62® ; S.H. *1274. On heating it melts, gives 
off S vapour, and then vapour of S and Se. Sol. 
CSj, but not crystallisable therefrom by evapora- 
tion; insol. water and ether (Ditte, C. R* 73, 
626, 660). 

Selenion, sulphoxide of; v. Selenion thio- 
oxide, under Selenion oxides, p. 441. 

Selenion, sulphoxychloride of; v. Selenion 
thio-oxychleride, under Selenion oxychlorides, 

p. 441. 

Selenion, thio-oxide of; v* Selenion oxides, 
p. 441. 

Selenipn, thio-oxychloride of; v. Selenion 
oxychlorides, p. 441. M. M. P. M. 

SELENION, ORGANIC COMPOUNDS OF. 

Methyl lelenide or Selenion methide McjSc. 
Mol. w. 109. (68®). Formed by distilling a 

solution of barium methyl sulphate with KjSe 
(Wohler a. Dean, A* 97, 6) or of KMoS04 with 
Na^Se (0. L. Jackson, A. 179, 1). Heavy oil 
with nasty smell. Burns with bluish flame. 
PtCl^ forms (Mej,Se)3PtOl4, crystallising from 
alcohol in yellow plates. Cone. HNO, forms 
(Mft2SeO)HNO, [91°], whence HClAq produces 
MeaSeCl, [60®], while HBrAq gives MejSeBr, 
[82®] and KIAq ppts. Me^Sel,. 

Methylo-iodide MejSel. Tri-methyU 
$clenomum iodide* Yields (Me,SeCl)sFtCl«, 


crystallising from water in dark-red octabedfS 
(Jackson, B. 7, 1277). 

Di-methyl diselenide Me^Se^. Formed from 
KMeS04 and KgSe, (W. a. D. ; Rathke, A* 162, 
211). Heavy reddish-yellow oil, with unpleasant 
odour, sol. HNOsAq. 

Methane selinio acid CHj.SeOaH. [122®]. 
Formed by oxidising Me^Sej with HNOj (W. a. 
D.). Deliquescent crystals, v. sol. alcohol. 
Gives with HCl crystalline CH4Se0201. — 
AgA': prisms. 

Ethyl selenide Et^Se. (108®). (Rathke ; 
Pieverling, A. 185, 331). Oil, without unpleasant 
odour. HCl added to its solution in dilute 
HNO3 ppts. Et^SeClj, whence NH^Aq forma 
(Et2Se)20Cl2 (Joy, A. 86, 36). 

Ethyl iodide EtaSel. Crystalline. Con- 
verted by moist Ag^O into a strongly alkaline base 
which forms crystalline salts.-- ■(Et3SeCl)2ZnC] 
thin plates. — (Et3SeCl)2PtCl4. 

Di-ethyl diselenide Et^Sej. (186°). IjiquiJ 
*with disgusting odour. HCl added to its solu- 
tion in dilute HNO3 gives monoclinic crystals of 
CASeO^Cl. 

Ethane telinio acid Et.SO^H. Yields with 
HCl monoclinic crystals of C.^H^SeOjCl. 

Ethyl selenhydrate EtSell. Selenion- 
mercaptan. Formed from KSeH and Ca(EtS04)3 
(Siemens, A* 61, 360). Heavy oil, boiling much 
below 100® and having an unpleasant odour. 
Reacts with HgO. 

Ethyl selenite SeO(OEt)2. (184°). S.G. 
IS l*49. Formed from AgaScOj and EtI, and 
got also by heating SeOCl^ with NaOEt and dry 
ether at 180° (Michaelis, A. 241, 158). Thick 
liquid, miscible with water and alcohol. The 
chloride SeO(OEt)Cl [10°] (175®), formed from 
SeOCla and alcohol, crystallises in needles. 

Selenide of carbon CSc^. Formed in small 
quantity by passing a mixture of CCI4 and H.^So 
through a red-hot tube (Rathke, A. 152, 199). 
Pungent yellow liquid. Converted by alcoholic 
potash into EtO.CSejK, crystallising in yellow 
heedles, v. sol. water and alcohol. 

Selenido - di - acetic acid Se(CH2.C0.2H).,. 
Formed from ammonium chloro-acetate and 
alcoholic (NH4)2Se (Ulrich, B. 8, 773). Mono- 
clinic tables. — *(NIl4)2A": insol. alcohol 
— »‘CuA"; bluish-green pp. 

Amide. — Formed from ClCH^.CONHa and 
alcoholic (NH,)2Se. Prisms, m. sol. cold water. 

Di-phenyl selenide SePh.. S.G. 22 1-450. 
V.D. 8*17 (calc. 8*09). Formed, together withf 
selenophenol and Se2Ph3.CuH4Cl (240®- 250® in 
vacuo), from SeCl, and benzene in presence of 
AICI3 (Ohabri6, C. R. 109, 183; Bl* [2] 60, 133; 
[3] 2, 788). Oil. Boils at 227° under a few cm. 
pressure. Bromine forms Se(OflH4Br)3 [112®], 
crystallising from alcohol in colourless hexa- 
gonal plates. HoOj, in presence of HCl and a 
current of air, forms SeJCaH^Cy.OeH^OH [146®] 
converted by HNOj into a crystalline product 
[188°]. 

Phenyl selenhydrate OgH^SeH. Seleno- 
phenol* [60®]. Formed from benzene, SeOl 4 , 
and AICI3 (Chabri6, 0. R* 109, 183 ; Bl. [3] 2, 
788). Sol. alcohol, insol. water. 

Tetra - methyl - di - amide - di • phenyl-selenide 
Se(CgH 4 NMe.j-. [124®]. Formed from SeOOl, 
and di-methyl-aniline in ether (Godchaux, B. 
24, 766). Yellowish needles, m. sol. cold alcohol 
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ind ether.— B''H jS 04. [66°]. Colourless needles, 
V. e. sol. water.— B"2C„H,(N0,)30H. [136°]. 
Yellow plates. 

Tetra • ethyl . di • amide • di . phenyl • selenide 
Se(C3H4NEt2),. [83°]. Formed from SeOCL, 
and PhNEtj in ether. Silky needles, v. e. sol. 
hot ether and alcohol.— 13" HjCl^. [73°].— 
B"2C3H3(N0.,),0H. [135°]. Yellow plates and 
needles. 

Di-phenyl-selenone SeOPhj. (230° at 65 mm.). 
S.G.^1’48. Formed, together with the compound 
PhSeO(CgH4Cl) [94°], from SeOCL^, benzene, and 
AICI3. Amber-yellow liquid. Not attacked by 
cold HN O3. Bromine- water yields SeO(CaH4Br)j, 
[120°]. H2O2, HGl, and a current of air form 
SeOICeH^Cl)^ [169°]. 

Phenyl seleno-oarblmide Ph.NO.Se. Formed 
by shaking Na^Se with the chloride of phenyl- 
carbamine, PhNCClj, and ether for a day, filter- 
ing, distilling with steam, and drying the oil in 
vacuo over H^SO^ (Stolte, B. 19, 2350). Paid 
yellowish-red oil, v. sol. alcohol and ether. 

Phenyl-seleno-urea NHPh.CSe.NH.^. [182°]. 
Formed by passing NII3 into Ph.NO.Se dissolved 
in ether, and also by the action of H^Se on 
phenyl-cyanamide in benzene (Stolte, B. 19, 
1579, 2350). Crystals (from alcohol). 

Di-phenyl-seleno-urea CSe(NIIPh)2. [186°]. 
Formed from aniline and phenyl seieno-carb- 
imide (Stolte, B. 19, 2351). Crystals (from 
alcohol), si. sol. ether. 

Selenaldine C0II13NS02. Formed by passing 
SoH .2 into an aqueous solution of aldehyde- 
ammonia in absence of air (Wohler a. Liebig, A, 
61, 11). Colourless crystals, with slight odour, 
si. sol. water, v. sol. alcohol and ether. Its solu- 
tions are turned brown by air. 

Amido-selenazole C^EjN^Se i.e, 

[ 121 °]. 

Formed by warming seleno-urea with di-chloro- 
di-etliyl oxide and aqueous NaOEt (G. Hofmanu, 
A. 250, 308). White needles, v. sol. alcohol and 
ether, m. sol. benzene and water. Decomposed 
by prolonged boiling with water. — B'jHjPtCla; 
orange-red pp. 

Acetyl derivative CjHaAcNjSe. [c.210°]. 
Needles. 

Ozy-amido-selenazole cn-c|oiI)^^^’ 

hydantoXn. [190°]. Formed by boiling seleno- 
urea with chloro-acctic acid and alcohol (G, 
Hofmann, A. 250, 312). Thick crystals, m. sol. 
hot water and alcohol, insol. ether.— B'HCl : 
needles. 

BUiy-ielenazolo ^h!c|oH)^^- 
Formed by boiling oxy-amido-selenazole with 
NaOHAq (Hofmann). Prisms, v. sol. alcohol, 
m. sol. water. 

Amido-methyl-selenazole 

[80°]. Formed from seleno-urea and chloro- 
acetone (G. Hofmann, A» 250, 305). Needles, 
V. sol. alcohol and ether. Alkaline in reaction. 
—B'HCl: prisms (from water).— B'^H^PtCl, ; 
orange-red orystaUine pp. 

Acetyl derivative OJEL^oJUfie, [122°]. 
Needles (from benzene), si. mL water. 


Amido-metbyl-selenaiole earbozyllo acid 
[196»]. Formed b, heat- 

ing seleno-urea with chloro-acetoacetic ether (G. 
Hofmann, A. 250, 309). Needles, m. sol. water, 
V. sol. alcohol and ether.— •HA'HCI : plates, v. e. 
sol. water. 

Acetyl derivative CjHiAcNaSeOj. [220°]. 
Needles, almost insol. hot water. 

Amido-phenyl-selenazole CyHjNjSe i.e. 

CH-ci^' M' ^132°]. Formed from bromo- 

acetophenone and seleno-urea (G. Hofmann, A» 
250, 307). Needles or prisms, insol. water, sol. 
alcohol and acids.— BlllSr : yellowish plates, sL 
sol. cold water. 

Di-phenyl-selenazole Cj^TInHSe i.e. 
CH-CPh^^' ^29°]. Formed from w-bromo- 


acetophenone and seleno-benzamide (G. Hof- 
mann, A. 250, 317). Plates, v. sol. alcohol 
and ether. Its salts are decomposed by water. -- 
B'-^HoPtCla : pale-yellow pp. 

Phenyl-methyl-selenazole 0,oHj,NSo i.c. 

CH*Sle^^* Formed from 

PhCSe.NHj [12C°] and chloro-acetone (G. Hof- 
mann, A. 250, 316). Yellow oil. — B'^H^PtCla : 
pale-yellow needles. 

Phenyl-methyl-selenazole carhozylio acid 

c.,n.SoNO, taoT-]. 

Formed by saponifying its ether, which is got 
from seleno-benzamide and chloro-acetoacetic 
ether (Hofmann, A. 250, 318). Small needles 
(from benzene), m. sol. alcohol.— Ag A'. 

Ethyl ether EtA'. [124°]. Plates. 
Seleno-benzoic acid. Amide CuH3.CSe.NH.2. 
[120°] Formed by passing H^Se into an alcoholic 
solution of benzonitrile made slightly alkaline 
with NE, (Dechend, B. 7, 1273 ; G. Hofmann, 
.4.' 250, 314). Golden needles (from water or 
ether). Beads with a-chloro-ketones, forming 
selenazoles; e.g, X.CO.CHCl.X -1- CPh{SeH):NH 

= + CX:CX^^^^^^’ 

Seleno-henzoio aldehyde v. Bsmzylidbnb 


SELBNIDB. 

Belenocyanic acid HSeCN. The K salt is 
got by fusing K.FeCyj (3 pts.) with So (1 pt.) 
(Crookes, A. 78, 177 ; cf. Berzelius, S. J, 31, 60). 
The free acid is obtained, in solution, by de- 
composing yie lead salt by H^S. It is decom* 
posed by acids into Se and HCy. FeCl, does 
not give a red colour, but ppts. Se. Iodine added 
to a solution of KSeCN ppts. EC, N, 864. Air 
containing a little chlorine passed over a 10 p.o. 
solution of KSeCN forms a red crystalline pp. 
KSO4C3N3 aq changing to yellow Se,Oy.3, which 
separates from chloroform in yellow plates, and 
is decomposed by water into HCy, Se02, and Se, 
and yields m vacuo at 108° a crystalline sub- 
limate of Se^Cy-, decomposed by hot water into 
HCy, SeO.2, and Se (Verueuil, C. R, 108, 144). 
Alcohol converts KSe403Ns into Se and KSe,0,Ng, 
which forms brown crystals, sol. alcohol. 

Salts.— KA'. Formed as above, and aUo 
by dissolving Se in aqueous KCy (WOhler; 
Schiellerup, A. 109, 125 ; G. Hofmann, i. 260, 
296). Very deliquescent needles, alkaline to 
Utmos.'— NH4A’ (Cameron a. Davy, 0* 44, 
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68). — KA^gCn,! white pp. — KA'HgBr^— 
prisms. — KHgA',.— HgjA'j S 
oliye-green pp.— HgA',: felt-like mass of 
yellowiah crystals.— -AgA'sHgOly—PbAa: lemon- 
yellow needles (from water).— KjPtA'g. Dark- 
red scales (Clarke, A 11, 1825).— AgA'. Satiny 
crystals, blackened by light. Converted by ICy 
into volatile crystalline SeCy. (Linnemann, A, 
120, 36). 

Methyl ether MeA'. (158°). Yellow oil 
(Stolte, B. 19, 1577). 

Allyl ether C,H,A'. Oil. 

Methylene ether [132°]. Formed 

from Mel and alcoholio KSeCN (Proskauer, B. 
7, 1281). Bhombohedra (from alcohol). HNOj 
forms CH,(SeO,H).,. 

Ethylene ether C^H^AV [128°]. HNO, 
forms, on boiling, deliquescent CaH4(Se03H).,i 
which yields BaA", sol. hot water. KOH yields 
diethylene tetraselenide [131°]. 

Propylene ether 

CH,.CH(SeCN).CH,(SeCN). [66°]. Formed by 
heating KSeCN with propylene bromide and 
alcohol (Hagelberg, J5. 23, 1091). White crys- 
tals. 

Trimethylene ether 

CIH,(SeCN).CH^.CH2(SeCN). [61^. Converted 
by KOH into trimethylene diselenide [66°]. 

Benzyl ether «. vol. i. p. 602. 

Selenocyano-acetic acid CH^(SeCN).G02H. 
[86°]. Formed from chloro-acetic acid and 
potassium selenocyanide (G. Hofmann, A, 250, 
800). • Yellowish needles (from ether and chlo- 
roform), V. e. sol. water and alcohol.— BaA'* ; 
amorphous. 

Selenooyano-aoetoacetic ether 
CH3.C0.CH(SeCN).C02Et. Formed from chloro- 
acetoacetic ether and KSeCN (H.). Liquid. 

Selenooyano-acetone CH3.CO.CH2.SeCN. 
Formed from chloro-acetone and KSeCN (H.). 
Yellowish oil. Gives an oily phenyl-hydrazide 
and an oxim. Not more sol. alkalis ihan 
water. 

Selenocyano-acetophenone 
C^Hj.CO.CH^SeCN. [85°]. Formed by boiling 
(o bromo-acetophenone with alcohol and KSeCN 
(Hofmann). Crystalline. 

Selenocyano-ethyl-phthalimide 
0,H40,:N.CH2.CH2.SeCN. [125°]. Formedbyheat- 
ing bromo-et^l-phthalimide with KSeCy and 
alcohol (Coblenz, B. 24, 2133). Crystalline mass. 
Converted by boiling dilute caustic potash into 
Se2(C2H4.NH.C0.C«H^.C0.2H)2 [119°], which 

forms yellowish crystals and is converted by 
HCl at 180° into Se2(C2H4NH2)2, which yields 
B"2HC1 [188^ and B''20AN202 [178°], both 
being crystalline. 

7-8elenooyano-propyl-phthalimide 
CgH403:N.CH2.CH2.CH2.SeCN. [102°]. Formed 
by heating bromo-propyl-phthalimide with 
KSeCN and alcohol (Coblenz, H. 24, 2184). 
Converted by boiling dilute (10 p.c.) KOH into 
crystalUne Se2(C,H4.NH.C0.04H4.C02H)2 [84°], 
Whence HCl at 180° forms S62(C3HgNH2)3, which 
yields B"2HC1 [170°] and B"2CAN,0, [166°]. 

&>-8elenooyano-o-tolaio acid. Nitrile 
CH2(SeCN).CeH4.CN. o-Cyano-henzyl seleno- 
cyanide. [121°]. Formed by warming the ni- 
trile CH201.0,H4.CN with KSeCN (Drory, B. 24, 
2564). Long brownish needles (from alcohol) 
or prisms (from benzene). Converted by dilate 


H,S04 into [110«]. HOliq 

at 100° forms Se and o-oyano-benzyl chloride. 

Seleilooyanario acid HjSejCgN,. Formed 
from ClsOy, and NajSe (Stolte, B, 19, 1678). 

Methyl ether. [174°]. 

8eleno-phthalimidine OaH4<^Q^^^^Se. 

Formed from OH2(SeON).03H4.GN and cono. 
H2SO4 (Drory, B. 24, 2566). Sol. alcohol. 

EeactUms.—\. NaOH forms the compound 
Se2(CH2.CsH,.ON)2, crystallising in needles [110°], 
sol. alcohol and CS2, and converted by HCl at 
160° into Se and phthalide. — 2. When steam is 
blown through a mixture of selenophthalimid- 
ine, alcohol, and KOH there is formed seleno- 
PO 

ph thalide ^Se, crystallising in broad 

lates [58°], insol. water, sol. alcohol.— 3. Alco- 
olic potash and Mel form CH2(SeMe).OaH4.CN 
(180°-200°). 

Salts. — B'HCl: needles, slightly sol. water 
and alcohol. — B'2H2Pt01s. Orange powder. — 
B'OuHjNaO,. — B'HBr. [264°]. Needles : si. sol. 
water.— B'Hl2 (?) [223°]. Formed by heating 
CH2(SeCy).03H4.CN with HIAq at 100°. Dark, 
violet needles. — Sulphate [145°-160°]. 

Piaselenole CuH4<:^^^Se. [76°]. Formed 

from o-phenylene-diamine and an aqueous solu- 
tion of selenious acid (Hinsberg, B. 22, 2897). 
Needles, v. sol. alcohol and ether, si. sol. water. 
Its salts are yellow and decomposed by much 
water with separation of the base. Iodine forms 
a green periodide. 

Amido-piaselenole OttH3(NH3):N2Se. [160°]. 
Formed by adding H^ScOa to a cool solution of 
tri-amido- benzene hydrochloride and NaOAo 
(Hinsberg, B. 22, 2898). Brownish-red needles, 
si. sol. water, m. sol. alcohol. SnCl, separates 
Se.— B'HCl ; reddish-brown needles, si. sol. 

Oxy-piaselenole. Ethyl derivative 
C,.H3(OEt):N2So. [104°]. This is formed from 
CaIl3(OEt)(NH2)2 and aqueous HjSeO.,. Needles 
forming a yellowish-rcd solution in H2SO4. 

Methyl-piaseleuole cMo;ch!c.N>®“- 
(267° uncor.). Formed from tolylene-diamine 
and aqueous SeOa at 80° (Hinsberg, B. 22, 
863). Needles, si. sol. cold water. SnCl, 
yields tolylene-o-diamine and Se. Does not react 
with nitrous acid or with AcjO. — B^HaPtClg. 

Chloro-methyl-piaselenole C^ILClMeiNaSe. 
[160°]. Formed by warming o-tolylene-diamine 
with SeOa and cone. HClAq (Hinsberg, B. 23, 
1395). Small needles, volatile with steam. 

Naphthopiaselenole 

[129°]. Formed from (oj8)-naphthylene-diamine 
sulphate, aqueous NaOAo, and Se02 (Hinsberg, 
B. 22, 866). Needles, si. sol. water, m. sol. 
alcohol, V. sol. other. Cone. H2SO4 gives an 
intense yellow colour. SnClj and HCl give Se 
and naphthylene-diamine. 

8eleno-urea CSe(NH2)2. [c. 200°]. S. 11 at 
19°. S. (alcohol) 3 at 18°. Formed by passing 
H2Se into a 2 p.c. solution of cyanamide in 
ether (Verneuil, G. B. 99, 1164; 100, 1296; 
Bl. [2] 43, 68, 683). White needles, y. sol. 
hot water, si. «ol. alcohol and ether. Its 
solutions are decomposed by light, especially 
in presence of an alkali, with separation (jf 
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leldnliim. Zh presenoe of air and HClAq it 
yields (CSoNjH.),02HCl, which forms brown 
crystals with violet reflex, converted by baryta- 
water into Se, seleno-urea, and cyanamide. 
The compound (CSeN.JH4)302HBr may be formed 
In like manner. When the ‘ oxy-triaelenourea ’ 
hydrochloride is allowed to stand in the acid 
liquid in which it is formed, It changes into 
yellow crystalline (CSeNaHJaClj. HIAq converts 
selenourea into (CSeNjHJjIj. H2SO4 added to a 
saturated solution of selenourea forms scarlet 
crystals converted by heating with alcohol 
(100 pts.) and H^SO^ (4 pts.) at 50° into 
(CSeNjH J2OH2SO4, crystallising in pearly plates. 

Ethylene-«|/-seleno.urea OaH^N^Se i.e. 

Formed by evaporating a 

. -j 

solution of bromo-ethyl-amine hydrobromide 
(8 g.) with KSeCy (6 g.) to dryness on a water- 
bath (Baringei, B. 23, 1003). Unstable. Con- 
verted by bromine- water into ethylene-»|'-urea.— 
B'HBr. [170^]. Needles. — B'^HaPtCV— 

B'CaHaNjO,. [220°]. Needles. ^ 

Propylene->|/-8eleaottrea C4HgN2Se. Obtained 
in like manner from /3-bromo-propyl-amiue. — 
B'C^HaNjO,. [110°].— B'aH^inClo. Light-yellow 
plates. 

Trimethylene -ip • selenourea 04HgN2Se. 
Formed from 7 - bromo-propyl-amine and 
KSeOy.— B'HBr. [135°]. White crystals (from 
alcohol) soon turning red. — B'CflHaNjO,. [0. 63°]. 
Small concentric needles. 

'Seleno-isovaleric aldehyde CjHioSo. [67°]. 
Crystalline (Schr6der, B. 4, 402). 

Di-methyl selenophene Se<^Q^®;^g. 

Selenoxene. (154° uncor.). Formed by heating 
acetonyl-acotone with phosphorus pentaselenide 
PjSe, at 180°. Colourless mobile liquid of 
slight smell. With isatin and cone. H2SO4 it 
gives a carmine-red colouration. By Lauben- 
heimer’s reaction a reddish-brown colour is 
produced. Benzoyl-formic acid also produces a 
reddish-brown colouration (Paal, B. 18, 2255). * 

BELENIOUS ACID ILSeOg. Mol. w. not 
determined. This compound is the acid of the 
anhydride SeO.^. 

Preparation. — Se is dissolved in hot cone. 
HNOsAq, the solution is evaporated to dryness, 
the residue is dissolved in water, BaOAq is 
added to ppt. traces of H2Se04, the filtrate is 
evaporated to dryness in a retort, and the residue 
is heated till SeO^ sublimes (Thomsen, B. 2, 
698) ; the pure SeO^ thus obtained is dissolved 
in c. J its weight of hot water, on cooling largo 
crystals of HjSeOj separate (Weber, P. 118, 479). 
To prevent formation of H2Se04 in the oxidation 
of Se, Divers a. Shimos6 (C. /. 47, 439) re- 
commend to dissolve Sein a large excess of cone. 
a2S04 instead of using HNO,. 

Properties. —L&TQe white crystals, resembling 
nitre *, effloresces in air ; withdraws water from 
moist air ; S.G. 3-0066 at 15*7° (Clausnizer, B. 
11, 2009). Poisonous. The acid crystallises 
unchanged from solution in aqueous acetic acid, 
or in aqueous CaHj (Chabri6, A. Ch, [6] 20, 20^. 
H.F. [Se,O^Aq]* 66,160 (T/t. 2, 274). HaSeO, 
is a dibasic acid; this is shown by the existence 
of twosalts M*HSeO, andM^^SeO, { v , Selenitxs). 
and also by the heat of neutralisation* which is 
|iveii by Thon^son {Th* 1* 172) ap fqUowfS 


[H«SoO>Aq, NaOHAq] - 14 , 770 , [H»SoO*Aq] 
2NaOHAq] - 27,020, [H*SeO*Aq, 4NaOHAq, 
a 27,480. As no derivative of H,SeO, exists 
corresponding with C,H3.80y0H, and as only 
one ethyl selenite SeO(OEt), can be obtained, 
and as the compound SoD.C1.0Et has been 
isolated, it appears that the acid is SeO(OH)3 
and not Se02.0H.H (Michaelis a. Landmann, 
B. 13, 656; .4. 241, 150). 

Reactions. — 1. Heat causes H^SeOjto dwom- 
pose to SeOj and IIjO. — 2. Many oxidisahU 
bodies remove 0 from H.^SeOa. For instance, 
sulphur dioxide passed into Rj^eOjAq ppts. So ; 
the reduction is complete only when the com- 
pounds interact in the ratio £L,SoO,:2SO| 
(Schulze, J. pr. [2] 32, 390) ; the presence of 
HOI hastens the reaction {v. Michaelis, J, Z. 

6, 88 ; Rathko, A. 152, 194). When SOg and 
HaSoOs interact in other proportions than 
H2Se03:2S02, thioselenic acids are formed 
(c/. p. 435). Hydrogen sulphide ppts. So and 
S in the ratio Se:2S (Divers a. Shimidzu, 0. iT. 
47, 441). Various metals^ such as Cu, Fe, Ag, or 
Zn, also reduce HaSeOgAq in presence of HCl, 
with ppn. of Se. H2Se03Aq ispaflftly reduced by 
exposure to air containing dust. M. M. P. M. 

SELENITES. Salts of selenious acid 
(H^SeOa), Ma'SeOs, and M^HSeOa. The alkali 
salts are formed by adding alkalis to H^SeOsAq 
and evaporating; most of the other selenites 
are formed from the alkali salts by double de* 
composition. 

Selenites give selenides, or metallic oxide 
and Se, when heated with charcoal. Heated 
with NH4CI, out of air, they give a sublimate of 
Se. Most selenites, except those of the alkalis, 
are insol. in water. 

Many selenites combine with SeO, to form 
acid salts ; many basic selenites are also known. 

Boulzoureano [Bl. [2] 48, 209) found that 
many selenites can be obtained in well-formed 
crystals by adding NajSeOgAq to solutions of 
metallic salts, and heating the pp. so formed with 
very dilute HjSoOgAq in sealed tubes at 200° ; 
also by dissolving metallic carbonates in dilute 
H^SeOjAq, adding water, and heating in sealed 
tubes at 200°. The older investigations of 
selenites were by Berzelius (v. Lehrbuch) and 
Muspratt (C. J. 2, 52). Boulzoureano (l.c. ; also 
A. Ch. [6] 18, 289) has made a more thorough 
investigation of these salts. Nilson (Bl. [2] 21, 
253 ; 23, 260, 353, 494) has also prepared and 
described many selenites. 

It has been thought sufficient to give the 
names of the metals selenites of which have 
been analysed. Abstracts of B.’s papers will be 
found in 0. J. 64, 220 ; 60, 262 ; and an abstract 
of Nilson’s paper will be found in the SrdSupp, 
of the first edition of this Dictionaby, p. 1786.— 
Al, Am, Sb, Ba, Be, Bi, Cd, <5a, Oe, Or, Co, Cu, 
Di, In, Fe, La, Pb, Li, Mg, Mn, Hg (c/. Cameron 
a. Davy, Trans. J. 28, 146), Ni, K, Ag, Na, Sr, 
Tl, Th, U, Zn. M. M. P, M. 

SELENO-ANTIMONATES v. AunMouATEg, 
vol. i. p. 286. 

SELENOCYANHYDBIG ACID u. voL li. p. 
348. 

8ELENOCYANIDES v. vol. ii. p. 848. 

8ELEN0 MET AH YP0FHO8FHITBB 
B^PSe and PxPBOSPSomjf b 8IJBNU>% 

vol. p. 146. 
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8SLSK0PTB0PH08PHATE8 B,>P,Sd, and 
Bg^PgSe, V, Phosphobio sblenide, p. 145. 

SELEKOPYBOPHOSPHITES B.^P^Se, and 

B, “PaSea V. Phosphorous selenide, p. 146. 

SELEKOSAMIC ACIDS, BALTS OF. Selenos- 
amio acid SeOfNH^jOH has not been isolated, 
but the NH 4 salt of this acid, and also the NH 4 
salt of diselenosamio acid, 2 SeO(NH 2 ).(OH) 2 , 
have been obtained. 

Ammoniam selenosamate SeO(NH 2 )ONH 4 is 
formed by the action of dry NHj on SeO^ dis- 
solved in alcohol. It is a white, crystalline, 
deliquescent salt; very unstable, easily giving 
off NHj and forming diselenosamate. Water 
partially converts this salt into (NIl 4 )oSe 03 . 

Ammonium diselenosamate 
28eO(NH.J.OH.ONH4 is formed by boiling an 
alcoholic solution of the selenosamate, or by 
letting the solution stand over in vacuo. 

It crystallises from alcohol in large, deliquescent 
prisms (u. Cameron a. Macallan, Pr. 44, 112). 

M. M. P. M. 

SELENOTHIO-OXIDE SeSO^ u. Selmion 
thio-oxide, under Selenion oxides, p. 441. 

SELENOTHIO-OXYCHLOBIDE SCSO 3 CI 4 v. 
Selenion thio-oxychloride, p. 441. 

SELENOTHIOSULFHATES M.SeSO, v. 
ThioselenateSf under Selenates, p. 434. 

SELENOTRITHIONATES M.SeS-A «• 
DithiotriselenateSt under Selenates, p. 434. 

SELENOTBITHIONIC ACID H^SeSA «• 
Dithiotriselenie acid, under Selenates, p. 435. 

SELENYL BROMIDE and CHLORIDE v. 
Selenion oxybkomide and Oxychloride, p. 
441. 

SEMINOSE V . Mannose. 

SENEGIN V , Saponin. 

SENNA u. Cathartic acid. 

SENNITE is identical with Finite, the 
methyl ether of dextrorotatory inosite. 

SEPTYL. A name for Heptyl. 

SEQDOIENE [105^]. (290°-300°). 

V.D. 6*66 (obs.). Occurs, together with C,oH,g 
(165°), S.G. -852, [a]D = 24°, and oily C, A 0 O 3 
(229°), in the leaves of Sequoia gigantea (Lunge 
a. Steinkauler, B. 13, 1660). White plates with 
characteristic smell, volatile with steam; sol. 
alcohol, ether, benzene, and chloroform. 

8EB1CIC ACID C,sH3oN40,. Formed by the 
action of cone, baryta-water on silk (Champion, 

C. B. 72, 330). Peliquescent, translucent mass. 
•^BaA'j.— PbA'j ; pp. 

SERIN OjHjNOj,. a-Amido-hydracrylic acid ? 
8 . 3 at 10° ; 5 at 20°. Formed by boiling silk 
with dilute H 2 SO 4 (Cramer, J, pr. 96, 76 ; Bau- 
mann, B. 16, 1736 ; Melikoff, C. C. 1881, 354). 
Monoolinio crystals, insol. alcohol and ether. 
Converted by nitrous acid into glyceric acid. — 
CuAV— HA'HCl : needles, v. e. sol. water. — 
HA'HNO, : minute needles. 

SERINE V. PaoTEins. 

SERUM ALBUMEN v, Protexds. 

SERUM CASEIN v. Pboteids. 

SERUM GLOBULIN v. Proteids. 

SESAME OIL. S.G. -9191. » 1*474 at 

20° (Long, Am, 10, 392). A fatty oil obtained 
from the seeds of Sesamum orientate. It con- 
tains glycerides of oleic and linoleio acids 
(Pohl, J. pr. 63, 400 ; Hazura a. Griissner, M. 
10, 247). Gives a raspberry-red colour on warm- 
ixig with HClAq and cane-sugar (Zipperer, Ohem, 


Zeit, 11 , 1600). The oil contains *06 p.e. ol 
sesamin 0,8H,A [1^3]. S. (alcohol) *27 at 
20°; 8*07 at 78°. S.G. 1*306. H 2 SO 4 containing 
HNO, colours sesamin green and afterwards 
bright red (Tocher, Ph. [3] 23, 700). 

SEXTYL. Another name for Hexyl. 

SHEA BUTTER, obtained in West Africa 
from the nuts of Bassia Parkii, contains olein 
and stearin (Oudemans, J, pr. 89, 205). 

SHELLAC V. Lac. 

SHIKIMIC ACID C^H.oOj i.e. 

OH{OH)<®“(0|)^g^>C.CO,H. [184»]. S.G. 

1^ 1*699. iuoo'=l‘303 at 14°. [a]n 186° in 

a 7 p.c. solution. S. (ether) *015 at 23° ; S. (al- 
cohol) 2*26. Occurs in the fruit of Illicium 
religiosum (Japanese, shikimi) and Chinese 
star-anise (Eykraan, R. T. G. 4, 49 ; 6 , 299 ; B. 

I 24, 1278). Crystalline powder composed of 
j minute needles, si. sol. alcohol and CHCI3, 
nearly insol. ether. Liovorotatory. Yields p- 
I oxy-benzoic acid when heated with HClAq.— 

• NH 4 A': crystals. 

Dihydride 

CH(OH)<™(OH)^f J>OH.CO,H. [175»]. 

! S.G. a 1-47. Jioo =1*324 at 19°. [a]D=-18°. 

I S. 14 in the cold. Formed by reducing the acid 
j with sodium-amalgam in presence of HClAq. 

I Mouoclinic crystals. Converted by HCl into 
benzoic acid. 

Dibrornide 

CH(OH)<™( 0 «^®g®'>OBr.CO,H. [o. 188»] 

/iQO =1*295. Mj).= - 68 °. Formed by adding 

Br to a cold solution of the acid. Tetrahedra. 
Converted by moist Ag^O into CjII.^BrOj [235°J, 
S. 6*3 at 17°, [a]i, = + 22 °, crystallising in hexa- 
gonal needles, si. sol. ether, converted by baryta 
into oxyshlkimic acid [156°]. 

8 HIKIMIPICRIN OAinOs (?). [200°]. S.6*2 
in the cold. Occurs in the fruit of TLlicium 
religiosum (Eykman, R. T. C. 4, 63). Large 
Crystals, m. sol. alcohol, si. sol. ether. 

SHikiMOLE V . Sai role. 

SIEGBURGITE. A fossil resin found near 
Siegburg. It contains styracin, raetastyrone, 
and some free cinnamic acid (Klinger a. Pit- 
schke, B. 17. 2742). 

SIKIMINE. [175°]. A poisonous substance 
in the seeds of Illicium religiosum (Eykman, 
Ph. [3] 11, 1046). Prisms, bl. sol. water, ether, 
and CHCI3, V. sol. alcohol and HOAo. 

SILICA SiO^. {Silicon dioxide. Silicic 
anhydride.) Mol. w. not known. S.G. quartz 
2*647 to 2*652, tridymite 2*282 to 2 326, amor- 
phous 2*20 at 15*6° (Schaffgotscli, P. 68 , 147). 
S.H. quartz *1737 at ord. temp., *305 at c. 400°, 
constant from 400° to over 1000° (Pionchon, 
0. R. 106, 1344). H.F. [Si, 0-] = 219,240 from 
amorphous Si; 211,120 from crystalline Bi 
(Troost a. Hautefeuille, G. R. 70, 252). 

Qccttrrcnce.— -Compounds of SiO* are very 
widely distributed in large quantities ; quartz, 
flint, chalcedony, jasper, opal, &o., are nearly 
pure SiO.» Silica is the chief constituent of 
sandstones ; felspar, agate, and a vast^ number 
of other minerals contain silica. Silica (or 
silicates) is also found in many plants. 

Preparation. — (i) Amorphous silica.— 
X. Quartz is ffuely powdered, best by heating tq 
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redness and plunging into cold water, and 
heated with c. 6 times its weight of N^CO;, in 
a Pt crucible till the whole fuses quietly ; the 
cold mass is treated with water, the solution, 
when clear, is poured slowly into excess of fairly 
cono. HClAq, the liquid (after filtration, if ncces* 
saryj is evaporated to dryness in a Pt dish, the 
residue is moistened with cone. HClAq, warmed, 
and allowed to stand for an hour or two ; this 
treatment with acid is repeated two or three 
times ; water is then added and, after warming 
and standing, the solution is filtered off, the 
residual SiOj is washed with hot water, dried, 
and heated to redness.— 2. SiF^ (v. p. 459) is 
passed into water, the gelatinous SiOj which is 
ppd.is pressed between linen, thoroughly washed, 
dried, and heated to redness. 

(ii.) Crystalline silica.— 1. Moist ppd. 
SiO^— e.j/. the pp. got by passing SiF< into 
water— is dissolved in boiling NaOIIAq, and the 
solution is heated in a sealed tube *, crystals of J 
tridymita (v. wi/m, Properties) separate below ' 
180°, and crystals of quartz separate above 180° 
(Maschke, P. 145, 549).— 2. Small tubes of hard 
glass are half-filled with solutions of dialysed 
silicic acid (v. Silica, hydrates of, infra) con- 
taining c. 10 p.c. SiOj, closed by fusion, and 
heated to 250° for some months; small crystals 
of quartz are thus obtained (Kroustchoff, (7. P. 
104, 602). — 3. Any hydrate of SiOj yields crys- 
talline silica by heating in a fovgo-lire (Freiny, 
A, Ch. [3] 38, 327).— 4. Crystalliifb SiO.^ is 
formed by fusing silicates with inicrocosmic salt 

Itose, J. pr, 101, 228), or with borax (G. Hose, 
P. 2, 388). For other methods of preparing 
crystalline silica v. Ilammclsberg (P. 5, 1006), 
Hautefeuille (C. B. 86, 1133 ; 90, 830), S6nar- 
mont {A. Ch. 42, 129), Friedel a. Sarasin 
{Bl [2] 31, 4811, and Daubr6e {A^in. M. [6] 12, 
297). 

Properties . — The mol. w. of silica is un- 
known, but there is reason to think it is a con- 
siderable multiple of that indicated by the 
formula SiO.^. By applying the cryoscopid 
method to an aqueous solution of colloidal silicio 
acid {v. Metasilicio aoid, infra) Saban^efi 
{J. R. 21, 515 ; Abstract in C. J. 58, 1215) ob- 
tained numbers pointing to silica being a very 
high polymeride of SiOj. The great infusi- 
bility and non-volatility of silica, especially 
when this compound is compared with CO.^, 
make it probable that the molecular formula 
of silica is ?iSi02, where n has a large value 
(w. Mendcl6eff’s Principles of Chemistry^ vol. ii. 
p. 93). 

Crystalline silica. SiOj crystallises as 
quartz in colourless, transparent, hexagonal, 
six-sided prisms having the axes-ratio l;l-0999 
(S.G. c. 2*65), and as tridymite in hexagonal 
forms with tne axes-ratio 1:1'G31 (S.G. o. 2'3). 
Crystalline SiO^ is insol. or almost insol. in 
alkali solutions ; it is attacked by HFAq slowly 
and without notable rise in temperature. 


! colourless glass ; when fused it may be drawn 
into extremely fine threads. Cramer {ZeitfUr 
angewand. Chem.) finds that quartz is volatile 
at a temperature whereat Pt boils (v. Abstract 
in C. J. 64, ii. 164). SiO.^ is insol. in acids, 
except in HFAq. It is slightly volatilised in 
steam {v. Jeffreys, A. 39, 255). Silica is in- 
soluble in molten mirrocosmic salt (NaNH^HPOJ. 

Reactions.— 1. Fused with alkaliSy alkali 
silicates are formed ; with alkali carbonates 
COj is evolved. — 2. Decomposes most solid salts 
by fusion with them with formation of silicates 
{cf. Silicates, p. 448). According to Mills a. 
Moanwell (C. J. 39, 533) SiO^ does not react 
with pure Na^SO^ or K^SO, even at a very high 
temperature.— 3. SiOj is decomposed by potas- 
sium at a red heat, forming K silicate arfd 
silicide ; it is also reduced at red heat by caZemw, 
strontium^ and magnesium (Bunsen a, Mat- 
thiessen, A. 94, 111; Phipson, Pr. 13, 217; 
Parkinson, C. J. [2] 5, 128; Winkler, B. 23, 
2642). — 4. Heated with carbon and certain 
metals^ SiOj is reduced, with formation of 
silicides of the metals ; Ir, Pd, Pt, and Bu react 
in this way (Boussingault, C. if. 82, 591; cf. 
Warren, C. N. 60, 5). Au and Ag reduce SiO^ only 
when strongly heated therewith in presence of 
Na^SiF# and Na (W., l.c.),—5. Dry SiOg (prepared 
from SiF4) which has not been strongly heated 
reacts with molten metaphosphoric acid to form 
Si02.P.203 and SiO2.2P2O5.4H2O (Hautefeuille a. 
Margottet, C. B. 90, 1052 ; 104, 56 ; v. Silico- 
pnosi'uoRio oxides, p.462).— 6. Mixed with finely 
divided carbon and heated in hydrogen sulphidct 
SiSjis formed {v. Silicon sulphide, p. 462).— 7. A 
mixture of SiO.^ and carbon heated in chlorine 
or hydrogen chloride gives SiOl4 and CO (v. 
Silicon tetrachloride, p. 458) ; when bromine 
or hydrogen bromide is used, SiBr4 is formed * 
I {v. Silicon tetrabromide, p. 457).— 8. With 
; hydrogen fluoride, SiF4 is obtained (u. Silicon 
I TETBAFLUORiDE, p. 459).— 9. Heated to low red- 
ness in vapour of boron trichloride, SiCl* and 
B2O3 are formed (Troost a. Hautefeuille, A. Ch* 

[5] 7, 476). 

. SILICA, HYDRATES OF. {Silicic acids.) 

The hydrates of SiO^ act as weak acids. The 
compositions of these hydrates are very un- 
certain. The silicates wSiO.^.mRO are derivable 
from hydrates of SiO.,, some of which have been 
isolated while others are hypothetical (v 
Silicates, p. 448). 

I Metasilicic acid HjSiO, = SiOa-HaO. {Silica 
monohydrate^ Obtained by the action of 
moist air on Si(OEt)4; Si(OEt)4 + 3HaO=» 
SiOa-H^O + 4EtOH (Ebelmen, J. pr. 37, 859). 
Also by dialysing a mixture of Na silicate and 
excess of HClAq until the liquid in the dialyser 
is free from chlorides, concentrating by boiling 
in a fiask, allowing to gelatinise, and drying the 
jelly-like mass over H2SO4 for two days (Graham, 
j T. 1861. 183). SiOa.HaO is described by Graham 
' as a transparent, glassy, lustrous solid ; insoL 


Amorphous silica is a white, loose, 
tasteless powder ; S.G. 2’2. It dissolves in hot 
alkali solutions; after continued heating to a 
high temperature it is less sol. or nearly insol., 
owing to change into the crystalline form. Dis- 
solves in HFAq, with intumescence and consider- 
able rise of temperature. 

^ili^a is fpsibl^ in Q-H flame io a 


water. 

Orthosilicio acid 2148104* SiO, 

{Silica dihydrate.) This hydrate of SiO, baa 
not been isolated with certainty ; it is supposed 
to exist in the solution obtained by dialysing a 
solution of K or Na silicate with excess of 
HClAq ; but as the compositions of the silicates 
of E and ^a are ver/ doubtful, the argument 
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based on ihe supposition that these silicates are 
ortho* salts— and, therefore, will yield ortho* acid 
-^is not very trustworthy. Various esters of the 
form Si(OX)4 exist where X is Me, Et, &o. The 
solution of SiOj-xHoO, when x is supposed to 
m 2, obtained by dialysing E or Ea silicate 
solution with excess of HClAq till the liquid in 
the dialyser is free from chlorides, is described 
by Graham (Z.c.) as a clear liquid, which may be 
boiled in a flask till it contains c. 13 p.c. SiO, 
without separation of any solid. The liquid soon 
becomes opalescent on keeping, and after a time 
sets to a transparent,oolourlcss j elly, which is insol. 
water, and, dried over HaSO^, gives SiOa-^O (v. 
Metasilicic acid, p. 447). The solution of 
Si02.irH,0 is coagulated by a minute trace of an 
alkali or alkaline earth carbonate, also by GOatbut 
not by dil. HaSO^ Aq,HN 0., Aq, or H.C.^302Aq. The 
solution reddens litmus {cf. Doveri, A, 64, 256 ; 
Liebig, A. 94, 873; Karsten, P. 6, 867; Fuchs, 
A. 82, 119; Struckmann, A. 94, 341; Bose, 
P. 108, 20 ; Kiihn, J. pr. 69, 1 ; Fremy, A. Ch, 
[8] 88, 314 ; Maschke, J. pr, 68, 234). 

TbIBILICIC ^^IUYDRATB 3SiOa.2HaO = H^SiaOg. 
By decomposing E or Na silicate solution by 
COj, or SiF^ by HoO, and drying the gelatinous 
pp. so formed in vacuo, Fremy (lx.) obtained a 
hydrate containing 16*2 to 16*8 p.c. water 
(38iOa.2H.p requires 16*67 p.c. water). Several 
naturally occurring silicates may be regarded 
as derived from this hydrate {v. Silicates, 
infra). 

Dibilicio monohtdratb 2Si0a.Ha0^HaSLa03. 
The gelatinous pp. formed by decomposing SiF^ 
by water, after drying for six weeks in air at 
20°-25°, was found by Merz (J.pr, 99, 1771) to 
contain from 13*1 to 13*5 p.c. water (the formula 
given requires 13*05 p.c. water). 

Other hydrates. By drying the gelatinous 
pps. obtained by decomposing SiF^ by water, or 
by decomposing alkali silicate solutions by weak 
acids and washing (v. Euhn, J. pr. 59, 1), solids 
are obtained of varying and uncertain composi- 
tion {v. Carnelley a. Walker, C. J. 63, 80); 
hydrates of fair definiteness agreeing approxi- 
mately with the forraulffi OSiOa-HaO = HjSijO,,** 
9Si02.2H20 = H^SiaOjo, and OSiOa-H^O « H,^Si«0,5, 
have been obtained (Fuchs, A. 82, 119 ; Gott- 
lieb, J. pr. [2J 6, 185 ; Merz, J. 99, 1771). 
For methods of preparing gelatinous pps. of 
Si02.a;R20 v, Struckmann, A. 94, 337; Kuhl- 
mann, A. 41, 231 ; Liebig, A. 94, 374 ; Guyton- 
Morveau, A, Ch. [2] 31, 246; Hautefeuille a. 
Margottet, C, B, 96, 1052. Concerning the ab- 
sorption of water by SiOa v. van Bemmelen, B. 
11, 2232; 13, 1466. 

Thomsen (Th. 1, 215) has examined the 
thermal phenomena accompanying the inter- 
action of NaOHAq and SiO,Aq ; the SiOjAq was 
prepared by adding exactly an equivalent of 
HCl in dilute solution to Na silicate solution of 
known composition. He gives the following 
tables 


m [mNaOHAq,8iO*Aq] 

• X [NaOHAq,i« 

i 2652 

i 1353 

1 3241 

1 2615 

I 8555 

1 8548 

i 4316 

1 4316 

1 4731 

1 5332 

i 6230 

2 6488 

i 5412 

8 7966 


There seems to be no fixed point of neutral* 

igation. Pntttng [NaOHAq.itSiO’Aq] - - 

a!+?i 

where 0 and n are constants having the values 

13,410 and n>=2*13, the calculated values 
agree very fairly with the observed so far as 
data go; if the formula is supposed to be ac- 
curate then the heat of neutralisation of 
SiOaAq, when SiOj is taken as =• oo in the re- 
action NaOHAq t- SiO^Aq, is = 13,410, which is 
about the thermal value of the interaction of an 
acid with one molecular weight of NaOH. The 
affinity of SiO^Aq is almost nil. M. M. P. M. 

SILICATES. Compounds of SiO^ with basic 
radicles. The basic radicles of silicates are 
generally oxygen-containing groups ; sometimes 
they contain negative elements other than 0. 
Silica, like other feebly acidic oxides, combines 
with bases in many proportions, forming com- 
pounds which may be represented as normal 
salts, and also compounds of the type of basic 
and acidic salts. The general composition of 
silicates is given by the formula nSiO^.T^^B, 
where B = basic radicle. Most of the silicates 
occurring in rocks vary in composition between 
the limits Si02.4M0 and 2Si02.M0, where M 
«=a mono- or di-valent metal, and the limits 
Si0.^.2M20;, and 6Si02.M203 where M = a trivalent 
metal. The metals most commonly found in 
these silicates are Al, K, Na, Ca, Mg, Fe, and 
Mn. A fair number of natural silicates contain 
Cl or F as part of the basic radicle. Few pure 
silicates occur in rocks : the siliceous minerals 
are generally mixtures of isomorphous silicates ; 
hence it is not possible to deduce satisfactory 
formuhe for naturally occurring silicates solely 
from the results of analyses of minerals. 

Mendel6eff {Principles of Chemistry, 2, 111) 
compares the siliceous minerals to alloys. Several 
silicates which occur as mineral species have 
beer formed artificially ; the study of the altera- 
tion-products of natural silicates, and the com- 
parison of silicates with carbon compounds (v. 
e.g. Mendel6ell, lx., note p. Ill) throw light on 
the constitution of these bodies. 

The most important memoirs on the constitu- 
tion and chemical relations of the silicates are 
to be found in Groth’s Tabellarische Uebersicht 
der Mineralien nach ihren Krystallographisch- 
chemischen Beziehungen (3rd ed.), pp. 89 et seq., 
and in a series of papers by F. W. Clarke (Am. 
10, 120; Am. S. [3] 38, 384 ; 40, 303 ; 43, 190), 
(u. also Clarke in U.S. Geological Survey Bulk- 
Hns, No. 90 [1892] ; also A. C. J. May 1893). 

Groth and Clarke both look on the natural 
silicates as derived from a few fairly simple 
types. They are very stable compounds; most 
of them are formed at high temperatures, their 
number is not very great, and a few typical 
forms containing a small number of common 
metals are very widely distributed. Among the 
commoner silicates are Si02.2M0, 2Si02.8M0, 
8Si02.2M0, where M is very frequently an 
alkaline earth metal; 3Si02.2B20!„ 2Si02.B20„ 
6Si02.B20a.M,0, and 3SiO2.B2O3.3MO, where R 
is Al or Fe, and M is E, Na, or an alkaline 
earth. 

The consideration of the probable constitu- 
tion of the typical silicates may be approached 
by seeking to derive these salts frem W sUioie 




aoidft nSi 03 .mH, 0 . MetaaUidc acidt Si 03 .H 20 , 
has been isolated ; the formula maj be 
written H^SiOg or OSi(OH)2. Orthosilicic acidt 
Si02.2H20 = H4Si04 = Si(0H)4, also probably 
exists. A few other hydrates of silica have 
been isolated, but their compositions are not 
quite definitely established ; 2Si0„.H20 = HjSijOj, 
and SSi02.2Hj,0 = H^SiaOg, seem to be fairly 
certain. 

Silicates derivable from metasilicic 
acid 0 :Si{ 0 H) 2 . The typical empirical fovmnhe 
of normal salts of this class are Si02.M20, 
SiOg.MO, SSiOa-MjOa, dSiOj.liaOa-M^O, and 
4Si02.Ra03*M^* The atomic ratio of Si to 0 in 
these salts is 1 : 3 ; this ratio is maintained in 
the acid salts. Silicates of the forms Si 02 . 2 M 0 
and Si02.M208 may be represented as basic salts 
of this class ; the atomic ratios of Si to 0 in 
these are 1:4 and 1 : 6 . Examples of normal 
salts of this class are sodium silicate 
0 :Si( 0 Na) 2 , wollastonite 0 :Si. 02 Ca, and Icucite 
( 0 :Si. 02 ) 4 Ai 2 K 2 . The basio salts may be re- 
garded as derived from 0;Si(0n)2 by re- 
placing each H by a monovalent basic radicle, 
such as AlO or ZnOH ; for instance, siliceous 
calamine SiO2.2ZnO.H2O may be formulated 
0 :Si( 0 .Zn 0 H) 2 , and kyanite Si0.2.A1.203 is pro- 
bably 0 :Si( 0 Al: 0 ) 2 . If only one H is replaced 
in 0:Si(0H)2 the product will bo an acid salt j 
of the metasilicate class ; gyrolite, for instance, 
3SiO2.2GaO.H2O may be represented as 

O:Si( 0 H) 0 .Ca. 0 .Si. 0 .Ca. 0 .(H 0 )Si: 0 . 

6 

Silicates derivable from hypotheti- 
cal metadisilicic acid 

2 /O.Si(OH)2\-HOH = HO.Si.O.Si.OH. The 

V / 6 6 

typical empirical formultn of normal salts of 
this class are 2Si0.,.M20, 2Si02.M0, OSiOo.R.Os, 
and 8Si02.R203‘^^:j6. The atomic ratio of” Si 
to 0 in these salts is 2 : 5 ; this ratio is main- 
tained in the acid salts. Silicates of the form 
2SiO2.2MO.H2O, wherein the atomic ratio of Si 


I silicates. Olivine 8 iO.,* 2 MgO, Bud Zirconiti 
I SiOa^ZrOj are likely normal salts of this class; 

Mg<^Q^Si<^Q^Afg and 8i(O^Zr). Xenolite 

8Si02.2Al30j, is also a normal orthosilicate ; 

A10,:Si.002:Si:020.Sil0,Al. 

aT aF 

Andalmite SiOo.AljOa is probably partly a basio 
salt and partly a normal salt of this class; 
Si(02Al).0.A10. DiopArse Si02.Cii0.H..0 maybe 
formulated as an acid salt of the ortho- 
silicato class ; Si(01I).2.02Gu. 

Silicates derivable from hypotheti- 
cal orlhodisilicic acid 
2Si(0H)4-H20 = (n0),Si.0.SI(0TI)3. The typical 
empirical formula) of normal salts of this class 
are 2Si02.3M,20, 2Si02.3M0, 2Si02.M202, and 
^Si02.M263.3M26. The atomic ratio of Si to O 
in the normal and acid salts is 2 : 7 . Serpentine 
2Si02.3Mg0 is probably a normal salt of 
this class, (MgO.JSi. 0 . SiiO^Mg). Okenite 
6.Mg.0 * 

2Si0^.Ca0.2H20 seems to bo an acid salt 
of this class, U 0 .Si. 6 .Si( 0 n)j ; picrosniine 
O.Ca 

2SiO2.2MgO.H2O may also bo an acid ortho- 
disilicate, Mg02.(H0)Si.0.Si(0H).02Mg ; but it 
may bo formulated as a basio me tad i silicate 
(v. supra). 

Silicates derivable from hypotheti- 
cal orthotrisilicic acid, By removing 
21120 from 3Si{OH)4 the acid 

(HOjaSi.O.Si.O.SifOHlj would remain. Some 

(6h)2 

natural silicates may be looked on as salts of 
this hypothetical acid; meorschaumt for in- 
stance, 3iSi02.2Mg0, 211,20, may have the formula 
Mg02.(H0)Si.0.Si.0.Si(0H).02Mg. Groth (Ac.), 
(611)2 

however, thinks it is not necessary to call in a 


to 0 is 2 : 7 , may be regarded as basic salts of 
this class. Petalite 8yi0.2.Al20j.Li20 is pro- 
bably an example of a normal salt of the 
metadisilicate class ; thus 

0:yi.0v /O — Si:0 
0 0 
0 :Si. 0 / \Li 0 .Si :0 

Picrosmine 2Si02.2Mg0.H,20 may perhaps bo 
a basic salt of this class, 
(nOMg)O.Si.O.Si.O(MgOH) ; but it may also bo 
6 6 

regarded as an acid orthodisilicate {v, infra). 
One of the soluble glasses, 4SiO2.Na.2O.ri26, 
may be written as an acid salt of this class, 
HO.Si.O.Si.ONa. 

6 6 

Silicates derivable from ortho- 
silicic acid Si (OH) 4. The typical empiri- 
cal formula) of normal salts of this class 
are Si0.2.2M20, Si02.2M0, 3Si02.2M203, and 
8SiO2.M2O8.3M2O. The atomic ratio of Si to 
0 in these salts is 1 : 4 ; this ratio is main- 
tained in the acid salts. Salts of the forms 
BiO2.4MO.2H2O and Bi02.2M20„ atomic ratio of 
Si to 0 » 1:8, may be formulated ae haelo ortho- 

Yot. lY, 


hypothetical trisilicio acid to express the com- 
position of silicates. 

Some silicates which do not fit into any of the 
classes already mentioned may be looked on as 
derived from more than one of the acids simul- 
taneously. Others may be represented as salts 
of hypothetical acids formed by eliminating 
water from one«Dr other of .the acids that have 
been mentioned. Orthoclase, 6 Si 02 .Ai 20 .,.K 20 , 
may bo taken as an example of a silicate 
derived, according to Groth (Ac.), from two 
acids, mctasilicio and metadisilicic ; thus 

.O.Si.O.Si.OK. Groth urges that 
0 6 

this formula is in keeping with the facts ( 1 ) that 
felspars of the orthoclase class are derived from 
silicates, such as Icucite, which are metasili- 
cates, and ( 2 ) that orthoclase readily yields 
kaolinite 2SiO2.Al.2O8, whioh may be a basio 
metadisilicatc. Writing leudie as a meta- 
silicate, and kaolinite as a basio metadisili- 
cate, it is seen that both contain the group 

0 =S< 0 - -Al=»» ® 8 Toup which is represented 
as present in orthocluse also* Thus 

QQ 


0 . 8 i.<®>Al 
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SILICATES. 


Leucite, 



Kaolinite* 


OSi.O.Al 

I 

0 


Orthoclase. 

<>■ 


0:Si.O/{ 


The group common to the three silicates is in- 
dicated by the dotted lines. If HHO were 
removed from orthodisilioic acid the product 

0;Si(0H) 

i) 


^ould be 


gi(OH), 


augite, 2 Si 0 .. 2 Mg 0 , may 


0:Si-0 


be derived from this acid, 


>Mg 


, \ 

0 c/ 

1/ 

Si<0>Mg 


Again, 4Si(OH), - 3HOn = Si,0,(0H)„ 
r(OH),iSi.O.Si.O.Si.O.Si(OH),1 ; ii HjO were 

L (6h),(6h), -1 

removed from this hypothetical orthotetrasilicic 

acid, there would result SiiO^lOH), 

rO:Si.O . Si.O . Si.O.Si(OH) 3 "| ; and from this 

“oOio-iSk 

might be derived the following acids 

® f'l* n? i-k r\ CSl 


far as possible from the typical normal alumi- 
nium salts by substituting metals or basis 
groups, wholly or partially, for Al. 

Orihosilicates. Clarke starts with normal 
Al orthosilicate, 3Si03.2AL03 = Al4(Si04)3, "which 
forms the mineral species xemlite ; 
to xenolltc are fibrolite SiOa-Al^Oj® Al^SiOj, 
topaz Si0.,.Al,02F3 = Al,Si04F3, muscovite 

6510.. 3Al,0:,.K20.2H.p = 2Al3KH3(Si94)s, para- 
gonite, corresponding with muscovite but con- 
taining Na in place of K, and eucryptite 

2510.. Al203.Li.p = 2AlLiSi04. By trebling the 
formuliB given for fibrolite and topaz, using the 
simplest formula given for muscovite and para- 
gonite, and trebling the simplest formula given 
for eucryptite, Clarke arrives at th® following 
comparable formulcs for the six silicates : 


SiA(OH) 


rO:Si.O . Si.O . Si.O . ShOT 

I. L I /X /\ 1 

OH OHOHOHOHOH 


SiP.(OH) 


r0;Si.0.Si.0,Si.0.Si:01 

L I 6 /\ 1 -1, and 

6h oh oh oh 

r0:Si.0.Si.0.Si.0.Si:01 

L I 6 6 I J. 


Xenolite, 
r O.SitOjAl 
Al { O.SilOJAl 
[ O.SilO^iAl 

Topaz. 

( 0.Si:03:(AlF3), 
Al \ O.Si:0,:Al 
[ O.SiiOa-Al 

Paragonite. 
O.SiiOatNaHj 
O.Si-OaiAl 
O.SiiOJAl 


Fibrolite. 
r0.Si:03!(Al0), 


r0.Si:03!(Al( 
Ali O.SiiOjAl 
[ O.SiiO^IAl 


Al 


Al 


Al 


Muscovite. 

O.Si:0./:KH, 

O.SilOaiAl 

O.SiiOalAl 

Eucryptite, 

O.SiiO,:Li3 

O.SiiOa-Al 

O.SiiOaiAl 


«,.0,|0H). 0 , 

Borne of the natural silicates may be repre- 
sented as derived from one or other of these 
acids. Acids containing OH yield Cl deriva- 
tives wherein OH is replaced by Cl, generally 
by interaction with PClj. As Cl derivatives of 
some of the hypothetical silicic acids are known, 
the existence of these derivatives is an argument 
in favour of representing certain silicates as 
salts of acids which have not themselves been 
isolated. Thus, besides SiCl^, which corresponds 
wii orthosilicio acid Si(OH)4, and SiClj.SH, 
which is derived from the hypothetical ortho- 
thiosilicic acid, there exists Si.pCl,, correspond- 
ing with ortho-disilicio acid Bi30(0H)fl, SiPaCl,# 
corresponding with ortho-tetrasilicio acid 
SiPaiioH),^, Sippi, corresponding with the 
acid 8i404(0H)„ and Sippi, corresponding 
with the acid Si405(0H)3 (v. suj^a), ^ ^ ^ 

Clarke (l.c.), recognising the two main divi- 
sions of ortho- silicates and meta* silicates, seeks 
to derive the various members of each class as 


These silicates are represented as derived 
from normal Al orthosilicaie by substituting 
either metals, metals and hydrogen, or basic 
groups, for Al. If such substitution is carried 
further a series of silicates may be obtained, 
for some of which Clarke suggests the following 
formulas 


Dumortierite. 
r0.Si;03i(A10)3 
Xl(AlO), 
>,;A 1 

Prehnite. 
O.Si-OjCaH 
jCaH 
.iAl 


f0.Si;03i 
Al \ O.SilO:,; 
I O.SiiO,: 

Prehnii 
fO.Si-A; 
Al \ O.Si-Oa: 
lO.BiSO.i 


Orossularite, 
r O.SiiO,! 
Ali 0.Si:03j 
O.SiiOjtAl 


Natrolife. 

( 0.Si;03iNaH, 

' ►3:NaH, 

UlAl 


AVU{,7l/(rWC 

fO.SilOjiti 
Al \ O.SiiO,:^ 
lO.SiiO.W 


FibroKte alters by hydration, giving 
it, 4Si0,.8Al.,0..H,0-2Al,HBi.0„ kaohmtt 
2Si0,Al,0r2H,0 - Al,8i^A, and "lontmon^ 
iomiJ 4SiOr A1,0.-7H,0 - 2AlSi,H,0.. Clarke 

suggests the following lormulss lot these pte- 
dttots oI (iteration ol fibrolite t-> 



SILICATES. 


A1 


A1 


PibroUts, 
r0.Si:0,:(A10), 
\ 0.Si50,;Al 
l0.Si:0,!Al 

Kaolinite. 

rOH 

O.Si:0,!H, 

O.Si:0,!Al 


WestaniU, 

rOH 

A1 { O.Si-OgSAl 
I O.Si:0,:Al 


MonimorillonUe* 

rOH 


A1 


O.Si!0,lH, 

O.Si-OaiH, 


If it is supposed that two groups Al( 0 .Si: 03 ), 
combine with elimination of one of the O.SiOj 
groups (»Si0,+20), then there remains the 
f O.SiO, 

Ai« 


collocation of atoms, 


O.SiO, 

iQ^SiO, from which 

Al’ O.SiO, 

O.SiO, 

a number of silicates, especially iron and mag- 
nesian micas, may be derived. Thus — 


Sodalite. 

( O.SiiOjjiNa, 
A1 O.Si:0,:Al 
}02:Si:6.,:Na, 
A1 O.SiiO.iAl 
I Cl 

Noscan. 

( O.SiiOjNa, 

A1 O.SiiOalAl 
0..:Si:0,:Na, 
AlJo.SUOjiAl 
lSO,.Na ' 


Annite. 
(O.Si-OaiFeH 
A1 O.SilOjFcH 
0,:Si:0,:K5 
A1 O.Si-OsiFcH 
lO.Si;0,iFeH 


Clarke (Am. 10, 126) suggests that ultra^ 
marine may be analogous to these silioates; 
j O.SiiOjiNa, 

A1 O-Si-O^IAI 
thus, ; 0 a:Si; 02 :Na, 

A1 O.Si:0,:Al 
is.Na 

The metasilicates are considered by Clarke^ 
(Lc.) in a way similar to that whereby he has* 
elucidated the orthosilicates. The starting- 
point is A1 metasilicate, Al^(Si 03 ) 3 . This salt is 
not itself known. The formula may be 


(1) 


0:Si:0, 

0:Si<o 


0:Si:0, 


}ai 


or 


( 2 ) 

A1 


0^0- 

o=si<o~ 

^<0- 


Al. 


Inasmuch as many metasilicates of the form 
AlM(Si 03 ) 2 , where M = Li, K, Na, H, may be 
simply derived from the first, but not from the 
second, formula given for Al 2 (Si 03 )„ thus 
0.Si.0,.A1.0.^:^^ Clarke thinks that the first 

formula may be taken to represent Al 3 (Si 03 ) 3 . 
Several other metasilicates may be formulated as 
derived from the Al salt by substituting metals 
or basic groups for one of the AlSiO, groups ; or 
many metasilicates containing divalent metals 
may bemore simply derived from the normal 
form M^SiO,, by doubling this formula and then 
replacing one M“ in the formula M*‘M“(SiO,), 
by other metals or by basic groups. 

The species albite and orthoclase^ AlMSi,0„ 
are looked on by Clarke as deriyed from the 


m 


Al salt of the acid £[ 481 , 0 , (« 8 Si 02 . 2 H, 0 ), 
which acid has probably been isolated, in the 
same way as many orthosilicates are derived by 
him from the normal Al salt Al 4 (SiOj 8 . The 
triclinic felspars are generally thought to consist 
of mixtures ranging between the limits marked 
by alhite AlNaSigOg, and anorthite Al,Ca(Si 04 ),; 
if tliese formulas are trebled and written thus 


Al 

Al 


Anorthite. 

O.Si-Os-Al Al-Oa-Si.O 
O.Si-Oa-Al Al-O^-Si-O 
Albite. 


Al 


O.SiaO/.Na, 

0.Si.,0,jAl both silicates 
0.Si,0,:Al 


are 


repre< 


sentcd by strictly comparable formula). Clarke 
also draws attention to the fact that the four 
silicates muscovite GSiO.^.SAljOj.K^O.HjO, garnet 
3 SiO 2 .Al 2 Oa. 3 CaO, orthoclase AlKSiaOg, and 
tourmaline 4 Si 02 .Al 203 . 2 M. 20 s(or 6 M 0 )B 20 j, are 
very frequently associated in granite veins. By 
halving the formula for muscovite and writing 
it AlaKH 2 (Si 04 ).„ writing the formula for garnet 
Al 2 Ca;,(Si 04 ) 3 , trebling the formula for orthoclase 
and writing it Al 3 K 3 (Si 30 H) 3 , halving the formula 
for toumialine and writing it Alll 2 (B 02 )(Si 04 ) 2 i 
where B is a metal or group equivalent to Al, 
very suggestive relationships are disclosed be- 
tween the four silicates ; thus 


Muscovite. 
fO.SiiOaiKH, 
Al \ O.SiiOa-Al 
I O.SilOaiAl 
Tourmaline, 
;B:0.2 

Al ] O.SilOatR 
I O.SilOa-R 


Al 


Oamet. 

O.SiiO,/^**^ 

O.Si-OalAl 

Orthoclase. 


Al 


O.SiaOfIK, 

O.SiaO^-Al 

O.SiaO^-Al 


In Am. S. for November 1883 ([3] 38, 884), 
and A. C. J. May 1893, Clarke has applied the 
substitution method, as sketched above, to the 
mica group of silicates, and in the same journal 
for March 1892 (Am. S. [3] 43, 190) he has ap- 
plied the same method to the chlorite group. 

The micas all fall within the limits of com- 
position indicated by the two formulas 
Alylt^ajSiOJs and AlBu*(Si 303 )j. The first for- 
mula is derived from Al 4 (Si 04 ), by substituting 
Al by one trivalent or three monovalent basio 
radicles ; tho •second formula is derived from 
the hypothetical salt Al 4 (Si 303)3 by substituting 
one, two, or three Al atoms by equivalent basio 
radicles. When F is present it is regarded as 
forming part of one or other of the monovalent 
groups Mg.F or AliFa. If the ratio of 0 to Si is 
greater than 40 ;Si(Si 04 ) the excess of 0 is 
looked on as combined with metal to form a 
basic group, such as A1:0 ; if the ratio of 0 to Si 
is less than40:Si the group SigO, is supposed to 
be present. The micas are all capable of being 
represented as isomorphou.s mixtures of various 
constituents, the compositions of whioh fall 
within the limiting formulte. 

The chlorites are treated by Clarke (l.c.) 
similarly to tho micas. In Am. 8. [3] 48, 198 
he gives tho following general formulte which 
summarise the composition of the chief micas 
and chlorites 
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eiLICATES. 


Normal orthosilicate A1 1 ( 8104 ),. 

Micas. 

Muscovite Al3(SiOj3R,. 

Normal Biolite Al2{Si04)3rt. 
Normal Phlogopite Al^SiOJ^B#* 
Clintonite 


Normal orthosilicate Mg4(Si04),. 
Chlorites. 

Aphrosidcrite Mg3(Si04)32* 
OrthocMorites ( 

Amesite 0;Mga(Si04)K2. 


Preparation of silicates . — Alkali silicates : 
are formed by dissolving moist amorphous SiO.^ 
in boiling solutions of alkalis or alkali carbonates, 
also by fusing SiO, with alkalis or with alkali 
salts of acids which volatilise by heat. Many 
other silicates are obtainable by double decom- 
positions between alkali silicates (which are sol. 
water) and metallic salt solutions; also by 
heating various metallic oxides or carbonates 
with SiO,. o 

Some naturally occurring silicates have 
been prepared by the following methods: — 1. 
Emerald olivine Mg.,SiO„ and enstatite 

MgSiO,, by heating SiOjj with BeO or MgO 
mixed with boric acid in a porcelain-oven, 
till the boric acid volatilised (Ebelmen, 
A. Ch. [3] 22, 211).-2. Anorthite Al5jCa(Si04)2, 
lahradorite 3Si0;;.Al20;,.Ky0, and oligoclase 
9Si02.2A1...03.2Kp,* by strongly heating SiO, 
with KjCOj in boric acid, or by adding CaO to 
molten boric acid and SiO^ at a very high tem- 
perature (E., 0. B. 32, 710 ; Fouquet a. L6vy, 
C. 22. 90, G20).--3. Zirconite ZrSi04, and kyan- 
ite (AlOj^SiOj, by heating to redness ZrO, in 
vapour of H^SiF^, or SiO^ in vapour of AIF, 
(Deville a. Caron, A. Ch. [4] 5, 113; Fremy a. 
Fell, 0. 22. 85, 1032).— 4. Enstatite MgSiOj,, and 
leucite Al2K2(SiOj,)4, by heating Mg, or A1 mixed 
with KOH, to low redness in H and Si0l4 vapour 
(St, Meunier, C. 22. 90, 349, 1009).— 5. Ortho- 
close AlKSijOg, albite AlNaSijjO#, petalite 
AlLi(Si,05)2, by fusing a mixture of Al^Oj, SiO^, 
and tungstate or vanadate of K, Na, or Li; with 
excess of AljO, leucite Al2K^(Si03)4 is obtained 
(Hautefeuille, C. 22. 90, 378, 641).— 6. Ortho- 
close AlKSijOg, by heating AljO, and SiO,, in 
the ratio AljOgiGSiOj, with KVO, (Hautefeuille 
a. Perrey, 0. 22. 107, 786).— 7. Phenacite 
36,(8104) mixed with a lithia fedspor^ quartz^ 
and tridymite^ was obtained by heating for fif- 
teen days at 600°-700° a mixture of 4*8 g. SiO,, 
1*6 g. BeO, 20 g. LiVO,, and 1*5 g. Li,CO, (H. 
a. P., C. 22. 106, 1800).— 8. Crystals of emerald i 
were prepared (H. a. P., C. 22. 106, 1800) by 
heating a mixture of 12*606 g. SiO,, 3*58 g. 
AI4O,, 2*64 g. BeO, *6 g. Cr.p.„ and 92 g. acid 
Li molybdate (ratio = Li^O:2.jMoOs) ; the mix- 
ture was placed in a Pt crucible, which was 
heated in a muffle to low redness for twenty-four 
hours, when the temperature was raised to 800*^ 
and kept thereat for fourteen days. The product 
was washed with water. 

^ Properties and Reactions of Silicates . — ^AU 
silicates except those of the alkalis are insol. 
water ; most of them are also insol. dil. acids. 
For the action of water on certain silicates when 
the mixtures were rapidly rotated in cylindrical 


vessels v. Danbr^e (C. B. 64, 889). Many siH- 
cates are decomposed by evaporation with 
HGlAq orHNOjAq, with separation of SiOj.®H,0, 
which is changed to SiO, by heating somewhat 
above 100°. Some of those silicates which are 
not thus decomposed are acted on, with separation 
of Si02.a;H,0, by evaporating with 8 parts cone, 
H2SO4 and 3 parts water. Almost all silicates 
are decomposed by heating with cone. HClAq or 
H,S04 A hltle water in sealed tubes to c. 
200°. Heating with cone. HFAq, or in HF gas, de- 
composes silicates with formation of SiF4; when 
a silicate is mixed with 3 parts AmF or 6 parts 
powdered CaFj, and the mixture well moistened 
with H2SO4, and heated in a Pt dish, all the Si 
is given off as SiF4. Fusion of a finely -powdered 
silicate with 4-6 parts mixed K^CO, and Na^CO, 
gives K and Na silicate (which is sol. water), 
while the metal remains as oxide. Silicates 
which contain F generally lose HF or silico- 
. fluoride when strongly heated ; any alkali or 
alkaline metal, or Fe or Al, which was present 
in the silicate in combination with F remains 
as oxide (Rammelsberg, W. 7, 146). Clarke a. 
Schneider {Am. S. [3] 40, 303, 405, 462) have 
studied quantitatively the interactions of various 
natural silicates with HCl gas and also with 
HClAq ; their results make it probable that in 
the magnesian silicates gaseous HGl attacks 
only the Mg which is present as the basic mono- 
valent radicle Mg.OH. 

The following account of individual silicates 
does not refer to silicates which occur in rocks, 
but only to those salts which have been pre- 
pared in the laboratory; the chief naturally 
occurring silicates that have been prepared 
artificially are mentioned under the heading 
Preparation of silicates {supra). 

Barium silicates. The normal meta- salt 
BaSiO:,.ccH20 is formed by ppg. dil. Na.SiOjAq 
{v. Sodium silicates, mfra) by dil. BaCl.^Aq or 
Ba(N03)^Aq ; not quite insol. hot water, easily 

S ol. dil. HClAq ; retains water at 100° (Ammon, 
: 1862. 138). Lefort (/. Ph. [3] 39, 31) says 
that Ba0.3Si02. 3aq (? llaH.Si^Og. 2aq) is formed 
by ppg- a dil. Ba salt solution by a dil. solution 
of 9Si0.,.2Na30. 

Calcium silicates. The compounds 
3SiOa.CaO, 2Si02.Ca0, 3Si0.^.2Ca0, and 

Si03.2CaO, are said to be produced by very 
strongly heating mixtures of quartz and marble 
in the proper proportions. By adding CaCl^Aq 
to solution of SSiO.^.KaO, a gelatinous pp. is 
obtained which becomes crystalline after a 
time; dried at 100°, the solid is said to be 
3Si02.Ca0. 2aq (? CaH^SiaOj. aq). The normal 
meta- salt CaSiOg is said to be formed by ppg. 
Na^SiOaAq by dil. CaClaAq {v. A., l.c. ; L., 2.c.). 
Calcium silicates form the bases of most 
hydraulic cements (v. Cements in Dictionary of 

APPLIED OHEMISTBY). 

Cerium silicate. The normal meta- salt 
Ce(Si03)2 is said to be formed by fusing Ce 
oxychloride with SiO, and CaCl, or NaCl 
(Didier, C. 22. 101, 882). 

Cobalt siUoate. The normal ortho- salt 
Co2Si04 is formed, according to Bourgeois (0. 22. 
108, 1177), by very strongly heating CoO with 
CoCL and a large excess of SiOt* 

Nickel silicate. Normal ortho- salt Ni^SiO^ 
formed like the Co salt (B., 2.c.)« 





Itagneiiiim liliefttf. The gelatinous pp. 
obtained by adding MgCljA-q to solution of 
SSiO-j-KsO is said to be 2Si0.^.Mg0.2H20 
(? MgH2(SiOs)2. aq acidmeta- salt) (Heldt, J,pr. 
94, 129, 167). The normal meta- salt 

MgSiO,j:KtO is obtained, according to Ammon 
(Z.c.)i by ppg. Na^SiOsAq by dil. MgCljAq. 

Potassium silicates. The normal meta- salt 
KjSiOj is prepared by fusing 1 part SiO* with 
2i parts dry K^COa- If this product is dissolved 
in a little water, and alcohol is added, a gela- 
tinous pp. is formed, which, if slightly washed 
and squeezed, is said to be ISiO^.K-aO ; but 
Fremy (/. 1856. 353) gives the composition 
9Si02.2K20 aq to this pp., and this is confirmed 
by Lefort (J. 1801. 205). 

The name potash water-glass is given to 
the mixture of K silicates obtained by fusing 
together quartz and pearlash in a proportion 
about equal to 4Si02.K20. Water-glass is a 
clear transparent solid, like glass ; it is com- 
pletely sol. hot water; a cone, solution, with 
c. 28 p.c. silicate, is syrupy, somewhat turbid, 
and has S.G. 1*25. The solution is decomposed 
by acids, even by CO^, with separation of 
SiO^.irHnO ; alkaline carbonates and chlorides, es- 
pecially AmCl, ppt. SiOj.icH^O ; BaO, SrO, CaO, 
Al^Og, and PbO decompose the solution, forming 
a double silicate with the whole of tho silica and 
a portion of tho K. The solution yields pps. 
with solutions of most of the salts of earth metals 
and heavy metals. Water-glass is also formed 
by boiling SiOj with KOIIAq under pressure. 

Sodium silicates. The normal meta- salt 
Na^SiO., is prepared by fusing 1 part SiO, with 
If parts dry Na^COj. Tho salt is obtained 
with 8H2O, in monoclinic crystals, by dissolving 
SiO-j in an equivalent quantity of NaOH in 
solution, decanting, evaporating, as much as 
possible out of contact with air, till Na^COa 
begins to settle out, cooling to - 22°, stirring 
till the whole solidifies, straining from mother- 
liquor, dissolving in a little water, and allowing 
to stand (Ammon, J. 1862. 138; cf. Ordway, 
Am. S. [2] 40, 186). By adding freshly ppd. 
AIO3H3 to a boiling solution of NaaSiO, and 
NaOfi, the double salt Na2Si0a.Al4(Si04)3 is ob- 
tained ; and the salt Na2Si03.Al.,(Si03)j is ppd. 
by adding NuuSiOsAq to a hot solution of alum 
(A., I.C.). Mixtures of Na silicates are known as 
soda water-glass {cf, supra, Potash water-glass). 
For effect of time on composition of solutions of 
Na silicates v. Kohlrausch {Z. P, C. 12, 773). 

Strontium silicate. The normal meta- salt 
SrSiOj is said to bo formed by adding 
Na^SiOsAq to dil. SrCl.^Aq (Ammon, Ic.). 

Thorium silicates. Tho normal 01 tho- salt 
ThSiOi and tho normal meta- salt Th(Si03)a are 
formed, according to Troost a. Ouvrard (0. li, 
105, 22o), by fusing ThOj with SiOj and OaClj 
and treating with dil. HClAq. ThSiO^ is not 
isomorphouB with ZrSiO^ (T. a. 0., Z.C.). 

Zinc silicates. The normal meta- salt ZnSiO, 
is obtained in rhombic crystals by ppg. ZnSO^Aq 
by Na2SiO,Aq, and strongly heating the dried pp. 
with boric acid lor severid days (H. Traube, B. 
26, 2736). 

A systematic arrangement of the naturally 
occurring silicates will be found in Groth’s 
Uibersichts, pp. 108-151 [8rd ed.]. 

M. M. P. M« 


SILICIC ACIDS V, SxLioA, bydiuteb of, 
p. 447). 

8ILICIDES. Binary compounds of Si with 
metals. These compounds are formed (1) by 
heating amorphous Si with metallic chlorides in 
presence of such a reducer as Na ; (2) by heating 
K^SiFflWith metals ; (3) by electrolysinjg a mix- 
ture of an alkali fluoride with a metallic oxide ; 
(4) by heating metals with Si (v. Aluminium, 
Cebidm, Copper, Iron, Magnesium, Manoanesb, 
Nickel, Platinum, bilicileb of). M. M. P. M. 

SILICO-BOSATES. Certain minerals con- 
sist of compounds of silicates and borates ; tho 
name silico*borato is sometimes applied to such 
0:Si.0>^ 

compounds. Datholite 0 yCa.CaBjO*. aq, 
0:Si.O/ 

and boiryoUte, the same formula with 2aq, 
are examples of borosilicates. Tourmalines 
Ai(B02)(Si04).2ll^8 are also silico-boratos (It^ may 
be replaced by its equivalent of R*^). 

M. M. P. M. 

SILICO-BROMOFOEM SiBBr^. {Silicon hy- 
drogm bromide. Tribromo-silico -methane.) 
Obtained, not quite pure, by Btff and Wohler 
(A. 104, 99) by leading IIBr gas over heated Si, 
distilling the product, shaking with Hg, and 
distilling again. Gatlermann {B. 22, 193) ob- 
tained pure SiHBra as follows. Crude Mg 
silicide, prepared as described under Silicon, 
Preparation, No. 1 (p. 450), is freed from MgO 
by powdering, adding little by little to HClAq 
(1:2), shaking with this acid for some hours, 
washing till the wash-water is neutral, and 
drying thoroughly. The Si thus obtained is 
heated in a tube in a stream of IIBr, the tube 
being connected with a well-cooled receiver ; the 
details and precautions described under Silicon 
tetk> CHLORIDE, Preparation, No. 2 (p. 458) 
must be observed. The HBr required may be 
made by the action of Il.BO,,Aq on KBr; G. 
used a cold mixture of 45 c.c. cone. H2SO4 and 

15 c.c. water, and let this drop on to 76 g. 
KBr ; he dried the gas by H2S04. The liquid is 
distilled, and then fractionated till a portion 
boils at 116°-117° ; most of the remainder boils 
at 0. 163° and is SiBr4. A colourless liquid, 
boiling 116°-117°; S.G. 27 at ordinary tem- 
perature (G., I.C.). Fumes much in air, and 
takes fire, probably because the heat produced 
in the decomposition of a portion by the mois- 
ture of the air sufliccs to start rapid oxidation 
(G., I.C.). Ice-cold water forms siHco-fortnic 
anhydride (J. v., p. 455). Combines with PH^, 
when compressed, to form a solid, unstable 
compound (Besson, 0. E, 112, 630). 

M. M. P. M. 

SILICO-CHLOROFOBM SiHCl,. {Silicon 
hydrogen chloride. Trichloro-silico-methane.) 
Mol. w. 135-41. V.D. 67. 

Foimation.—l. Dry HCl gas is passed over 
Si heated below redness; the product is con- 
densed in a flask in a freezing mixture and 
fractionated (Fricdel a. l adenburg, A. 143, 118 ; 
cf. Buff a. Wohler, A. 104, 94).— 2. Dry HCl 
gas is passed over siliceous pig-iron containing 

16 p.c. Si (Warren, G. N. 60, 168). 

Preparation.— Si, prepared by reducing sand 

by Mg (u. Silicon, Preparation, No. 1, p. 466) 
and removing MgO as described under Silico- 
BROMOFOBM {supTa)^ Ifl oarofolly heated in $ 
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itream of dry HCl gas in a tube oonneoted with 
a receiver surrounded by a very good freezing 
mixture. The directions given for preparing 
SiCl, must be carefully followed (v. Silicon 
TETRACHLORIDE, Preparation^ No. 2). [Gatter- 
mann recommends to make the HCl in a Kipp’s 
generator, using cone. H^SO^ and fused NH^Cl.] 
The liquid in the receiver is fractionated from a 
flask with a side tube 75 cms. long ; if this 
is done, no condenser is required; the flask 
must be warmed by water at 90°, if a naked 
flame is used explosions of part of the SiHCl, 
may result (Gattermaiin, B, 22, 190). 

Properties and Beactions. — A colourless, 
mobile liquid, with a very disagreeable smell ; 
boils at 35°-39° (F. a. L., Uc.). Non-conductor 
of electricity. 

The vapour takes fire very easily in air, e.g, 
by bringing a hot glass rod to the mouth of a 
vessel in which a little SiHClj, has been shaken. 
Mixture of the vapour with air is explosive. 
Decomposed to Si and HCl by passing through 
a narrow tube heated to redness. Water at 0° 
forms SijOjH.; (v. Silicoformio anhydride, p. 
466) and HCl'; at the ordinary temperature 
SiOjjicHaO, HClAq, and H are produced. Chlorine 
reacts at ordinary temperatures, forming SiCl 4 
and HCl; bromine reacts similarly at 100°. 
Alcohol produces SiH(OEt)a {v. Silicon tetiu- I 
HYDRIDE, Preparation^ No. 1, p. 400). Combines 
with phosphorus hydride^ under pressure, to 
form a solid unstable body (Besson, G, It. 112, 
630). M. M. P. M. 

SILICO-ETHANE, PENTA-BROMO- DERI- 
VATIVE OF, Si^HBrj. {Disilicon hydrogen 
pentabromide, Pentabrorno-silico-cfhane.) In 
making SiBr^ by passing SiH, into Br, Mahn 
{J. Z, 6 , 163) obtained a solid in the form of 
white needles, melting at 89° and boiling (out 
of contact with air) at 230°, and giving numbers 
on analysis agreeing with the formula Si-HBr^. 
Takes fire when heated in air. M, M. P. M. 

SILICO-FLUORHYDRIC ACID ILSiF.Aq. 
{Hydrojluosilicic acid,) Known only in aqueous 
solution. 

Preparation.— prepared by the inter- 
action of CaFj, SiOj, and H^SO, {v. Silicon 
IBTRAFLUOBIDE, p.^59), is passod into water, the 
exit tube dipping beneath a little Hg in the 
bottom of the vessel which contains the water ; 
the vessel is shaken frequently to break up the 
gelatinous silica which forms in the water ; 
when the liquid becomes thickish from separated 
ailica, it is filtered through linen'll the silica is 
pressed, and more SiF^ is passed into the fil- 
trate, as before. 

(1) SiF, -h 8H„0 Aq - SiO,.H,0 -h 4HFAq ; 

(2) 4HFAq + 2 SiF 4 = 2 H 2 SiF,jAq. The solution 
of HjSiFg may be evaporated in a Pt vessel till 
it contains c. 34 p.c. of the acid. 

To prepare the acid solution on a largo scale, 
Tessin du Mothay recommends to fuse a mixture 
of fluorspar, silica, and charcoal in an oven, 
and to lead the gas that is given off through 
condensers containing water ; o. 68 p.c. of the 
F in the fluorspar is thus 'obtained as H^SiF, 
(C. C. 1868. 432). 

Properties and Hcoefions. —HjSiFjAq is a 
itrongly-acifl liquid, smelling like HClAq, and 
burning the skin. If kept in glass vessels it 
l^rodually withdraws alksli, lime, and iron 


oxide (H. Rose, P. 80, 403). Truohot (0. B. 08, 
821) gives H.F. [SiFS2HFAq] « 17,000 {of. 
Sabatier, A, Oh, [ 6 ] 22 , 91). Thomsen gives 
[SiO*Aq, 6 HFAq] s= 32,800 ; and the heat of 
neutralisation as [H*SiF*Aq, 2 NaOHAq] = 26,600 
(T/t, 1 , 236). The following table is given by 
Stolba [J, pr. 90, 193) ; — 


s.a. 

P.O. 

H^lP.Aq 

H,RiP, 

1-0010 

0-5 

1-0080 

1 

1-0161 

2 

10242 

3 

10324 

4 

1-0407 

5 

1-0491 

6 

1-0576 

7 

1-0061 

8 

1-0747 

9 

1-0834 

10 

1-0922 

11 

1-1011 

12 

1-1100 

13 

1-1190 

14 

1-1281 

15 

1-1373 

16 

1-1466 

17 


S.O. 

P.O. 

UjSiF.Aq 

H,SiF, 

1-1559 

18 

1-1653 

19 

1-1748 

20 

1-1844 

21 

1-1941 

22 

1-2038 

23 

1-2130 

24 

1-2235 

25 

1-2335 

26 

1-2436 

27 

1-2537 

28 

1-2639 

29 

1-2742 

30 

1-2846 

31 

1-2951 

32 

1-3056 

33 

1-3162 

84 


The S.G. for any percentage of H^^SiFg, when 
n = number of half-pcr-cents., is given by the 

formula ; S.G. = 1 + n-004 + \ 

100000 

By passing SiF^ into fairly cone. HFAq until 
the liquid is saturated, hard, colourless, very 
hygroscopic crystals of the hydrate H«SiF,i. 2 H 20 
separate ; the crystals melt at 19°, and decom- 
pose at a higher temperature (Kessler, C, E, 90, 
1285). 

HBiF^Aq acts as a dibasic acid (the heat of 
neutralisation confirms this), giving salts M^.^SiF, 
and with excess of a strongly basic 

metallic oxide it forms metallic fluoride and 
SiOa-H-P - thus 

- HjSiF^Aq -t 3Kp Si 02 .H 20 + 6 KFAq. 

H.piFgAq is decomposed by cone. H^SO^, 
also by HCl gas, with formation of SiF^ and 
withdrawal of water. Boric acid separates 
Si 0 . 2 .a;H 20 and forms Jluoboric acid {g. u., vol. i. 
p. 630). M. M. P. M. 

SILICO-FLU ORIDES. {Hydrojltiosilicates.) 
Salts of H^SiF, (v. preceding article). These 
salts are formed by dissolving various metals— 
e.g. Fe or Zn— in H^SiF^Aq, or by neutralising 
the acid solution by the proper quantities of 
basic oxides or hydroxides ; if excess of a 
strongly basic oxide is added to H^SiF^Aq, 
SiO^-Hp is separated and a fluoride is formed. 
Most of the silicofluorides are sol. water; the 
salts of Ba, K, Na, Ce, and a few elements 
allied thereto, are only slightly sol. water and 
insol. alcohol. Aqueous solutions of silico- 
fluorides have an acid reaction to litmus. Silico- 
fluorides are generally decomposed by heat, 
giving off SiF 4 and leaving fluorides; heated 
with AmCl, metallic chlorides remain (Stolba, 
J. pr, 101, 167). Some silicofluorides are de 
composed by heating strongly with Fe or K, 
forming fluoride and Si. Cone. H 3 SO 4 evolves 
HjSiFf, when heated HF is given off ; cone. 
HClAq and HNOgAq react similarly, but more 
slowly and less oompletely ; but H,SiF^ 
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partially decomposeia inost chlorides and nitrates 
in solution. Truohot (C. B, 98, 821, 1330) gives 
the heats of formation of alkali silicofluorides. 

M. M. P. M. 

8ILIC0-F0HMIC ACID, By the action of 
water on (?) Sila, Priedel a. Ladonburg (A. 203, 
247) obtained a white solid that gave off H 
when treated with KOHAq; the amount of H 
obtained agreed fairly well with the formula 
SiHjO^. If this formula is correct, the com- 
pound is probably the Si analogue of formic 
acid. M. M. P. M. 

SILICO-FORMIC ANHYDSIDE H.SLO, 

HSi:0 

■■ 0 This body represents among Si com- 

HSi:0. 

pounds the hypothetical formic anhydride 

lig:0 

6 Prepared by slowly distilling SiHCl, 
HG;0. 

into water kept at 0°, filtering quickly the solid 
that separates, washing with ice-cold water, 
drying in vacuo over H.BO4 then at 150^^ ; 
the SiHGls is distilled from a small flask and 
the distillation-tube is fused on to an in- 
verted funnel which dips beneath the water ; 
2SiHCl3 + 3H,0 = 6HG1 + Si^HjO, (Priedel a. 
Ladenburg, A. 143, 118; cf. Buff a. Wohler, 
A. 104, 101 ; also Gattermann, B. 12, 186). A 
white, amorphous, light powder ; floats in water, 
sinks in ether ; si. sol. water. Does not decom- 
pose at 300'^, but at higher temperatures it 
glows and gives off H which takes fire ex- 
plosively ; burns when heated in 0, emitting a 
brilliant light ; burns when heated in a covered 
crucible, with formation of some amorphous Si. 
Heated in tube, SiH^ is given off and a thin 
layer of amorphous Si remains. Not acted on 
by acids, except HPAq which dissolves it with 
rapid evolution of H. Alkali and alkali car- 
bonate solutions, including NH^Aq, dissolve this 
compound, giving off H, and forming alkali 
silicates. A freshly-prepared aqueous solution 
of H^SiaOj acts as an energetic reducer*; 
AuClgAq is reduced to Au; Pd salts probably 
to Pd mixed with Pd silicate ; SeOjjAq, SO^Aq, 
TeO.jAq, and HgGl^Aq are reduced to Se, S, Te, 
and HgCl. CrO^Aq, indigo solution, and salts 
of Pt and Ir are not reduced. 

The substance obtained by WShler, by the 
action of light and water on the body he named 
silicone {v. Silicon, compounds op, with hydkoqisn 
AND oxygen, p. 469), and called by him leukon 
(A. 127, 268), and also the substance called by 
Geuther silicium oxide {J, pr, 95, 424), are pro- 
bably identical with SijHjOs. M. M. P. M. 

8IUC0-I0D0F0KM SiHIa. (Silicon hy- 
drogen iodide. Tri-iodo-silico-methane.) For- 
mula probably molecular, from analogy of SiHClj. 
Obtained in small quantities by the interaction 
of HI and crystalline Si at red heat (Buff a. 
Wohler, A. 104, 99) ; better prepared by diluting 
the HI vapour with H ; the poduot, which is a 
mixture of 81X4 and SiHI„ is repeatedly frac- 
tionated ; Sil4 boils at 290*^, SiHI, at c. 200*^. A 
mixture of Sil^ and SiHlg is also obtained by 
heating SiH4 with I (Mahn, J. 1869. 248). A 
colourless, refractive liquid; S.G. 3*362 at 0^ 
8*314 at 20° ; boils at 0. 200°. Water produces 
SiAO, (Priedel, A. 149, 96) («. Silico-pobmio 
AKHiOBOE, supra). M. M. P. M. 


SILI00-M0LYBDATE8. Oompounds con- 
taining SiO^i MoO,, and basic radicles ; v. Molyb- 
dates, vol. iii. p. 427. 

8ILIC0K. Si. (Silicium.) At.w. 28-3; mol. w. 
unknown. H.F. [Si, 0‘^ = 219,240 amorphous 
Si; 211,120 crystalline Si (Troost a. Haute- 
feuille, C. R. 70, 252). C.B. (linear at 40°) 
•00000763 (Fizoau, G. R. 68, 1125). For other 
properties v. Properties, p. 456. 

Historical. — The existence of a special earth 
in rocks that could be melted to glass-like sub- 
stances was indicated by Pott in 1746. Scheele 
(Opuscula, 2, 67) and Bergmann (Opuscula, 
2, 26) showed that this earth could not be 
changed into lime or alumina ; Smithson in 1811 
found that the earth acted like an acid; 
Berzelius, in 1823, isolated the element of this 
earth, and in 1854 Doville obtained the same 
element in crystalline form. The new element 
was shown to resemble carbon by the researches 
of Buff and Wohler and of Priedel and Laden- 
burg. The name silicon was given from acidum 
silicum or silex. 

Occiirre}ice.Si is not found uncombined ; 
compounds of Si are very widely *distributed in 
vast quantities; next to oxygen, Si (in com- 
bination) is the most widely distributed element. 
Silicates occur in very many rocks and soils and 
in plant-ashes ; SiOj is found in many mineral 
springs and in sea-water (Porchhammer, Pr. E. 

2, 303 ; Bunsen, A. 62, 7, 25), and in small 
quantities in various animal organisms (von 
Gorup-Besanez, A. 61, 46; Henneberg, A. 61, 
261). Si is found in pig-iron *, it is generally 
supposed to exist therein as crystallised Si, but 
the experiments of Jordan a. Turner (0. J. 49, 
216) make it probable that the Si is combined 
witn Fe as a silicido. 

Fotination.— Amorphous silicon.— 1. By 
passing the vapour of SiGl, over heated K, re- 
moving excess of SiCl^ by a current of dry air, 
and washing out KCl with water (Berzelius, 
Lehrb. (1st ed.) 3, 327).-— 2. By passing vapour 
of HgSiPj over heated K, washing with water, 
heating the residue in a covered crucible (to 
remove H and C), washing with HPAq (to 
remove SiO-J and then with water (B., l.c.). — 

3. By heating a mixture of K^SiP^ and K, and 
washing with water (B., l.c.) *, Wohler (A. 104, 
107) heats a mixture of Na._,SiFg with NaCl and 
Na.— 4. By heating Mg in SiP^ vapour (Warren, 
0. N. 68, 216).— 5. By reducing SiO.^ by heating 
with Mg (v. ^Preparation, No. 1). — 6. By elec 
trolysing a fused silicate in a carbon crucible, 
with Pt as the positive, and gas-carbon as the 
negative, electrode (Hampe, Chem. Zeitnng, 12, 
841). Crystalline silicon.— -7. By heating a 
mixture of KoSiP^, Na, and Zn (v. Preparation, 
No. 2).— 8. By reducing K^SiP^ or a silicate by 
A1 (v. Preparation, No. 3).— 9. By passing H and 
SiCl4 vapour over Zn heated to redness in a 
porcelain tube (Beketoff, Bl. 1, 22). — 10. By 
heating a mixture of SiOj, K^COg, Iceland spar, 
and Na (Deville, A. Oh. [3] 49, 62).— 11. By 
passing vapour of SiP, or SiCl4 over Si heated to 
redness (Troost a. Hautefeuille, C. B. 73, 443).— 
12. By passing vapour of SiCl4 over heated Na, or 
Al, and heating the product (Si with excess of Na 
or Al) in a carbon crucible (Deville, A. Ch. [3] 
49, 62).— 18. A piece of siliceous pig-iron is con 
necteu with the positive pole of a battery and 





immersed in dilute Hj,SO^Aq, in which a Pt plate 
connected with the negative pole of the battery 
is also placed ; after some hours the iron has 
dissolved ; the mixture of graphite} amorphous 
Si and SiO, which remains is heated to full 
redness for some time with Zn and the fused 
mass is treated with dilute HClAq (Warren, 
C,N.57y5i). 

Preparation, — Amorphous silicon. — 

l. An intimate mixture of 10 g. Mg powder and 
40 g. thoroughly dry sand is placed in a test- 
tube, of fairly thick glass, c. 2 3 cms. dia- 
meter and c. 15 cms. long; the tube is 
heated throughout by a large flame, and then 
the lower part is very strongly heated, when 
reduction quickly occurs. If the tube is gradu- 
ally moved downwards so that one part is 
strongly heated after another, the whole of the 
SiOg is reduced in a few minutes. The contents 
of the tube are shaken out, pulverised, and 
treated with HClAq (1:2), the solid being added 
to the acid in small successive quantities (to 
prevent explosion from evolution of Sill 4 ) 
(Gattermann, B, 22, 186). Crystalline 
silicon.— 2. A mixture of 16 parts dry KoSiFa, 
20 parts dry granulated Zn, and 4 parts dry 
Na in small pieces is placed in a clay crucible, 
which is covered and heated to redness ; when 
the reduction of the K^SiFg is effected (there is 
a visible, but not violent, reaction) the tempera- 
ture is raised till the mass melts, care being 
taken not to heat to the b.p. of zinc, else con- 
siderable loss will occur. The crucible is broken 
when cold, the regulus is heated to the m.p. of 
zinc, the molten zinc is poured off, and SiOj, Zn, 
Ac., are removed by treatment, in succession, 
with cone. HClAq, cone, boiling HNOaAq, and 
HFAq. The Si, mixed with a little K.^SiF«, 
thus obtained is placed in a crucible and 
covered witii a layer of powdered glass; the 
crucible is set inside another, and heated to the 

m. p. of pig-iron (o. 1100^). When all is melted 
the crucible is allowed to cool to dull redness 
and is then plunged into water ; the regulus is 
separated from the slag, and is treated with 
HFAq and then washed with water (Caron, 
A, Ch. [8J 63, 26 ; Deville a. C., A. Gh, [3] 67, 
436). — 3. A mixture of 1 part A1 with 20-40 
parts thoroughly dry K^SiFj or Na.SiF^ is 
heated to c. 950° in a Hessian crucible, and the 
contents are kept molten for o. a quarter of an 
hour; the crucible is broken when cold, the 
regulus is separated, crushed, heated with cone. 
HClAq as long as H is given dff, then with 
HFAq, and washed with water and dried 
(Wohler, A, 97, 261). Or, a mixture of 10 parts 
powdered cryolite and 6 parts K-^SiOj or pow- 
dered glass is divided into two equal parts ; one 
part is placed in a Hessian crucible, 1 part A1 
is added, the rest of the mixture is placed over 
this, and the whole is heated to redness for half 
an hour. The regulus is treated with cone. 
HClAq, HNOjAq, &c., as directed above. 

Properties. — Si exists as a brown amorphous 
powder, and also as greyish-black, very lustrous, 
octahedral crystals. 

Amorphous silicon is a lustrous, brown 
powder, which adheres to the fingers or to glass 
tenaciously. The S.G. has not been determined, 
but the powder is heavier than oil of vitriol ; it 
ii a noU' conductor of electricity; bums when 


heated in air or 0, but tlie BiOji’ formed sodn 
stops the process; dissolves in cold HFAq, 
forming SiFi and H; also dissolves in warm 
alkali solutions ; is oxidised with incandescence 
when thrown into molten nitre ; combines with 
S when warmed therewith. After being strongly 
heated in a covered Pt crucible, and the SiO, 
formed has been removed by HFAq, amorphous 
Si is a dark chocolate-brown powder, which is 
not burnt by heating in air or 0, is insol. 
HFAq and boiling alkali solutions, does not 
combine with S, and is not acted on by molten 
KNOa or KCIO,. 

Crystalline silicon is obtained in leaflets 
or needles. The leaflets are opaque, very 
lustrous, metal-like, greyish black, resembling 
graphite ; they consist of regular octahedra. 
The needles are also octahedral. Crystalline 
Si has S.G. 2*49 at 10° (Wohler, J, 9, 437) ; 
2194 to 2*197 (Winkler, J. 17, 208). Scratches 
glass, but not topaz. According to Deville (C. B. 

' 39, 321) crystalline Si ‘ conducts electricity like 
• graphite.’ M.P. between those of pig-iron and 
steel, i.e, between c. 1100° and c. 1300°. Crystal- 
line Si is not changed when heated, even to 
whiteness, in 0; it is unacted on by HFAq; 
dissolves in warm alkali solutions ; combines 
with S vapour. When heated in the electric arc 
crystalline Si melts and then boils, and the 
ends of the electrodes become covered with 
crystals of SiO (Moissan, C, B. 117,423). 

For the lines in the emission spectrum of 
Si u. B. A. 1884. 441. 

DevUle (A. Ch. [.3] 49, 70) thought that a 
graphite-like form of Si existed different from 
the ordinary crystalline (or diamond-like) form; 
but Miller (P. M. [3] 31, 397) showed that 
both the leaflets and the needles consisted of 
octahedra. Kopp {A. Snppl. 6, 72) found dif- 
ferences between the specific heats of crystalline 
Si and the graphite-like form prepared by the 
interaction of K^SiF* and Al, and these differ- 
ences were confirmed by Winkler {J. pr. 91, 
COS). 

Warren (C. N. 03, 46) thought he had ob- 
tained a crystalline form of Si (oblique octa- 
hedra) different from the ordinary by the action 
of impure Al on K,SiFa at a very high tem- 
perature; he described the crystals as very 
perfect, and sometimes half-an-inoh across the 
faces. 

Specific heat of silicon. Kopp, Begnault, 
and others obtained values for the S.H. of Si 
varying from *138 to *173 at c. 30°-100°. In 
1875 Weber (P. M. [4] 49, 161, 276) showed 
that S.H. of crystallised Si increased rapidly 
from -40° to c. 200°, and attained an almost 
constant value at the latter temperature. 
Weber’s results gave the following values for 
8.H. of crystallised Si ; — 


Temp. 

S.H. 

- 40° 

•136 

+ 67 

•1833 

128 

•196 

184 

•2011 

232 

•2029 


The atomic weight of Si has been determined 
(1) by finding the ratio of Si to SiO, formed 
therefrom (Berzelius, P. 1, 226 [1824]J ; by 
converting BaSiF, into BaSO, (B., P* 20 
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|l62d]) ; (d) by ppg. 01 in SiOI« by Ag (Pelonze, 
0. K 20, 1047 [1846J ; Dumas, A. Gh. [3J 66, 
183 [1859]) ; (4) by converting SlOl* into AgCl 
WSohiel, A. 120, 94 [18G1]) ; (6) by decomposing 
BiBr4 by water and determining SiOj produced 
(Thorpe a. Young, G. J. 61, 676 [1887]) ; (6) by 
lading V.D. of SiH^, SiCli, SiBr^, SiF^, <fec. ; 
(7) by determining S.H. of Si. The atom of Si 
is tetravaleut in the gaseous molecules SiH^, 
SiCl4, SiBr^, SiF^, SiHOla, &c. The molecular 
weight of Si is unknown. 

Si is closely related to 0, and less closely to 
Ti, Ge, Zr, Sn, Co, Pb, and Th (u. Cabbon qboup 
OP BLEMKNTS, VOl. i. p. 682). 

Heactions and Gombinations. — I. Amor- 
phous silicon which has not been 
heated. — 1. Heated in air or oxygen burns to 
SiOj, which coats the Si, so that the process 
soon stops.— 2. Heated with sulphur forms SiS^ 
(Berzelius). — 3. In molten nitre forms potas- 
sium silicate, with incandescence. — 4. Dissolves 
in cold solution of fluorhydric acid to form* 
SiF4 and H.— 6. Dissolves in cone, alkali solu- 
tions on warming, forming H^SiOaAq (or 
Na^SiOaAq) and H. For differences between 
amorphous silicon before and after heating, 
V. Properties of amorphous silicon, p. 456.— 
H. Crystalline silicon.— 6. Is not acted on 
by oxygen, nor by fluorhydric acid.—l. Heated 
in dry chlorine forms SiCl^ ; in bromine vapour 
forms SiBr^ ; in a mixture of iodine vapour and 
CO., forms Sil4 ; takes fire in fluorine, forming 
SiF^ (Moissan, G. li. 103, 256).— 8. Heated with 
sulphur vapour forms BiSj. — 9. Strongly heated 
in nitrogen forms Si.,N,. — iO. Heated to c. 800'^ 
in a mixture of oxygen and chlorine, SisOCl,, is 
formed (Troost a. Ilautefouille, Bl. [2] 3*5, 360). 
11. Dissolves slowly in warm alkali solutions of 
medium concentration, giving off H.~12. Burns 
when healed with alkali carbonates, separating 
C, and giving off CO. — 13. SiS^ is produced 
(according to Sabatier, BL [2] 38, 153) by heat- 
ing to bright redness in hydrogen sulphide.— 
14. Schutzenberger (G. B, 114, 1039) obtained 
a mixture of Si^N^ and a carbide (to which he 
gives the formula SiC) by heating to bright red- 
ness, in a carbon crucible placed inside another 
crucible packed with lamp-black, a mixture of 
1 part Si and 2 parts SiO,^. — The following re- 
actions apply generally to silicon.— 15. Heated 
in hydrogen chloride SiHClg is formed; in 
hydrogen iodide mixed with H, SiHI^ is pro- 
duced; and SiHBr, is obtained by heating in 
hydrogen bromide. — 16. Heated with silicon 
tetrachloride, Si^Clj (and ?SiCy is formed. — 
17. Oxidised by hydrogen iodide solution (v. 
Ditte, Bl. [2] 13, 322). — 18. With molten caustic 
soda or potash, H is given off and a silicate 
formed ; similar but slower reactions occur with 
baryta and lime {v. Berzelius, A. 49, 247).— 
19. Heated with several metallic oxides, such as 
PbO or Ag.p, reduction occurs, generally with 
formation of a silicide. If a mixture of pow- 
dered Si, Al, and PbO is heated, a violent ex- 
plosion occurs.— 20. According to Colson {Bl. [2] 
88, 66), SiaOaO is formed by heating Si in carbon 
dioxide ; SiS, SiSO, and 814048 are formed by 
heating Si to white heat in carbon disulphide ; 
SiGO,iB formed by heating with bensefne\ and 
SiaO^Oi is prodaoed when Si is heated to whiter 
niss in a carbon crucible. 


Silicon, amidonitride of. By the interaction 
of NH, and SiOli or SiF4 Harris (0. G. 1889 [ii.J 
283) obtained a snow-white powder, to which he 
gave the formula Si.NH3.N. 

Silicon, carbide of. According to Sohutzen- 
berger (G. B. 114, 1089), a compound of Si and 
C, having the composition of SiO, is formed 
along with a little by placing a mixture 
of 1 part crystallised Si and 2 parts SiO, in a 
covered gas-carbon crucible, imbedding this in 
lamp-black in a larger crucible, and this again 
in more lamp-black in another larger crucible, 
and heating to bright redness for some hours ; 
boiling with moderately cone. HFAq dissolves 
SiO, and 8i3N4, and leaves the SiC. Heated to 
low redness in chlorine, SiC is said to give SiCl4 
and 0. Moissan (C. B. 117, 425) obtained colour- 
less crystals of SiC by fusing C and Si in an elec- 
tric furnace. The crystals are very hard, act 
strongly on polarised light, S.G. 3-12 ; they are 
not acted on by 0 or S vapour at 1000^ ; Cl be- 
gins to react at 0. 600° and the action is com- 
plete at 1200° ; the crystals are not acted on by 
boiling HClAq, HNO3, H,S04, o.gua regia, or a 
mixture of HNO, and HFAq,* nor by fused 
KNOjOrKClOj; molten KOH gradually forms 
K^COj and K silicate. 

Silicon, bromides of. Two bromides of Si 
are known, SigBr^ and SiBr4. 

Disilicon uEXABROMiDE Si-^Br^. {Silicon tri- 
bromide SiBr,.) Formula probably molecular 
from analogy of Si-^Clg. A colourless liquid, 
boiling at c. 240°. Formed by adding the proper 
quantity of Br to Si-^I^ in CS.,, pouring off from 
I, purifying by shaking with *IIg, filtering in dry 
air, and fractionating (Friedol a. Ladenburg. A. 
203, 254). 

Silicon tetbadbomide SiBr4. Mol, w. pro- 
bably 347-3. 

Preparation.-^kmor^hous Si, prepared as 
described under Silicon, Preparation, No. 1 
(p. 456), after being partially purified from SiO., 
by UClAq, washing, and drying, is heated in a 
glass tube, while Br vapour is passed over it ; 
the tube passes into a small flask, which is sur- 
rounded by cold water. A mixture of SiBr4 and 
Br collects in the flask; this is fractionated, 
and the last traces of Br are removed by shaking 
with Hg and distilling (Galtcrmann, J5. 22, 186). 
SiBr4 may also be prepared by heating a mix- 
ture of SiO., and C (c/. Silicon tbtbachloridb, 
p. 458) in Br, shaking with ELg, and fraction- 
ating (Serullas, P. 24, 341 ; modified by Bey- 
nolds, G. J.*51, 590). 

Properties and Beactions. — A ’olourless 
liquid, having a disagreeable odour, and fuming 
much in air. S.G. 2*8128 at 0°. B.p. 163*4° at 
762*5 mm. (Pierre, A. Ch. [3] 20, 26 ; Freyer a. 
Meyer, Zeit.fUr anorgan. Chemie, 2, 1) ; 148° to 
150° (Serullas, l.c.). Solidifies at 0. - 12°. (P. a. 
L., I.C.). Decomposed by water to HBrAq and 
SiO,; shaken with cone, sulphuric acid, slowly 
changes to Br and SiO,. Heated to 260° with lead 
oxide gives PbBr, and Pb silicate (Friedel a. 
Ladenburg, A. 147, 362). Ammonia probably 
forms SiBr4.NH3 (Persoz, A. Gh. [2] 44, 316). 
Phosphorus hydride forms a white amorphous 
compound, by repeated compression with SiBr4, 
the pressure being maintained for some hours 
(Besson, 0. B. 110, 240). 

For the oompoonds SlBr,H and Si,Br^H 
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BndOOBBOHoroBtf, and Sxlioo-ethamb, rairci- 
BBOICO- BBBZyATZyE OF, pp. 453, 454. 

Silicon, bromoohloridea of. Three oomponnds 
of Si with Br and Cl have been isolated. The 
y.D. of SiBr^Gl, and also that of SiBrOl,, has 
been determined; the formuhe of all are pro- 
bably molecular. 

Silicon bromo-tbichloride SiBrCl,. Mol. 
w. 214'16. A colourless liquid, boiling at c. 
80°, fuming in air, and decomposed by water. 
Prepared by heating Br and SiHCl, at 
100°; SiHCl,+Br, = SiBrCl3 + HBr (Friedel a. 
Ladenburg, A, 145, 187). Also by the inter- 
action of Br and SiCljSH (? SiClaSH + 3Br 
= SiBrCl, + SBr + HBr) (F. a. L., Z.c. p. 179). 
V.D. 104-7 at c. 130° (F. a. L., l.c.). Reacts 
with NH, to form an amorphous compound, 
2SiBrCl,.llNH„ easily decomposed by water 
(Besson, 0. R, 112, 788). 

Silicon dibromo-dichloride SiBr^CIj. A 
colourless liquid, boiling at 103°-105°, and not 
solidifying at — 60°. Prepared by heating 
SiHCl, and Br above 100° (F. a. L., lx.). Also 
by passing the vapour of HBr and SiCl^ through 
a red-hot porotlain tube (Besson, lx.). Com- 
bines with NH, to form SiBrjCla-SNH.,, decom- 
posed by water. 

Silicon TRiBROMo-cnLORiDB SiBraCl. Mol. 
w. 302*92. A colourless liquid, fuming in air, 
boiling at 140°-141°, not solidifying at —40°; 
S.G. 2*432. V.D. 150*5 at c. 185° (Reynolds, 
C. J, 51, 590). Obtained, along with SBr^, by 
passing Br vapour over a mixture of SiO, and 
C heated in a wind-furnace, passing dry H 
through the wann product, shaking with Hg, 
and fractionating (R., l.c.). Besson {C. B. 112, 
788) seems to haye obtained the same com- 
pound, along with SiBr-^Clj, by passing the 
vapours of HBr and SiCl< through a red- 
hot porcelain tube. B. gives the b.p. 126°- 
128°, and m.p. -39°; he says a compound 
SiBr,Cl.llNH, is formed by interaction with 
NH,. 

Silicon, bromo-iodides of, v, Silicon iopo- 
BROMIDES, p. 461. 

Silicon, ohloridea of. Two chlorides of Si 
have been isolated with certainty, Si.^Clo and 
SiCl4 ; these formula are molecular. There are 
indications of the existence of another chloride, 
SiCl,. 

Silicon hexachloride SisCl,. {Silicon tri- 
chloride SiCl,.) Mol. w. 268-22. 

Preparation. — 1, By heating HgCl, with 
Si,I„ fractionating, and distilling the portion 
boiling at 146°-148° from HgCl, (Friedel a. 
Ladenburg, A. 203, 253).— 2. Vapour of SiCl^ is 
passed over Si kept molten in a porcelain tube 
(3SiCl4 + Si = 2SiaClJ; the product is rapidly 
cooled, and fractionated from SiGl4, Si oxy- 
chlorides (and ? SiCl,) (Troost a. Hautefeuille, 
A. Ch. [5] 7, 459). 

Pro^rties. — k colourless, mobile liquid, 
boiling at 146°-148° ; S.G. 1*58 at 0° ; solidiSes 
at — 14° to large leaflets, which melt at 1° (F. a. 
L., lx.). V.D. 140 at c. 240° (T. a. H., l.c.). 
Fumes in air, decomposed by water; vapour 
takes Are when Si^Cl, is heated in air. 

BeacUone and Combinations.^1. Deoom- 
TOsed to 8iCl4 and Si by heat in a closed tube ; 
decomposition is extremely slow at 350°, nearly 
complete at 800°; heated rapidly above 1000° 


the dissociation-pressure falls; the compound 
is stable below 350° and above 1000° (T. a. H., 

1. e.). — 2. Decomposed by water. At ordinary 
temperatures products remain in solution, and* 
are ppd. by NHjAq ; at 0° Si,H,04 is formed {v, 
Selico-oxalic Acjn, p. 463) (F. a. L., l.c.). — 
3. Caustic potash forms SiO, and gives off H 
(F. a. L., A. 203, 254). — 4. Phosphorus hydride 
is changed to the solid hydride at —10° (Besson, 
0. B. 110, 516).— 5. Combines with ammonia 
to form Si.,Cl,.5NH3 (B., l.c.). 

Silicon tetbaciiloiude SiCl4. Mol. w. 
169*78. Boils at 57*57° at 760 mm. pressure 
(Thorpe, C. J. 37, 327). S.G. SJ 1-62408 (T., 

2. C.). V.D. 85-5 at 100° (Dumas, A. Ch. [2] 33, 
368). S.H. of SiCl4 vapour, at 90° to 234°, 
= *1322, at constant pressure, referred to equal 
weight of water; *12, at constant volume, re- 
ferred to equal weight of water (Regnault, Acad. 
26, 1). Regnault (Z.c.) gives the vapour-pres- 
oures of SiCl4 as follows : — 


Temp. 


Vapour-prosaure. 

-20°. 


. 26*49 mm. mercury 

-10 . 


. 46*46 „ 

» 

0 . 


. 78*02 „ 


-HO . 


. 125*90 „ 


20 . 


. 195*86 „ 


30 . 


. 294*49 „ 


40 . 


. 429*08 „ 

» 

50 . 


. 607*46 „ 

II 

60 . 


. 837*23 „ 

II 


H.F. [Si, CB] = 157,040 (Troost a. Hautefeuille, 
A. Ch. [5] 9, 70). 

For7natio7i.—l. By passing dry Cl, or HCl 
gas, over a mixture of SiO.^ and 0 at full red 
1 heat (Oerstedt, B. J. 6, 119 *, Deville, A. Ch. [3] 
43, 23). According to Weber (P. 112, 649) C is 
not necessary if the temperature is high enough, 
2. By heating crystalline Si, or Si containing 
H, in Cl (Berzelius, C. J. 4, 91). — 3. Favre 
(C. B. 107, 339) heats impure Si, and passes 
HCl and vapour of naphthalene over it.— By 
heating iron containing o. 15 p.c. Si in Cl 
(Warren, C. N. 60, 158). — 5. By passing vapour 
of BCl, over SiOg heated to dull redness 
(4BCI3 3810, = 3SiCl4 + 2BA ; Troost a. Haute- 
feuille, A. Ch. [5] 7, 476). 

Preparation. — 1. Amorphous SiO.^ is mixed 
with an equal weight of lampblack, and the 
mixture is made into a paste with oil. Small 
pellets are made of this paste; these are im- 
bedded in charcoal powder, and strongly heated. 
The dry pellets are placed in a porcelain tube, 
which is heated to very bright redness in a fur- 
nace while a stream of Cl (dried by H2SO4 and 
then by CaClJ is passed through. The exit 
end of the porcelain tube is connected with a 
(J'tube, from the bottom of the bend of which 
a short tube passes down into a small flask ; the 
(J'tube and small flask are surrounded by a 
freezing mixture. The SiCli which condenses 
in the flask is shaken in a dry flask with Hg 
and a few pieces of E, and then distilled with 
sodium. 

L. Meyer (A. 270, 238) recommends the use 
of charcoal-powder in place of lampblack, and 
starch-paste rather than oiL— 2. Gattermann 
(B. 22, 186) places impure amorphous Si (con- 
taining some Mg, t&o.}, prepared as described 
un^er Silicon, Preparation^ No. 1, in a tube u 
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i emi. vide, leaving a apace of e. 1 cm. 

above the Si along the tube ; he bends this tube 
at right angles, and connects it with a (J-i^be 
placed in a freezing mixture; he then passes 
dry Cl through the apparatus, while he heats 
the tube, laid in an iron trough in a gas-furnace 
BO that the tips of the flames just touch the 
iron trough. The temperature must not get 
too high, else the Si glows, and MgCl.^ and 0 
are formed, and the 0 oxidises the Si to SiO^. 

Properties. ~k colourless, very clear, and 
very mobile liquid, with a disagreeable odour 
resembling that of cyanide^; reddens litmus; 
fumes in moist air. Does not become viscid 
at (Haase, B. 20, 1052). 

Reactions and Combinations. — 1. Heated to 
redness with hydrogen a little SiHOl, is formed 
(Pricdel a. Ladenburg, Bl. [2] 12, 92). — 2. Oxy- 
chlorides are produced by the action of oxygen 
under the influence of induction sparks (Troost 
a. Hautefeuille, A. Ch. [6] 7, 465).— 3. SiCl< is 
decomposed by passing the vapour with dry air 
through a white-hot tube, giving SijjOCIo and 
Cl (F. a. L., Lc.). Berthelot (.1. Ch. [5] 15, 
185) says that SiO^ is also produced. -4. Water 
produces H.^SiO.,, and HClAq.— 5. Hydrogen 
sulphide forms SiCla-SIT, when SiCl, and H^S 
are passed through a red-hot tube (F. a. L., A. 
145, 179 ; Pierre, A. Ch. [3] 24, 300).- 0. Many 
metals — e.g. K, Na, Zn, Ag — withdraw all Cl 
from SiCl, when heated to redness in vapour of 
SiCl, (F. a. L. ; cf. Itauter, A. 270, 235).- 
7. Most metallic oxides form SiO.^ and metallic 
chlorides when heated with SiCl, (U., l.c.) ; CaO, 
MgO, Aip,, and BeO form silicates and crystal- 
line SiO., (Daubree, G. R. 39, 135) ; TiO^ is not 
changed (T. a. H., A. Ch. [5J 7, 476).-8. De- 
composed by heating with alkali carbonates, 
potassium chlorate or nitrate, and various oxid- 
ising salts (U., I.C.). — 9. &iO,^ and HCl are pro- 
duced by reaction with sulphuric acid. — 
10. Ammonia forms SiClj.ONIIj (Persoz, *4. Ch. 
[2] 44, 315) ; also, according to Gattermann (B. 
22, 194), Si.NlpMN.— 11. Phosphoretted hydro* 
gen does not react at ordinary temperatures; 
but at -40^^ c, 40 vols. of PH., are absorbed by 
SiCl,, forming a solution which does not solidify 
at —60^^ (Besson, C. R. 110, 240). A colourless 
crystalline compound is produced by compress- 
ing Plla and SiCl, and then decreasing pressure 
to 20 atmospheres at 10° (B., l.c.). — 12. Heated 
with sodium silicate, NaCl is formed. If SiCl, 
vapour is passed through a tube containing 
fragments of felspar, at a white heat, KCl, SiOj, 
and SijOClg are formed (F. a. L., l.c.). 

For the compound SiHCl, v. Silico-ohlobo- 
VOBM, p. 453. 

? Silicon nicnLoiUDE SiClj. In the prepara- 
tion of Si^Cla by the reaction of SiCl, with Si, 
Troost a. Hautefeuille [A. Ch. [6] 7, 463) ob- 
tained a liquid which took hre when heated in 
air, and reacted with ice-cold water to form a 
hydroxide of Si having reducing properties. 

Silicon, oblorobroi^des of, v. Silicon bbomo- 
OHLOBIDBB, p. 458. 

Silicon, ohlorohydrosnlphide of, SiCl 3 .SH. 
(Trichloro-silico-mercaptan.) Mol. w. 167*39. 
ThiB compound may be looked on as a deriva- 
tive of hypothetical ortho-thio-silioio aoid 
Bi(SH)„ obtained by replacing 8SH by 301. 
Prepared by passing dry ^3 into 3101« in a 


retort, and then passing the mixed vapours of 
HjS and SiCl, through a red-hot porcelain tube 
connected with a receiver surrounded by a 
freezing mixture, and fractionating the liquid 
that condenses (Friedel a. Ladenburg, A. 146, 
179). Colourless liquid, with sharp, disgusting 
smell ; boils at 96°; S.G. 1*45. V.D. 83*6 at o. 
167°. Decomposed by moist air, more rapidly by 
water, to H^S, S, HClAq, and SiOa-ajH^O; 
bromine produces SiBrCl, and HBr. Alcohol in 
excess forms Si(ORt) „ 11^8, and HCl ; by react- 
ing in the ratio 3FtOH : SiClj.SH, F. a. L. {l.c.) 
obtained a liquid boiling at 164°-167°, probably 
Si(OEt) 3 .SH ; this liquid could not be obtained 
pure, as it changed to Si(OEt)„ HCl, and H,S. 

Silicon, chloro -iodides of, v. Silicon iodo- 
CHLOaiDES, p. 461. 

Silicon, compounds of, with carbon and 
oxygen. According to Colson {Bl. [2] 38, 56), the 
compound SiCOj is formed by heating Si with 
benzene vapour, the compound Si, CaO., by heat- 
ing Si to whiteness in a carbon crucible, and 
the compound Si.,C.,0 by heating Si in COj. 

Silicon, compound of, with carbon and 
sulphur. Colson {Bl. [2] 38, 6d) says that a 
compound, to which he gives the formula 
Si, 0,8, is produced by heating Si to a white heat 
in CS., vapour. 

Silicon, compounds of, with hydrogen and 
oxygen. The compounds of the form SiO,.a;HaO 
are described under Silica, hydrates of (p. 447) ; 
the compounds SiaH^Oa and Si,,H.,0, are de- 
scribed as silico-formic anhydride and silico’ 
oxalic acid respectively (pp. 455, 463). Wohler 
{A. 127, 257) obtained a substance, by the de- 
composition of impure Ca silicido by IIClAq, to 
which he gave the name silicone, and either the 
composition Si,H ,03 or SiaHaOj. On account of 
tlio yellow colour of this body, Miller proposed 
to call it cimjseone. Silicone is described as 
orange-yellow leaflets, insol. water, alcohol, CS.„ 
SiCl,, or PCla*, when heated below redness it 
takes fire, burning to SiO., and amorphous Si ; 
heated out of air, H is given off and SiO^ and 
amorphous Si remain ; not acted on by Cl, 
fuming HNOa, or cone. HBO,; caustic alkali 
solutions, even dilute NH^Aq, produce SiO., with 
rapid evolution of H ; acts as an energetic 
reducer towards solutions of many metallic 
salts. 

Silicon, fluorides of. The existence of any 
compound of Si and F except SiF, is doubtful. 
Troost a. Hiyitefouille {A. Ch. [5] 7, 464) ob- 
tained a fine dust by passing SiF, over molten 
Si and suddenly cooling, which was probably ft 
lower fluoride than SiF,. 

Silicon tetrafluobidb SiF,. Mol. w. 104*3. 

Formation.—!. By passing BF, vapour 
through a red-hot porcelain tube (Troost a. 
Hautefeuille (A. Ch. [5] 7, 464).— 2. By the in- 
teraction of HFAq and SiO, or silicates. 

Preparation. —A fair-sized flask is one-third 
filled with a mixture of equal parte of powdered 
CoFj and quartz or white sand; sufficient 
oono. H.,SO, is added to thoroughly moisten 
the mixture; the flask is gently warmed, and 
the gas that comes off is collected over Hg 
(2CaFa 2H,SO, SiO, = 2CaSO , + 2H,0 + SiF J. 

Properties. — A colourless gas, with a dis- 
agreeable odour and sour taste; reddens dry 
litmus paper ; fumes strongly in air. Vi). 51*9 
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(DiimM, A*Oh, 83, 868). Condensed to a 
colourless mobile liquid at - 106'6° and 9 atmos. 
pressure (Faraday, T. 1845. 155). Aooording to 
Olszewski {M. 5, 127) SiF4 solidifies at - 102°. 
Acts as a powerful poison (v. Cameron, Dublin 
J. of Med. Sci. Jan. 1387). 

Reactions.— 1. Decomposed by electric sparks 
with separation of Si (T. a. H., G. E. 43, 443).— 
2. Potassium and iron, when hot, burn in SiFf, 
forming fluorides and Si.— 3. Moist air forms 
Si^OjF.OH (Landolt, A. Suppl. 4, 27, and v. 
Dimetasilicio fluorhtdein, infra). — 4. Water 
absorbs SiF^, forming SiOa-^HjO and H^SiF^Aq 
(u. SiLicoFLuoRHYDWO ACID, p. 454).— 6. Am- 
monia forms SiF4.2NH3 (J. Davy, T. 1812. 352) ; 
also, according to Harris (C. G. 1889 (ii.) 283), 
BiNH2.N (u. Silicon amidonitride, p. 457). 

Gomhinations. — 1. Combines with dry phos- 
phoretted hydrogen, when the gases are strongly 
compressed at - 22° and 50 atmospheres in the 
ratio 2PH3:3SiF4, to form lustrous crystals 
(Besson, G 110, 80). -2. Alcohol absorbs 
SiF^ freely, forming an acid liquid which gives 
off SiF4in the air (Knop, J. 1858. 14G).- 3. SiF^ 
is absorbed b^' many metallic oxides. 

Dimetasilicic fluorhydrin Si20j.0H.F. 
Landolt {A. Suppl. 4, 27) obtained this com- 
pound as a white crystalline solid {v. also Schiff, 
J. 1865. 196). 

Silicon, haloid compounds of. The com- 
pounds of Si with halogens belong to the forms 
SijX^ and SiX^; the compounds SiX„ where X 
is a single halogen, have been gasified, and the 
compound Si.^Gi4 has also been gasified. The 
formulae are probably all molecular. There are 
also indications of the existence of some com- 
pounds of the type SiX,. Besides the com- 
pounds where X is a single halogen, there exist 
the compounds SiXX',, SiX.^X'2, and SiX'Xg, 
where X and X' are Br and Cl, I and Cl, and I 
and Br respectively ; the only one of these com- 
pounds that has been gasified is SiBr^Cl. 

Silicon, hydrides of. The compound SiH4 
has been isolated and examined. The exist- 
ence of another hydride, probably Si^Hj, is 
likely. 

Silicon tetrahydride SiH^. {Siliciuretted 
hydrogen.) Mol. w. 32*3. Si and H do not 
combine directly, even in the electric arc 
(Friedel, 0. R. 73, 497). 

Formation. — 1. A1 containing Si is made the 
positive pole in NaClAq (puff a. Wohler, A. 103, 
218).— 2. Crude Mg silicide is decomposed by 
dilute HClAq (v. Preparation). These processes 
yield mixtures of SiH, and H.— 8. By the 
reaction of Na with SiH(OEt), (v. Prepara- 
tion). 

Preparation. — 1. Small pieces of Na are 
dropped into SiH(OEt)3 {v.infra),o,nd the liquid 
is gently warmed ; the escaping gas is allowed 
to drive out the air (if the Na or SiH(OEt)j was 
moist H comes off, and the gas takes fire), and 
is then collected over Hg (Friedel a. Laden burg, 
143, 123). The SiH(OEt), is prepared by adding 
dry absolute alcohol to pure SiHCl,, in a long- 
necked flask, in the ratio 3EtOH : SiHCl,, dis- 
tilling after some time, and collecting the liquid 
that boils from 134° to 137°.— 2. Impure SiH,, 
mixed with considerable quantities of H, is pro- 
pped by placing coarsely-pulverised crude Mg 
lilioide {for preparation, v. infra) in a small 


two-neoked flask, fltted with a funnel tube and 
a short wide delivery tube ; the flask and de- 
livery tube are quite filled with water from 
which all air has been driven out by boiling, the 
delivery tube is made to dip under boiled water, 
and the bell-jar to receive the gas is filled with 
boiled water; cone. HCiAq is added, little by 
little, by the funnel tube. The gas, which 
comes off very rapidly, is collected in a bell-jar 
fitted with a stop-cock ; this jar is then con- 
nected with a U-tubo containing CaCl, and 
carrying a short, narrow piece of glass tubing, 
which is made to dip under a dry vessel full of 
Hg. By depressing the beJl-jar, the gas is 
forced out ; it burns in the tubes till the air is 
exhausted, when it passes into the vessel full of 
Hg. where it is collected. 

Preparation of the crude Mg 
silicide. A mixture of 1 part finely-powdered, 

I dry, white sand and IJ parts Mg powder is 
J heated in a stout glass tube ; reduction takes 
! place with production of much light, and a blue- 
grey, semi-molten mass is obtained (Gattermann, 
B. 22, 186). For other methods of preparing 
the Mg silicide required, v. Wohler {A. 137, 

' 369), Warren {G. N. 68, 216), and Mermet {Dl. 
[2] 47, 306). 

Properties.— A colourless gas; insol. water; 
liquefied at -11° and 50 atmos., -7 and 70 
atmos., or - 1° and 100 atmos. pressure (Ogier, 
A. Gh. [6] 20, 5). V.D. 15-9 (F. a. L., A. 143, 
123). H.F. [Si,H'] =32,900 {0.,l.c.). Does not 
react with N, NO, NH3, HBO^Aq, or HClAq. 

Reactions.— 1, Decomposed completely to Si 
and H by heating to above 400° (0., l.c.).—2. In- 
duction sparks cause increase of volume from 
100 to 121-129 ; H is produced, and yellow 
solid separates, probably Si-JHa (v. Disilicon tri- 
hydride, infra). — B. SiH^ takes fire in air 
when slightly heated, or when the pressure is 
decreased; if the pure gas is passed into a 
tube filled with Hg, the pressure is lowered to 
100^150 mm., and air is admitted, the gas takes 
‘fire (F. a. L., l.c.). The gas as prepared from 
Mg silicide is mixed with H, and takes fire 
in air at ordinary temperature and pressure. — 
4. Burns in chlorine with violent explosion. — 

' 5. Cone, potash solution forms K.BiOa and H ; 
the volume of H is four times that of the SiH^ 
(SiH, + 2KOHAq + H^O = K^SiO, + 8H) (F. a. L., 
I.C.). — 6. Beduces solutions of many metallic 
salts ; ppts. Ag and Si from AgNO^Aq, Pd from 
Pd salts, Cu silicide from CuSO,Aq, &c. Does 
net react with PtCl4Aq or Pb(C2HaOJ^q. — 
7. The action of electric discharges on SiH4 
mixed with nitrogen produces NH^, and (?) Si^H, 
which combines with some of the N (Ogier, 
A. Gh. [6j 20, 31). 

Dibilicon trihydridb SijH,. This formula 
is given by Ogier (A. Gh. [6] 20, 31) to a yellow 
solid obtained by the action of induction sparks 
on SiH4. The composition of the substance is 
somewhat doubtful. It takes fire when rubbed 
or h< ated in air ; heated in H or N, inflammable 
SiH, is produced, or at higher temperatures Si 
and H are formed. 

Silicon hydrogen bromides v. Silioo-bromo- 
roRU, p. 453, and Silioo-bthanb, pbntabbomo- 
DBBiVATiVB OF (Si-^HBrJ, p. 454. 

Silicon hydrogen chloride v. Sxlioo-oblobo' 
roBM, p. 453. 
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lilioon hydrogen iodide «. SiLxoo-ioooroBM, 
p. 465. 

Silicon, hydroxides of, v . Silica, hydrates 
OF, p. 447 ; SiLico-FORMio ACID, p. 466 ; Silico- 
FOBMIO ANHYDRIDE, p. 456 ; SlLICO-OXALIO ACID, 

p. 463 ; and Silicone^ under Silicon, compounds 

OF, WITH HYDROGEN AND OXYGEN, p. 469. 

Silicon, iodides of. Two compounds have 
been isolated, Sil^ and SiJa, and a third, which 
is probably Silj, seems also to exist. 

Silicon tetra-iodidk Sil^. Mol. w. 634-42. 
Melts at 120-6°; boils at 290°. V.D. at 3G0° 
= 268-6. H.F. [Si,F*] = 58,000 (Berthelot). 

Preparation.— 1. The crude product obtained 
by reducing a mixture of 4 parts fine white sand 
by heating with 1 part Mg powder {v. Silicon, 
Preparation oft No. 1, p. 456) is strongly heated 
in a mixture of dry COj snd I vapour, in a tube 
which projects c. 20 cm. .rom the furnace ; Sil 4 
collects in the cold part of the tube, it is dis- 
solved in CSjj (1 part CS^ dissolves c. 2-2 parts 
SilJ, shaken with Hg till colourless, and the 
CS 2 ia evaporated by passing dry COj through 
it at the lowest possible temperature (Gatter- 
mann, B, 22, 190).— 2. A mixture of CO^ and I 
vapour is passed over Si strongly heated in a 
porcelain tube; the Sil^ that collects in the 
cold part of the tube is purified as in 1 (Fricdel, 
A. 149, 96). 

Properties and Reactions, — Colourless, trans- 
parent, regular octahedra; isomorphous with 
CI4. (For M.P., <fco., V, supra.) The vapour 
burns when heated in air^ with separation of I. 
Water produces Si02.a;H,0 and lilAq. Alcohol 
forms EtI, HI, and SiOj. Etheft at 100°, pro- 
duces Si(OEt )4 and EtI (F., l.c.). 

Silicon iiexa-iodide Si.Iu. Formula pro- 
bably molecular, from analogy of SiaCl^. Pre- 
pared by heating Sil 4 with finely-divided Ag 
(formed by reducing AgCl) to 290°-300° for 
some hours, removing Sil 4 by washing with a 
little dry CSj (1 part CS.^ dissolves 0 . *26 parts 
SlJa and 0 . 2-2 parts SilJ, dissolving in much 
hot CS.j.and crystallising (Friedel a.Ladenburgf 
A, 203, 254). Colourless, six-sided, double re- 
fractive plates. Melts at 250° in vacuo, with 
partial decomposition. When heated, decom- 
poses to Sil 4 , and a substance that is probably 
Sila. Fumes in air ; with water gives H 2 Sh 04 
and HIAq. 

Silicon di-iodidb. The yellow solid that is 
formed by heating Sil 4 is probably Silx; it is 
insol. in the ordinary solvents; with water becomes 
grey, perhaps forming HjSiO, (v. Silico-formio 
A cn), p. 465) (Friedel a. Ladenburg, A. 203, 247). 

For the compound SiHI, v. Silioo-iodofobm, 
p. 465. 

Silicon, iodobromides of. Three compounds, 
corresponding with the three bromochlorides and 
the three iodochlorides, are formed by passing 
IBr (alone or mixed with H) over crystalline Si 
heated to dull redness ; also by passing the 
vapour of a solution of 1 in SiBr, over ciystal- 
line Si at a low red heat (Besson, 0. R. 112, 
1447). The compounds are solids which decom- 
pose in air with separation of 1 ; they all 
combine with NH, to form white compounds 
that are decomposed by water. 

Silicon iodotribroiiidb SilBri* Melts at 
14° and boils at 192°. Prepared as described 
Ikbovei also (probably) by the interaction of 1 and 


SiHBr, at 200°>-250°, also by passing HI over 
SiBr 4 heated to low redness (B., l . c .), 

Silicon Di-ioDoniBBOinDB Sil^Br,. Melts at 
0 . 88° and boils at 230°-281°. 

Silicon tri-iodobromidb SilaBr. Melts at 
0 . 56° and boils at 0 . 266°. 

Silicon, iodochlorides of. Three compounds 
have been isolated, corresponding with the three 
bromochlorides, and the three iodobromides. 
The V.D. of none has been determined, but from 
the analogy with the bromochlorides the sim- 
plest formuljB are probably molecular. 

Silicon lODOTRicHLORiDE SilCla. Obtained by 
passing HI mixed with SiCl, vapour through a 
red-hot tube, also by the interaction of HI and 
SiHClj at 200°-250°, also by distilling ICl over 
crystallised Si heated to redness (Besson, 0. E. 
112, 60, 1314). A colourless liquid, boiling at 
113°-114° ; fumes in air ; decomposed by water ; 
I separates on standing, especially in sun- 
light. With NH, forms white amorphous 
•2SilCl2.11NH,. 

Silicon Di-ioDonicnLORiDE Sil^Cla. Formed 
from HI and SiCl,, also from ICl and Si ; also by 
heating HI with SiljCl at 2502. Colourless 
liquid, boiling at 172°. With NHg forms amor- 
phous SiL,Cl2.5NH3 (B., he .), 

SnjcoN TRi-ioDocHLORiDB SilaCl. A soHd 
obtained in preparation of the two former com- 
pounds; melts at 2°. Fumes in air, with separa- 
tion of I. 

Silicon, nitrides of. Schutzenberger {0, H. 
114, 1089) obtained small quantities of a com- 
pound to which he gave the formula Sii,N 4 , 
along with a carbide of Si, by heating 1 pari 
Si and 2 parts SiO^ in a covered carbon crucible, 
imbedded in lampblack in an outer crucible, 
to bright redness for some hours. By passing 
NH;, through a porcelain tube kept at a white 
heat, Colson (C. E. 94, 1710) found a black 
layer In the hottest part of the tube, which was 
probably a mixture of Si and nitride of Si. A 
compound of Si, N, and H, probably Si.NH^.N, 
was obtained by Harris (0. C. 1889 (ii.) 283) by 
the reaction of NH, with SiCl 4 or SiF 4 . 

Silicon, oxide of, SiO, ; v. Silica, p. 446. 

Silicon, oxychlorides of. The compound 
SigOCl, is formed by heating SiCl 4 vapour in air 
or 0. According to Troost a. Hautefeuille 
{Bl. [2] 35, 360) several oxychlorides are formed 
by passing a mixture of SiCl 4 vapour and 0 
through a red-hot tube, or, better, bypassing a 
mixture of 1 vol. Cl and | to ^ vol. 0 over crys- 
talline Si heSted to not above 800°. T. a. H« 
isolated the following oxychlorides ; — 

Si, 03 Cl,o; liquid, b.p. 162°-164°. 

; Hquid, b.p. 198°-202°. 

Si^OgClo ; oily liquid, b.p. above 400°, 
Si 407 Cl 2 ; Bohd, m.p. above 400°. 

Silicon oxychloride SipCla. {Perchlorch 
silicO’inethyl ether (SiCl3)20.) Mol. w. 284*78. 
Prepared by passing vapour of SiOl 4 through a 
porcelain tube heated in a wind furnace burning 
coke, condensing the product, repeating tiio 
operation with the portion which boils above 
70°, fractionating, and separating the liquid 
boiling at 137°-138° (Friedel a. Ladenburg, A. 
147, 366). A colourless liquid, boiling at 137°- 
188°. V.D. 144 at 0 . 200°. Fumes in air, decom- 
posed by water to HOlAq and Si02.a;H20. Mis- 
olble in all proportions with 0H0i|, OCl^, 03^ 
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BiC!4,and Et^O. A.I00I10I prodnoes S407(Et)c; 
Bino-ethide at 180 ° forms SiEt4 and Si^OEtf 
(F. a. L.| lx.y 

The oompoand SiPsOaOl, is described as 
8 ILICOFHOSFHOBIO OXTOHLOBIDB (p. 461). 

Silicon, oxysulphide of. According to Colson 
(^2. [2] 88, 56), a compound SiOS is formed, 
along with SiS and 814804, by heating Si to white 
heat in CS.^. 

Silicon, sulphides ol The only compound 
of Si and 8 certainly isolated is SiSj. Colson 
{BU [2] 88, 66) says that silicon tnonosulphidct 
SiS, is produced, along with SiOS and 814804, 
by heating Si to white hoat in OS2; he de- 
scribes SiS as a yellow solid, decomposed by 
water giving off H^S, sol. in very dilute KOHAq 
with evolution of H. SiS is also said to bo 
formed, along with SiS^, by heating Si to red- 
ness in II^S (Sabatier, Bl. [2] 38, 153). 

Silicon disdlpuidk SiS.^. Mol. w. not de- 
termined. Sabatier {DI. [2] 38, 163) gives H.F. 
[Si, S*] = 19,900. Avtorphoiis Si and S combine 
when strongly heated (Berzelius). Prepared by 
heating Si to redness in a stream of dry H.^S ; 
the other proc^icts are a yellow solid, probably 
SiS, and a brown substance that is likely a mix- 
ture of SiS, and SiS, or of SiS^ and Si (S., l.c. ; 
V. also Fremy, A. Ch, [3] 38, 324). Also pre- 
pared by strongly heating dried pellets of oil 
and SiO, (separated from SiF^) in a slow stream 
of dry CS.2, quickly separating the white 
needles that form on the cooler part of the 
tube, and keeping in a closed tube (Fremy, 2.c.). 
The residue that remains on distilling the pro- 
ducts of the interaction of SiCl4 and H^S 
(v. Silicon cnLOiioiiYiaiosuLPninE, p. 459) con- 
tains SiS^ and S ; S may be removed by care- 
fully heating in a stream of N (Gay-Lussac a. 
Th6nard, A. Ch, [2] 60, 204). Long, lustrous, 
white needles ; volatilised at very high tempera- 
tures (Fremy, Z.c.). Unchanged in dry air at 
ordinary temperatures ; decomposed by moist 
air to H^S, and crystalline SiO., pseudomorphous 
with SiS, ; burns to SO, and SiO, when heated 
in air. Decomposed rapidly by water to 
SiO.,.a;H20 and H.,S; also decomposed by alcohol 
and ether (Fremy, l.c,), HNO, oxidises rapidly, 
producing H,S04. M. M. P. M. 

Silicon, sulphocyanide of ; v, p. 463. 

SILICON, ORGANIC COMPOUNDS OF. 

Silicic ethers are described elsewhere —v. 
Amyl, Amylphenyl, Ethyl, Methyl, Phenyl, 
Thymyl, Tolyl, and Xylyl silicates. 

Tetra-methyl-silicane SiMe,. ‘Mol. w. 88. 
(81°). V.D. 3-08 (calc. 3-04). Formed by heat- 
ing SiCl4 with ZnMe, at 120« (Friedel a. Crafts, 
A. 136, 203). Light oil, burning with bright 
flame emitting SiO.,. Not attacked by potash or 
HNO, (S.G. 1*4). 

Tetra-ethyl-Bilicane SiEt4. Mol. w. 144. 
(163°). V.D. 6*13 (calc. 4*99). S.G. 2-834. 
Prepared by heating SiCl4 with ZnEt, at 160°. 
Formed also by the action of ZnEt, and Na on 
ethyl silicate (Friedel a. Crafts, Bl. 1863, 468 ; 
1866, 868; A, 127, 81; 138, 19). Oil, insol. 
H2SO4. Chlorine forms liquid Et3SiC.,H401 
(185°), converted by alcoholic KOAc at 180° into 
£t,SiO,H40Ao (208°~214°), whence alcoholic 
potash at 120° forms oily Et,SiCyH40H (190°). 

Heza-ethyl di-silicane SL,Et,. (262°). 
9.G. § *861; U *840. Y.D. 8*6 (oalo. 7-96). 


Formed by distilling Si,!, with ZnEt, (Friedd 
a. Ladenburg, A. 203, 261). Oil, burning with 
bright flame. 

< Silicopropionio acid* EtSiO.OH. Got by 
heating its ortho- ether with HIAq (Ladenburg, 
A, 169, 271 ; 164, 805). Amorphous powder, 
insol. water and Na,CO,A.q, sol. cono. KOHAq. 

Methyl ortho- cfZtcr EtSi(OMe),. (126°). 
S.G. 2 *9747. Formed from Si(OMe)4, sodium, 
and ZnEt, (Ladenburg, B, 6, 1081). Oil. 

Ethyl ortho- ether EtSi(OEt)3. (169°). 
S.G. 2 *927. Formed by the action of Na and 
ZnEt, on ClSi(OEt)3 or Si(OEt)4. Oil. Con- 
verted by BzCl into EtOBz and EtSiClj (100°), 
which fumes in the air and is converted by 
water into silicopropionio ether. 

‘ Silicodiethyl ether ’ Et2Si(OEt)2. (166°). 
S.G. 2 *875. V.D. (H = l) 87 (calc. 88). 
Formed from Na, ZnEt,, and silicic ether. Oil, 
sol. alcohol and ether. AcCl (1 mol.) at 200° 

^ forms EtOAo and Et,SiCl(OEt) (147°). A larger 
quantity (2 mols.) of AcCl at 250-’ forma 
EtSiCl, (129°), which is decomposed by water, 
forming syrupy SiEt,0 (above 3(50°), which may 
also be got by boiling SiEt,(OEt), with HIAq. 

‘ Silicoheptyl ether ’ SiEt,,.()Et. Mol. w. 
160. (153°). S.G. i *840. V.D. (H = l) 80*8 
(calc. 80). Formed from SiEt.,(OEt)2, Na, and 
ZnEt,. Oil, sol. alcohol and ether. Sol. cono. 
I-1,S04. AcCl at 180° forms SiEt^Cl (144°), S.G. 
2 -925, a fuming liquid converted by NHaAq into 
SiEtjOH. 

Tri-ethyl-silicol SiEt,OH. Mol. w. 182. (164°). 
S.G. 2 -871. Formed by dropping SiEta-OEt into 
NHsAq, or by heating it with Ac,0 at 250° and 
decomposing the resulting SiEt:,.OAc with 
Na^COjAq. Thick liquid, smelling like camphor. 
Insol. water, miscible with alcohol and ether. 
Burns with bright flame. Sodium forms 
SiEtj.ONa, which, in ethereal solution, combines 
with CO„ forming SiBtj.COaNa, an amorphous 
deliquescent solid, decomposed at a red heat 
into SisEtijO and Na UO,. AcCl forms HOAo and 
SiFit.jCi. HIAq at 200° forms ethane and SiEt,0. 
Oxidising agents have no action. Fuming 
H,S04 forms EtSiO,H, ethane, H, and SO,,. 

Acetyl derivative SiEtyOAo. (168°). 
S.G. 2 -903. Formed by heating SiEtj.OEt with 
AC2O at 250°. Liquid with ethereal odour. 

* Silicoheptyl oxide ’ (SiEt.,),0. Mol. w. 246. 
(231°), S.G. 2 -859. Formed as above, and also 
by the action of P,Oj on tri-ethyl-silicol. Got 
also from SiEt^Cl and KOHAq. Colourless 
syrup, sol. H,S04 and separated unchanged on 
dilution, if heating be avoided. 

Tri-ethyl-silicane SiEt^H. (107°). S.G* 
2 *761. V.D. (H = l) 69 (calc. 58). Formed, 
together with SiEt4, by the action of excess of 
ZnEt, and Na on EtiSiO,. Liquid, insol. water 
and H,S04, sol. alcohol and ether. Fuming 
H3SO4 converts it into (SiEt3),0. HNO, attacks 
it vigorously. Bromine added slowly to the 
cooled liquid forms SiEtsBr (161°), which is 
converted by NaOHAq into (SiEt,)30, and by 
NH.,Aq into SiEta.OH. 

Bilicofonnic acid. Ethyl ortho~ ether 
SiHfOEt),. (134°). Formed from BiHOl, and 
absolnte alcohol (Friedel a. Ladenburg, A. 148, 
123; Bl. [2] 7, 822; Gattermann, B. 22, 190). 
Hygroscopic liquidf decomposed b^ alkalis witii 
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aroiutibii dt H. Soditim decomposes it into 
BiHi and £t4Si04. 

Oliloro-iilioofoniiio ether v. Ethyl bzlxcaib. 

<8iUooaoetio acid.* Ethyl ortho- ether 
CIH,.Si(OEt),. (146^-161°). S.G.fi*928. Formed 
by heating silicic ether with ZnMe,. Oil, sol. 
alcohol. Converted by HIAq into amorphous 
silico-acetio acid OH^j-SiO^H, which is insol. 
water and ether (Ladenburg, B. 6, 1029). 

The term silicoacetic acid is also sometimes 
used to denote H.^Si204, which is got by decom- 
posing Sijjlfl by water at 0° (Friedel a. Ladenburg, 
A. 203, 249; v. Silico-oxalio aoio, infra), A 
compound SiaOjOa is formed, as a bottle-green 
powder, by heating silicon to whiteness in a 
crucible lined with lampblack. It is insol. 
KOHAq and HFAq (Colson, G. B. 94, 1316). 

Tetra-propyl-siiicane ai(C3Hj)4. (213”). 
S.G. I -7979 ; V *7^83. V.D. 99*7- (obs.). 
Formed, together with SiHPrj,, by heating ZnPr, 
(2 pts.) with SiHCl, (1 pt.) at 150° (Pape, B. 14, i 


1872; A. 222, 370). Colourless oil, sol. alcohol,! melted at 200°. 


Phmyltrieihyl-iilioana SiPhEt,. (280°), 
S.G. '904. Formed, together with SiEt, and 
SiPhjEt^ (0. 810°), by heating SiPhCl, with ZnEt, 
at 160”. Oil, smelling like cloves. Yields a 
bromo- derivative (270°--280°). 01 forma 

SiC.gH.gCl (260°-266°), S.G. 2 1-0185. 

Tetra-m-tolyl-silican Si(O.F ' [161®]. 

(above 650°). S.G. aa i-nq. .med from 
m-bromo-toluene, SiCl^, and Na (Polis, B, 19, 
1021). Pale-yellow needles (from ether), v. sol. 
benzene and chloroform, insol. alcohol. 

Tetra-p-tolyl-silicane Si(C,H,)4. [228°]. 

(above 860°). S.G. Sfi 1*079. Formed from 
p-bromo-toluene, SiCl4, and Na (Polis, B. 18, 
1642). Colourless crystals, sol. benzene. 

p-Tolyl-tri-chloro-silicane C,H,Si01,. (219°). 
Formed from HgfCjH^), and SiCl^ at 310° 
^adenburg, A. 173, 165). Fuming liquid, 
decomposed by water. Converted by NH;,Aq into 
viscid CjHjSiO^H, which is converted at 200° into 
the solid anhydride (C,H,Si0)20, which is not 


and ether, insol. H2SO4. IBr has no action in 
the cold, but on warming it forms oily 
SiCijH^jBr, converted by alcoholic potash into 
oily SiCj^Hjo (206°-210°). 


Tetra-benzyl-silicane v. vol. i. p. 502. 

Silicon tetra-phenyl-tetra-amide Si(NHPh)4. 
[138°]. Formed from SiBr4 and excess of aniline 
diluted with benzene, the product being distilled 
Tri-propyl-silicane SiHPrg. (170°). S.G. | in a current of H at 105° (Reynolds, G. J. 66, 
'7723; *7621. V.D. 82 (obs.). ^ Formed , 477). Colourless monoclinic crystals; a:b:a 


as above. Oil, v. sol. alcohol and ether, insol. 
cone. H3SO4. Burns with bright flame, forming 
SiOj. Br acts violently, forming SiPr^Br (213°), 
a fuming liquid, which is slowly converted by 
water into SiPr.,.OH. 

Tri-propyl-silicol SiPra-OH. (205°-208°). 
Formed by the action of NHjAq on SiPr^Br, or 
of Na-^COyAq on SiPrj.OAc (Pape). Oil. 

Acetyl derivative SiPfg.OAo. (212°- 
216°). Formed from SiPr,Br and AgOAc. Oil. 

Hexa-propyl-di-ailicyl oxide (SiPrs).30. 
(280°-290'-’). Formed by warming SiHPr, with 
H2SO4 and, together with SiPr,.OH, by boiling 
SillPr, with Na^CO^Aq (Pape, A. 222, 369). 
Liquid, sol. alcohol, ether, and H2SO4, 

Silicon Bulphocyanide Si(CNS)4. [142°1. 
(0. 300°). Formed by distilling lead sulpho- 
cyanide with SiOl4 (Miguel, A. Ch. [6] 11, 34.3). 
Colourless prisms, insol. ether and CS.^, soluble 
in a solution of HCNS in benzene. Burns with 
violet flame. Dyes the skin red. Decomposed 
by water into HCNS and SiO^. 

Tetra-phonyl-flilicane SiPh4. [233°]. (above 
860°). S.G. fg 1-0780. Formed from chloro- i 
benzene, SiCl4, and Na in presence of a little j 
EtOAo (Polis, B. 18, 1640; 19, 1012 ; 20, 3331). j 


= •985:1:1-043; j3=110°20'. V. sol. benzene, 
sol. CS2, insol. ligroin. Decomposed by water 
and alcohol. Not decomposed by heating at 
210°. HCl forms SiCl4 and aniline. 

Silicon di-chloro>di-phenyl-di-amide 
SiCL,(NHPh)g. Formed from SiCl4 and aniline 
(Harden, 0. */. 61, 40). Amorphous solid. De- 
composed by water into aniline hydrochloride 
and silica. 

Silicon tetra-o-tolyl-tetra-amide 
Si(NH0,H,)4. Formed from SiC^, o-toluidine, 
and benzene (Reynolds). Prisms, v. sol. benz- 
ene and CS^. The compound SiCl.4(NHC,H,),, 
which is also formed from SiCl4 and o-toiuid- 
ine, is a white granular powder (Harden). 

Silicon tetra-p-tolyl-letra amide 
Si(NHC,H,)4. [132°]. Formed from SiCl4 and 
^•toluidine in benzene (Reynolds). Botryoidal 
aggregate of needles, v. sol. benzene and ether, 
decomposed by water and alcohol. 

Silicon tetra-naphthyl-tetra-amide 
Si(NHC,„H,)4. Formed from (j8) -naphthyl- 
amine and SiOl4 (R.). Nodules, decomposed by 
water. SI. sol. ligroin, sol. benzene. 

SILIC0-1(1TBATES. SiO^ seems to form 
some compounds with N^Oj and basic oxides* 


Dimetric crystals ; a:o = 1: *440, so]- hot benzene, 

si. sol. alcohol and ether. May be sublimed, j the salt 3Si0.4.N205.7Ag,0’ ( = 3Ag4Si04.2AgN0a) 
Sulphonated by fuming H.;S04. HNO, forms | was obtained, in ruby-coloured prisms, by 
Si(CrtH4.N02)4 [105°], a yellow powder, v. sol. ! Rousseau a. Tite (C. R. 114, 294), by heating 
benzene. Converted by PCI5 into liquid SiPh.^Clj | AgNOj with a little water and fragments of 


(234° at 90 mm.) and SiPh,Cl [89°], from which 
water produces tri-phenyl-silicol SiPhj.OH [14 1°], 
which separates from ether in colourless crystals. 

Phenyl-tri-chloro-silicane SiPhClj. (197°). 
Formed by heating SiOl4 with HgPhj at 300° 
(Ladenburg, B, 6, 379). Oil. Decomposed by 
hot water, or by NH^Aq, yielding * silicobenzoio 
acid ’ SiPh(OH), [92°]. Absolute alcohol forms 
* silicobenzoio * ethyl ortho- ether SiPh(OEt), 
(237°). B.G. ft 1-018; ^ 1*006. Silicobenzoio 
acid is converted ai 100° into amorphous 
*#Uioobehzoio anhydride ’ (SiPhO),0. 


marble in a sealed tube at 180°-300° for several 
hours; heated to dull redness, it gave off N 
oxides, and Ag and AgjSiO, remained. 

M. M. P. M. 

SIUCO-OXAIIO ACTB H,Si,0. - 

This compound is obtained, as a white amor- 
phous powder, by the interaction of water and 
Sl^Cly or Si.^!, at 0°; the gelatinous pp. is 
washed with ice-cold water, dried in vacuo and 
then at 100° (Friedel a. Ladenburg, A. 203, 118). 
It is also produced by the interaction of Si^ with 
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ftbsolate alcohol. The oomponnd is deeom* 
posed even by ■weak bases, with evolution of H. 

^ ^ M. M. P. M. 

8ILIC0 FH08PH0BI0 OXIDES. {Silico- 
phcsphorie acids.) SiOj-PjO^ and 
Bi02.2P,05.4Ha0. The compound SiOj-PA 
« SiPjO, is formed by dropping SiOj, prepared 
by decomposing SiF4 by water and drying the 
pp., into molten HPO3, and washing with water 
(Hautefeuille a. Margottet, 0. U. 96, 1052 ; v. 
also Skey, C. N. 16, 187). Large, hard, trans- 
parent crystals ; S.G. 3'1 at 14° ; melts when 
strongly heated to a glass-like mass. The 
crystals are polymorphous ; they are hexagonal 
under 300°; at 0. 300° they form leaflets re- 
sembling tridymitet between 700° and 800° they 
are regular ootahedra, and between 800° and 
1000° they assume the form of olinorhombie 
prisms. Water attacks the hexagonal, but not 
the octahedral or prismatic, crystals. Molten 
AgNOa forms Ag^PO^ and SiO^ with all the forma 
(H. a. M., C. B. 90, 789). 

The compound Si0.j.2P205.4H.^0 was obtained 
(H. a. M., C. B. 104, 56) by one* fourth satura- 
ting H3PO«Aq with Si03.a;H..O, heating the solu- 
tion in a Pt dish to 125° for 7-8 hours, and 
drying the solid which separated. The com- 
pound is a crystalline powder ; decomposed by 
moist air ; sol. water at 0°, but decomposed by 
water at the ordinary temperature to HaPO.Aq 
and gelatinous SiO.^-ajHjjO. M. M. P. M. 

8ILIC0PH0SPH0RIC OXYCHLORIDE 
SiPaOjClj. {SilicopyropJiosphoryl chloride.) Pre- 
pared by heating SiCla-OEt, or Si(OEt)4, with 
excess of POCl, to 180° for 2 hours, distilling 
off EtCl, and SiCl, if prepared from SiClj.OEt, 
and heating the solid that remains to 150°-200° 
in a stream of dry air to remove adhering POClj. 
A white, loose, very hygroscopic, amorphous 
powder. Very sol, water, but with separation 
of SiOj-xH^O; easily sol. alcohol, insol. ether. 
Decomposed very slowly below 200°, more 
rapidly above 200°, giving off POCI3 ; at a red 
heat P3O4 comes off, and a glassy mass remains, 
probably consisting of SiO^ and Si02.PA* 
Addition of excess AgNO^Aq to solution in 
water (with a little alcohol to prevent separa- 
tion of silica), followed by HNOjAq, ppts. AgCl, 
and on filtering this off and adding NHjAq 
drop by drop AgiP^O, is ppd. mixed with some 
Ag,P04. Heated to 100° with PCl^ the equation 
Sip5,OA + 4PCl5 = SiCl4-l-6POCl3 is realised. 
The constitution of the compound is probably 
O.PO.C1 


either Si<^Qi'‘pQ'Qj or 0:Si 0 (Stokee, 
'^O.PO.Ol 

Bulletin U.S. Oeolog. Survey, No. 90 [1892] 47 ; 
also in B. 24, 933). M. M. P. M. 

81LIG0TITAKATE8. Compounds of sili- 
cates and titanates are found in certain minerals; 
sphene, lor instance (Ca0.3Si02.2CaTi0s), may 
be called a silicotitanate. M. M. P. M. 

SlLIC0TXrN6STATE8. Compounds con- 
taining SiOg, WOg, and basic radicles; v» 
TuKasTO-sniicATES. 

8ILICOVAKADATS8 v, Yamado-silioates. 

BILK V. Pbotbidb. 

SILVER. Ag. At. w. 107*66. Mol, w. not 
boown (1;. infra. Properties), Melts at 0. 950° ; 


Person (A, Oh. [8] 27, 260) gave 1000°, DanieU 
(T. 1830. 237) 1024°, Violle 10, R. 86, 643) 964°, 
Becquerel ( J. 1863.) 916°, Deville (B, 12, 791) 
916°. B.p. not known; Meyer (B. 12, 1428) 
says that Ag does not appreciably evaporate at 
0. 1670°. S.G. 0. 10*6; Playfair a. Joule 
(C. S. Mem. 3, 66) gave 10-63, and 9*13 to 9*28 
for molten Ag, Dumas (C. N. 37, 82) gave 10‘612 
for Ag heated in vacuo, Roberts-Austen gave 
10-57, and 9-46 to 9*6 for liquid Ag (Pr. 23, 
495) ; for further data v. Clarke’s Table of 
Specific Oravities [new ed.] 14. S.H. 0°-100° 
= •0557 (Dulong a. Petit, A. Ch. [2] 7, 113); 
•0569 (Bunsen, P. 141, 1) ; *05722 (Louguinine, 
A. Ch. [6] 27, 398). C.B. -00002 between 0° and 
100° {v. Matthiessen, P. 130, 50 ; Eizeau, G. B, 
68, 1125); -00003721 from 0° to the m.p. 
(Roberts-Austen, Pr. 23, 495). T.O. 100 (that 
of copper = 73*6, and of Au = 53-2, Wiedermann 
a. Franz, A. 88, 191) *, heat sufficient to raise 
109*6 mgm. water from 0° to 1° passes in 
1 second through each sq. mm. of a plate of Ag 
1 mm. thick, the two sides of which differ in 
temperature by 1° (Weber, B. B. 1880. 467). 
E.C. (Hg at 0° = 1) 67-226 for soft Ag, 63-845 
for hard Ag (Siemens, P. 110, 1) ; 62-12 (Benoit, 
G. B. 76, 382). H.O. [Ag■^0] = 6.900 (Th. 3, 
381). Heat of fusion (for 108 g.) 2-275 (Person, 
A. Oh. [3] 24, 275) -, 2-67 (Pionchon, A. Ch. [6] 
11, 100). S.V.S. c. 10-3. Emission spectrum 
gives a line 6464 in the yellow, 6200*9 in the 
green, and many lines in the orange, green, blue 
and violet [v. B. A. 1884. 412) ; for absorption- 
spectrum of Ag vapour v. Lockyer a. Roberts- 
Austen (Pr. 23, 344). Refraction equiv. 

At. w. =» 12*62 (Kanonnikoff, J, B. 1884, 
d 

[1] 119); 13-2 (Gladstone, Pr. 18, 49). 

Occurrence.— Found native, generally alloyed 
with Au, Cu, &c. The chief compounds found 
in ores are Ag.,S (frequently in combination with 
Cu.,S, Fe.,S„ Sb.,S3, As,S„ Bi.,S„ PbS, Ac.), AgCl, 
AgBr, Agl, compounds of Ag with Sc, Te, As, Sb, 
Bi, &c. Ag is also found in small quantities 
in most lead ores. According to Mulaguti {J.pr. 
42, 422; cf. Field, D. P. J. 143, 397), traces of 
salts of Ag (c. 1 mgm. Ag in 100 litres) are 
found in sea-water. Small quantities of Ag, 
probably as AgCl, have been found in volcanic 
dust (Mallet, ZY. 47, 277). Silver has been 
known and used from the earliest times (for a 
full historical account of silver, including the 
derivation of the name, v. Silbek in Ladenburg’a 
HandwHrterhuch der Chemie, 10, 635). ^ 

Formation. — 1. By heating AgjS with PbO 
or PbS04, SO.^ and a compound or alloy of Ag 
and Pb are formed ; the Pb may be separated 
from this alloy by cupellation.— 2. By shaking 
AgCl with Hg and water, HgCl and an amalgam 
of Ag and Hg are formed ; Ag remains when the 
Hg is removed from this amalgam by heating. — 
3. Ag is ppd. from solutions of its salts by Zn, 
Cu, Pe, &o.— 4. AgCl is reduced to Ag by treat- 
ment with many reducing agents, such as Zn 
and H2S04Aq, also by fusion with Na2CO, and 
C. — 6. Most easily-oxidised metals ppt. Ag from 
solutions of its salts. For an account of the 
extraction of Ag from its ores v. Diotiohaby o» 
Applied CHEitosTBY, vol. iii* p. 886. 

Prqwatiom— paw wins dissolysa in 
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the eolation is 

evaporated to dryness, the residne is heated till 
it melts, after cooling it is dissolved in NH^Aq, 
after standing forty-eight hours the liquid is 
passed through a filter made of specially good 
paper, and the filtrate is diluted till it contains 
not more than 2 p.o. of Ag. This ammoniacal 
Bolution contains AgNO, and Cu(NOa) 2 ; the 
whole of the Ag is ppd. by ammoniacal solution 
of (NH JaSO., at 60®. A solution of (NllJ^SOa 
is prepared by saturating pure NHjAq with 
(made by heating pure Cu with pure 
diluted with \ to § its volume of water) ; a 
measured quantity of this solution is mixed 
with excess of pure NHaAq, heated to boiling, 
and the ammoniacal solution containing AgNO^ 
and Cu(NO;,)a is run from a burette into the 
boiling liquid until there is the faintest trace of 
blue colour in the liquid above the ppd. Ag. 
Cuprous sulphite is formed, and this reduces 
the AgNOj in the ammoniacal liquid ; when all 
the AgNO., is reduced, the blue colour of the 
ammoniacal copper nitrate appears. The whole 
of the ammoniacal solution of AgNO., and 
Cu(N 03)2 is now mixed with the proper quan- 
tity of ammoniacal (Nn,).SO;,Aq required for 
complete reduction of the AgNO,, the mixed 
liquids are set aside in a closed vessel for forty- 
eight hours, when c. ^ of the Ag is ppd. ; the 
blue liquid is decanted off and heated on a 
water-bath to 60®-70®, whereby the whole of 
the Ag in solution is ppd. The two quantities 
of ppd. Ag are washed with ammoniacal water, 
by decantation, until the washings show no \ 
trace of blue colour on standing (or until ' 
BaCljAq gives no trace of pp.), the Ag is kept 
in contact with cone. NHaAq for some days, 
and is then washed with water until every 
trace of Nil, is removed. If it is desired to 
have the Ag in bars, the finely-divided metal 
obtained by ppn, is mixed with 5 p.c. of its 
weight of pure borax which has been strongly 
heated, and *5 p.o. pure NaNO.„ fused in a por- 
celain crucible and poured into kaolin moulds 
lined with a paste made of a mixture of kaolin 
that has been strongly heated and unignited 
kaolin when cold the bars are cleaned with fine 
sand, then strongly heated with pure KOHAq (to 
remove traces of kaolin) and washed with water. 
The bars may be cut with a chisel of very hard 
steel ; if this is done the pieces must be warmed 
for some time with pure cone. HClAq, washed 
with NHsAq, and then with water {Stas. Rech. 
88 et seq.). The Ag may be freed from traces 
of absorbed* gases by distilling it ; this is done | 
by placing tlie Ag in a hole in a block of ; 
strongly-heated marble; this hole communi- | 
cates, by a slit in the marble, with another hole ; 
from which an opening passes upwards to tlie j 
surface of the marble ; another opening admits | 
the nozzle of an 0-H blowpipe, so that the 
flame plays on the surface of the Ag. (For 
details v. Stas, l.c.) Dumas {A. Ch. [6] 15, 
289) found that 1 kilo, of Ag considered pure 
gave from 59 to 174 o.o. 0 when heated in a 
Sprengel vacuum; it was supposed by some 
chemists (v. Mallet, T, 1880. 1003 ; Clarke, Re- 
calculations of the Atomic Weights^ 2C2) that this 
result proved that Ag made by Stas’ process 
was not quite pore; but Brauner has proved 
eqiLperimentally (C. /, 65, 899} that Ag prepared 
Yol. XV, 


by Stasis method described above, and distilled 
by the 0-H flame in a block of burnt marble, 
gives off no 0 when heated in vaetto (v. also 
Stas, Bull. Acad. roy. Bclg. [SJ 18, 23 ; abstract 
in 0. J. 68, 661). 

Properties.— k white, very lustrous metal. 
Crystallises in forms in the regular system, 
chictly cubes, octahedra, and rhombododeca- 
hedra ; these crystals are obtained by slowly 
cooling molten Ag, or by the electrolytic deposi- 
tion of the metal; they are also sometimes 
found native. Finely divided Ag — as obtained, 
for instance, by reduction of AgCl — is a grey 
powder, which becomes white and lustrous when 
compressed with a fiat iron. A thin deposit of 
Ag on glass transmits bluish liglit. 

Ag is harder than Au and softer than Cu. 
j Ag reflects light and heat strongly ; its absorp- 
; tive power is very small. It is very malleable ; 
Ag foil has been obtained *003 mm. thick. Ag 
js very ductile ; *06 gram may bo drawn to a 
wire 130 metres long ; it is so tenacious that a 
I cold-drawn wire of 2 mm. diameter does noi 
break till it is loaded with 80-85 kilos (Baudri- 
mont, A. Gh. [3J 30, 304). Ag is slightly vola- 
tile at a low-red heat in vacuOt but not at the 
ordinary pressure at this temperature, nor in 
vacuo at 410°-450 ’ (Stas, Bull. Acad. roy. Belg, 
[3J 18, 23). It may bo distilled, by heating, by 
the 0-H flame, Ag placed in a block of burnt 
marble. StasdistilledoOg.Agino.lSmins.; part 
of the Ag appeared as a blue vapour during the 
distillation. When an alloy of Ag with a more 
volatile metal, such as Hg, Fb, or Sn, is heated, 
part of the Ag volatilises with the other metal. 
Molten pure Ag absorbs c. 20 times its volumq 
, of 0 from the air {v. Lucas, A. Ch. [2] 12, 402 ; 
Gay-Lussac, A. Ch. [2J 45, 221 ; Graham, P. Af. 
[4J 32, 503 ; Neumann, M. 13, 40 ; Levol, J.pr, 
67, 192) ; as the Ag cools it ? spits ’ and gives off 
the 0 it has absorbed; Dumas’ experiments 
{A. Ch. [5] 15, 289) show that a little 0 is re- 
tained, but Brauner {C. J» 65, 399) has proved 
'that no 0 remains if the Ag is distilled in a 
block of burnt marble. (For the chemical 
action of 0 on Ag v. Rcactionst No. 1.) Pure 
Ag suffers no change when heated in air, H, or 
CO (van der Flaats, Mandblad voor Naluur- 
wctenscluippen^ 18S6. No. 2). Molten Ag ab- 
sorbs P, but the whole of the P, except c. *002 
p.c., separates on cooling (Warren, G. N. 66, 
113). 

Tlie at. wt.^f Ag has been determined (1) 
by finding the ratio of Ag to Cl in AgCl (Berze- 
lius, P. 8, 17 [1826J; Turner, T. 1829. 297 
[1829]; Marignac, /I. 44, 23 [1842]; ibid. BibU 
univ. Genive, 46, 354 [1843] ; Maumcn6, A. Ch» 
[3J 18, 41 [1846] ; Dumas, A. Gh. [3] 66, 134 
[1859]; Stas, Stas. Rech. 38 et seq. [I860]); 

(2) by finding the ratio of Ag to Br in AgBr, 
and of Ag to 1 in Agl (Marignao, l.c. 46, 360 
[1843] ; Stas, Stas. Nouv. R. 158 et seq. [1865] ) ; 

(3) by determining the ratio of Ag to Ag.S 
formed therefrom (Dumas, A. Ch. [3] 66, 147 
[1859], Stas, Stas. Rech. 53 [I860]); (4) by re- 
ducing Ag.^S 04 to Ag (Struve, A, 80, 203 [1861] ; 
Stas, Stas. Rech. 125 [1860] ) ; (6) by convert- 
ing AgjSeO, into Ag (Pettersson a. Ekman, BU 
[2] 27, 205 [1876] ) ; (6) by convefting Ag into 
AgNO, (Marignac, A. 69, 289 [1843] ; Stas, Stas. 
Bsch, 50 et seg. [I860]); (7) by determining 
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8.H. of Ag; (6) by finding V.D. of AgCl at 
vrhite heat fBiltz a. Meyer, B. 22, 725). The 
classical work of Stas has placed the value for 
the at. wt. on a very sure foundation. 

Baznsay (C. J, 65, 521) measured the depres- 
sion of the vapour-pressure of Hg by dissolving 
Ag therein ; assuming that the mol. w. of liquid 
Hg is 200, and that equal volumes of dilute 
solutions of metals in Hg contain equal num- 
bers of molecules, the results led to the conclu- 
sion that the mol. w. of Ag is the same as the 
at. wt. 

AgCl is the only compound of Ag the vapour- 
density of which has been determined ; the value 
found shows that tlie atom of Ag is monovalent 
in the gaseous molecule AgCl. ■ 

Ag is fairly closely related chemically to Cu 
and Au (v. CorpEH ouodp op elements, vol. ii. 
p. 2601. 

Allotropic forms of silver. According to 
Schneider {B. 25, 1281, 1440), an aqueous solu-^ 
tion of Ag, containing c. 20 g. Agper litre, is ob- 
tained by mixing 160 g. FeS04. 7aq in 500 o.o. 
water and 280 g. Na citrate in 700 c.o. water, 
pouring the mixture into 500 c.c. of 10 p.c. 
AgNOjAq (it is best to divide the mixture into 
five parts, as small quantities are more easily 
dealt with), removing liquid from ppd. Ag after 
half an hour (by a pipette), filtering through a 
good filter under decreased pressure, and dis- 
solving the ppd. Ag in as little water as pos- 
sible ; by adding absolute alcohol, and filtering, 
after some days, with help of a good water- 
pump, colloidal Ag containing from *3 to *5 p.o. 
of Fe salts is obtained. A very little HClAq 
ppts. Ag with a little AgCl and Ag.Cl (?) from 
solution of colloidal Ag, Carey Lea has carried 
out a series of researches on the properties of 
Ag ppd. from solutions of its salts by ferrous 
citrate, ferrous tartrate, and dextrin in presence 
of alkali [Am. S. [3] 37, 476 ; 38, 47, 129, 237 ; 
41, 179, 259 ; P. M. [5] 31, 238, 320, 497 ; 32, 
837). The pps. of Ag show almost every shade of 
colour, such as blue, red, green, purple, golden ; 
some of the pps. are soluble in water, and some 
are not ; most of the pps. are very sensitive to 
light, but they vary much in this respect ; some 
of the pps. yield ordinary Ag when heated ; 
ordinary Ag is also ppd. from solutions of 
BOluble colloidal Ag by a little very dilute HClAq, 
In no case does any so called allotropic Ag seem 
to have been obtained quite free from organic 
compounds; the percentage of Ag in the pps. 
varied from c. 90 to c. 98. For accounts of the 
properties of the various coloured pps. the 
memoirs of Carey Lea must be consulted; v. 
also Schneider, B. 24, 3370 ; Barus a. Schneider, 

P. C. 8, 278 ; Prange, R. T. C. 9, 121 ; Muth- 
mann, P. 20, 983. B. a. S. determined many 
of the physical properties of a solution of col- 
loidal Ag, and concluded that the colloidal 
variety consists of extremely minute particles 
of ordinary Ag that remain suspended in the 
liquid for a considerable time. 

Reactions and Combinations. — 1. According 
to Debray (0. R. 60, 735), Ag is partially 
oxidised by very strongly hmting in the 0-H 
flame, using excess of oxygen. According to 
Le Ohatelier {Bl. [2] 48, 342) pure ppd. Ag is 
oxidised by heating in oxygen at 300° under 
15 atmoB. pressure ; after 50 p.o« ol ^e Ag wai 


oxidised the change stopped.— 2. Osonised 
oxygen acts on moist, finely-divided Ag at the 
ordinary temperature, forming a peroxide (y. 
Silver peroxide, p. 471).— 3. Ag combines easily 
with chlorine, bromine, iodine, and sulphur (o. 
Silver chloride Ac.); also, by heating, with 
selenion, arsenic, and phosphorus (v. Silver 
BELENiDB &c.).— 4. Finely-divided Ag is said to 
dissolve, with oxidation, in ammonia solution in 
presence of air (Carey Lea, Zeit. fUr anorg. 
Ghem. 3, 180).— 6. Ag reacts with steam at a 
white heat, absorbing 0 while H is given off. — 

6. Finely-divided Ag is oxidised by hydrogen 
peroxide (Berthelot, A. Oh. [6] 21, 164). — 

7. Finely-divided Ag is said to be oxidised by 
heating with oxides and salts that readily give 
up oxygen— e.g. MnOj, Pb^O^, Pb{NOa)2, &c. — 

8. Hydrogen sulphide forms Ag^,S. Alkali sul- 
phides also produce AgjS. — 9. Molten sodium 
chloride forms AgCl, some Na vapour being 
given off ; solution of sodium chloride, as also 
of potassium or amynonium chloride, dissolves 
some Ag as AgCl.— 10. Potassium iodide solu- 
tion, in air, forms soluble Agl.KL— 11. Hot 
solution of potassium cyanide dissolves Ag, 
forming AgK(CN)2 {v. Christomanos, Pr. 7, 
301). —12. Fusion with silicates, such as glass, 
forms AggO, which dissolves in the molten sili- 
cate.— 13. Ag dissolves in solution of ferric 
sulphate on warming ; as the solution cools the 
AgaSO^ is again decomposed, with formation of 
Fe2(SO,)3 and ppn. of finely-divided Ag.— 14. A 
compound of Ag and Si is said to be formed 
by strongly heating Ag with potassium silico- 
fluoride and potassium (Warren, C. N. 60, 5). — 
15, Ag dissolves in moderately dilute nitric acid, 
forming AgNOj, and giving off N oxides ; the 
gaseous products are N.H and NO, according to 
Montemartini ((?. 22, 384, 397, 426). — 16. Cone. 
hydrobromic and hydriodic acids dissolve Ag 
on warming, with evolution of H ; the dissolved 
AgBr or Agl is ppd. on dilution.— 17. Hot cone, 
sulphuric acid dissolves Ag, giving off SO. ; if a 
little Fe.2(S04)3 solution is added the Ag goes 
into solution without heating. Very finely- 
divided Ag, obtained by reduction of Ag salts 
by milk-sugar and alkali, is dissolved by very 
dilute II^SOjAq (Carey Lea, Zeit. filr anorg. 
Chem. 3, 180). Friedheim (P. 19, 2554; 20, 
307) says that Ag dissolves in dilute ILSO^Aq 
containing KMnO^Aq.— 18. Chromic acid {i.e. 
solution of CrOj in water) produces red 
Ag-^CrO^; HNOgAq, S.G. 1*2, in which KjCrO^ 
is dissolved, gives a red deposit on the surface 
of Ag ; this test is used to distinguish Ag from 
other white metals, such as Sn.— 19. Ag in 
pieces is scarcely acted on by hydrochloric 
acid, even when, hot and cone. ; very finely- 
divided Ag is said to form a little AgCl, with 
evolution of H. Hydrofluoric acid is without 
reaction.— 20. Ag is not acted on by molten 
alkalis or alkcdine carhmates ; hence KOH, 
<feo., may be fused in dishes of Ag. — 21. Ag 
alloys with many metals {v. Silver, alloys of). 

Silver, alloys of. Ag forms alloys with 
many metals. They are generally formed by 
heating the metals together; in a few oases— 
e.g. alloy with Ba or Mn— they are formed by 
heating Ag with metallic oxides and C. 

With aluminium. An alloy of 100 parts 
A1 6 parts Ag is mpre easily 
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poiisnea man ai, duv oinerwise has most of 
t^be properties of A1 ; it is used foi; making the 
pans, (fee., of balances. Hirzel (J. 1858. 137) 
obtained alloys corresponding in composition 
with the formulas Ag,Al, Ag.^, and AgAl (v. 
also Tissier, C, B. 43, 885 ; 62, 931 ; Debray, 
C. B. 43, 925). 

With antimony^ and with arsenic ; v. Siltkb 
ANTiMONiDE and Arsenide, infra. 

With copper. Ag becomes , harder, more 
elastic, more capable of being polished, and 
more slowly worn away when alloyed with Cu 
without losing much in malleability and duc- 
tility. Alloys with less than 60 p.c. Cu are 
white, with more than 50 p.c. Cu the colour be- 
comes reddish. The S.G. of a Ag-Cu alloy is 
rather smaller than the mean of those of the 
constituent elements {v. Karmarsch, D. P. J. 
108, 278). The composition of these alloys is 
rarely identical throughout a mass {v. Levol, 
A. Ch. [3] .36, 193). Alloys of Ag and Cu are 
used for making silver vessels and ornaments, 
and for coinage; the standard silver coinage 
alloy of the United Kingdom contains 925 parts 
Ag and 76 parts Cu per 1,000. 

With mercury. The amalgams of Ag are 
formed (1) by the action of Hg on AgNO.,Aq, (2) 
by the action of finely-divided Ag on HgCl^Aq, 
(3) by dissolving Ag in Ilg. The compositions 
of many of these amalgams can be represented 
by formulie, but it is very doubtful whether any 
of them are deiiiiite compounds. For accounts 
of these amalgams u. Campani, J. 1870. 373 ; 
Joule, G. J. [2.1 1, 378 ; Crookewitt, /. 1847-48. 
393 ; Malaguti a. Durocher, Ann. M, 17, 336 ; 
Gay-Lussac, A. Ch. 5S, 218. 

Alloys of Ag with the following metals have 
been described Ba (Clarke, G. A. 62, 373 ; 
Lampadius, S. 15, 146) ; Cd (Wood, C. N. 6, 
135) ; Au (G. Bose, P. 23, 181 ; Levol, A. Ch. 
[3] 15, 66 ; 27, 310) ; Ir ; Fe ; Pb (Levol, A. Ch. 
[3] 39, 173); Mg; Mo; Ni ; Pd (Graham, J. 
1868. 144); Pt ; K; Bh ; Na ; Sn ; Zu {v, 
Wright a. Thompson, Pr. 48, 25). 

Silver, autimonide of. The mineral dys- 
krasite has approximately the composition 
Ag„Sb ; when heated to dull redness in H, the 
compound AgjSb is said to remain (von Bons- 
dorU, S. 34, 225). The compound Ag.,Sb is also 
obtained by ppg. AgNOgAq by Sb hydride ; using 
cone. AgNO^jAq the compound AggSb-SAgNO, 
was formed (Poleck a. Thiimmol, B, 16, 
2435). 

Silver, arsenide of. No definite compound 
of Ag and As has been obtained. By heating 
Ag powder with As about 16 p.c. of As is ab- 
sorbed by the Ag to form a grey, brittle solid 
(Gehlen). By passing As hydride into cone. 
AgNOsAq the compound AgjAs.SAgNOj was ob- 
tained (P. a. T., I.C.). 

Silver, bromide of, AgBr. {Argentic bromide.) 
Formula probably molecular, from analogy of 
AgCl. Occurs native in Chili and Mexico. 

Preparation. — HBrAq or alkali bromide 
solution is added to AgNO^Aq till ppn. is com- 
plete ; the pp. is washed with water in the dark 
and dried. 

Properties,— A. pale-yellow solid; melts at 
0. 434° (Carnelley, 0. J. 29, 489). S.G. 6*246 at 
D°, 6*696 at m.p. (Rodwell, Pr. 31, 291). S.H. 
(W ^0 98°) -PTB?! (Regnault, 4. (7^ [8) 1, 129). 


’ For effects of heat on AgBr v, Rodwell {Pr, 26 , 
280). Obtained in octahedra by crystallising 
from HBrAq. Solubility of AgBr dried at 100° 
in NH,Aq S.G. -986, =*061 (Pohl, J.pr, 82, 62). 
Granular AgBr is slightly sol. water above 60° ; 
flocculent AgBr is slightly sol. water above 33° 
(Stas, A. Ch. [6] 3, 289). Sol. hot Hg(NO,)8Aq ; 
AgBr crystallises out on cooling (Debray, C. B, 
70, 995). Sol. solutions of alkali bromides. 
ILF. [Ag,Br] = 22,700 {Th. 3, 381). According 
to Berthelot (PZ. [2] 39, 19), the reaction [Ag,Br] 
has the value 23,700 when crystalline AgBr is 
formed, and the value 20,000 when the AgBr is 
amorphous (in both cases using liquid Br). B. 

! also says that in the formation of AgBr by add- 
I ing KBrAq to AgNO^Aq 20,700 cals, are pro- 
I duced, and that when AgNOjAq is added to 
! KBrAq only 17,600 cals, are produced at first, 

I but that temperature then rises until 20,600 
I cals, are evolved ; B. thinks that two forms of 
! AgBr are formed, one more stable fhan the 
I other. Vogel (P. 16, 1160) distinguishes two 
: modifications of AgBr, one ppd. from aqueous 
solutions and very sensitive to blue rays, the 
other ppd. from solutions in absolute alcohol 
and sensitive to the violet rays. Stas {A. Ch. 
[5] 3, 289) distinguishes six forms of AgBr : — (1) 
flocculent, white, by adding dilute alkali bromide 
solution to excess of cold AgNO^Aq ; (2) floccu- 
lent, yellow, by using excess of bromide as pptant. ; 
(3) powdery, white, by shaking (1) or (2) with 
water ; (4) intense yellow, by heating (4) ; (5) 
granular, white-yellow, by pouring the flocculent 
or powdery variety, shaken with water, into 
boiling water, also by adding very dilute 
NHjBrAq to boiling AgNOjAq (1:1000) ; (6) pure 
yellow, crystalline variety. 

Reactions and Combinations, — 1. AgBr 
darkens rapidly when exposed to sunlight. 
Carey Lea says that the dark product of the 
action of light on AgBr reacts with HNO^Aq to 
re-form AgBr, and Ag which dissolves in the 
acid {Am. S. [3] 15, 189). The action of light 
I on the Ag haloids is treated more fully under 
j Silver chloride {g. v.). — 2. Heated in chlorine^ 
AgCl and Br are produced. — 3. Dissolves 
slowly in hot silver nitrate solution ; the salt 
i AgBr.AgNOs separates on cooling (Bisse, A, 

[ 111, 43; Biche, A. Ill, 39).— 4. Combines with 
' silver chloride and iodide to form compounds 
Ag„Br{,IcCld (v. Silver iodobbomoohlorides, 
p. 470). 

AgBr resemlfles AgCl in most of its reac- 
tions ; NH, is not absorbed by dry AgBr (Bam- 
melsberg, P. 55, 248). 

Silver, bromo-iodoohloridSb of, v, Silveb 
lODOBUOMOCnLORIDES (p. 470). 

Silver, carbides of. Gay-Lussac noticed 
that Ag absorbed c. 3 p.c. C when heated with 
lampblack (.4. Ch. [2] 58, 222) ; Ag,C requires 
2*7 p.c. C. A yellow powder, approximately agree- 
ing with the composition Ag .O, was obtained by 
Gerhardt and Cahours {A, Ch. [3] 1, 76) by 
heating Ag cuminate; the same compound was 
probably produced by Liebig by heating AgCN 
(A. 38, 21). By heating an aqueous solution of 
Ag pyrotartrate, filtering from the brown pp. 
produced, and boiling the pp., Berzelius obtained 
i a dark-brown, metal-like pp., probably AgO (P, 
I 86, 28 ;* c/. Begnault, A. 19, 153). 
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tilT«r, ohloridei of. The isolation of a chloride 
of Ag oonteining less Cl than AgCl is not yet ob- 
tain. Cl is given off when AgCl darkens in 
sunlight, but whether the darkened product is 
a chloride or an oxychloride is not finally de- 
termined (u. Action of light on silver chloride^ 
infra). 

Silver subchloridb ? Ag^Cl. (Argentous 
chloride.) According to Giintz (G. B. 112, 861), 
AgjCl is formed by passing dry HCl over Ag..F 
(v. Silver subeluoride, p. 469) as long as 
darkening occurs and the solid continues to 
gain in weight. The compound is also said to be 
formed by passing vapour of CCI4, SiCl4, or PCls 
over dry Ag J*. A subchloride is formed, accord- 
ing to Yon Bibra (J. pr. [*2] 12, 55), by digesting 
with cone. HClAq the product of the reduction of 
Ag citrate by H at 100°; after drying, the black 
solid is said to have the composition AgjClj, and 
with NHaAq to give Ag and AgChONHa. New.- 
bury (Am. 8, 196) failed to obtain any subchlor- 
ide by this method ; he also found that the re- 
duction of Ag citrate by H at 100° does not 
yield any definite compound, but probably a 
mixture of unchanged citrate and Ag. 

Silver chloride AgCl. (Argentic chloride.) 
Mol. w. 143-03. V.D. 80 at 0. 1700° (Biltz a. 
Meyer, B. 22, 725). Melts at c. 457° (Carnelley, 
C. J. 29, 489). S.G. at 0° = 5-505; at m.p. 

= 4-919 (Bodwell, Pr. 31, 291). S.H. (13° to 
98°) -09109 (Begnault, A. Ch. [3] 1, 1291. For 
expansion of AgCl by heat v. Bodwell (Pr. 25, 
280). H.F. [Ag,Cl] = 22,700 (Th. 3, 381) ; 
29,200 (Borthelot, Bl. [2] 39, 19). For solubili- 
ties in various liquids v. Properties. 

Occurrence. — Native, as homsilver^ in 
Siberia, Mexico, Peru, the Harz, Alsace, &c. 

Preparation.—!. By adding dilute HClAq, 
or solution of a chloride, to solution of any salt 
of Ag except AgjSHs, washing the white curdy 
pp., drying, and heating to incipient fusion. 
Obtained in octahedral crystals by dissolving in, 
large quantity of cone. HClAq and evaporating. — 
2. By heating Ag to redness in a stream of Cl or 
HCl gas.— 3. By fusing NaCl with finely- divided 
Ag, washing, and drying. — 4. Very slowly by the 
action of HCLAq on Ag in the presence of air. 

Properties.— A. white solid. According to 
Cooke (Am. S. [3] 21, 220) AgCl is very slightly 
sol. cold water, and very distinctly sol. boilmg 
water ; he found that 1-4561 g. AgCl washed with 
60 litres boiling water lost -2241 g. = 15-39 p.o. ; 
the solvent action was entirely prevented by the 
addition of *05 g. AgNO, per litre of water. 
Btas (p. B. 73, 998) distinguished four forms of 
AgCl : (1) gelatinous ; (2) curdy, flooculent ; 
(8) powdery ; (4) granular, crystalline, or fused. 
The curdy, flocculeht form is the most sol. in 
water ; it is formed by ppg. cold ^luto 
AgNO^Aq by a chloride solution ; on shaking it 
changes to the less sol. powdery variety. The 
granular, crystalline, or fused form is^ insol. 
cold water (10 million parts cold water dissolve 
1 part) but it begins to dissolve at 30° (cf. 
Berthelot, A. Ch. [5] 29, 241, for the heats of 
solution in ECNAq of different preparations of 
AgCl). AgCl is sol. cone. HClAq and in satu- 
rated solutions of various metfJlio chlorides; 
Vogel (0. 0* 6, 578) gives the following 


100 e.e. oold HOlAq AG. 1-16I dlwolve -WJ g. AgOI 

*-*”* — -odO ■ w 


!! cooo?^ ^OlAq diluted with 
1 pt. H,0 

M oono. BOlAq dilated with 
3 pts. H.0 

- OODO. HClAq dilated with 

8 ptB. H,0 

„ cone. HOlAq diluted with 
5 pts. H^O 

„ gaturated BaOlaAq 
; „ SrCl^q 

„ „ MgOlaAq 

- „ NaOlAq 

,, „ KClAq 

„ „ HH^OlAq 


*056 n 9 . 

*018 » H 

-0089 „ ,. 

H)085 „ „ 

•0143 „ » 

*0884 „ H 

-0930 „ n 

*171 „ » 

•095 „ « 

•0472 „ „ 

*1576 „ » 


One part AgCl dissolves in 60,000 parts boiling 
cone. HNO^Aq (Thorpe, C. N. 25, 198). NH,Aq 
dissolves AgCl ; 1 Utre NH^Aq S.G. -924 dissolves 
69-5 g. freshly ppd. AgCl, according to Millon 
and Comaille (C. B. 66, 309). AgCl crystalUses 
from solutions in NHgAq, on evaporation ; ex- 
plosive silver is obtained from boiling solutions 
(v. Silver nitrides, p. 470). According to Terreil 
(PL [2] 51, 598), crystals of AgC1.2NH3 separate 
from a hot solution of AgCl in NHjAq ; these 
crystals lose NH^ in the air. AgCl dissolves 
easily in Na^SaGaAq, forming Ag.^Na4(S20j)j,Aq *, 
AgCl also dissolves readily in KCNAq forming 
AgK(CN),, and in NH^HSOaAq forming double 
Ag-NH* sulphites (u. Svensson, P. 4, 714). A 
hot solution of AgNOyAq dissolves AgCl ; Bisse 
says that a double compound of AgNOj and 
AgCl separates on cooling (A. Ill, 39), but 
Debray assorts that simple solution occurs 
(0. B. 70, 995). Hg(N03),Aq also dissolves 
AgCl; Wackenroder (A. 91, 317) and Field 
(J. 1857.255) say that AgCl separates on cooling 
a hot saturated solution ; Stas (A. Ch. [6] 3, 
180) found that a little AgNO^ is formed. 

Beactions.—l. AgCl is reduced to Ag by 
many metals, e.g. Zn or Fe, in presence of 
dilute acid; Cu reduces AgCl in presence of 
NHsAq, with formation of Ag and CuO.HjO.— 
2. Heated in hydrogen, or with carbon, or with 
several organic compounds, AgCl is reduced to 
^g. — 3. Solution of hydriodic acid forms Agl 
and HClAq.— 4. Caustic alkali solutions pro- 
duce Ag^O. 

Action of light on silver chlor^e. AgCl 
darkens when exposed to sunlight in ordinary 
air. During the darkening Cl is given off 
(Scheele; von Bibra, J. pr. 122, 39; Hitchcock, 
Am. 11, 474 ; B6ohamp, PL [3] 6, 836 ; Bichard- 
son, C. J. 59, 536; Baker, 0. J. 61, 728). Only 
a smaU portion of the AgCl is changed to the 
dark compound (v. B., Lc. ; B., Lc., got *09 g. of 
the dark body from 61 g. AgCl). AgCl does not 
darken in thoroughly dried oxygen (B., lx. ; nor 
in dried air according to Carey Lea, Zeit. filr 
anorg. Chem. 3, 184). AgCl does not darken 
in vacuo, when thoroughly dry (Abney ; B., Lc.). 
Carey Lea (l.c.) found that AgCl darkened under 
dry petroleum ; Baker noticed darkening under 
benzene in absence of air, and he showed that the 
dark substance was Ag. B. (Lc.) noticed darken- 
ing, with formation of Ag, under OCl^, but he 
proved that if the OCI4 contained no trace of 
free Cl darkening did not occur. For the 
influence of HCl and chlorides in water upon 
the rate of darkening of AgCl in the water v. 
Richardson (Lc.). The dark substance was sup. 
posed by soma tg be i iubehlgridOi but 3akei 
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hna ftbown mx it mtaut 0 (Hodgkinson had 
lorm^ly aniyed at this oonolasion ; v. Meldola’a 
Chemistry of Photo^aphy [1889], p. 866). B. 
kept pure AgOl, dried at 150*’, in sunshine, in a 
current of air freed from 00, and dried bj 
II3SO4, until it darkened; he measured the 0 
obtained from the darkened product, by decom- 
posing by Cl, and also determined the Ag and 
Cl ; the results agreed approximately with the 
formula Ag^OCl ; the atomic ratio of Ag to Cl 
found in various experiments was almost exactly 
2:1, and of Ag to 0 was nearly 5:2 ; the darkened 
product dissolved in cone. KClAq, on dilation 
AgCl was ppd. and the solution had a slightly 
alkaline reaction, as would be expected if an oxy- 
chloride were present in the dark-coloured sub- 
stance. B. also found that a little Kp was 
obtained by heating the dark substance in dry 
H ; Bichardson (C. J. 69, 536) failed to obtain 
any water by treating darkened AgCl in this way; 
B. also failed to get 0 from the darkened AgCl 
by heating it to the m.p. in connection with a 
Sprengel pump. B. (l.c.) found that the dark- 
coloured product became white when left in the 
dark for some days, and that a small quantity of 
0 was absorbed during this change ; he, there- 
fore, concludes that two oxychlorides of Ag are 
formed, one of which is dark-coloured and 
absorbs a little 0 to •form another, white, oxy- 
chlorWe. Carey Lea {Am. S. [3] 38, 356) thinks 
K that the darkening action of light on AgCl is 
preceded by the formation of what he calls a 
photochlorlde. The photochloride is supposed to 
contain less Cl than the normal chloride; and 
probably to be a compound of AgCl with a sub- 
chloride or oxychloride ; it is extremely sensi- 
tive to the action of light, and undergoes many 
changes of colour when exposed to light {Am. 8. 
[3] 33, 349, 480, 489 ; 34, 33 ; and full abstract 
in G. J. 64, 1).‘ For the application of the effects 
of light on AgCl to photography v. Photooraphio 
Chemistry, this vol. p. 154 ; and Photography, 
in Dictionary op Applied Chemistry, vol. iii. 

C(mibinations.—l. With several metallic 
chlorides t especially the alkaline chlorides ; 
generally forming compounds of the typo 
AgChMOl. Wells and Wheeler {Am. 8. [3] 44, 
155) obtained the compound AgC1.2CsCl. — 
2. With ammonia gas. According to H. Bose 
IP. 20, 167), 2AgC1.3NH3 is formed. Isambert 
(0. B. 64, 1269 ; v. also Horstmann, B. 9, 749) 
studied the vapour-pressures of the NH, given 
off, and concluded that two compounds are 
formed when Nil, is absorbed by AgCl — viz. 
2AgC1.3NH, and AgCl.SNH, (u. curves given in 
Dissooution, vol. ii. p. 397). Bodliinder {Z.P.G. 
9, 730) measured the reduction of the freezing- 
point of water produced by the compound 
2AgC1.3NH3 ; as this reduction was much larger 
than the normal, he concluded that the com- 
pound is dissociated in aqueous solution; a 
similar conclusion was come to by measuring 
the electrical conductivities of aqueous solu- 
tions. The dissociation cannot have been into 
NH, and AgCl, says B., else AgCl would have 
separated out ; hence the dissociation must be 
electrolytic, and the solution must contain Ag 
and 01 as free ions. This conclusion was con- 
firmed by finding thatPbAc^Aq ppd. PbOl, from 
8Ag01.8NH| in £IAq ppd. Agl, and 

(NHJySAq ppd. Ag^S; oonlirmatory evidence 


KXDIDflS. m 

was also found in the faei that addition of NH^Cl 
or AgNO, reduced the solubility in water of 
2AgG1.3NH„ in keeping with the law regarding 
the effect on the solubility of an electrolyte of 
the presence of one of its ions. B. concludes 
that 2AgC1.3NH, iq a definite compound, which 
is eleotrolytically dissociated in aqueous solu- 
tion.— 3. With silver iodide and bromide \ v. 
Silver iodobromochlorides, p. 470. 

Silver, ohloro-iodobromides of; v. Silveb 
iodobromochlorides, p. 470. 

Silver, cyanide of; v. vol. ii. p. 346. 

Silver, ferricyanide of ; v. vol. ii. p. 340. 

Silver, ferrocyanide of ; v. vol. ii. p. 837. 

Silver, fluorides of. Two fluorides of Ag 
probably exist, Ag,F and AgF, although there is 
still some doubt as to the isolation of the first 
of these. 

Silver subpluoridk (? Ag,F). - (Argentous 
fluoride.) By electrolysing saturated AgFAq, 
using Ag electrodes, and a current so strong that 
the liquid became hot, Giintz (0. B. 110, 1337) 
noticed the separation of brass-coloured crystal- 
line plates at the negative pole (if a weaker 
current was used, Ag was deposited). Treatment 
of these crystals with water gave AgFAq and 
Ag, the ratio of Ag separating to Ag going into 
solution being practically unity; hence G. 
gives the formula Agj^F to the yellow crystals. 

G. says that the same compound is obtained by 
heating finely-divided Ag with AgFAq in a sealed 
tube to nearly 90°. AgaP does not change in dry 
air; it decomposes slowly in moist air, and 
rapidly in water. Heated in dry HCl, CCI4, 
PCI3, (&o., Ag^Gl is said to be formed (G., C, B. 
112, 861). 

Silver eluoridb AgF. (Argentic fluoride.) 
Formula probably molecular, from analogy of 
AgCl. Prepared by dissolving Ag.OO, that has 
been freshly ppd. and well washed, in HFAq, 
evaporating to dryness in a Pt dish, with con- 
stant stirring, dissolving the black residue in 
. water, filtering, and evaporating in vacuo over 

H. BO4, in the dark (Moissan, Bl. [3] 6, 466 ; c/. 
Giintz, A. Gh. [6] 3, 42). A yellow, transparent, 
elastic solid ; sol. water ; melts at c. 436° (M., 

I. C.). S.G. 5*852 at 16*5° (Gore, Pr. 18, 157). 
Fremy {A. Ch. [3] 47, 39) obtained large colour- 
less prisms, to which he gave the formula 
AgF. 2aq, by evaporating a solution of AgjCOj or 
Ag.p in HFAq ; these crystals lost 2aq in vacuOt 
but some oxyfluoride was always formed {cf, 
Marignac, Ann* M. [5] 15, 270). Heated in air, 
AgF is decomposed, by the moisture present, to 
Ag, 0, and HF, according to Gore {l.c.). AgF 
interacts violently with POCI3, PCI,, SiCl^, and 
BGI3, giving AgGl and fluoride of P, Si, or 
B (Moissan, Z.c.T. Molten attacks vessels 
of Ag or Pt. The dry salt is said to absorb 
c. 800 times its volume of NH, (Gore, Z.e.), 
Heating with I produces Agl and IFj (Gore, Pr. 
80, 70; where a few other reactions of com- 
pounds with AgF are given). 

Silver, fulminating; v. Silveb nitrides, 
p. 470 ; Silver fulminate (g. v., vol. it p. 817) 
IB sometimes called fulminating silver. 

Silver, hydroxides of ; v. Silver oxmxs and 
HYDRATED OHDEB, p. 470. 

Silver, iodides of. The isolation of an iodide 
other than Agl is very doubtful. 
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SiLTEs SUBIODIDE (? AgJ). Giintz {0. JR. 
112 1 861) states that this compound is formed 
by the interaction of HI and Ag^F; but no 
analyses are given. 

SiLVBB IODIDE Agl. (Avgentio iodide) 
Formula probably molecular, from analogy of 
AgCl. Melts at c. 630° (Carnelley, 0. J. 29, 
489) ; at 627° (Eodwcll, Pr. 25, 280). S.G. at 
0°=* 6-676, at 627°*= 5-522; maximum density at 
142° (B., l.c), V.D. said to bo 214 (Dewar a. 
Scott, B. A, 1881. 697). S.H. (15° to 98°) 
•06169 (Regnault, A. Gh. [3] 1, 129 ; v. also 
Bellati a. Bomanese, Pr. 34, 101). H.P. [Ag.I] 
=*13,800 (Th. 3, 381); 14,300 for crystalline 
Agl (Berthelot, Bl [2] 39, 18). 

Occurrence. — As iodite in Peru, Mexico, the 
Harz, Spain, &c. ; forma hexagonal tablets; 
also in combination with AgBr as iodobromite 
In small quantities in Nassau. 

Preparation.—!. By adding HIAq, or solu- 
tion of an iodide, to AgNO^Aq, washing, and 
drying. — 2. By the interaction of tiiiely-divided 
Ag with HIAg, H is evolved at ordinary tempera- 
tures and Agl formed ; a solution saturated by 
heating HJAq with Ag deposits crystals of 
AgI.a;Hl on cooling {v. infra, Conihinations, 
No. 2), and the liquid decanted from these deposits 
hexagonal crystals of Agl on standing in afr. — 
8. Crystals of Agl arc also obtained by boiling 
saturated AgNOgAq with IlgL, and allowing to 
cool (Field, J. 1857. 255).— i. The interaction 
of a mixture of HClAq and HIAq with Ag pro- 
duces only Agl, according to Deville (A. 101, 
197). 

Properties. — As obtained by adding alkali 
Iodide to excess of AgNOgAq, Agl is a curdy pp., 
yellow, with a slight orange tint; by adding 
AgNOjAq to excess of alkali iodide, a pure yel- 
low, powdery pp. of Agl is formed ; the former 
pp. is sensitive to light, the latter, after washing 
in the dark, is not discoloured by light. Agl 
melts to a yellow liquid, which becomes red and 
then dark-red as temperature rises ; the liquid 
solidifies to a yellow, horny, crystalline mass.. 
Bod well (Pr. 25, 280) found that Agl contracted 
considerably at the moment of solidification; 
regular contraction then took place to 142°, 
whereat there was sudden and considerable ex- 
pansion accompanied by cliauge from the 
amorphous to the crystalline form; this was 
followed, as temperature fell, by slight expan- 
sion (for measurements v. B., l.c.). Agl exists 
in two forms : above 142° up to the m.p. it is 
yellow, transparent, and flexible ; below 142° 
it is pale green, crystalline, opaque, and brittle 
(R., I.C.). Agl is nearly insol. NHgAq ; accord- 
ing to Martini {S. 66, 153) 1 part Agl requires 
2660 parts NH^Aq, S.G. *96, for solution. Agl 
dissolves in NaaSjOjAq, in KCNAq, and in 
NaClAq ; it dissolves readily in hot Ilg(NO.,).Aq, 
and crystallises therefrom on cooling {v. also 
C(mbi7iatio7is). 

Reactions. — 1. Heated in chlorine, AgCl is 
formed.— 2. Reduced by contact with nietals, 
such as Zn or Fe, in presence of acids. Most of 
the reactions of Agl closely resemble those of 
AgCl. 

Combinations. — 1. Dry Agl absorbs ammonia; 
Rammelsbcrg (P. 48, 170) says that 2AgI.NH, is 
' formed (for dissociation -pressures of this com- 
pound V. Isumbert, C. R. 64, 1269). By heating 
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Agl with ezoesf of Kd,Aq in a sealed tu1>e At 
100°, Terreil obtained crystals of AgI.2NH, {BL 
[2] 41, 698). — 2. Agl dissolves in hot conc^ 
hydriodic acid solution ; the liquid deposits 
large, colourless, unstable crystals of Agl.HI (?) 
(Deville, C. R. 42, 895) ; Berthelot obtained 
transparent crystals of 3 AgI.HI. 7 H 2 O (A. Gh, 
[6] 23, 89).— 3. According to Preuss {A. 29, 328) 
a solution of Agl in a hot solution of mercurio 
nitrate deposits crystals of 4 ’AgI. 2 Hg(N 03 ) 2 .aq 
on cooling. — 4. Agl dissolves in silver nitrate 
solution containing more than 8 p.o. AgNO, 
(Vogel) ; water re-ppts. Agl. For accounts of 
different compounds obtained v. Kremors {J. pr, 
71, 54), Stiirenberg {Ar. Ph. [2] 143, 112), 
Weltzien [A. 96, 127), Riche (A.- Ill, 39), Bissa 
{A. Ill, 43). Agl also combines with silver 
nitrate and lead nitrate, and with antimonide, 
arsenide, ^ phosphide, and sulphide of silver {v, 
Poleck a. Thiimmel, Ar. Ph. f 3j 22, 1). — 5. With 
alkali iodides and alkaline earth iodides (u. 
Boullay, A. Gh. [2j .34, 377 ; Berthelot, Bl. [2] 
39, 24 ; Johnson, C. N, 37, 110 ; Maxwell Simp* 
son, Pr. 27, 120). 

Silver, iodobromochlorides of. Rodwell (Pr 
25, 292) prepared various compounds of Agl 
AgBr, and AgCl by molting the constituents to- 
gether. B. studied especially the effects of heat 
on the S.G., change of voldme, and m.p. of these 
bodies. The formula £C Agl . 7 / AgBr. 2 : AgCl ex- 
presses the composition of the compounds ex- 
amined ; X varied from 1 to 4,7/ was always 1, 
and z varied from 1 to 2. 

Silver, nitrides of. Raschig (A. 233, 93) 
has shown that the explosive substance first 
prepared by Borthollot, by the acLion of cone, 
cold NH.,Aq on Agl), and supposed by B. to 
be a compound of Ag.p and NHg, is a nitride 
of Ag, AggN, mixed with finely-divided Ag. 
Ag,N is best prepared by allowing a cone, solu- 
tion of AgjO in NHgAq to stand in air, or by 
adding alcohol. AgjN dissolves in KCNAq, 
forming AgCN, KHOAq, and NHj. 

The Ag salt of HN 3 may be called silver 
nitride ; v . HynRAzoic acid, vol. iii. p. 659. 

Silver, nitroprusside of, v. vol. ii. p. 341. 

Silver, oxides and hydrated oxides of. Only 
one oxide of Ag has been certainly isolated ; the 
existence of any hydrated oxide is doubtful. 

SiLVKB OXIDE AggO. {Argentic oxide.) Mol. 
w. not known. 

Formation. — 1. By heating Ag much above 
the temperature of volatilisation in the 0-H flame, 
using excess of 0 (Debray, G. R. 66, 735). — 
2. By passing an electric current through 
KNOjAq, using a plate of Ag as positive electrode 
(Wohler, A. 14(1, 264).— 3. By boiling freshly- 
ppd. AgCl with KOHAq, S.G. 1-25 to 1*3 (Mohr, 
A. 66,65). 

Preparation.— KOiRkc^ is added in slight ex- 
cess to AgNOsAq, the pp. is thoroughly washed 
with hot water, best in air freed from COj, and 
dried at c. 80°. 

Properties.— k black powder (brownish when 
ppd.), with an unpleasant, metallic taste. S.G. 
7-62 (Schrdder, B. 9, 1888) ; 7T6 (Playfair a. 
Joule, G. 8. Mem. 3, 84) : 7*26 (Boullay, A. Ch, 
[2] 43, 266). H.F. [Ag'SO] =* 6,900 {Th. 8, 381). 
Slightly sol. water; 1 part ^ssolves in 3,000 
arts water according to Bineau (0. B. 41, 609), 
ut according to Abi in 96 parts water at 18*6* 
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(Orafen HeU. f. Pharm. \ 201 [1884]). Sol. 
NH,Aq (for sO'Called explosive silvert formed bj 
dissolving in oono. NHjAq, v. Silteb nitbides, 
p. 470). Also sol. aqueous solutions of alkali 
thiosulphates, chlorides, and cyanides. Sol. 
aqueous MeNH.^ and EtNHj (Wurtz, A. Gh. [3] 
80, 463). Moist Ag.^0 absorbs COj from the air, 
forming Ag.^COj, and reacts with many salts like 
the alkalis {v. Reactions). AgjjO is decomposed 
to Ag and 0 by heat {v. Reactions). 

Beactiotis and Combinations. — 1. Decom- 
posed to Ag and 0 by heat ; Carnelley and Walker 
{G. J. 53, 70) say that 0 begins to come off 
at c. 100°, rapid decomposition occurs at o. 270°, 
and reduction is complete at 300 ^-340° {v. also 
H. Rose, P. 85, 317 ; Joulin, Bl. [2] 19, 349; 
cf. Hydrated silver oxide, infra).— 2. Anti- | 
mony sulphide, arsenic sulphide, finely-powdered 
sulphur and selcnion, amorphous phosphorus, 
and some organic compounds, are ignited by 
rubbing with Ag^O (Bdttger, /. 1863. 284). — 
8. Reduced to Ag by heating to 100° in hydrogen 
(Wohler, A. 30, 4).— 4. Finely-divided Ag^O 
under water is reduced to Ag by cadinium, 
copper, tin, and zinc (not reduced' by Fe or Hg) 
(Fischer, P. 10, 605).— 5. Agl and 1110^ are 
formed by the reaction of iodine with Ag^O sus- 
pended in water (Naquet, Bl. 1860. 123) ; with 
chlorine the products are AgCl, HClOAq, AgCIO, 
and AgClOy (Stas).— 6. Moist AgjjO decomposes 
many metallic salts in solution, ppg. metallic 
hydroxides, e.g. salts of 13i, Cr, Co, Cu, Fe, Hg 
(v. H. Rose, B. B. 1857. 245). — 7. The moist 
oxide removes halogens from many^ halogen- 
containing organic compoumls, replacing the 
halogen by Oil (e.g. 2NMeJ + Ag.p.H.p 
=»2NMejOH + 2AgI). — 8. AgP reacts with ac^s 
as a decidedly basic oxide, forming salts Ag,^X, 
where X = SO„ 2NO3, djc.— 9. A little AgNO^ is 
said to be fonned when nitric oxide is passed 
into water with suspended therein (Sabatier 
a. Senderens, C. il. 114, 1476). — 10. Ag.D com- 
bines with lead monoxide; by allowing a mix- 
ture of Pb0.a;H,jO and freshly ppd. AgjO to 
stand in contact with NaOHAq, a compound 
was obtained, probably 2Ag.,O.PbO (E. Aston, 
C. J. 59, 1093). 

Hydrated silver oxide (? AgOH). Accord- 
ing to H. Rose (P. 85, 904), no compound of 
Ag.f) and lI,jO exists. By ppg. an alcoholic 
solution of AgNOj by KOHAq at —40°, Bruce 
obtained a white fiocculont pp. which ho sup- 
posed to be a hydroxide of Ag (no analyses are 
given) ; the pp. darkened on heating, forming 
Ag.p and H.,0 according to B. (C. N. 60, 208). 
Carey Lea (Am. S. 1892. 249) found that ppd. 
AgjjO retained some water after drying at 100° 
for 40 hours, and that all water was removed at 
1C0°- 165° but some 0 went off also. Carnelley 
and Walker (C. J. 53, 79) say that the product 
of drying ppd. silver oxide in air for 6 months 
had the composition AgOH, and that this was 
scarcely decomposed at 100°, but that above this 
temperature it gave off water and a little 0, and 
was gradually changed to Ag.JO mixed with a 
little Ag. Some reactions of moist AgjO point 
to the existence of such a compound as AgOH 
(v. Silver oxide, Reactions, Nos. 6 and 7). 

Oxide of silver with less oxygen than 
AjSaO. (Silver suboxide.) Many experiments 
Are recoroed on the interaotions of reducing 
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agents and Ag salts whereby salts of a lower 
oxide than Ag^O were supposed to'be formed, 
and the corresponding oxide was supposed to be 
ppd. from these salts by alkali. Wfihler 
{A. 30, 1) reduced Ag citrate by heating in H ; 
W. a. Rautenberg reduced ammoniacal solutions 
of chromate, molybdate, and tungstate of Ag (A. 
114, 119); W. reduced arsenate and phosphate 
of Ag by FeSO< (A. 146, 263); H. Rose reduced 
AgNOj in NH^Aq by ferrous and manganous 
salts (P. 101, 264, .321, 497 ; v. also Weltzien, 
A. 142, 105). More recent experiments have 
shown that the products of such reductions in 
presence of alkali are mixtures containing Ag 
(t). Pillitz, Fr. 27, 496; Newbury, A7n. 8, 196; 
Muthmann, B. 20, 983 ; Bailey a. Fowler, C. J. 
61, 416). 

Faraday (Q. J. S. 4, 268) supposed that a 
suboxide of Ag was formed by the action of air 
on an ammoniacal solution of Ag./) ; but Bailey 
and Fowler (l.c.) have shown that the substance 
is a mixture of Ag.fi with a little explosive 
silver. 

The result of a long series of experiments by 
0. V. d. Pfordton (B. 18, 1407 ; *20, 1458 ; 21 
2288, 3375) on reducing AgNO^Aq by H.,POjAq, 
alkali bisulphites, and tartaric acid, is that the 
black pp. thus obtained is not a suboxide of Ag 
(for some time it was assorted to be AgjO) ; the 
accuracy of this result has been strengthened by 
the critical experimental work of Bailey (0. N. 
65, 263 ; 0. J. 51, 466), and especially of 
Friedheim (P. 20, 2564 ; 21, 307). F. regards 
the supposed Agfi as a mixture of finely-divided 
Ag with more or less Ag.fi, or with some organic 
compounds. V. d. P. (B. 21, 2288, 3375) thinks 
his latest work points to the black substance 
being a compound of Ag, H, and 0 in the ratio 
4Ag;2H:0 ; he gives it the formula Ag^.H^O, or 
Ag,.OH.H, and calls it silver hydrate. According 
to Giintz (0. R. 112, 861) Ag^O is produced by 
the action of steam on AgP at 160°. 

The question of the existence and isolation of 
a compound with less 0 than Ag.^ cannot be 
regarded as settled. 

Oxides of silver with more oxygen than 
Ag.p. By electrolysing cone. AgNOjAq, using 
Pt as positive and Ag as negative electrode, 
Ritter obtained a black deposit on the Pt ; to 
this black substance R. gave the formula Ag.,02, 
and described it as crystallising in octahedra, 
S.G. 5’474, giving up half its 0 when carefully 
heated, with jyiaAq evolving N, and with HjO-^Aq 
producing Ag, H^O, and 0. A similar production 
of what seemed to be a peroxide of Ag was 
noticed by Fischer (J.pr. 33,237) and by Wdhler 
(/I. 146, 264). Bottger (B. 6, 1398) noticed that 
the peroxide produced by electrolysis formed 
explosive Ag and rapidly evolved N, with NH,Aq. 
Ag peroxide is formed by the action of ozone on 
Ag, according to Schonbein (J.pr. 41, 321); and 
of ozone on Ag^O according to Schiel (J. 1864. 
118). Ag peroxide is an energetic oxidiser ; it 
sets fire to H.^S, and Au sulphide when rubbed 
therewith (v. BSttger, l.c.). 

The analyses made by Fischer (J. pr. 33, 237), 
Mahla (A. 82, 289), and Gmelin (J. 6, 106) of the 
peroxide showed the presence of HjO and AgNO, ; 
their preparations were probably impure. The 
analyses of Wallquist (J.prlZX, 179) agreed well 
with the formula AgO (or Ag^Oj). 
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The sapposed peroxide of Ag, prepared by chloritet psrehloraU and Tiypoohlcvitet ewroifum 
sleotrolysing AgNOaAq, is regarded by Berthelot &nddichromate,iodate &jidperiodates,molybdait$8t 
{Bl, [2] 34, 138) as a compound of AgNO, with nitratet wilrite and hyponitritef phosphates, < 
an oxide to which he gives the formula Ag^O,. selenate and selenite, sulphates, sulphite and 
the interaction of Kj0.^q with kg./), thionates, tellurates and tellurite. Several salts 
Berthelot (2.c.) obtained black flocks, which were derived from sulphur-containing acids also 
separated from Ag by washing ; to this substance exist, the chief of which are : thiO’antimonates 
B. gives the formula Ag^O^ as the result of a not and antUnonites, thio-arsenates and arsenites, 
very complete analysis ; he looks on it as pro- thio-carbonate, thio-molybdates, thio-phosphates 
bably identical with the product of the interaction and phosphites, and thio4ellurite. 
of moist ozone and Ag or Ag^O. This substance Silver, selenide of, Ag,^Se. Occurs native, 
loses 0 when dried over ; with acids it also in combination with selenides of Cu and 
gives salts of AgP and evolves 0. Pb. Obtained by heating Ag with Se, SeO^, or 

Silver, oxychlorides of. The action of light K.Se; also by passing H;,Se into solution of a 
on AgCl probably produces two oxychlorides of Ag salt; and by heating AgNOjAq with Se 
Ag; V. Silver culouioe, Action of light on, (Senderens, G. B. 104, 176). A grey solid, 
p. 468. melting at red heat to silver-white regulus. A 

Silver, oxyfluoride of. To the yellow crystals little Se is lost by roasting in air ; sol. cone, hot 
obtained by evaporating an aqueous solution of HNO^Aq, crystals of Ag^SeO^ separating as liquid 
AgF, Pfaundler gives the composition AgF. AgOH cools. 

(W.A.B. 46 [2] 259). J Silver, selenocyanide of, v. vol. ii. p. 348. 

Silver, phosphides of. Molten Ag absorbs Silver, silicides of. Berzelius found that 

P; according to Pelletier (A. Ch, 13, 101), some Ag after fusion with SiOo and C gave a residua 
of the P remiuns in combination on cooling, but of SiOjj when dissolved in HNOsAq. Percy 
Warren (C. Jv. 66 , 113) says that all except c. (Silver and Gold, 1, 131) failed to obtain any 
•002 p.c. separates as the Ag cools. According compound of Ag and Si. Warren (C. N. 60, 6 ) 
to Emmerling (B. 12, 152), a compound AgP is obtained compounds or alloys of Ag and Si by 
formed by heating Ag and P in a sealed tube to heating Ag with KBiF,, and Na. 
a dark-red heat ; on heating the compound P is Silver, silico-fluoride of, Ag.,SiPa.2TIuO. 

given off and Ag remains (v. also Ijundgrebe, S. White, deliquescent crystals, molting below 
60, 128). By heating powdered Ag in vapour of 100° ; when strongly heated gives a residue of 
P, Schrotter obtained a grey solid, S.G. 4*63, to Ag with some SiOj. Obtained by evaporating a 
which he gave the composition Ag^P, (J, 1869. solution of Ag.,0 in IIBih’aAq (Marignac, Ann, 
247). M. [5] 16, 270)'. 

Fresenius and Neubaucr (Fr. 1, 340) obtained Silver, sulphides of. The isolation of any 
a pp. said to contain Ag phosphide and Ag, by sulphide other than Ag.S is very doubtful, 
leading PHj, or 00.^ laden with vapour of P, Silver sxjLrniuB Ag.^S. (Argentic sulphide.) 
into AgNO^Aq ; using PHj diluted with COj, Mol. w. not known. Occurs native as argentite 
Poleck and Thiimmel (B. 16, 2435) obtained a or silver glance. Prepared by heating Ag in 
compound, probably Ag:,P. 3 AgN 03 . vapour of S, or in H.^S, or by the action of H.,3 

Silver, photosalts of. Carey Lea (Aw. S. on red-hot AgCl (Durocher, G. B. 82, 823). 
[8] 83, 849, 480, 489 ; 34, 33 ; abstract in C. J. H^S quite free from admixed 0 is said not to react 
54, 1) gives the name of photosalts to variously- with Ag. Also prepared by passing H^S into a 
coloured compounds of Ag wflth the halogens ‘solution of a salt of Ag ; by boiling Ag^SO^Aq 
which are very sensitive to light. These bodies or AgNOgAq with S (Filhol a. Senderens, C. B, 
are regarded by C. L. as identical with the sub- 104, 175) ; and by the contact of H-^SAq with 
stances that form the latent images on exposed moist Ag^O. Spring formed Ag.B by subjecting 
photographic plates. The photosalts are ob- a mixture of Ag powder and amorphous S to a 
tained by the action of reducers, such as ’ pressure of several thousand atmospheres, pow- 
FeSO.Aq or FeCLAq, on the normal Ag haloids, , dering, and compressing again, and repeating 
by reducing Ag salts by such bodies as dextrose this treatment seven or eight times (Bl. [2J 39, 
or tannin in presence of alkali and treating the 641 ; 41, 488, 492 ; cf. Friedel, Bl. [2] 40, 526). 
products with HClAq, or by tveating finely- Thomsen (T/i. 3, 381) gives [Ag^S] = 6,340. 
divided Ag with the haloid salts of Cu or Fe Winssinger (Bl. [2] 49, 452) obtained a dilute 
and certain other halogenating reagents. The aqueous solution of colloidal Ag.^S by ppg. from 
photosalts are regarded by C. L. as compounds a very dilute solution of a Ag salt, by H.jS, and 
of the normal haloids with sub-haloids ; from dialysing ; the solution was reddish brown, and 
the methods of preparation it seems fairly cer- did not change after keeping for more than two 
tain that tlie coloured bodies called photosalts months. 

contained various substances besides Ag and Ag,jS obtained by ppn. is a black solid; 
halogen. when melted, out of air, it solidifies to a grey- 

Silver, platinooyanide of, v. vol. ii. p. 344. black, lustrous, malleable mass, that can be 
Silver, platinoBnlphocyanide of, t;. vol. ii. cut with a knife ; S.G. 6*85 (Karsten, 8. 65, 
p. 861. 894). S.G. of argentite 7’27 to 7’82 (Dauber, J, 

Silver, salts of. Compounds derived from 13, 748). Heated in air slowly goes to Ag, 
acids by replacing n by Ag. These salts belong giving off SO.^. With cone, boiling HClAq gives 
to the type AgX, where X = N 03 , ^SO,, |CO„ AgCl and H^S; hot HNO»Aq forms AgNO^Aq 
JPO 4 , &o. Subsalts of the type Ag^X possibly and HjS ; cone. H^S 04 produces Ag^SO* and 
exist, where X is halogen. The principal SOj. Heated in 01, AgCl and S*01, are formed, 
lilver salts of oxyacids are: arsenate and Reduced to Ag by action of metals and dilate 
fifsenite, borate, biwnate, carbonates, chlorate, acid; also reduced by heating with PbO, Ca(^ 
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^6 powdefror Bg (e/. Baomelsbetg, C. /. 89, 
874). 

Many compounds of Ag.^S with metallio 
sulphides occur in minerals, e.g, with Cu^S, 
Sb.^S„ ASjSa, (fee. Schneider (J. or. 41, 
414) obtained a compound of Ag.B and Bl^S, 
by fusing the two sulphides together in a 
covered crucible. Poleck and Thiimmel (i4r. Ph. 
[3] 22, 1) obtained AgjS.AgKO, by passing H,,S 
into cone. AgNOyAq so long as it was completely 
absorbed, washing the greenish pp. with 
HNOjAq, and drying ; a black amorphous pow- 
der, decomposed by water to Ag^S and 
AgNOsAq. 

SiLVEK SUBSULPHIDE. According to Giintz 
{G. E. 112, 861), Ag^S is obtained by the action 
of H B on AgalCl. 

Silver, sulphocyanide.of, o. vol. ii. p. 352. 

Silver, telluride of, Ag,Te. Occurs native 
ns hessite. Prepared by melting together Ag and 
Te, by passing vapour of Te diluted with much 
N over red-hot Ag (Margottet, G. E. 85, 1142), 
and by heating AgNOgAq with Te in a sealed 
tube (Senderens, G. Ii. 104, 175). Grey, lustrous 
solid; obtained in needles (octahedral) by the 
second method given above. M. M. P. M. 

SINALBIN A glucosidc oc- 

curring in the seed of white mustard (Will, Z. 
[2] 7, 89 ; A. 199, 150). Prepared by washing j 
the seeds with CS^ and extracting the residue 
with alcohol. Concentric groups of pale-yellow 
needles (from alcohol), v. sol. water, insol. CS^ 
and ether, lloduces Feliling’s solution, with 
formation of CuoS. Split up by tne ferment 
myrosin into glucose, sinapine sulphate 
<5,,.TL.,NOJ-Ll^Oj, and C-H^OONS, a pungent 
oil. Aqueous AgNO;, produces a similar decom- 
position, forming a pp. wlieiice removes Ag, 
leaving in solution sulphate of sinapine and 
CJI,NO Coloured yellow by alkalis, and j 

yields Na.^SO^ and sodium siilphocyanide on ; 
boiling with NaOHAq. HgCl^ gives a white pp. | 

8INAMINE V. Allvl CVANAMIDE. I 

SINAPIC ACID [192'> cor*.]. 

Formed, together with neurine, by boiling sina- 
pine suiphocyanide with alkalis (Yon Babo a. 
Hirschbriinn, A. 84, 19 ; Berasen a. Coale, At?i, 
6, 50). Small yellow prisms (from alcohol), si. 
Bol. cold water, insol. ether. The ammoniacal 
solution turns brown in air. Salt.— BaA" 
(dried at 110°). Pp. 

Acetyl derivative C„n„AcOj. [281°]. 
Got by boiling the acid with Ac^O. White 
crystals, sol. hot water. 

SINAPINE CjaHaNOj. Occurs as suipho- 
cyanide in seeds of white mustard (0. Henry a. 
Garot, J* Ph, 17, 1 ; 20, 63 ; Pelouze, A. Ch, 
[21 44, .214; J. Ph. 17, 271; Boutron a. 
Kobiquet, J, Ph, 17, 279 ; 0. Henry a. Plisson, 
A. Gh. [2] 46, 198 ; Winckler, Bep. Pharm. 41, 
169; 67, 257; Simon, P. 43, 651; 44, 593; 
Boutron a. Fremy, J, Ph, 26, 60 ; Von Babo a. 
Hirschbriinn, A. 84, 10 ; Bemsen a. Coale, Am. 
6, 60^. Formed also by the action of myrosin 
on sinalbine (Will a. Laubenheimer, A. 199, 
162). The free base is known only in solution, 
and is decomposed on evaporation, leaving a 
resin. Boiling baryta-water splits it up into 
neniine 0|)E[|j^Os and ainapio acid. 

^ rectangular plates, V. 


sol. water and hot alcohol, nearly insol. ether.-^ 
B'HHgCI, : thin prisms.— B'HONS. [176°}. 

SINAPOLINE 0. Di-alltl ubsa. 

8INCALINB V, Neubinb. 

SINI8TEIN V. Inulin. 

8IPEBINE. An amorphous, resinons, alka- 
loid occurring, together with bebirine, in the 
greenheart tree {Nectandra Eodicei or Bebeeru 
Sipeeri). It is v. si. sol. water, m. sol. alcohol, 
insol. ether (Maclagan, A. 48, 106), 

BKATOLE V. Methyl-indole. 

SKELETINS v. Proteids, Appendix 0. 

BKIMMIN C,sH,gOg. [210"]. A glucoside 
extracted by alcohol from Skimmia japonica 
(Eijkman, R. T. G. 3, 204). White needles, si. 
sol. cold water. Its alkaline solutions show blue 
fluorescence. It is not poisonous, and does not 
reduce Fehling’s solution. 

Skimmetin C^HgOa. [223°]. Formed, to- 
gether with glucose, by boiling skimmin with 
dilute mineral acids. Colourless crystals, sol. 
alcohol and ether. Its solutions exhibit blue 
fluorescence. Docs not reduce Fehling's solu- 
tion. FeCla gives a blue colour. Gold chloride 
gives a rose colour, turning blu0»and violet. 

SMILACIN CiglljgOg (?). Occurs in sarsa- 
parilla root {Smilax Sarsaparilla) (Beinsch, 
Rep, Pharm. 82,145; Thubeuf, A. 6,204; 14, 
76; Batka, A. 11, 305; Poggiale, A. 13, 84; 
Henry, A. 14, 77; Petersen, A. 16, 74; 17, 
166 ; Wright a. Bonnie, G. J. 39, 237). Nodular 
groups of leaflets, m. sol. hot water and alcohol, 
sol. alkalis. 

Reference.— Pk-Rihhin. 

SNAKE POISON v. Proteids. 

SOAP V. Dictionary or Applied Chemistry. 
80BREH0L C,oH,A- [150°]. [a]„«±l50°. 

A product of atmospheric oxidation of turpen- 
tine in sunlight (Armstrong a. Pope, G. J. 59, • 
316). Long tables (from alcohol) or mono- 
clinic prisms (from water) ; a;6:c = 2‘411:1: -853 ; 

/3 = 83"38'. Tastes bitter. Converted by boiling 
dilute IL.SO^ into an oily isomeride of cam- 
phor. By crystallising a solution of equal 
quantities of dextro- and liEvorotatory sobrerol 
there is obtained an inactive Bobrexol [131°] 
crystallising from alcohol ha trimetrio tables; 
a;6:c = 2-424:l; -827. 

SOCALOlN V . Aloin. 

SODA ; V. Sodium hydroxidb, p. 479. 

SODIUM Na. At. w. 22-996. Mol. w. very 
probably same as at. w. (v. infra). Melts at 
95-6° (Buns^^n, A. 125, 367), 97 6° (Hagen, W, 
19, 436) ; solidifies at 97’6° (Regnault, J. 1866. 
43). Boils between 860° and 950°, according to 
Carnelley and Williams (C. J. 35, 665) ; at 742° 
(Perman, C. J, 65, 326). S.G. *986 % (Schrdder, 
P. 106, 226) ; *9743 at 10° (Baumhauer, B. 6, 
656) ; 0 . *74 at b.p. (Ramsay, G, J. 39, 49). V.D. 
12*7 at 1200°-1500° (Scott, Pr. E. 14, 410; v, 
infra). S.H. *2734 from -28° to 6° (Regnault, 
A. Gh. [3] 46, 257) ; *21 when liquid (Joannis, 
A. Gh, [6] 12, 358). C E. (0° to 60°) *00007106 
(Hagen, W. 19,436). E.O. (Hg at 0°«1) 18*8 
solid at 0°, 8-3 liquid at 120° (Matthiessen, P, 3f. 
[4] 12, 199; 13, 81). T.O. (Ag - 100) « 86*6 
(Calvert a. Johnson, P. M. [4] 16, 881). H.O. 
[Na*.0] - 99,760 (Th. [8] 282). Rofraotion-equi- 

valent x at. w. » 4*4 (Gladstone, Pr. 18, 49) ; 
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4;03 (Kanonnikoflf, J, H, 1684 [i.] 119). Emis- 
sion spectrum characterised by a double line D, 
the components of which have the waVe-lengths 
5895 and 5889 (for detailed measurements of 
lines V, B., A. 1884. 443). For absorptiou spec- 
trum V. Roscoe a. Schuster (Pr. 22, 362). S.V.S. 
solid 23*3 ; ' at b.p. 31 (Ramsay, C. J. 39, 49). 

Occurrence,— Compounds of Na occur widely 
distributed in large quantities. NaCl is found 
abundantly as rock-salt^ also in sea-water and 
many mineral springs. Large quantities of 
NaNOj or Chili saltpetre occur in S. America. 
Carbonate, sulphate, and borate of Na arc found, 
in comparatively small quantities, in rocks, and 
in lake and spring waters. Cryolite is a double 
fluoride of Na and Al. Many silicates contain 
Na silicate— natrolite, albitc, labradoi'ite, 
^0. The ashes of many plants contain Na salts, 
especially NaCl, Nal, and NaBOi ; some plant 
ashes are free from Na salts, even when the 
plants grow near the sea; the ashes of algic 
and some other sea plants are richer in salts of 
K than in those of Na. NaCl, NaXO^, Na^HROj, 
and some other compounds of Na, are found in 
animal organics. 

Historical. — Caustic soda was decomposed 
by Davy in 1807 (T. 1808. 1) by electrolysis ; Gay- 
Lussac a. Th6nard heated NaOH with Fe filings 
and obtained Na (A. Ch. 65, 325 [1808J). 
Brunner {S. 71, 201) reduced Na^COa by heat- 
ing with charcoal ; this process was made ap- 
plicable on the large scale by Deville (A. Ch. [3] 
43, 5 [1855] ). 

The worn neter is used by the older Hebrew 
writers to denote a substance employed for 
washing clothes ; the same, or a similar, sub- 
stance seems to have been known as virpov or 
nitrum^ and by the fifteenth century this name 
was given to saltpetre; when the existence of 
two similai but distinct substances having 
detergent properties was recognised, the name 
nitrum was given to one, and the other was 
called natrum or 'natron. The metal obtained 
from natron was called 7iatriinn ; this name is 
retained in German, but in English and French 
the metal is named from sodaf a word applied 
in the Middle Ages to designate alkaline sub- 
stances, and used as synonymous with nitrum 
and natron. The symbol Na is universally em- 
ployed for the metal. 

Formation.— 1. By electrolysing NaOH (c/. 
Potassium, Formation, No. 1, p. 298).— 2, By 
reducing NajCOg by heating it w\th charcoal, 
or with charcoal and very finely-divided iron 
(Castner, 0. N. 64, 218). — 3. By electrolysing 
fused NaCl, or cone. NaClAq, using Hg as the 
negative electrode. 

Preparation. — 1. An intimate mixture of 
80 parts calcined Na^COj, 13 parts coal, and 
5 parts chalk is heated in an iron bottle with a 
short exit tube, in a furnace, until vapours of Na 
appear at the mouth of the tube, when a small 
flat receiver, made of sheet iron, is adapted to the 
tube ; when the receiver is full of Na it is removed, 
and the metal is taken out under mineral oil (c/. 
Potassium, Preparation, p. 298). As Na does not 
combine with CO, the difficulty which attends 
the preparation of E because of the formation 
of KOO, does not occur with Na.— 2. A mixture 
of NaOH, 0, and Fe is heated in egg-shaped 
iion retortSi connected with cast-iron oondensera 


about 8 ft. long and 6 m. diameter, and having 
small openings near the nozzles through which 
the molten Na runs into pots placed beneath. 
The mixture of 0 and Fe is made by heating a 
mixture of very finely divided iron and pitch *, 
this is heated with NaOH in approximately the 
proportion 6NaOn:2C:4Fe. (For details v. 
Dictionaby of Applied CnEMisTSY, vol. iiL 
p. 422.) 

The metal is purified by pressing through 
linen under rock oil kept at c. 100“ ; it must be 
kept under oil free from 0. Rosenfeld (B. 24, 
1658) recommends to soak the metal in a mixture 
of 1 part amyl alcohol and 3 parts petroleum, 
and to rub it with a rag soaked in the same 
mixture, till the surface is bright ; then to let it 
remain under petroleum with 5 p.o. amyl 
alcohol ; to wash it with pure petroleum, and to 
keep it under petroleum containing from ^ to 
1 p.c. amyl alcohol. The film of sodium-amyl 
^ oxide which forms is easily rubbed off with filter 
paper. 

Properties.— X silver-white, lustrous metal ; 
usually described as whiter than K, but according 
to Long (C. J. 13, 122) a clean surface has' a 
pale rose colour. By melting Na in a glass tube, 
narrowed at one place, and filled with coal-gas 
or H, and allowing the semi-solidified metal to 
flow slowly through the narrowed p^rt of the 
tube, Na is obtained in lustrous, white, quadratic 
octahedra, with a rosy sheen (Long, Z.c. ; cf. 
Bottger, B. 7, 1536). According to Linnemann 
{J.pr. 75, 128), the surface of a freshly-cut piece 
of Na shows green phosphorescence that soon 
disappears, but returns again at 60“-70® {cf, 
Baumhauer, J.pr. 102, 123, 361). A sublimate, 
in a very thin film on glass, shows a greenish 
blue colour in transmitted light (Dudley, 0. N, 
66, 163; Nevvth, N. 47, 55). The vapour ob- 
tained by boiling Na in an atmosphere of H is 
colourless in thin layers, and violet to purple 
when seen in thick layers (Roscoe a. Schuster, 
Pr. 22, 302 ; Carnelley a. Williams, G, J. .35, 
505). At the ordinary temperature Na is as soft 
as wax ; it is ductile at 0“, and fairly hard at 
-20° ; at c. 50° it is pasty ; it melts at c. 96°, and 
boils at c. 750° {v. beginning of this article). Na 
dissolves in liquid NH^, forming a blue liquid 
{v. SoDiuM-AMiioNiuM, p. 475). A frcslily-cut 
surface of Na exposed to air becomes rapidly 
covered with a film of oxide ; Na is said to be 
unchanged at the ordinai’jf temperature in per- 
fectly dry air. It decomposes cold water rapidly, 
but the H evolved does not generally take fire. 
Na must be kept under a liquid free from 0,such 
as mineral oil or naphtha (u. Preparation, 
supra). 

The atomic weight of Na has been determined 
(1) by converting NaCl into AgCl (Berzelius, 
P. 8, 189 [1826] ; Pelouze,,0. B. 20, 1047 [1845] ; 
Dumas, A. Ch. [3] 65, 182 [1869] ; Stas, Stas. 
Becli. 78); (2) by reducing NaClO, to NaCl 
(Penny, T. 129 [1] 26 [1839]); (3) by converting 
NaCl into NaNO, (Stas, Nouv. B. 248 [1866]) ; 
(4) by determining S.H. of Na. 

The molecular weight of Na is not known with 
certainty. Dewar a. Dittmar (0. N. 27, 121) and 
D. a. Scott (Pr. 29, 206 [1879]) obtained numbers 
that indicated a mol. w. of 23 ; but the values 
varied oonsiderably. D. a. S. used a vessel of 
wrought iron. Soott {Pr, E. 14, 410 [1888]) oh* 
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tained fcdrly concordant resnlts, giving v^aes for 
V.D. varying from 11*8 to 16, using a Pt vessel 
heated above the m.p. of cast iron; but V. Meyer’s 
experiments (J5. 13, 391 [1880]) seemed to in- 
dicatetbat Na vapour attacks vessels of Ag or I*t. 
Mitacherlich (A. 12, 173 [1834]) found that 
vessels of hard glass were also attacked ; and 
Bieth {B. 4, 807 [1871]) got no constant results 
by using a vessel of Cu. The values obtained 
by Scott were so constant that there is a large 
probability in favour of the monatomicity of 
the molecule of gaseous Na. Eainsay {G. J. 55, 
621) dissolved Na in Hg and measured the 
decrease of vapour-pressure of the Hg thereby 
produced ; assuming the mol. w. of liquid Hg to 
be 200, and assuming that equal vols. of dilute 
solutions in Hg contain equal numbers of mole- 
cules, the results gave values for mol. w. of Na 
varying from 15 to 21*5. 

Th*e V.D. of no compound of Na has been 
determined ; from the analogy of K, Rb, Cs, and 
Ag, the atom of Na is probably monovalent in 
gaseous molecules. 

Sodium is a strongly positive element; it 
comes after Rb, Cs, and K in order of decreasing 
elcctropositivenoss (Bunsen). In all its com- 
pounds Na reacts as a metal ; it does not enter 
into the composition of any negative radicles. 
Na forms few basic salts and no oxyhaloid com- 
pounds ; its haloid compounds are very stable 
towards heat. Na is closely related to Li, K, 
Cs, and lib (v. Alkalis, mktals of the, vol. i. 
p. 114), and less closely to Cu, Ag, and Au 
{v. Coi'PEii onoDP OF ELEMENTS, vol. ii. p. 250). 

Ecadions and Combinations, — 1. Heated in 
air or oxygen, NajO and Na.O.^ arc formed 
(u. Oxides, p. 482), According to von Bonsdorlf 
(P. 41, 290), Na is unchanged in quite dry air 
at the ordinary temperature. — 2. Na absorbs 
hydrogen at c. 300®, probably forming a com- 
pound (n. Hydride, p. 479).— 3. Combines with 
chlorine, bromine, and iodine when heated with 
these elements {v. Chloride, bromide, and iodide). 
—4. Forms sulphides, by reacting with luU 
phur at the ordinary temperature ; combines, 
when heated, with selenion and tclhiriim, also 
with arsenic and phosphorus {v. Sulphide, p. 
483, Selenide, p. 482, Tclkiride, p. 483, Arsenide, 
p. 476, and Phosphide, p. 482).— 5. Alloys with 
several metals {v. Alloys, infra). — 6. Na decom- 
poses water ai the ordinary temperature, forming 
NaOHAq and H ; much heat is produced, but 
the H does not generally take fixe unless the 
reaction is slackened, and friction is increased, 
by thickening the water by gum &c., or placing 
the Na on moist filter paper {v. Ducatel, Am. S. 
26, 90 ; Serullas, A. Ch. [3] 40, 329). If Na is 
allowed to react with water in aoylinaer standing 
over water, the H collecting in the cylinder, a 
violent explosion sometimes occurs, probably due 
to formation of a peroxide that is then decom- 
posed with evolution of 0, which mixes with the 
H (Bottger, J. pr. 86, 397 ; Griffin, J, 1866. 
820). — 7. Na reduces many oxides at high tem- 
peratures, e.g. CO, N,0, B^Oj, PjOj, AsaO,, HgO, 
CuO, AgjO, PbO, ZnO, &o.— 8. Many 

earbmates, sulphates, nitrates, phosphates, and 
silicates are reduced when strongly heated with 
Na.— 9. Many metallic chlorides are reduced by 
boating with Na, MgG4, AlClt 10. By 
jwating with solid caustic ^tash to o. 170®, an 


alloy of Na and K is formed (v. Williams, C. N, 
3, 21 ; Wanklyn, C. N. 3, 66 ).— 11. Heated in 
ammonia gas, NaNBU is formed (v. Amide, 
infra), and when this” is more strongly heated 
NagN is formed (?>. Nitride, p.i82).— 12. Na reacts 
with aqueous solutions of acids to form salts 
NaX, where X is a monovalent acidlo radicle. 

Sodium, alloys of. Na forms alloys with 
many metals ; those alloys are generally formed 
by directly melting the metals together, or by 
reducing the chlorides by Na. By tlie action of 
sodamnioiiium {v, infra) on Sb, Bi, Pb, Joannis 
(C. E. 114, 585) says that alloys of Na with these 
metals are obtained agi-ccing in composition 
with the formula) Na;,Sb, NajBi, and NaPb. 
Schumann {W. 43, lOlj obtained a definite alloy 
of Na and Ilg corresponding with the formula 
NaHg- [v. also Sodammonium, infra). 

Sodium, aluminates of, v. vol. i. p. 141. 

Sodium, amide of, NaNIL. {Sodamide.) 
Mol. w. not determined. First prepared by 
Gay-Lussac and Tht'nard (Ecchcrches physko- 
chmiique, 1, 354) by heating Na inNH,; the 
Na absorbed 142 to 1G3 vols. NH, and 100 vols. 
H were produced. Prepared fey Beilstcin and 
Gouther (^. 108, 88) by driving out the air from 
several flasks, connected by tubes, by a stream 
of dry H, then placing a few grams Na in each 
flask, replacing the H by dry NH*, free from 
CO.^ (Drechsel, J. pr. [2] 16, 203), and heating 
the flasks on sand-trays; the Na melts and 
swims on the blue-green liquid that forms. 
When the Na has all disappeared the liquid is 
allowed to cool ; the solid that forms is at first 
brown, but when quite cold it forms a crystalline, 
olive-green mass. Also obtained by the gradual 
decomposition at the ordinary temperature 
(hastened by light) of sodammonium ; as the 
liquid decomposes, crystals of NaNII^, 1 mm., 
long, arc formed ; these crystals are said to be 
white (Joannis, C. E. 112, 392). 

Heating in CO produces NaCN and H.p, 
along with NaOII and NH.,. When heated in 
CO.^ much NHj is given off, and the final pro- 
ducts are and CN.NNaj (disodium salt of 
cyanamide ; v . vol. ii. pp. 313, 314) ; B. a. G. 
(Ic.) ; Drechsel (l.c.). CS.^ reacts to form 
NaSCN and H.^S, then NH, is given off, and 
NaSH remains. Dilute HClAq reacts violently, 
producing NaCl and NH^Cl. EtCl forms NaCl, 
NH,, and C.H^, but no EtNH,. Heated with 0 
the products are NaCN and H (Drechsel, J.pr. 
[2] 21, 91]^ When strongly heated NaNH, gives 
off NH, and leaves NaN, ( v . Sodium nitbidb, 
p. 482). 

Sodium-ammonium or Sodammonium. Weyl 
(P. 121, 611 ; 123, 350) obtained a blue liquid, 
by the action of liquid NH, on Na, which he 
regarded as a compound or alloy of Na and NH 4 . 
As Na remained when the NH, was allowed to 
evaporate, Seeley (C. N. 23, 169) looked on the 
blue liquid as a solution of Na in liquid NH,. 
Joannis (C. B. 109, 900,965; 110, 238) found 
that the vapour-pres^are of a solution of Na 
in liquid NH, decreased to a limit whereat it 
became constant if temperature remained un- 
changed; that on then removing more NH, a 
copper-red solid separated, and that NH, was ' 
then given off at constant pressure till only Na 
remained. When the last part of the ch^e 
commenced, the oopper-red substance oontainM 
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Ka and KH, in the ratio Na:NH,; the evoiation 
of NB^ at constant pressure was regarded by J. 
as dae to the dissociation of a compound 
NaKH,. The heat of formation of N^^Na from 
gaseous NH, and solid Na was determined by J. 
to be 5,200, {ind from liquid NH 3 and solid Na 
to be 800, oals. J. determined the lowering in 
the freezing-point of liquid NH, by solution in 
it of NaNH,,' and so calculated the mol. formula 
of this body to be Na^N^H, {C, B. 115, 820). 
The solution of Na^N-ja, in liquid NH, is de- 
composed by Sb, Pb, and Hg, but not by Al, On, 
*^Ag, or Zn ; the final product of the action of 
Pb is Pb 4 Na. 2 NH, ; by dropping the liquid on 
to Hg, and washing the product with liquid 
NH,, the crystalline amalgam NaHg, was ob- 
tained (J., C. R. 113, 795). According to J. 
(C. JB. 112 , 892), Na^N.^Hg decomposes slowly at 
the ordinary temperature to NaNH, and H. 
With excess of NaCl the blue liquid becomes 
colotirless and NaNH^ separates ; the compound 
NHsNa^Cl is first formed, and is then decom- 
posed by the liquid NH, to NaNH, and NaCl. 
By passing dry 0 into Na^N^H, in liquid NH, at 
-60® J. {C. B, II 6 , 1370) obtained NH^Na^OH; 
by the prolonged action of 0 he obtained 
Na,0,. 

Sodium, arsenates of, v. vol. i. p. 309. 

Sodium, arsenide of. Gay-Lussac and 
Th^nard found that Na combined directly with 
As. According to Landolt (A, 89, 210) Na^As is 
formed, as a silver- white solid, by heating the 
elements in the ratio 3Na:As. A compound of 
Na and As is also formed when Na is heated in 
AsH,. Decomposed by water, giving off AsH,. 

Sodium, arsenites of, u. vol. i. p. 307. 

Sodium, aurobromate of, NaAuBr^. Orange- 
red prisms, by dissolving NaBr in AuBr,Aq (c/. 
' vol. ii. p, 649). 

Sodium, aurochlorate of, NaAuCl^. By dis- 
•olving NaCl in AuCl^^Aq (c/. vol. ii. p. 650). 

Sodium, borates of, v. vol. i. p. 529. 

Sodium, boride of. The product of the re- 
duction of BjOj by Na may contain a compound 
oi’P and Na. 

Sodium borofluoride v. vol i. p. 526. 

Sodium, bromide of, NaBr. Mol. w. not 
certainly known, but probably 102-746 ( = NaBr). 
Melts at 708° (Carnelley, C. J. 33, 279) ; at 727° 
(«. Meyer a. Riddle, B. 26, 2413). S.G. 3-079 
at 17*6° (Kremers, P. 99, 443) ; 3198 at 17-3° 
(Favre a. Valsou, C. R. 77, 579) ; 2-448 when 
molten (Quincke, P. 138, 141). Kreners (P. 99, 
443) gives solubilities as follows 


Temp. 

s. 

Tetap. 

a 

0° 

77*6 

60° 

111*1 

20 

88*4 

80 

112*6 

40 

104*2 

100 

114*9 

Coppet (A, Ch, [4] 26, 506; [6] 30, 411) gives 
the following ; — 

Temp. 

a 

Temp. 

a 

44*1° 

116*6 

86° 

118*8 

61*6 

116*2 

90*6 

119*7 

55*1 

116*8 

100-3 

120-6 

60*8 

117 

110-6 

122*7 

64*5 

74*6 

117*8 

118*4 

114*8 

124 


C. represents S. of NaBr as 110*34 + *1075f when 
i taries from 44° to 114°, 8 . in alcohol 90 p.o, 
Md. B.P. of saturated NaBrAq- 121 °. S.G. 


of NaBrAq given by KremeM a. Gerlaeh (FV. 
279) at 15° as follows 


S.a.KaBrAq 

P.O. NaBr 

S.a. KaBr Aq 

P.a NaBr 

1-04 . 

5 

1*281 

SO 

1*08 

10 

1*344 

•85 

1*125 

15 

1*410 

40 

1*174 

20 

1*483 

45 

1*226 

25 ' 

1*565 

50 

H.F. [Na,Br] 
3, 232). 

= 85,770; [Na,Br,A^ = 

85,580 (Th. 


Formation, — 1. By passing Br vapour over 
Na. According to Merz and Weith (P. 6, 1518), 
Na remains unclianged for months in liquid Br 
at the ordinary temperature, and even at 100° 
or 200° the formation of NaBr proceeds very 
slowly.~2. By treating BrAq with iron filings, 
boiling the solution of FeBr^Aq with NaOHAq, 
filtering, and evaporating (Henry, J. Ph. 15, 
54).— 3. By neutralising HBrAq by NaOHAq or 
Na^COjjAq, and evaporating. —4. By decomposing 
CaBrAq by Na^SO,, filtering after some time, 
adding NaXO, as long as turbidity is produced, 
filtering, and evaporating (Klein, A. 128, 237). — 
6 . By decomposing pure NH^Br by NaOHAq or 
Na-^COaAq, and evaporating (Castelhaz, C, B, 
70, 1050). 

Pre 2 mration.—BT is added, little by little, to 
moderately cone, pure NaOHAq {v. Sodium 
HYDROXIDE, p. 479) till tho liquid is slightly 
yellow ; the liquid is evaporated to dryness ; 
the residue of NaBrO,, and NaBr is strongly 
heated, in a porcelain dish, till traces of Br are 
given off, the residue is dissolved in water, 
evaporated, and allowed to crystallise at a 
temperature not under 30^ (NaBr. 2aq separates 
below 30°). 

Prqpcrto.— Lustrous, white cubes; strong 
alkaline taste; reaction in water is neutral. 
Dissolves easily in water, with slight fall of 
temperature [NaBr, Aq] 190 {Th. 3, 232); 

NaBr separates from this solution at c. 30°, 
but at the ordinary temperature ijrystals of 
NaBr. 2aq are formed. 

Beactio7is.—l. Chlorine reacts with NaBrAq 
to give NaClAq and Br. — 2. Heated with potas- 
sium chromate and sulphuric acid, Br is given 
off ; NaCl under similar conditions gives 
CrOjCL^.— 3. Cone, sulphuric acid forms HBr, 
Br, and SO, ; by using dilute H 2 S 04 Aq (o. 30 
p.c.) a mere trace of Br is obtained (v. Addyman, 
G. *r. 61, 94), — 4. Potassium permanganate does 
not react with NaBrAq even when boiled, but 
addition of a little H 2 S 04 Aq causes evolution of 
Br (Hempel, A. 107, 160). 

ComMnations, — 1. With water to form 
NaBr.2H20. This hydrate separates from solu- 
tions of NaBr saturated when hot and cooled to 
under 30° ; it crystallises in monoolinio prisms, 
which melt at 50°, leay^ NaBr.— 2. With 
many bromides of less msiUve metals, e.g, with 
PbBr, to form PbBr..2NaBr, and CdBr, to form 
OdBr2.5NaBr.5aq [v, the various metallic 
bromides).— 3. With arseniotis oxide to form 
NaBr.AB 40 , (Rfidorff, B, 21, 8051). 

Sodium, chloride of, NaCl. (Common salt*) 
Mol. weight not known with certainty, but pro- 
bably 58*365 («Na01). Melts at 772° (Oamen^y, 
C. J. 33, 280) ; at 851° (Mever a. Biddla, 
B, 26, 2443). S.G. 2*16 at 0^ ^oinoke, P. 
188, 141) ; 2*157 at 4° (flehrOOer^P. 106, 220); 
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l-itiS at m.p. (iifaim, S. 7, 958) : 304 altar 
fusion (Quincke, P. 185, 642) ; for other values 
17 . Clarke’s Table of Specifie Qraoitiee [2nd ed.] 
20. ‘S.H. 15® to 98® -21401 (Regnault, Ch. 
[8] 1, 129 ; V. also Kopp, T. 156 [i.] 71). Vol. 
at40®-Vol. at 0® (1 + *00012117 x 40) (Fizeau, 
O.P. 64, 314). H.F. [Na,Cl] = 97,690 {Th. 3, 
232). Poggiale (il. Ch. [3] 8, 469) gives follow- 
ing data for solubility in water : — 


Temp. 

•s. 

Temp. 

s. 

-15® 

82*73 

40° 

36*64 

-10 

33*49 

50 

36*98 

- 5 

34*22 

60 

37*25 

0 

35*52 

70 

37*88 

-H 5 

35*63 

80 

38*22 

9 

35*74 

90 

38*87 

14 

36*87 

100 

39*61 

25 

36*13 

109*7 

40*35 

Coppet (A. Ch. [5] 30, 411) gives 

S. above *20® 

to 109®- 

34*359 + *0527t. Gerlach (J?V. 8, 281) 

gives the following data 


* 


S.a. NaOlAq at 15® 


1 

p.o. 

1*00726 

10 

p.o. 

1*14315 

2 

„ 

1*01450 

11 


1*16107 

3 

,, 

1*02174 

12 


1*15931 

4 

,, 

1*02809 

13 

„ 

1*16755 

6 

it 

1*03624 

14 


1*17680 

6 

,1 

1*04366 

15 

„ 

1*18404 

7 

f, 

1*05108 

16 

,1 

1*19228 

8 

,1 

1*05851 

17 

ft 

1*20098 

9 

n 

1*06593 

18 

It 

1*20433 


1000 c c. of NaClAq saturated at 15® contain 
818*479 g. NaCl and 888*669 g. water (Michel a, 
Kraft, J. 1854. 296). NaClAq containing 29*4 
to 29*5 p.c. NaCl boils at 109*25° (at 760 mm. 
pressure) and freezes at -21*3® (Karsten, 
Salinenkunde [Berlin, 1847] 2,38). The follow- 
ing freezing-points are given by Karsten (Z.c.) 
for NaClAq (c/. Budorflf, P, 114, 63 ; and de 


Coppet, A, 

Ch. [4] 25, 609) 


P.O. Naa 

F.P. 

P.O. NaOl 

F.P. 

2 

-1*32° 

16 

-11*69 

4 

-3*024 

20 

-14*44 

6 

-4*52 

22 

-15*78 

8 

-5*99 

24 

-17*11 

10 

-7*44 

26 

-18*42 

12 

-8*88 




For freezing-points of dilute NaClAq, con- 
taining from c. ’006 to o. 2*6 p.c. NaCl, v. Jones 
(K. P. 0. 11, 210). 

Solution of NaCl in water is accompanied 
by lowering of- temperature and contraction; 
86 parts NaCl in dissolving in 100 parts water 
at 12*6° lower the temperature to 10*1® (Biidorff, 
B. 2, 68) ; Thomsen gives [NaCl,Aq] « - 1180 
(Th. 8, 232). By mixing 36 parts NaCl with 
100 parts snow, temperature falls to — 21*3® 
(Kddorff, P. 114, 79 ; 122, 337). 

NaCl is in sol. absolute alcohol ; Girardin 
til. Ch. [4] 5, 146) gives the following data for 
6 . in aqueous alcohol S.G. *9282 ; 10*9 at 4®, 
ll’l at 10°, 11*43 at 13°, 11-9 at 23®, 12*3 at 
82°, 13*1 at 44°, 13*8 at 51®, 14*1 at 60®. Schifl 
{A. 118, 865) gives S. in alcohol at 15® as fol- 
lows ; 28*38 in 10 p.o. alcohol, 13*25 in 40 p.c., 
6’93 in 60 p.o., 1*22 in 80 p.c. NaCl crystallises 
in the regular system, generally in cubes, some- 
tiines in ootahem 

rpck solli or in ver^ 


large quantities verr widely distributed ; in sea- 
water, many salt lakes, brine springs, and most 
mineral springs. « 

Formation,---!. By burning Na in moist Cl. 
According to Wauklp (0. N, 20, 271), dry Cl 
does not combine with Na even at the M.P. 
of the metal; Donny a. Marcska (0. P. 20, 
817) state that Na is unacted on by liquid Cl 
at -80°.— 2. By neutralising NaOBLAq or 
Na.^COaAq by HClAq, and evaporating.— 8. Bv 
the reaction of excess of oono. HClAq with 
several salts of Na, c.g. Na^SO^.— 4. By strongly 
heating Na^SO^ with excess of NH,Cl; also by* 
decomposing NaBO^Aq by several chlorides, 
e.g. MgCl^ or CaClj.— 5. As a by-product in 
making KNO3 ky the reaction of KCl with’NaNOjb 
6. By the reduction of many chlorides by Na. 

Preparation.— Vane NaHCO, is prepared by 
washing a large quantity of the ordinary * pure ’ 
salt, in One powder, with cold water till the 
washings cease to be clouded on addition of a 
salt of Ag or Ba ; after boiling with slight excess 
of HNOsAq, the residue is dried and heated 
to dull redness in a Pt dish ; a boiling saturated 
solution of the Na^CO,, thus obtained is prepared, 
filtered, and shaken while crystallising to insure 
the formation of small crystals ; the crystals are 
dried by suction by a water-pump, they are then 
twice moistened with cold water to remove all 
mother-liquor, and crystallised three times from 
water. The pure Na^CO, is dissolved, and NaCl 
is formed by passing in a stream of pure HCl 
gas (obtained by heating pure cone. HClAq) ; a 
little pure NH4CI is added to the solution (for 
preparation of pure NH^Cl t>. vol. i. p. 197, 
under Ammonu, Preparation^ No. 3), which is 
then evaporated to dryness in a Pt retort ; the 
residue is very strongly heated, and then dis- 
solved in water ; after standing for 24 hours the 
solution is poured oft (from any Al20,.a;HyO 
and SiOj that settle), a little pure NH^Cl is - 
added, the solution is evaporated to dryness in 
a Pt retort, the residue is strongly heated for 
some time, and after partial cooling the still 
liquid NaCl is poured off (from Pt, SiO*, and 
ALp,) into a Pt dish ; when cold, the NaCl is 
dissolved in water, the solution is poured off 
after 2 days and evaporated to dryness in a Pt 
retort, and the residue is fused in a Pt vessel 
(Stas, Chem, Proport. 276). 

For preparation of NaCl from rook salt, brine, 
and sea-water, v. Diotionaby of Applzbu Chshis- 
TBY, vol. iii. p. 429. 

Properties.— A pure, white, lustrous solid ^ 
crystallises in the regular system, generally in 
cubes. Decrepitfles when heated. NaCl is 
diatbermanous. Solution in water is neutral 
to indicators, and has a bitter taste. Pure NaCl 
is very slightly hygroscopic, taking up 0. 4 p.o* 
water from moist air (Stas, Karsten). Melts at 
c. 772° ; vapourises markedly at white heat in a 
stream of N (v. Stas, l.c.). NaCl is alnfost wholly 
ppd. from an aqueous solution by leading in H(K 
(Margueritte, C. B. 4?, 50) ; also ppd. from a 
cone, solution by cold cono.NaOHAq(Berihelot 
C. B. 76, 111) ; also by warming a oono, soln 
tion with excess of NaBr or Nal and cooling 
fvon Hauer, J. pr. 98, 187). Saturated NaClAq 
deposits the hydrate NaC1.2aq at - 7® to 0 . -22®, 
and at 0. - 23° NaCLlOaq separatee (0. JSydratH, 
under Cmbimtions, p. 478), 



BMctions,- -1, According to de Sanderval 
(0. B, 116, 641), when NaCl is valorised around 
a wrom tubt Cl collects in the inside of the 
tube.— 2. Electrolysis of NaOlAq produces Cl 
a^d NaOHAq, but NaClOAq and NaClO, are 
soon formed hj secondary reactions; if a dia- 
phragm of asbestos is used, the cathode being 
on one side and the anode on the other, and 
C0» is passed into the NaClAq, Cl is given off 
and NajCOj is formed (v.Hcmpel, B. 22, 2475).— 
8 . Fusion with potassium produces KCl and Na. 
4. Fusion with sulphur is said to form Na.^S 
«and S^Clj, but this is denied by Karsten ; NaCl 
is not decomposed by hydrogen^ or oxygen^ at a 
red heat. — 6 . Superheated steam has no reaction, 
according to Kunheim [J. 18G1. 140) ; there is a 
slight reaction, according to Lunge {Soda-indus- 
trie, 2, 288). — 0. Sulphuric anhydride vapour 
is absorbed, without heating, giving S.,0,iNaCl 
(Na salt of SO,(Cl).O.SO,.OH) ; according to 
Schultz-Sellack 4, 112) more SO 3 is then 
absorbed, and a compound approximately 
NaC1.4SO, is formed; on heating NagSO^, SO.^ 
and Cl are produced. By heating with liquid 
sulphuric anhydride S.p^CL is formed (Ilosen- 
stiehl, C. R. 68 , 658). — 7. Decomposed by heat- 
ing to 0 . 600° in a mixture of air, sulphur 
dioxide, and water vapour, giving Na^SO, and 
HCl (Hargreaves and liobinson’s process for 
making Na^SO^; v. Dictionaky or Applied 
C uEMisTRY, vol. iii. p. 444).— 8 . NaCl is decom- 
posed, with formation of oxychlorides or chlor- 
ides, by heating with phosphoric, chromic, or 
molybdic anhijdride, or with antimoriic oxide ; 
decomposition occurs with silica, boric oxide, 
alumina, and tungstic oxide only in presence of 
air or water vapour, forming silicate, borate, 
aluminate, or tungstate of Na, and HCl ; in 
, presence of water vapour Cl is evolved in some 
of these reactions \v. Schulze, J, pr. [2j 21, 
407 ; Delalande a. Prudhomme, Bl. 20, 74 ; 
Qorgou, A, Ch. [ 6 ] 10, 145). Lead oxide de- 
composes NaClAq, forming PbCl^ and NaOHAq 
(Scheele) ; but molten NaCl is said not to inter- 
act with PbO. Moist NaCl mixed with caustic 
lime and exposed to air becomes covered with 
an efflorescence of Na .CO, crystals. Magmsia 
interacts with NaClAq, in presence of CO.^, to 
form NaHCOa and MgClj (Weldon ; Wagner, tL 
i87^ 256).— 9. Sulphuretted hydrogen partially 
decomposes hot NaCl to Na B, more completely 
in presence of steam (Kingzett, C. J. [2] 11, 
456j. — 10 . Many metallic sulphides, e,g. CuB, 
produce NEoSO^ and metallic chlorides (some- 
times 01 is set free) when rested in air with 
NaOl.— 11. Several metallic^ sulphates when 
fused with NaCl produce NajSO^ and metallic 
chlorides — e.p. PbS 04 , ZnSO^, CuSO, ; some of 
these sulphates react also with NaClAq. Some 
sulphates form Na.S 04 , and give off Cl when 
heated with NaCl, e.g. FeSO^ (v. Barreswil, 
J, Ph, [ 8 ] 12, 466). — 12. Fusion with potassium 
chlorate only decomposes a trace of NaCl 
(Schulze, cT. »r. [ 2 ] 21 , 407).— 13. Ammonium 
oxalate heated with NaCl forms Na^CO, and dis- 
tinct quantities of NaCN (Fresenius) ; addition 
of to hot saturated NaClAq ppts. 

NajC-P*.— 14. Potassium carbonate reacts ' with 
NaClAq to form Na^COjAq and EClAq ; if COg 
Is passed in NaHCO, ppts.— 15. Ammonium 
^carbemtp and NaOlAq produce NaHCOg and 


NHfClAq. Passage ^ OOg Mo NaGLAq satn* 
rated with NH, ppts. NaHCO, (v. Ammoma-soda 
process, in Diotionary of Applied Chemistry, 
vol. iii. p. 494).— 16. Sulphuric acid decQmposQS 
NaCl, forming HCl, and NaHSO, or Na^SO^ ac- 
cording to the temperature. The Leblanc 
process for making sodium carbonate takes ad- 
vantage of this reaction (v. Dictionary of 
Applied Chemistry, vol. iii. p. 469).— 17. Eva- 
poration with excess of nitric acid produces 
NaNOj and IICl. — 18. NaCl is readily decom- 
posed by hydrojluoric acid, also by hydrofluo- 
silicic acid. — 19. Carbonic acid is said to set 
free some HCl from NaClAq (v. H. Muller, B. 3, 
40 ; Funk, Chem. Zeitung, 1879. 660). — 20. Be- 
pcated evaporation with excess of oxalic acid 
completely decomposes NaCl to Na^CoO^. 

Gombinatio}is.~l. With water to form 
hydrates. The dihydrate NaC1.2aq separates 
from saturated NaClAq cooled to -7° to -22°, 
in large clear monoclinio crystals [v. Hankol, 
P. 63, 623; Mitschcrlich, J. pr. 83, 485), 
The crystals elfloresce at — 10°, and deliquesce 
at 0°. Ehrenberg (P. 36, 240) and Frankenheim 
(P. 37, 638) obtained this hydrate by evaporating 
dilute NaClAq at a moderate temperature. The 
crystals that separate from hot NaClAq contain- 
ing HCl are hydrated, according to Bevan [G. N» 

I 35, 17), and contain 5-48 p.c. water, but after a 
I time they change to the ordinary crystals of 
NaCl. According to Naumann {Tlicrmocliemie, 
106), crystals of the decahydrate, NaCl.lOaq, 
separate from NaClAq at -23°.— 2. NaCl 
absorbs considerable quantities of ammonia, 
under pressure. Joannis dissolved NaCl in 
liquid NII 3 at —10°; on cooling to -30° and 
letting NH 3 escape at the ordinary pressure, he 
obtained slender white needles, probably 
NaC1.5NH., (C. R. 112 , 337).— 3. Sulphuric 
anhydride is absorbed by NaCl, forming 
NaCi.2SOa, and then perhaps NaC 1 . 4 S 03 
{v. Reactions, No. 6 ). — 4. Compounds with 
sodium iodate are formed, by adding excess of 
NaCl to NalOaAq, and by boiling NalO, with 
nClAq; the compound NaCl.NaIO 3 . 4 aq was 
obtained by Ditte, and 3NaC1.2NaIO,. 18aq 
by Eammelsberg (P. 44, 548 ; 115, 584).— 6. 
With many chlorides of less piositive metals, e.g. 
A1CI„ CdCl.,, CrCls, PbClg, MgClg {v. Chlorides 
of various meta/s). 

Sodium subuhloridb. H. Bose (P. 120, 15) 
noticed that a grey-blue solid was produced by 
fusing NaCl with Na in H; he thought this 
might be a subchlorido of Na. Bunsen and 
Kirchboff (P. 113, 339) noticed the formation of a 
deep- blue substance during the electrolysis of 
molten BbCl ; this substance dissolved in water, 
giving off H and producing a colourless, strongly 
alkaline solution ; a similar reaction was obtained 
on electrolysing KCl; these blue substances 
were regarded by B. a. K. as probably Bub*^ 
chlorides, but no analyses or proofs of compo- 
sition were given. 

Sodium, ohromisulphooyanide of, v, vol. ii. 
p. 349. 

Sodium, cyanide of, v, vol. ii. p. 847. 

Sodium, ferrate of, v. vol. ii. p. 647. 

Sodium, ferricyanide of, v. vol. ii. p. 840. 

Sodium, ferrite of, v. vol. ii. p. 647. 

Sodium, ferrooyanide of, v. vol. ii. p. ^37* 

SodiujAi fluohoride of^ v. vol. L p. 62Qf 
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BiMntnii mionae 9V( najr. Mol. w. not 
known with certainty, but the formula NaF is 
probably molecular. 

Formation.— X, By neutralising HFAq by 
NaOHAq and evaporating.— 2. Formed along 
with NaHSO^ by the reaction of HFAq with 
Na^SO^ (Weldon, D. P. J. 182, 228).— 3. By 
fusing together CaFo, Na^SO^, and charcoal, and 
extracting* with water (Jean, C. B. 66, 801, 
918).— 4. By boiling powdered cryolite with 
NaOHAq of at least 1*35 S.G. till a little taken 
out is entirely sol. boiling water, decanting the 
alkaline liquid from NaF, pressing the NaF, 
dissolving in boiling water, separating any 
AiPs in solution by Na-^SiOsAq, removing silica 
by COj, filtering, evaporating, and recryatallising 
the NaF that separates (Schuch, A. 126, 108). — 
6. Berzelius {Lehrbuch [5th ed.] 3, 216) pre- 
pared NaF by adding to 100 parts NajSiFj and 
112 parts NaaCOj water enough to make the 
whole pasty, boiling as long as COj was given 
off, extracting the solid thus formed with boiling 
water, evaporating the solution to dryness, 
heating the residue gently, again extracting 
with hot water, filtering from SiO.^, and crystal- 
lising. 

Preparaiion.—'PaYe Na.^CO.j (for preparation 
V. Sodium cnLoniDE, Preparation^ p. 477) is dis- 
solved in pure HFAq, till the acid is just saturated, 
in a Ft dish, the solution is evaporated to dry- 
ness, the residue is heated strongly for some time, 
and allowed to cool. 

Propertics.—CXcMt lustrous cubes; in 
presence of Na.,CO;, crystallises in octahedra. 
SI. sol. water; S. at 10*^ = 4*78 (Berzelius), at 
16° = 4 (Fremy, A. Ch. [3] 47, 32). Scarcely 
more sol. hot than cold water. Insol. alcohol. 
Giintz [A, Ch. [G] 3, 5) gives [NaF,Aq]= -600. 
Decrepitates on heating, and melts at a high 
temperature without decomposition (Berze- 
lius). 

Reactions. — 1. Partially decomposed by 
heating to redness in water vapour, with forma- 
tion of NaOH and HF (Weldon),— 2. Excess of 
caustic potash forms NaOHAq. —3, Boiling with 
magnesia parti&Wy decomposes NaF to NaOHAq 
and forms a double Na-Mg fluoride (MgFj.2NaF) 
(Tissier, C. R. 50, 848).— 4. Completely decora- 
posed to NaCl by heating strongly in hydrochloric 
acid gas (Deville, C. R. 43, 970).— 5. Partially 
decomposed to NaCl by heating with ammonium 
chloride (Bose, P. 74, 679). Fusion with magm- 
sium produces NaCl and MgF, (Geuther, 

/. Z. 2, 208). 

Combinations, — 1. With several fluorides of 
less positive metals; 3NaF.AlF5 occurs native 
as cryolite (u. Aluminium fluoride, vol. i. p. 
146). — 2. With silicon fluoride to form Na^^SiFa 
(u. Sodium silicofluoride, p. 483).— 3. With 
sodium borate to form 6NaF.Na.JB.p< (u. Fluo^ 
borates, vol. i. p. 530).— 4. With sodium phos- 
phate to form NaF.2Na;jPO^. 19aq and 22aq, and 
NaF.NasPO^. 24aq {v. Baumgarten, J. 1865. 219 ; 
Brieglieb, A, 117, 95).— 6. With sodium sulphate 
to form NaF.Na.SOa (u. Mariguao, Ann, M, [5] 
X2, 18). 

SODIUM-HYDF^OGEN FLUORIDE NaHF^ OF 
KaF.HF. This compound is formed, according 
to Berzelius (Lehrbuch [6th ed.] 3, 217), by the 
spontaneous evaporation of a solution of NaF in 
VoroMi rliombohedral crystals, 


with a sharp, acid taste. SI. sol. cold water, 
more sol. hot water. Decomposed by heat to 
NaF and HP (Marignao, J, 1867. 128). Giintz 
(A. Ch, [6] 3, 6) gives [NaF.HF] « 17,100 
(to form NaF.HF). 

Sodium, hydride of, NajH. Gay-Lussao 
and Th6nard (A. Ch. 74, 203) observed that Na 
absorbed H when ht?.atod therein. The process 
was more accurately studied by Troost and 
Hautefeuille (A. Ch. [6] 2, 273). They found 
that absorption of H by Na began at c. 300° and 
ceased at c. 421°, when the gas was at the atmo- 
spheric pressure. The product gave, in a 
Sprengel pump, 237 vols. H. for 1 vol. Na ; the for- 
mula Na^H requires 238 vols. H. Na.H is a soft, 
silver- white solid; it can be melted without 
decomposition in II; S.G. *959. Traces of H 
are given off at 760 mm. pressure ; heated in 
vacuo a regular dissociation takes place from 
330° to 430° (for vapour-pressures of H given of! 
V. Dissociation, vol. ii. p. 398). Moutier (0. JK. 
79, 1242) gives the thermal value [Na^H] 
= 13,000 at c. 330°. 

Sodium, hydrosulphide of, NaSH. (Sodium 
sulphydrate.) Sabatier (A. Ch. ,{5] 22, 6) ob- 
tained this compound by treating Na.B.Oaq with 
HjS in absence of air, and then evaporating the 
liquid so formed in an atmosphere of HB. A 
white, very hygroscopic solid. Passage of CO. 
into NaSHAq drives out HjS and converts all 
the Na into Na^COj. NaSHAq contains H^S 
and NaOH, according to Gernez (C. R. 64, 86), 
NaSHAq dissolves S with evolution of H^S; il 
ppts. PbS, or MnS, from a neutral solution of a 
Pb or Mn salt, giving off H.^S ; Na,^SAq does not 
give off H^S while dissolving S or ppg. PbS oi 
MnS. 

Sabatier (l.c.) obtained the hydrate 
NaSH.2Tip by passing H,^S over Na.^S. 9aq, and 
then evaporating in H.^S till half the water waE 
removed; very hygroscopic needles* becoming 
yellow in air. 

Sodium, hydroxide of, NaOH. (Caustic soda 
Sodium, or sodic, hydrate.) Mol. w. not deter 
mined. Melts at 1098° (u. Meyer a. Riddle, B 
26, 2443). S.G. 2*13 (Filhol, A. Ch. [3] 21, 415) 
1*723 (Smith, Am. J. Pharm, 53, 146). S. (col( 
water) c. 212 (Bineau, C, R. 41, 609). H.F 
[Na,0,H] = 101,870 ; [Na,0,H.Aq] = 111,810 
[N#0,H^O] = 36,620 (Th. 3, 232). 

i’ormalion.'—l. By the interaction of Na, oi 
Na,p, with HjO.— 2. By decomposing Na-^COjAt 
with CaOaH.^ (v. Preparation, No. 1). — 3. Bj 
the action rtf CaO-^Hj with NaFAq (Tissier 
J. pr. 90, 50). — 4. By decomposing Na.^S 04 A( 
by BaO or CaO Aider pressure.— 6. Fron 
NaClAq by interaction with PbO (Enab, B 
11, 1468).— 6. By heating NaNOg with char 
coal, or with Cu (Wohler, A. 87, 373), or F< 
(Polacci, C, N. 26, 288).— 7. By decomposinj 
Na^SAq by CuO, FePg, PbO, ZnO, <feo. (Kopp 
D. P. J. 142, 341 ; Stromeyer, A. 107, 833).- 
8. By the interaction of NaF and stean 
(Weldon).— 9. By heating soda' felspar with lim? 

Preparation. — 1. By causticising soda orys 
tals by lime. A solution of pure Na.^CO, crystal 
in 4-6 parts water is boiled, in a dish of silve 
or polished iron, with milk of lime till a littl 
of the filtered liquid gives off no CO» whe 
acidified ; the weight of CaO required is c. 
the wt* 9^ 8od{t crystals used| it i^oul4 





■aiBpena^ In ftboot as mnch water as the wt. 
of soda ozysials ased ; as the boiling prooeeds 
a little water should be added from time to time, 
otherwise the NaOHAq will decompose some of 
the OaGOg formed to CaO and NagOO^Aq. The 
CaCO, formed is allowed to settle, the vessel 
being closed, the NaOHAq is drawn off by a 
siphon and evaporated to dryness in a silver 
dish, and the residue is heated till volatilisation 
begins, and allowed to cool in an exsiccator. 
By dissolving in absollite alcohol, allowing to 
settle, drawing off the liquid, evaporating it to 
dryness on a water-bath in a silver dish, re- 
moving resinous matter from the warm semi- 
solid mass by a silver spatula, heating to bright 
redness, and pouring the molten mass w to a 
plate of polished iron — or, better, of silver — 
NaOH containing only traces of impurities, 
chiefly NaCl and Na-^CO,, is obtained. — 2. A 
large silver dish is surrounded by cold water ; 
2 or 3 drops of water are placed in the dish, and 
then a small piece of clean Na, 1 or 2 cms. 
long ; the dish is constantly shaken, so that the 
Na flows over a large cold surface (explosions 
are thus avoided) ; when the reaction is finished 
2 or 8 more drops of water are added, and then 
another piece of Na, while the dish is shaken, 
and so^ on. The semi-solid mass is heated till the 
water is all driven off and the NaOH melts, and 
the molten substance is poured on to a plate of 
polished iron or silver. 

To obtain NaOH free from nitrites and 
nitrates Ilosva {BL [3] 2, 357) recommends to 
place Na in water with a layer of petroleum on 
the surface, the petroleum having been washed 
with water till free from nitrites and nitrates. 
He also says that if 2-4 p.c. ordinary NaOHAq 
is kept for some weeks in contact with granu- 
lated Zn all nitrites and nitrates are destroyed. 

For preparation of ordinary caustic soda v. 
Dictionary op Applied Chemistry, vol. iii. 
p. 480. 

Properties.— NaOH is a white, hard, brittle 
solid. Melts below red heat ; volatilises at very 
bright red heat, higher than temperature of 
volatilisation of KOH. Very deliquescent ; dis- 
solves in 0 . *47 parts water. During solution in 
water much heat is produced, [NaOH,Aq] = 9,940 
{Th, 3, 232) ; the maximum amount of he^ is 
produced when H^O is added to NaOH in^he 
ratio NaOH ; 20Hp, addition of water to this 
solution is attended with a slight disappearance 
of heat {Th. 3, 84). (For hydrates v. p. 480, 
Combinations.) Easily sol. alcohol. NaOHAq 
with 86*80 p.c. NaOH boils at 130^, with 70 p.c. 
boils 180®, with 77*5 p'b. boils 238®, with 
78*7 p.o. boils 243®, and with 82*6 p.c. boils 260® 
(Lunge, Soda-industrie^ 2, 543). 

NaOHAq acts as a strong alkali ; its affinity 
is c. equal to that of KOHAq and LiOHAq and 
6. 60 times greater than NH^Aq (Ostwald). The 
properties of NaOHAq closely resemble those of 
potassium hydroxide solution (q. v. p. 302). 

The table in the next column, given by Lunge, 
shows the composition of NaOHAq of different 
S.G. at 16®. 

Begarding the freezing-points of NaOHAq 
of different concentrations v. Mdorff (P. 116, 
66h de Ooppet (A. Ch, [4] 24, 661) ; and Pickering 
wo gives very complete data) C. 68, 
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NaOHAq 


i' 1 

1 

100 pta 
oont 
Na .0 

.by wt . 

oln 

NaOH 

1 cnb . 
coat 
kil 
Na ,0| 

aitts 

lOf. 

NaOH 

1*007 

1 

1*4 

0*47 

0*61 

4 

6 

1*014 

2 

1 2*8 

0*93 

1*20 

9 

12 

1*022 

8 

4*4 

1*65 

2*00 

16 

21 

1*029 

4 

6*8 

2*10 

2*71 

22 

28 

1*030 

6 

7-2 

2*60 

3*35 

27 

36 

1*045 

6 

; 90 

3*10 

4*00 

82 

42 

1*052 

7 

10*4 

3*60 

4*64 

38 

49 

1*060 

8 

12*0 

4*10 

5*29 

43 

66 

1*067 

9 

13-4 

4*55 

6*87 

49 

63 

1*075 

10 

150 

6*08 

6*55 

66 

70 

1*083 

11 

16*6 

6*67 

7*31 

61 

79 

1*091 

12 

18-2 

6*20 

8*00 

68 

87 

1*100 

13 

200 

6-73 

8*68 

74 

96 

1*108 

14 

21*6 

7*30 

9*42 

81 

104 

1*116 

16 

23*2 

7*80 

10*06 

87 

112 

1*125 

16 

250 

8-50 

10*97 

96 

123 

1*134 

17 

26-8 

9*18 

11*84 

104 

1 184 

1*142 , 

18 

28*4 

9-80 

12*64 

112 

144 

1*152 

19 

30*4 

10-50 

13*65 

121 

166 

1*162 

20 

82*4 

11*14 

14*37 

129 

167 

1*171 

21 

34*5 

11*73 

15*13. 

137 

177 

1*180 

22 

36*0 

12*33 

15*91 

146 

188 

1*190 

23 

38*0 

13*00 

16*77 

155 

200 

1*200 

24 

40*0 

13*70 

17*67 . 

164 

212 

1*210 

25 

42*0 

14*40 

18*58 

174 

225 

1*220 

26 

44*0 

16*18 

19*58 

185 

* 239 

1*231 

27 

46*2 

15*96 

20*59 

196 

253 

1*241 

28 

48*2 

16*76 

21*42 

208 

1 266 

1*252 

29 

50*4 

17*55 

22*04 

220 

283 

1*263 

30 

62*6 

18*35 

23*67 

232 

299 

1*274 

31 

64*8 

19*23 

24*81 

245 

316 

1*285 

32 

67*0 

20*00 

25*80 

257 

332 

1*297 

33 

69*4 

20*80 

26*83 • 

270 

348 

1*308 

34 

61*6 

21*65 

27*80 

282 

864 

1*320 

35 

64*0 

22*35 

28*83 

295 

1 381 

1*332 

36 

66*4 

23*20 

29*93 

309 

899 

1*345 

.37 

69*0 

24*20 

31*22 

326 

420 

1*357 

38 

71*4 

25*17 

32*47 

342 

441 

1*370 

39 

74*0 

26*12 

33*69 

859 

462 

1*383 

40 

76-6 

27*10 

34*96 

875 

488 

1*397 

41 

79*4 

28*10 

36*26 

392 

506 

1*410 

42 

82*0 

2905 

37*47 

410 

528 

1*421 

43 

84*8 

3008 

38*80 

428 

668 

1*438 

44 

87*6 

31*00 

39*99 

446 

676 

1*453 

45 

90*6 

32*10 

41*41 

466 

602 

1*468 

46 

93*6 

33*20 1 

42*83 

487 

629 

1*483 

47 

96*6 

34*40 

44*38 < 

610 

658 

1*498 

48 

99*6 

35*79 

46*15 

635 

691 

1*614 

49 

102*8 

86*90 

47*60 

569 

721 

1*630 

60 

106*0 

38*00 

49*02 

681 

760 


Eeacthom. — 1. According to Deville (0. B, 
46, 857), NaOH is decomposed to Na, 0, and H 
by Jieating to white heat in an iron bottle. — 

2. Strongly heated with non-voldtile acidio 
anhydrides^ water and salts of Na are formed.— 

3. When molten NaOH is exposed for a con- 
siderable time to air or oxygen^ some Na^Ot ^ 
formed (Gay-Lussac; Th6nard).— 4. Moist or 
molten NaOH is decomposed by electrolysis^ with 
production of Na (Davy, T, 1802. 1). — 5. Heat- 
ing with sulphur produces polysulphides, sol- 
plfite, and sulphate; S heated with NaOHAq 
forms polysulphides ani sulphite. Similar re^ 
actions occur by heating with selenion or tellu- 
rium,^f Ohlprioe iptergp^ with NgQHA^ 19 
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(^aOlOaAq is formed. Bromine reacts similarly, 
[f Cl is led into NaOHAq containing iodine in sus- 
pension, NalO, is produced.— 7. \yhen NaOHAq 
is warmed with phosphorus^ H and inflammable 
P hydride are given off. — 8 . Heated with sodium, 
Na^O and H are formed.— 9. Moist NaOH with- 
draws carbon dioxide from the air, forming 
NaHCO|. — 10. Beacts with acids to form Na 
salts.— 11. NaOHAq ppts. metallic hydroxides, 
or oxides, from solutions of many metallic salts ; 
in some cases the hydroxide dissolves in excess 
of NaOHAq-s.p. AIO 3 H 3 , ZnOaH,.— If Molten 
NaOH acts generally as an oxidiser ; e.g. 
As, Sb, Fe, Pt, Ac. form arsenate, antimonate, 
ferrate, and platinate of Na. Salts are generally 
decomposed by molten NaOH, giving Na salts, 
and setting free the bases. — 13. According to 
Schane {A, 193, 241), addition of hydrogen per- 
oxide to NaOHAq produces NaaOjj. 8 Hp (v. 
SoDIDM DIOXIDE, p. 482). 

Pickering {priv. comm.) gives the following 
data : — 


p.c. 

KaOH 

S.G. 

NaClAq 1 
at 16® 
(water at 4® 
=1) 

.w 

cu ** 

S.O. 
NaOlAq 
at 16® 
(water at 4® 
= 1) 

.W 

SO 

Qu CS 

S.G. 
NiidAq 
at 15® 
(water at 4® 
-1) 

0 

0*999180 

17 

1*88707 

34 

1-373153 

1 

1*010611 

18 

1*199783 

35 

1-383815 

2 

1*021920 

19 

1*210801 

36 

1*394092 

3 

1*033109 

20 

1*221933 

37 

1*404279 

4 

1*044317 

21 

1*233062 

38 

1*414363 

5 

1*055463 

22 

1*244119 

39 

1*424353 

6 

1*066602 

23 

1*255134 

40 

1*434299 

7 

1*077733 

24 

1-266092 

41 

1*444161 

8 

1*088856 

25 

1*277063 

42 

1*453929 

9 

i 1*099969 

26 

1*287990 

43 

1*463623 

10 

i 1*111069 

27 

1*298877 

44 

1*473249 

11 

1 1*122165 

28 

1*309708 

45 

1-482850 

12 

1 1*133250 

29 

1*320496 

46 

1-492406 

13 

: 1 144853 

30 

1*331213 

47 

1*501927 

14 

1*155450 

31 

1*341879 

48 

1*611412 

15 

1 1*666538 

32 

1-.352472 

49 

1*620868 

16 

1 1*177619 

33 

1*302991 

50 

1*630282 


molecular. Melts at 628® (Carnelley, C. J. 33, 
278) ; at 650® (V. Meyer a. Biddle, B, 26, 2443). 
S.G. 3-46 (Filhol, A. Ch, [3] 21 , 415) ; 3*054 at 
18*2 (Favre a. Valson, C. B. 77, 579). S.H. 
(26® to 50®) *0881 (Schuler, P. 136, 70) ; (16® to 
99®) -08684 (Begnault, A. Ch, [3] 1, 129). 
Kremers (P. 108, 120) gives the following data 
for solubility in water : — 


Temp. 

s. 

Temp. 

8 . 

0 ° ‘ 

1.58*7 

• 80° 

303 

20 

178*6 

100 

312*5 

40 

208*4 

120 

322*6 

60 

256*4 

1 140 

333*3 


S. = 264*19 + *3978^, when t varies from 64*7® 
to 138*1® (de Coppet, A. Ch. [5] 30, 411). 
Gerlach {Fr. 8 , 285) gives following : — 


S.O. NalAq 
1*04 
1*082 
1*128 
1*179 
1*234 
1*294 


P.C. Nal 
5 

10 

12 

20 

25 

30 


B.Q. NalAq 
1*36 
1*132 
1*51 
1*6 
1-7 

1-81 , 


P.O. Nal 
35 
40 
45 
50 
55 
60 


Easily sol. alcohol. Saturated NalAq boils at 
141-1®. H.F. [Na,IJ = 69,080 ; rNa,I,Aq] = 70,300 
{Th. 3, 232). 

Formation .— When Na and I are fused 
together only very small quantities combine 
(Morz a. Weith, B. 6, 1518).- 2. By decomposing 
BaT Aq,or CaLAq, by Na.COj or Na-SO^, filtering, 
and* evaporati’ng.- 3. By neutralising HIAq by 
NaXOs, and evaporating.— 4. I is added to 
water and iron filings till the iron is almost all 
dissolved, the solution is filtered, and Na.^COj is 
added so long as FeCOy ppts. ; the liquid is 
filtered (if alkaline it is neutralised by HIAq) 
and evaporated, any Fe.G;, which separates being 
filtered off (Baup, J, Ph. 9, 37, 122), 

Preparation. — 1. Iodine is added to mode- 
rately cone. NaOHAq till a yellow colour is pro- 
duced ; finely-powdered charcoal, equal to c. ^3 
of the weight of I used, is added *, the liquid is 
evaporated to dryness and the residue is heated 
in a covered crucible to dull redness for some 
time ; when cold, the residue is dissolved in 
water, the liquid is filtered (neutralised by HIAq 
C<mhinaiion$,—\, With water to form I ajJialinc) and crystallised at 40°-60®. (Foi 
hydrates. The hydrate 2NaOH.7H^O was j ^,0^.5 details v. Potassium iodide. Preparation, 


obtained by Hermes {B. 3, 122) by exposing 
NaOHAq S.G. 1*365 to the cold of a severe 
winter -, monoclinio crystals, S.G. 1*405, melting 
U 6 ® ; in mcuo gave off 8 H.^O. Gottig {h. 
20, 613) obtained a dihydrate, NaOH.2H.^O, by 
heating NaOH in 90*8 p.c. alcohol very gradually 
to 100°. By cooling NaOHAq, Pickering 
(O'. J, 63, 890) obtained the following hydrates, 
with the freezing-points noted - 


Hydrate 

Frcetlng-point 

NaOH.H,0 

64*3° 

NaOH.2H.,0 

12*6 

NaOH.3*llH.,0 (sic) 

2*73 

NaOH.3*6HaO 

16*55 

aNaOH.4H,0 

7-67 

iBNaOH.4H,0 

- 1-7 

NaOH.6H,0 

- 12*22 

NaOH.7H,0 

-23*61 


d. With ca/rhon dioxide to form NaHCO,. 

Sodium, iodide of, Nal. Mol. w. not known 
with oertaintT, but IpmuO* ii probably 
Vofc lY, 


' if ayialinc) and crystallised at 40°-60°. (For 
, more details v. Potassium iodide, Preparation, 

I p. 304.)— 2. A quantity of NaOHAq is divided 
I into two equal portions ; I is added to one part 
till a yellow colour remains, an equal quantity 
of I is then aifded, and then the other portion 
of NaOHAq is saturated with SOj and added, * 
and the whole is evaporated till Nal crystallises 
out; the salt is purified by recrystallisation 
from water at 40°-50° (Stephani, J. Ph. [3] 26, 
450). 

Properfics.— Crystallises from aqueous solu- 
tions at 40® to 50° in cubes (Mitscherlich, P. 
17, 385); the hydrate Nal.2aq separates at 
ordinary temperatures. Melts at 628® ; volatilises 
less readily than KI, but at a lower temperature 
than NaCl (Mohr, A. 21, 66 ). Deliquesces in 
moist air, becoming rose-coloured with separa- 
tion of some I and formation of some Na^CO, 
(Girault, J. PA.i27, 390). 

Beactions and Combinations, — 1. Heated in 
air some 1 is separated and 0 absorbed, and the 
reaction baPOQ^OB alkaline ^Berzelius, Lehrbuch 
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[5tli ed.] 8| 215). — 2. Heated with charcoal m 
contact with air much is formed (Girault, 

Z.C.). Most of the reactions of Nal are similar 
to those of KI (v. Potassiuia iodide, Reactions, 
p. 804). 

Combines with most iodides of less positive 
metals. Forma a compound with arsenious 
oxide NaI,As,Ort (Riidorff, B. 21, 3051). The 
dihydrate Nai.2H._jO crystallises at the ordinary 
temperature from NalAq in large monoclinio 
prisms ; S.G. 2*448 ; melting at c. 05° and giving 
Nal ; efUoresces in dry air, and deliquesces in 
moist air. 

Sodium, manganicyanide of, v. vol. ii. p. 
342. 

Sodium, manganocyanide of, v. vol. ii. p. 
842. 

Sodium, nitride of, Na.,N. A dark-grey 
solid ; formed by heating NaNHj (u. Sodium 
AMIDE, p. 475) to redness in absence of O. Re- 
sembles potassium nitride {q. v., p. 304) (Gay- 
Lussac a. Th(Snard, A. Ch. 65, 325). 

Sodium, uitroprusside of, v. vol. ii. p. 341. 

Sodium, oxides of. Two oxides have been 
isolated, Na..,0 and Na.^02. 

Sodium oxide NujO. (Sodium monoxide.) 
It is doubtful whether this compound has been 
obtained pure. Davy (T. 1808. 24) said that 
when Na is fused with dry soda there is ‘ a divi- 
sion of the oxygon between the alkali and the 
sodium.* Na does not combine with O when 
exposed to quite dry air at the ordinary tem- 
perature (von Bonsdorff, P. 41, 2U6). According 
to BeketolT (v. B. 12, 856 ; 16, 1854), NaOII and 
Na do not react at a red heat. Beketoif (J. R. 
1883. [i.] 277 [v. B. 16, 1854]) allowed Na to 
drop into a red-hot copper cylinder, then passed 
in a mixture of 1 vol. 0 and 4 vols. air, and 
heated by a blowpipe ; in this way he obtained 
Nap, but always mixed with some Cu and 
traces of Na; considering the conditions under 
which Na.p.^ is obtained (y. infra. Sodium dioxide) 
it is likely that B.’s Na.p contained Na.Ojj. 

Nap is described as a greyish solid; 
Beketoff’s preparation was rose-coloured, but it 
contained Cu. Na^O dissolves in water to form 
NaOIIAq; B, gives [Na*0,Aq] = 55,500; and 
from this and other data Thomsen (Th. 8, 232) 
calculates [Na'',0]“ 90,760. According to B. 
(Z.C.), hot NajO reacts with H to form NaOH 
and Na; heated to c. 300° in CO it gives Na-pO, 
.and Na (B., l.c.). Combination with CO.^, to 
form NujCOj, occurs at c. 400°. By heating 
Na amalgam with HgO, B. (l.c.) obtained the 
compound Na.JHg02 = Na^O.HgO. Coraey and 
Jackson (B. 21, 1589 ; Am, 11, 145) describe 
various compounds of NaP with ZnO and Hp. 

Sodium dioxide Nap^. (Sodium peroxide.) 
The formation of an oxide with more 0 than 
Nap, by heating Na in air, was noticed by Gay- 
Lussac a. Th6nard (A. Ch. 65, 325). Pure 
Na^O.^ was obtained by Vernon Harcourt (C. J. 
14, 267) by heating Na, in a flask of hard glass 
filled with N, till the Na melted, then sending 
in a slow stream of dry air, and heating tiU the 
metal was changed to a yellowish-white solid, 
and heating this for some time in dry 0. Na.p2 
is a white solid, becoming yellowish on heating. 
It deliquesces gradually in air, and then is gradu- 
ally changed into solid Na,CO,. Soluble Wftter, 


with production of much heat ; on heating 0 fi 
evolved ; Na-O^Aq deposits crystals of the hydrate 
Na.P2.8H2O on standing over (u. in/ra, 

Hydrates). Nap, acts as an energetic oxicliser 
when heated ; C, I, P, S, Sn are oxidised, more 
or less rapidly; heated with CO, Na^CO, is 
formed ; with N,p the products are NaNOg and 
N (v. Harcourt, l.c.). 

Hydrates of sodium dioxide. The 
octohydrate, Na.P2.8H.p, was obtained by Har- 
court (l.c.) by evaporating a solution of Na.,0._, 
in water over H2SO4. Fairley (C. J. [2] 16, 125) 
obtained the same hydrate by adding HaOjAq to 
NaOHAq and ppg. by alcohol. Schone (A. 193, 
241) also obtained the octohydrate by the action 
of H.^O.^Aq on NaOHAq, evaporating in vacuo, 
drying on a porous tile, washing with 90 p.c. 
alcohol, and drying between filter paper. By 
using a considerable excess of H.p.^Aq, Schone 
(l.c.) obtained crystals to which he gave the 
composition NaaHp^.dH.p = Nap.2.2H20._j.4H20 ; 
on drying over H._;S04, Nap.^.2*H.P2 remained. 
The dihydrate NaP2.2Hp is obtained by drying 
the octohydrate for some time over H.pO^, 

Sodium, phosphide of. A compound of Na 
and P was supposed by Gay-Lussac a. ThtJiiard, 
and also by Davy, to be formed by heating the 
elements together in N. Vigier (HZ. [2] 3, 7) 
recommends to place a piece of Na in rock oil, 
boiling at c. 120°, in a retort, to add P little by 
Uttle (much heat is produced and some oil 
distils) till there is an excess and some crystal- 
lises on the cold parts of the retort, to distil off 
the oil from the black phosphide formed, to 
wash with CSj, and dry in a stream of CO.,. 

The phospliide may be kept in dry air ; in 
moist air, water, or acids it gives off inflam- 
mable P hydride (v. also Liipke, C. C. 1890. [ii.] 
642). 

Bunsen (A. 138, 292) obtained a phosphide 
of Na by strongly heating a mixture of Na.2HP04 
and Na in a narrow glass tube. 

Sodium, platinocyanide of, v. vol. ii. p. 344. 

Sodium, platinoBulphooyanide of, v. vol. ii. 
p. 351. 

Sodium, salts of. Compotmds formed by 
replacing H of acids by Na. These com- 
pounds belong to the type NaX where X is a 
monovalent acidic radicle. The chief salts of 
Na derived from oxyacids are antimonate, 
arsenate, bromate and hypobromite, carbonates, 
chlorate, perchlorate, chlorite and hypochlorite, 
chromate and dichromate, iudate and periodates, 
rmnganate and permajiganate, molybdates, ni- 
trate and nitrite, phosphates, phosphites and 
hypophosphite, selenates and selenites, silicates, 
sulphates, sulphites, thiosulphate and thionates, 
tellurates and tellurites (v.Cabbonates,Niteates, 
Sulphates, &q.). 

Sodium, selenides of. Two selenidcs have 
been isolated, NagSe and Na^Sog, corresponding 
with two of the sulphides land with the two 
oxides. 

Sodium monoselenide Na.2Se. Obtained by 
mixing well-cleaned Na rubbed to powder with the 
proper proportion of Se (Bosenfeld, B. 24, 1658). 
Uelsmann (A. 116, 127) says Na2Se is obtained, 
in large colourless crystals,, by saturating 
NaOHAq with H^Se, then heating in a stream 
of H and allowing to cool ; it seems probable 
thut ^ese crystals were a ’byd]:ate of NajSe (v« 



mtAm Eo^HiDE. m 


Fabre (a if. i02, 613) obtained Na,Se 
by heating 2NaaSe.9H.4O [v. infra^ Hydrates) in 
a current of N to not above 400° ; F. describes 
NajSe as a hard, white, crystalline, deliquescent 
solid, becoming reddish-brown when fused.; 
owing to its action on glass, F. did not get Noa^e 
free from silica and alumina. 

Hydrates of sodium monoselenide. 
By passing a rapid stream of H.Se into 
NaOHAq (1 part NaOH in 4 water) Fabre (l.c.) 
obtained NaaSe.lOIIaO, melting at 40°, giving 
NUaCOa, a little NaaSeOj, and Se on exposure to 
air. By using more cone. NaOHAq (3:1), and 
keeping the temperature down, F. obtained 
NaaSe-OHoO ; and when very cone. NaOHAq was 
used, he obtained 2NaaSe.9HaO. 

For data regarding heats of formation of, 
Na Be and hydrates, v. Fabre, C. It. 102, 703. 

SoniDM DiSELRNiDE NaaSo,,. Wohler and 
Dean {A. 97, 1) obtained a selenide of K by 
heating KaSoOa with charcoal ; Eathke {A. 152, 
211) showed that the selenide was K^Se.a, and 
Jackson {B. 7, 1277) using NaaSeO^ and char- 
coal obtained the corresponding selenide of 
sodium. 

Sodium, seleno-antimonate of, v. vol. i. 

p. 286. 

Sodium, selenocyanide of, u. vol. ii. p. 348. 

Sodium, silicofluoride of, Na.SiF^. Prepared 
by adding H.^SiFfiAq to cone. NaGlAq, washing, 
and drying. Gelatinous when ppd., but becomes 
crystalline on drying. S.G. 2*7517 at 17*5° 
(Stolba, Fr, 11, 199). S. *65 at 17*5°; 2*46 at 
100° (S., 2.C.). Insol. alcohol. Melts at red 
heat, giving off SiF, (Berzelius). 

Sodium, sulphides of. Several compounds 
of Na and S exist, but there is considerable 
doubt as to the compositions of some of the 
substances that are described as dehnite sul> 
phides of Na. 

SoniUM MONOSULPHIDE Na^S. Obtained by 
passing H^S over dry NaOH, the heat produced 
suffices to remove H,0 formed (Kirolier, A. 31, 
839). Rosenfeld {B, 24, 1658) says that Na.4S is 
formed when 1 part thoroughly clean Na is 
rubbed to powder and mixed with 3 parts NaCl 
and *7 part S ; the combination is sudden, and 
light is produced ; pressure must be avoided in 
mixing the substances. By heating 100 to 105 
parts Na-BO, with 20 parts charcoal, a flesh- 
coloured mass of Na^jS with some C is obtained; 
the reduction may also be effected in H. By 
dissolving the product of reduction in water and 
crystallising, the hydrate Na.4S.9H2O is ob- 
tained ; by dissolving the crystals again, heat- 
ing with Cu (to decompose polysulphides), and 
evaporating to dryness in a stream of H, Na2S 
remains (Priwoznik, A. 164, 69). 

Na2S is also obtained, fairly pure, by gently 
heating Na.2S.9H2O in a stream of H (Weyl, P. 
123, 362 ; cf. Sabatier, A. Ch. [5] 22, 6). 

Na2S is an amorphous, flesh-coloured, de- 
liquescent solid, with a strongly alkaline re- 
action ; easily sol. water, solution being colourless 
if polysulphides are quite absent. According to 
Weldon (v. Lunge’s Soda-industries 2, 311), 
Na2S is not fusible if it be quite free from poly- 
sulphides, thiosulphate, and NaOH. 

Na.2SAq becomes ydlow in moist air from 
formation of polysulphides (Kolb, A, Ch, [4] 10, 
106) I when ^ 4 h^Qwn in^ NaOH 


and Na2S,03 are formed, and then Na^SO^ 
(Lunge, l.c,t p. 531). Na.2S is decomposed by 
acids, even by COj, with evolution of (v. 
Stromeyer, A, 107, 379). Heating Na.2SAq with 
NaHCOg or NH^.H.COj produces complete de- 
composition to Na2COj (Lunge, l.c. p. 300). 
Boiling with AlOaH.,, or heating Na2S with 
ALOa, forms Na aluminate [v. W. J. 1863, 713; 
1865. 332). CaO is said not to decompose 
Na.2SAq (y. Kolb, A. Ch. [4] 10, 106). Several 
metallic oxides decompose Na2SAq, forming 
NaOHAq, sometimes (c.i/.with CuO) Na.S.OsAqis 
also formed. Na-^.S combines w’ith various metallic 
sulphides {v. Schneider, P. 138, 302; 151, 446; 
Volcker, A. 59, 35 ; Berthier, A. Ch. [2] 22, 245), 

Hydrates of sodium monosulphide. 
The hydrates Na2S.9H.2O, Na2S.lOH.2O, and 
Na.2S.5H.2O have been formed. The hydrate with 
9H.2O is most easily obtained by saturating one 
half of a solution of NaOH with H.2S, adding 
the other half, and evaporating, when large 
colourless crystals separate (Rammclsberg, P. 
128, 172) ; S.G. 2*471 (Filhol, A. Ch. [4] 28, 
529). The pentahydrate is formed similarly 
to the hydrate with 9H2O, but using alcoholic 
in place of aqueous NaOH (Bottger, A. 223, 335 ; 
V. also Finger, P. 128, 635; Lemoine, C. R, 
98, 45). For the preparation of Na2S.lOH.2O 
V. Daraoiscau (0. C. 1885. 86). Gottig {J.pr. [2] 
34, 229) by partially saturating NaOH in alcohol 
with H2S got hydrates with 5, 5^, and 6 H2O. 

Sodium disulphide Na2S2. This compound 
is supposed by Sabatier {A.Ch. [5] 22, 5) to exist in 
the solution obtained oy heating Na2SAq with 
solution of polysulphides formed by digesting 
Na2SAq with S. Bottger [A. 223, 335) obtained 
the hydrate Na2S2.6H20 by dissolving S in an 
alcoholic solution of Na2S. 

Sodium tiusulphidb Na.2S3 is formed, ac- 
cording to Schone {J. 1867. 190), mixed with 
Na2S04, by strongly heating Na2C03 with excess 
of S {cf. Sabatier, l.c.). For the hydrate 
Na2Ss.3H20 V. Bottger {Lc.). 

Sodium tetiiabulpuide Na.2S4 is said to be 
obtained by heating Na.2Sj (Chapman Jones, 
C. J. 37, 461 ; §/. Sabatier, l.c.). For hydrates 
V. Schone (P. 131, 380) and Bottger {l.c.). 

The existence of e. pentasalphide is doubtful 
{v. Schone, l.c. ; Sabatier, l.c. ; Geuther, A. 226, 
232; Chapman Jones, l.c.). 

Soda Liuer of sulphur. This name is given 
to the brown solid obtained by heating S with 
Na,2CO;, in a cWsed vessel ; it contains various • 
sulphides of Na, along with Na2S20„ Na2S04, 
and generally some Na.2C03. 

Sodium, Bulphocyanide of, v. vol. ii. p. 352. 

Sodium, sulphydrate of, v. Sodium htdbo- 
bulphide, p. 479. 

Sodium, telluride of. According to Bosen- 
feld {B. 24, 1658), well-cleaned Na in powder 
readily combines with To. 

Sodium, thio-arsenates and thio-arsenitei 
of, V. vol. i. pp. 316, 317. 

Sodium, thio-carbonate of, v. vol. i. p. 708« 

M. M. P. M. 

SODIUM ETHIDFi NaCjH^. This compound 
is not known in the free state. Sodium dis- 
solves in cold ZnEt2, separating zinc. The 
solution, cooled to 0°, deposits ZnEt.2NftEt in 
trimetric tables [27°], sol. benzene, and decom- 
posed by w^ter. CO| acting on ZnEt^aEI 



484 . - ■ 

Corns sodium propionate (WanHyn, A, 107, 

125; 108,67). EtI attaoks ZnEt^aEt, form* above* Oolpdrless needles (i^ni ether). Affeoti 
uig ethane and (Frankland, A. 110, 107)* Mandolin’s reagent in the same way as solanin 
Sodium methide may be obtained in like manner Ao^O at 140® gives a diaoetyl derivative (Firbas), 
(Wanklyn, A, 111, 234). Converted by fuming HClAq in the cold into 

SOJA OIL. The oil from Soja hispida con- amorphous yellow solanioine CjeH^NO (?), 
tain8tripalmitinandtriBtcarin(Meisela.B6cker, which yields B'HOl and B'jB[J?tCL (Zwenffer, 
M. 4, 365). A. 123, 341). « v 

SOLANINE OjjH^NO,, (?) (Firbas, M. 10, Salts. — B’,(HCl)4aq: crystalline powder.*— 

641); (Hilger, A. 195, B',4II.SO, 8aq : colourless plates [247°]. 

317) ; 0„H3,N0, (Kletzinsky, Z, [2] 2, 127). SOLUTIONS. Inasmuch as many of the 
[244°]. Occurs in the berries of the deadly questions connected with the state of bodies in 
nightshade {Solarium nigi'um) (Desfosses, «!. solution are not yet fully elucidated, and inas- 
6, 374), in berries of S. verbascifolium (Payen a. much as two very different conceptions are put 
Chevallier, J, Chim. Mid. 1, 617), in small forward regarding the compositions of bodies 
quantity in the tubers and green parts of the present in aqueous solutions of salts, the editor 
potato (5. tuberosum), in the shoots of sprouting pf that portion of the Dictionary to which the 
potatoes (Baup, A. Ch. [2] 31, 109 ; Otto, A. 7, subject of solutions belongs thought it advisable 
160; 26, 232), to the extent of *03 p.c. in to ask the originator of the electrolytic dissocia- 
diseased potatoes (Eassner, Ar. Ph. [3] 25, 402), tion hypothesis of saline solutions to write a 
in the powers, stalks, and berries of the woody short article on solutions in general, and to in- 
nightshade {8. Dulcamara), and in the root of vite one of the leading upholders of the hydrate 
Scopolia japonica (Martin, Ar. Ph. [3] 13, 33G). hypothesis of saline solutions to summarise the 
Preparation. — 1. The berries are pressed, arguments in support of that hypothesis, 
the juice ppd. by ammonia, and the pp. re- SOLUTIONS I. A solution is a homogeneous 
crystallised from alcohol.— 2. Fresh potato mixture of two or more bodies in the liquid 
sprouts (200 kilos.) are digested with 2 p.c. state. A distinction is made between the dis- 
acetic acid ; the filtrate is ppd. by ammonia ; solved substance and the solvent ; the substance 
and the pp. extracted with boiling 85 p.c. al- present in greater quantity is generally spoken 
cohol. To the hot alcoholic filtrate NHjAq is of as the solvent. In some cases the solvent is 
added until turbidity appears. On cooUng, a taken to be the substance with the lower tern- 
mixture (125 g.) of Bolanine and solanein is de- perature of solidification. In the cases of sub- 
posited. These bases are separated by fractional stances miscible*in all proportions — a mixture, 
crystallisation from hot spirit (Firbas; c/.Reuling, for instance, of equal parts of alcohol and water 

A. 80, 225 ; Zwcnger a. Kind, A. 109, 244 ; 118, — there is no way of determining which should be 
129 ; Kromayer, Ar. Ph. [2] 116, 114 ; Missaghi, regarded as the solventand which as thedissolved 

B, 9, 83 ; Gmelin, A. 110, 167). substance. There are many instances of two 

Properties.— Colourless needles, v. sol. hot bodies' that cannot be mixed in all and any pro- 

85 p.o. alcohol, insol. CHCl, and ligroln, sol. portions ; the solubility of such bodies is said 

HClAq, almost insol. water and ether. The to bo limited. If the * dissolved body * in such a 
crystals are Cr52H33NO,3 4jaq (Firbas). Poison- case is present in excess, either as gas, liquid, or 
ous. Not affected by alcoholic potash. Sub- solid,aconditionof equilibrium is finally attained 
limes at 190° (Blyth). Gives an orange colour wherein the solution can take up no more of the 
with I and H BO^. On heating with 2 p.c. dissolved body as long as the external conditions 
HClAq it yields solanidine and a dextro- (temperature and pressure) remain unchanged ; 
rotatory sugar that reduces FeWing’s solution, such a solution is said to be saturated. The 
[oju = 28*6°, yields with phenyl hydrazine an attainment of saturation is hastened by shaking, 
osazone [199®], and is oxidised by HNO, to Saturated solutions of gases. When a gas is 
mucio and saccharic acids ; Insvulose is not placed over a liquid, such as water or alcohol, a 
present. Solanine colours a mixture of alcohol portion of the gas dissolves in the liquid. There 
and H3SO4 rose red. With ammonium selenite' is a constant relation at constant temperature 
(1 g.) in cone. H^SO^ (20 o.c.) it gives a canary- between the quantity of gas remaining per unit 
fellow colour turning to brown, and, after three volume and the quantity dissolved by the liquid 
naurs, to violet-red (Ferreira da Silva, Bl. [3] 6, per unit volume (Henry’s law). Inasmuch as 
87 ; C. 22. 112, 1267). A solution of ammonium the quantity of the gas, per unit volume, is pro- 
vana^te in 11^804 is coloured brown by dry portional to the partial pressure of the gas, 
Bolanine, the colour becoming red, and finally the law may be stated by saying that the quan- 
disappearing on dilution (Mandelin). tity of the gas dissolved in the hquid is proper- 

Balts.— G43H7,N0„HC1. Got by adding tional to the partial pressure of the gas above 
ether to an alcoholic solution of the base and the liquid. As all the gases that have been ex- 
HCl. Gelatinous pp. which dries up to a amined dissolve with production of considerable 
gummy mass. — B'jI^tCla : yellow flocculent quantities of heat, the solubilities of these gases 
pp. — BfHjSOi ; amorphous, v. sol. water. — decrease as temperature increases, in aooor£[ince 
B'^Oj 04 7aq ; crystalline crusts. with the second law of thermodynamics. The 

Acetyl derivative C^aHa^AcjNOjs. Needles measurements made by Bunsen (Gaswn.Mefkodcn 
(from ether), insol. water (Hilger). [Braunschweig, 1877]) show that the solubilities 

Solanein C^jH^NO,* 4aq. [208°]. Obtained of some gases are independent of temperature — 
as above (Firbas). Amorphous. More sol. for instance, the solubility of H in water and of 

86 p.c. alcohol than solanine. Decomposed by 0 and CO in alcohol. Henry’s law holds good, 

HOlAq into the same products as solanine. as indicated by theory, only so long as the qnan- 
Colours Mandelin’s reagent redt oi the gas per unit volumci both ondiSBolvod 



of temperature, which ootresponde to the critical 
the dissolved and the hndissolted gas are of temperature for the liquids, is passed, the two 
equal magnitude. Yan’t Hoff has made uSe of liquids dissolve in all proportions. This be- 
the law of Henry to prove the equality of the haviour has been more fully examined by Alexe- 
molecules of the same gas in the gaseous state jeff [W, 28, 305 [1886]) and has been represented 
and in dilute solution {Z, P. 0. 1, 489 [1877]). by him in curves, some of which are reproduced 
When NH„ HCl, and SO, are dissolved in water here (fig. 1). The curve a represents the 
in large quantities these gases do not follow the behaviour of water and phenol, h tha^ of water 



Fio. 1. 

law of Henry ; neither does the law hold good and salicylic acid, c that of water and benzoic 
for solutions of acetic acid in benzene or ether acid, d that of water and aniline phenolate, and 
in water, because the molecular magnitudes of e thaft of water and aniline. The abscissa) ro- 
these compounds are not the same in the gaseous present temperature, and the ordinates percent- 
state and in solution, as is proved by determina- ages of the dissolved substances in the solutions, 
tions of the boiling-points of the compounds in To each temperature correspond two points in 
question (Nemst, Z. P. C. 7, 97 [1891]). the curve showing the percentage composition 

Multtal solutions of liquids. When two of the solution of the substance in water, and 
liquids that are not miscible in all proportions, that of the solution of water in the molten sub- 
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Fia. 2. 

such as other and water, are shaken together, stance ; thus, for phenol and water (curye a), at 
two layers are formed, one floating on the other ; 20°, the solutions are composed of 02-6 p.o. 
one of these contains much water and little ether, water and 7-6 p.c. phenol, and 28 p.c.. water and 
while the other contains much ether and little 72 p.c. phenol respectively. The two liquids are 
water. The compositions of the two layers miscible in all proportions above 69°. 
change with change of temperature. Generally It happens sometimes that two liquids are 
speaking, the compositions become more alike miscible in all proportions below a certain 
as temperature rises, until a temperature is temperature, but form two layers above this 
leaebeit whereat they are identical ; when this temperature ; in such cases~for example, in the 




solationof di-ethylamine in water— the oonrezity add a tl u^ui, aua w ikiqpi in# 

of the curve is turned to the left. formula 'S*»a+W + ct* + d^ (e and d are con- 

Saturated solutions of solids. Most of the stants as well as a and o). The formula 
measurements that have been made deal with log. S«-a + b/ + . . + . . . often gives a better re- 
solutions of salts in water. The example of presentation with a smaller number of oo- 
Gay-Lussac has generally been followed, and efficients. 

the solubility of the salt has been taken Supersaturated solutions. When a' salt 
as the weight thereof dissolved by 100 parts whose solubility increases with temperature is 
by weiglft of the solvent. Etard and Engel dissolved at a high temperature in water (or other 
have given solubility-curves for very large varia- solvent), and the solution is cooled, a tempera- 
tions of temperature {C. R. 98, 993, 1276, ture is reached whereat the solution is saturated 
1432 ; 104, 1614 ; 106, 206, 740 [1884-88]). Some with reference to a definite hydrate of the solid 
of these results are shown in fig. 2, p. 485 ; the salt ; but if the solution is further cooled salt 
absciss® represent temperature and the ordinates does not separate, provided there is no crystal of 
parts by weight of the salts in 100 parts of the the hydrate in question in contact with the 
solution (not in 100 parts of the solvent). The solution. Such a solution is said to be super- 
change of solubility with change of temperature saturated. A solution may be supersaturated 
depends on whether the process of solution is with reference to one hydrate, but not super- 
accompanied by disappearance or production of saturated with reference to another hydrate, 
heat ; in the former case solubility increases, in For example, Na.^S 0 ^. 7 H 20 is more soluble in 
the latter case it decreases, as temperature rises, water than Na-^SO^.lOH.p, and so a solution 
Inasmuch as different hydrates of the same salt may be obtained, by dissolving Na.SO^, that is 
are dissolved with the production of different supersaturated as regards the decaliydrate but 
quantities of heat, these hydrates give different not as regards the heptahydrate ; that is to say, 
Bolubility-cui ves. Sodium sulphate is the salt if a crystal of Na.SO^.lOH^O is brought into the 
that has been most carefully examined in this solution, at a certain temperature, the deca- 
respect. The hydrate Na.^SO 4 . 10 H 2 O, that exists hydrate crystallises out, but at the same time 
up to 33®, dissolves in water with disappearance the solution is able to dissolve the hydrate with 
of heat ; hence the solubility of this hydrate in- ! 7Hp. If temperature falls again the solution, 
creases as temperature increases. On the tithcr ■ of course, becomes supersaturated with reference 
hand, Na^SO^, stable above 33®, dissolves with pro- | to both the hydrates. 

duction of heat, and its solubility decreases with j At one time the supposition was often held 
increasing temperature. Theso-called curve of the that the dissolved substances were present in 
solubility of sodium sulphate consists, therefore, of * supersaturated solutions in a state different from 
two parts, one rising till the temperature reaches | that in which they existed in ordinary solutions. 
83®, and one falling above that temperature. ! More accurate investigations of the physical 
Looked at accurately, the first part of the solu- ' properties on both sides of the point of satura- 
bility-curve holds good only for Na^jSOj.lOHG, '#tion have shown that there is no essential differ- 
and the second part only for Na^SO<. For the j ence between the solution before and after 
solubility of a chemical compound is determined ' saturation, but that the relation of a super- 
only when the composition of the solid com- ! saturated to a saturated solution is exactly the 
pound that is in contact with the solution is same as that of a saturated solution to the solu- 
definitely stated. The compound CaSO, is con- tion before saturation. 

Biderably more soluble than the crystalline hy- Colloidal solutions. Certain substances, 
drate CaSOi. 2 H.p. The measurements made by such as gelatin, absorb unlimited quantities of 
Etard show that many other sulphates— MnSO^ water and become swollen thereby ; when much 
and CdS 04 , for instance— behave similarly to water has been taken up, liquids are formed 
Na 2 S 04 (see fig. 2 ). which do not part with the dissolved body on 

The solubilities of most salts increase as cooling, as ordinary solutions do, but set to jelly- 
temperature rises ; the solubility of NaCl varies like substances. All compounds that form 
very little with temperature. The solubilities of colloidal solutions have very large molecular 
many compounds of calcium decrease with in- weights ; such compounds are acids of Mo, Si, 
creasing temperature, e.g. hydroxide, acetate, Sn, Ti, and W ; oxides of Sb, Fe, and Mn ; 
isovalerate, isobutyrate, succinate, and iso- sulphides of Sb, As, Bi, Cd, Co, Au, Fe, Pb, 
succinate of calcium. Barium succinate and Hg, Ni, Pd, Pt, Ag", Tl, and W ; many organic 
SrS 04 behave similarly, but not the other corre- substances, such as caramel, dextrin, ogg- 
Bponding salts of Ba and Sr. Some calcium albumen, tannin, tkc. ; and also some elements, 
salts shew maidmum solubilities at certain tern- such as Se and Ag. Some of these solutions are 
peratures— e.^. CaS 04 . 2 H .^0 at 35® ; others show characterised by the fact that the addition of 
minimum solubilities— e.gr. propionate at o. 55®, small quantities of foreign substances— as salts, 
isobutyrate at 65®, also normal butyrate, valerate, acids, and bases—causes coagulation, whereupon 
iso-octoate, citrate, and benzoate (Allen, C. N. the bodies in the colloidal solutions become in- 
67, 236 [1888]). Attempts have been made to soluble. For that reason it is generally supposed 
express the connection between the solubilities of that colloidal solutions are intermediate between 
salts and temperature by a formula. The follow- emulsions and true solutions. Emulsions— £.< 7 . 
ing expression holds good in many cases: a fine deposit of alumina— possess the special 
S ■■ a -f 6^ (t * temperature, and a and b are con- property that the emulsionised bodies are thrown 
stants) ; i.e. solubility changes linearly with tem- down much more quickly in presence of electro- 
perature— for instance, for ECl, BaCl„ NoKO,, lytes, and also of other foreign substances, than 
and several sulphates, especially at high tempera- in absence of these (Barns a. Schneider, Z. P, C,. 
tores (Etard). In other cases it is necessary to j 8 , 291 [1891].) Colloidal substances having 
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ib^eenlar irofgiiis 80 , 0 (K}-~^atio or gnxn» 
for isBUmco^are oharaoterised by the fact that 
if their solutions are solidified by cooling they 
again become liquid and transparent when 
heated. Colloids having molecular weights 
greater than 30,000 do not share in this pro- 
perty, but behave, in this respect, like very 
supersaturated solutions (Sabanejeff, J. R. 1891. 
[1] 80; Z. P. C. 9, 89 [1892]). When colloids 
take up water, and swell but do not dissolve, 
heat is produced; when they dissolve heat dis- 
appears (Wiedemann a. Liideking, W. 25, 145 
[1885]). 

Reasons for assuming the existence of 
hydrates in sohitions. When a dissolved sub- 
stance is isolated, by various methods, from its 
solvent the solid generally separates in com- 
bination with water of crystallisation. It has, 
therefore, been generally supposed that a pre- 
ponderating quantity of this hydrate must bo 
present in the solution. This conclusion is not, 
however, tenable ; for if only a minimum quantity 
of the compound that separates out were present 
in the solution this might suffice to cause the 
separation. The following consideration has 
been brought forward as an argument in favour 
of the existence of hydrates in solutions. A 
solution of 57 parts by weight HI and 43 parts 
water boils at 127°, and the distillate has the 
same composition as the residue; this lends 
some oountenanco to the view that this mixture 
behaves like a definite chemical compound. On 
adding water to this solution and distilling a 
more dilute acid at first passes over, and at last 
the acid with 57 p.<r. HI distils off. If the solu- 
tion contains more than 57 p.c. HI to begin with, 
the distillate at first contains a more cone, acid, 
and, later, acid of 57 p.c. This behaviour is 
simply explained in the following way. A solu- 
tion of 67 p.c. HI possesses a minimum vapour- 
pressure, so that both less dilute and more dilute 
solutions at the same temperature have larger 
vapour-pressures. Speaking generally, the 
vapour from a solution does not contain both 
components in the same proportion as the 
solution itself. In the case under consideration 
the vapours from the more dilute solutions con- 
tain more water (in proportion to HI) than the 
solutions, and the vapours from the less dilute 
solutions contain, relatively, more HI. The dilute 
solutions increase in concentration as distilla- 
tion proceeds, the boiling-point rises, and there is 
at last produced the 67 p.c. solution which 
possesses the lowest vapour-pressure at an equal 
temperature— i.e. the highest b.p. (127°) at an 
equal pressure. If, on the other hand, distilla- 
tion is commenced with a more concentrated 
solution proportionally more HI passes over, 
and an approach is gradually made, from the 
other side, to the solution with highest b.p. 
There is, therefore, no binding reason for re- 
garding this solution as a definite chemical 
compound. For, indeed, the composition of the 
solution changes according to the pressure under 
which the distillation is conducted; and this 
could not well be the case were the solution 
really a definite chemical compound. 

In investigating the freezing-points and 
vapour-presBures of solutions it was found that 
in many cases the deviation from the freezing- 
point and vapour-proBsure of the pure solvent 


was proportional to the quantity of substance 
(salt] in solution. But in other oases this pro- 
portionality seemed not to be maintained unless 
the supposition were made that a portion of the 
water had combined with the dissolved sub- 
stance (Wullner, P. 103, 529; 105, 86; 110, 
m [1858, I860]; de Coppet, A. Ch, [4] 23, 
366; 25, 602 ; 26, 98 [1871-2] ; Rudorff, P. 114, 
63 ; 116, 59 [1861-2] ; 145, 699 [1870}), It was, 
therefore, supposed that such compounds as HI, 
HCl, BaCL^, CaClj,, NalBr, &o., were combined in 
aqueous solutions with definite quantities of 
water of crystallisation. But the recently- 
discovered laws which express these phenomena 
lead to very different methods of explanation, 
so that the conclusion that these compounds 
exist as hydrates in solutions seems, in tlris 
respect, to be entirely without' foundation. 

MendeUeff not long ago examined the 
changes in the S.G., accompanying changes 
in the composition, of aqueous solutions of 
alcohol and of sulphuric acid (i?. P. C. 1, 273 
[1887]) ; he thought he had found abrupt irregu- 
larities in the changes of S.G. He supposed, 
without any theoretical foundation, that at the 
concentrations whereat these occurred the solu- 
tions corresponded to perfectly definite hydrates. 
Pickering {Z, P. C. 6, 10 [1890]) showed, as the 
result of more accurate investigations, that 
Mendel6cff’s conclusions rested on inaccurate 
observations. Pickering, however, accepted 
Mendelcoff’s idea, and supposed that the higher 
derivatives of the S.G. in reference to percentage 
composition showed similar irregularities. He 
treated the frying-points and the electrical 
conductivities of solutions in the same way, and 
he supposed that in all these cases he had dis- 
covered such irregularities as indicated the 
existence of definite hydrates. It is absolutely 
impossible to reconcile the numbers for the 
electrical conductivities of dilute solutions of 
acids and bases {e.g. for acetic acid) with 
Pickering’s views ; nor do the most recent in- 
vestigations on the freezing-points of very dilute 
saline solutions (Jones, Z. P. C. 11, 634 ; 12, 
623 [1893]) in any way agree with these views. 
Moreover, the method used by Pickering is not 
free from objection under any conditions. 

From an extended and systematic investiga- 
tion recently made into the constitution of 
ammoniacal metallic compounds, and com-' 
pounds analogous therewith, Werner {Zeit, /, 
anorg. Chem. 3, 267 [1893]) concluded that in 
electrolyticaMy conducting salt solutions the 
metallic atoms of the salts might be expected 
to be generally accompanied by six molecules of 
water, and that those salts which readily com- 
bine with water of crystallisation would be the 
best conductors. This statement is not, how- 
ever, in any way in keeping with the experi- 
mental results. The salts of ammonium, E, 
lib, and Cs conduct better than any others that 
have been examined ; after these come the salts 
of Na, Li, and the metals of the earths; and 
then, much behind these, come the salts of the 
heavy metals ; but water of crystallisation com* 
bines most readily with the salts last mentioned* 
and least readily with those mentioned first. 

Oonclusions regarding the existence of hy* 
drates of substances in solution have also been 
drawn from the results of investigations of other 
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General, it has been supposed that where 
>roperties exhibited a maximum or mini- 
»r other purely mathematioal character- 
, .uere existed a definite hydrate of corre- 
sponding composition. Attention may, however, 
be called to the fact that these points generally 
shift with changes of temperature, so that the 
hypothetical hydrate must have a different, and 
constantly changing, composition at different 
temperatures— a conclusion which is not in keep- 
ing with the representation of the hydrate as a 
definite chemical compound. 

It is, indeed, in the highest degree likely that 
when definite hydrates separate from a solution 
the same* hydrates were previously present in the 
solution, perhaps only in small quantity; but 
we have as yet no accurate knowledge as to the 
magnitude of the quantity. The methods that 
have been used in investigating this most 
interesting question have scarcely brought to 
light a single new result, although many and 
renowned investigators have carried out a very 
large amount of work in this direction. 

The solubility of a salt, at constant tempera- 
ture, is to a small extent dependent on pressure. 
Sorby wasthe first to carry out detailed investi- 
gations on this subject {Pr. 12, 538 fl803]). The 
following statement may be demonstrated by 
the use of the dynamical theory of heat. When 
the total volume of salt and solution is diminished 
(or increased) by the taking up jof salt into the 
solution, then the solubility inc^ases (or dimi- 
nishes) with increased pressure. The researches 
of Braun {W. 30, 272 [1887]) have confirmed the 
theoretical conclusions. 

Dilute solutions. Osmotic •pressure , — ^If a 
quantity of the pure solvent is floated on a solu- 
tion, a movement of the dissolved substance 
takes place and the substance strives to distri- 
bute itself throughout the whole of the solvent. 
This occurrence is completely analogous with 
another ; if a cylinder is filled with COj and the 
mouth is covered with a membrane, another 
cylinder is filled with H and placed mouth- 
downwards on the first, and the membrane is 
withdrawn, the two gases begin to diffuse into 
each other (notwithstanding the action of gravi- 
'tation). The H is driven downwards by its par- 
tial pressure, and the COj is driven upwards. 
The velocity of diffusion is proportional to this 
propelling force, otherwise it is dependent only 
on the freedom of motion of the molecules among 
each other. The inverse value of this freedom 
of motion is called molecular friction. The fol- 
lowing statement expresses the results of experi- 
ment: ^e velocity of diffusion is proportional 
to the difference between the partial pressure 
of one of the two gases in the upper and lower 
parts, and is inversely proportional to the friction 
of the molecules. Solutions behave in a similar 
way. The substance in solution in the under 
layer strives to distribute itself into the upper 
layer ; this striving corresponds to the pressure 
of a gas, and, as will be shown immediately, it 
is equal to the so-called osmotic pressure. The 
solvent is driven downwards by the same force. 
In this case also the velocity of diffusion is pro- 
portional to the osmotic pressure, and is inversely 


the diBsolTed substanoe egalhti theemTbni IliO 
only difference between this ease and that of 
gases is that molecular friction is very much 
larger in liquids, a fact that is explained by the 
great number of molecules against which a mole- 
cule of the dissolved substanoe collides during 
its movements. . . 

The amount of molecular friction is known in 
certain cases, viz. for electrolytes. Let C' cubical 
trough (sides 1 cm.) be filled with the solution of 
an electrolyte {e.g. NaCl), and let an electric cur- . 
rent be passed through the trough by the help of 
two electrodes A and B. The positive electricity 
is carried by the metallic parts (Na) of the electro- 
lyte in the direction of the current (towards B) ; 
the negative electricity travels with the nega- 
tive radicle (Cl) of the electrolyte towards A. If 
the Na and Cl atoms— or ions, as they are'called 
in this case -are impelled by unit electrical 
force, the Na ions will move with a velocity Vj 
and the 01 ions with the velocity Vp These 
velocities can be determined, partly indirectly 
from the conductivity and the migration num- 
bers of Hittorff, partly directly by chemical 
analysis. Putting the corresponding frictions 

as r. and r,, then v. - i and The frio- 

r, r, 

tions of a large number of ions have been deter- 
mined in this way. If we now have a layer of 
pure water floated on a solution of NaCl, in a 
vessel, then the velocity of diffusion, D, is equal 
to the quotient of osmotic pressure, 0, and the 
frictions r^+r^ of the salt. We have, there- 
fore, Ncrust [Z. P. C. 2, 613 [1888]) 

' I ' ' 2 

has completely established the accuracy of this 
formula. 

Osmotic pressure can be measured directly. 
Let us suppose that in the foregoing example 
we had a division separating the solution of 
NaCl from the water, and that the division 
allowed water, but not NaClAq, to pass through 
it (a so-called semipermeable membrane) ; v, 
fig. 8. Such a membrane is obtained by impreg- 



nating a plate of porous burnt clay with ppd 
Cu^e{CN),. The water will then be driver 
downwards, and will be compressed in the lowei 
part of the apparatus ; the pressure in this divi- 
sion will increase; this may be confirmed by 
using a manometer (M, fig. 3), Equilibrium is 
attained after a time, and the manometer then 
indicates a certain pressure, which is called th# 
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of l^e soMon. WhOn ab mot# 
wa,^ i> dri^n downwards, then, in the case in 
point, the partial pressures of the water in the 
upper and lower .parts of the apparatus are 
equal. The excess of pressure in the lower part— 
that is, the osmotic pressure —is then equal to 
the partial pressure of the NaCl molecules. 
Measurements of this kind have been made by 
Pfefler, Tammann, and Adie {Osmotische Un- 
tersuchungen^ Leipzig, 1877 ; Tr. 84, 229 [1888]; 
aj. 69, 344 [1891]). 

Semipermeable membranes are found in the 
lining of living cells which incloses the con- 
tents of the cell. De Vries made observations 
with cells of Tradescantia discolor and Begonia 
manicata ; Bonders and Hamburger used blood- 
cells. If a cell is immersed in water the coll 
swells, because of the entrance of water ; if a 
soluble substance is added to the water, in con- 
stantly increasing quantity, the water .will at 
last be driven equally inwards and outwards ; if 
this limit is overpassed, the water passes out of 
the cell and the protoplasmic contents of the cell 
shrink together. The whole process may be 
followed by the help of the microscope. The | 
limit reached immediately before shrinkage be- 
gins is characterised by the attainment of equality 
between the osmotic pressure of the cell-contents 
and that of the surrounding solution. By bring- 
ing similar cells into solutions of different sub- 
stances it is possible, in this way, to determine 
the concentration that must be attained by two 
solutions in order that they may possess equal 
osmotic pressures. Using the results of PfelTcr 
and de Vries, van’t Hoff made an examination 
of the magnitude of osmotic pressures. He found 
that the osmotic pressures exerted in their solu- 
tions by non-conductors of electricity — such as 
cane sugar, urea, glycerin, Ac. — were exactly the 
same as the pressures which these substances 
would exert, in accordance with Avogadro’s law, 
were they present as gases in the same volume | 
as the volume occupied by the solutions. The | 
osmotic pressure is therefore proportional to the 
concentration and the absolute temperature 
(law of Boyle and Gay-Lussac) ; this was con- 
firmed by Pfeffer’s investigations (van’t Hoff, 
Handingar der Stockh. Ak. 21 [1886] ; Ar, N, 
20 [1886] ; Z, P. 0. 1, 481 [1887J). - 

An explanation of gaseous pressure is found 
in representing it as the result of the bombard- 
ment of the walls of the vessel by the gaseous 
molecules. Similarly, osmotic pressure is thought 
of as resulting from the knocking of the mole- 
cules of the dissolved substance against the 
walls of the containing vessel. The gaseous 
laws hold good in all respects for osmotic 
pressure. 

Vapaur-pressures of solutions. Let there be 
a solution, say of cane sugar, in a trough, sepa- 
rated by a vertical semipermeable membrane 
from pure water, and let the membrane extend 
above the solution; the air above the liquid 
behaves exactly like the semipermeable mem- 
brane, inasmuch as it allows the water to pass 
through (as water-vapour), but it does not allow 
the cane sugar to pass through (because of the 
non-volatility of the sugar). The water has, 
therefore, a tendency to pass across through the 
air as well as through the semipermeable mem- 
brane from tile watw in the solution. This oir- 


etuttstanoe may he expressed by saying that the 
pressure of the water-vapour is greater over the 
water than over the solution. In like manner it 
follows that solutions which have equal osmotic 
pressures have also equal vapour-pressures. By 
making use of the second law of thermodynamics 
it can be shown (van*t Hoff, l.e.) that a solu- 
tion containing n molecules of uissolved sub- 
stance to N molecules of solvent has a vapour- 
pressure, P, which is given by the formula 

where p » the vapour-pressure of the pure sol- 
vent, (The molecular weight of the solvent 
must bo taken as that of the substance in the 
gaseous state at the same temperature.) This 
formula was originally experimentally esta- 
blished by Baoult; it agrees well with expe- 
rience (C. B. 103, 1125 [1886]). 

Boiling-points of solutions. According as 
the vapour-pressure of a solution is less than 
that of the solvent (assuming that the dissolved 
substance possesses no marked vapour-pressure), 
so the solution begins to boil, under a definite 
e.vternal pressure, at a higher te.aperature than 
the pure solvent. The following formula may 
bo deduced from the dynamical theory of heat : 



where E is the increase in the boiling-point of 
the solvent brought about by dissolving n mole- 
cules of the substance in lOOgrms. thereof, r is the 
absolute boiling temperature, and L is the latent 
heat of vapourisation of 1 grm. of the solvent. 
Beckmann has contrived an apparatus for deter- 
mining E, and therefore for finding n — that is, 
for determining the molecular weight of the dis- 
solved substance when the quantity thereof in 
100 grms. of solvent is known. He has shown 
that the formula gives results which agree closely 
with experience {Z. P. C. 5, 76 [1890]). 

Freezing points of solutions. When a solu- 
tion is caused to freeze, in most cases only the 
pure solvent separates as a solid. The solid 
substance is in equilibrium with the solution at 
the freezing-point ; hence, the vapour-pressures 
of the solvent over the solid and over the solu- 
tion must be equal, as otherwise distillation 
would take place from the one to the other, and 
equilibrium would not be attained. For the 
sake of simplicity let us take water as the sol- 
vent. Ice and water have, therefore, the same 
vapour pressure at the freezing-point of the 
latter (0°) ; but an aqueous solution has e 
smaller vapour pressure at 0° ; hence at 0° ice 
cannot have the same vapour pressure as an 
aqueous solution, but this equality occurs only 
at a lower temperature. In other words, th<) 
freezing-point of a solution is lower than that df 
the solvent. Van’t Hoff*(f.c.) has deduced the 
following expression from the dynamical theory 

of heat,E- -^~- . n, where E is the difference 

between the freezing-points of the pure solvent 
and a solution therein, which solution contains 
n gram-molecules of the dissolved substance in 
100 grms. of the solvent, t is the absolute tem- 
perature, and W is the latent heat of fusion of 
1 grm. of the solvent. This formula Is of much 
importance, for the moleonlar weights of very 



many sabstances have been determined by !ta 
help. It is immaterial in this ease whether the 
dissolved sabstance exerts a considerable vapour- 
pressure or not, for only the pure solvent freezes 
Qut. The following table gives some values cal- 
culated by the formula placed side by side with 
the values obtained by experiment, for the case 
where n » 1 : 

E observed E calculated 


Water. • < 

18*9 

18*9 

Acetic acid • • 

38*6 

38-8 

Formic acid 

27*7 

28*4 

Benzene 

60*0 

58*0 

Nitrobenzene 

70*7 

69*5 


Electrolytic dissociation. When determina- 
tions of molecular weights are made, by the fore- 
going methods, based on osmotic pressures (de 
VriesJ, freezing-points (van’t Hoff, Baoult), de- 
pressions of vapour-pressures (Baoult), or incre- 
ments of boiling-points (Beckmann), the values 
obtained for all those substances whose solutions 
conduct electricity arc much smaller than would 
bo expected. For instance, the results obtained by 
working with a half-normal solution of NaCl lead 
to the value 8V6 for the molecular weight of the 
salt, a number which is 1*65 times smaller than 
the calculated value, 58*5 (NaOl). From this and 
many other considerations Arrhenius drew the 
conclusion that the molecules of electrolytes are 
largely dissociated in aqueous solutions ; about 
85 p.c. of the NaCl, for instance, in an aqueous 
solution of this salt is regarded as dissociated 
into Na and Cl. This conclusion is completely 
analogous with those which are drawn regarding 
the dissociation of the molecules of ammonium 
salts and other substances, in the gaseous state, 
from observations of the abnormal vapour den- 
sities of these substances. The development of 
the theory of electrolytic dissociation, based on 
these considerations, and confirmed in the fullest 
way by experience, has lent much support to the 
theory of solutions which has already been 
sketched. This part of the subject is treated by 
Ostwald in the article Electrical methods, to 
which reference should be made (this vol., pp. 
187-221). 

Some of the deductions regarding diffusion, 
solubility, and affinity must, however, be men- 
tioned here. 

Diffusion of mixtures. When a solution of 
HCl is placed in contact with pure water, the 
HOI gradually diffuses into the water. Inasmuch 
as most (almost all) of the HCl molecules are 
dissociated, one would expect the*'diffusion to 
result in a separation of the H and Cl from each 
other, just as the alums and the double salts of 
the sulphates of the alkalis and the magnesium 
metals, which are partially decomposed in 
aqueous solution, can be separated into their 
constituent salts in this way (Graham, T. 1850. 
1, 805; Marignac, A. Ch. [6] 2, 646 [1874]). But 
this separation does not occur. The H moves 
into the water more quickly than the Cl, and, 
because of the positive electrical charge of the 
H ions, the water becomes positively and the 
■solution negatively charged. If this charging is 
not carried off by metallically connected un- 
polarisable electrodes placed in the solution and 
in the water (v. this vol. p. 212), it prevents the 
separate diffusion of the H and the Cl. But 
there is another way whereby the restrain- 


ing fotoe of.the elec^qal llie dif- 

fusion of the H may be diminished— namely* 
by addition of chlorides. For instance, the 
velocity of diffusion of HCl (properly speaking, 
of H) is increased in 4he ratio of 1 : 2*24 by 
adding 25 times the quantity of NH^Cl (Arrhenius, 
Z. P. C. 10, 51 [1802]). Similar, although not 
so strongly marked, characteristic phenomena, 
which find an explanation in the dissociation 
theory, have been observed by Graham and 
Marignac. 

Decrease of solubility by addition of foreign 
salts. Nernst {Z. P. C. 4, 372 [1889]) was the 
first to draw attention to the conclusion from 
the theory that a slightly soluble salt, c.g. silver 
acetate, must be more soluble in pure water than 
in a solution that contains other silver ions {e.g. 
AgNOj) or acetate ions {e.g. NaC^H., 02 ). Similar 
relations are shown by gases which partially de- 
compose {e.g. NH,SH) ; these exhibit smaller 
vapour-pressures when one of the two com- 
ponents (NHg or H^S) is added. This lowering 
of solubility can be calculated from the Iravs of 
mass-action, with results which agree well with 
experience (Noyes, Z. P. C. 9, 603 [1802]). 

Dwision of a dissolved substance bctireen two 
solvents. Berthelot and Jungfleisch examined 
the distribution of succinic acid between ether 
and water, and found that the concentrations of 
the acid in the aqueous and in the ethereal solu- 
tion were in a constant proportion, which ap- 
peared to be independent of the absolute concen- 
tration. Many other substances were found to 
behave in the same way {A. Ch. [4] 26, 396, 
408 [1872]). This result corresponds completely 
with Henry’s law for gases. It is readily deduced 
from the theory ; but in doing this it is assumed 
that the dissolved substance has the same mole- 
cular weight in both solutions. If this is not 
the case — as, for example, in the distribution of 
benzoic acid between benzene and water— alto- 
gether different laws express the phenomena 
(these laws, also, are in keeping with experi- 
mental results ; Nernst, Z. P. C. 8, 110 [1891]). 

Reaction velocities. There are many so- 
called catalytic processes that are brought about 
by the H ions of acids— for instance, the inver- 
sion of cane-sugar, saponification of esters, &c. 
According to the theory, the velocity with which 
these reactions take place must depend only on 
the number of H ions that are present, and not 
on the nature of the reacting acid. This con- 
clusion is confirmed by experience (Arrhenius, 
Z. P. C. 4, 226 [1889] ; cf. Affinity, vol. i., 
especially pp. 77-81). 

Division of a base between two acids present 
in equivalent quantities. Thomsen made in- 
vestigations regarding the quantity of a base 
fNaOH) that reacts to form salts with two acids 
(e.g. HCl and HF) added in equivalent quantities. 
He found that, in the case quoted, 95 p.c. NaCl 
ahd only 5 p.c. NaF were formed in dilute 
aqueous solution. It may be deduced from the 
theory that the quantities of NaOH combii^ing 
with the two acids (HOI and HF) are in the 
same ratio as the extents of dissociation of the 
acids at the same dilution. The observations of 
Thomsen and of Ostwald agree extremely well 
with this deduction from the theory (Arrhenius, 
Z. P. a 6 , 14 [1890] ; ef. Arrairi, vol i, 

p.81). 





tnfiu9kc$ cf impikfivn dh rtiU of toluUm, 
II a fltielj iEina equally powdered substance is 
shaken with a solvent at two different tempera* 
tares, for a very short time, the rapidity of solu- 
tion is found to increade rapidly with the tem- 
perature. For instance, the rates of solubility 
in water of cream of tartar and benzoic acid 
increase between 0^ and 17^ in the ratios 1 : 3*8 
and 1:31. 

So-called solid solutions. Palladium is able 
to take up much H, but the mixture retains the 
solid form. There is, therefore, here no proper 
solution; nevertheless, van’t Hoff has shown 
that the laws which hold good for solutions are' 
valid for this phenomenon also {Z, P. C. 5, 322 
[1890]). There is formed at first an alloy, 
IM^H, which possesses a definite dissociation 
pressure. If the pressure of the H is increased 
more H is absorbed, and the quantity absorbed 
is in direct proportion to the excess of pressure 
of the H. Henry’s law, therefore, holds good. 
On this ground van’t Hoff called mixtures 
similar to this ‘ solid solutions.’ Solid solutions 
of thiophene and benzene have been examined 
by van Bijlert {Z. P. C. 8, 343 [1801]). 

Heats of solution. A considerable quantity 
of heat is generally produced during the solu- 
tion of a substance in a solvent. The heat of 
solution of a substance is defined to be the 
quantity of heat that appears during the solu- 
tion of a gram-molecule of the body in much 
water. The following table gives the heats of 
solution of some of the commoner substances. 
Most of the numbers are taken from Thomsen 
{Th. 3, 195). 

Oases, 


Chlorine Cl, . « • 


4870 

Carbon dioxide CO, ■ 


6882 

Ammonia NH, . • 


8430 

Hydrogen fluoride HP • 


11800 

„ chloride HCl . 


17310 

„ bromide HBr . 


19940 

iodide HI • 


19210 

„ sulphide H,S . 


4560 ’ 

Sulphur dioxide SO, , 


7700 

Liquids. 

Methyl alcohol CH,. OH . 


2000 

Ethyl „ CMyOn , 


2540 

Propyl „ CjHy.OH . 


3050 

Ether (C,H5),0 


6940 

Acetic acid C^HjO.OH • 


420 

Sulphuric acid HjSO^ • 


17850 

Solids, 

Caustic potash EOH 


. 12500 

„ „ hydrate KOH.2H,0 

. -30 

Lithium chloride LiCl . • 


. 8440 

Sodium „ NaCl • . • 

a 

. -1180 

Potassium „ ECl • • 

• 

. -4440 

Sodium bromide NaBr . 


. -190 

„ hydrate NaBr.2H..O 

, -4710 

Potassium sulphate EjSO, . 


. -6380 

Mercuric chloride HgCl, * 


. -8300 

Sodium acetate Na0,H,02 


. 4200 

Sodium benzoate NaG,H^O, . 


. 800 

Benzoic acid 02H,.CO,E 


. -6700 

Silver chloride AgCl . • 


,-16800 

,, bromide AgBr • • 

• 

.-20200 

M iodide Agl • • • 

• 

.-26600 

Cane sugar • • 

• 

. -800 


401 

VoVwtM okemgis accompanying solution. In 
most oases the solution of a substance in water 
is accompanied by a considerable amount of 
contraction. For instance, a mixture of 100 c.o. 
alcohol with 100 c.c. water measures only 192‘8o.o. 
at 18°. The contraction may be so great that 
the volume of the solution is less than the 
volume of the water used as solvent: for in- 
stance, when Na^COs, NaOH, or LiOH is dis- 
solved in much water. The following table 
shows the volume change, in c.c., that takes place 
when one gram-equivalent of some of the most 
important compounds is dissolved in muoh 
water— e.gi. in 10 litres : — 


OH 

n 

. 18 

Na 

- 6-8 

K 

8'6 

NH« 

Cl . 

. 18-3 

16-6 

26*9 

37*4 

NO, 

. 29-0 

28-0 

38-6 

48-2 

?.SO, 

. 16-2 

6-4 

15-7 

24-2 


A mixture of 40 grms. NaOH with 10 litres 
water occupies, therefore, a volume of 9994-2 c.c, 
only. 

When the solvent is other than water an 
increase of volume sometimes fakes place ; for 
instance,, a mixture of 100 e.e. alcohol with 
100 c.c. CSj occupies about 202 c.o. 

Specific heats of solutions. The water value 
of a solution of a salt in water is not equal to, 
but is generally less than, the sum of the water 
values of the water and the salt. In a few cases 
this decrease is so great that the water value of 
the solution becomes less than that of the water 
used as solvent. The following data show tl)e 
water values of one gram-equivalent of the chief 
salts in extremely dilute solutions (according to 
tlie determinations of Thomsen) : — 



11 

Ka 

K 

NH. 

OH 

. 18 

-27 

-38 

— 

Cl 

. -28 

-16-3 

-30 

-13 

NO, 

. -10-7 

- 8-7 

-16 

7 

iso, 

. 9 

-25 

-36 

-16 


The water value of a solution of 40 grms. NaOH 
in 10 litres water, for instance, is not only not 
greater than that of the water alone (10,000), 
but is distinctly smaller (9,973). 

Deviations shown by concentrated solutions. 
The laws that have been stated for the osmotic 
pressure, the lowering of freezing-point, the 
raising of boiling-point, and the lowering of 
vapour-pressure, brought about by substances in 
solution, are valid, strictly speaking, only for 
very dilute solutions. Deviations from these 
laws occur when the solutions are more concen- 
trated. Sometimes the observed values are 
smaller than those theoretically deduced. In 
such cases it is supposed that molecular aggre- 
gates are formed. This occurs, for instance, 
with solutions in benzene of oxims, alcohols, 
phenols, and fatty acids, and also with fairly 
concentrated aqueous solutions of the sulphates 
of Mg, Gu, Zn, and Cd, and Gdig (Beckmann, 
Z. P, C, 2, 737 [1888]; \rrhenius, Z, P, C, 2. 
496 [1888]). On the other hand, most concen- 
trated aqueous solutions give values greater th^ 
the calculated values ; this is made especi^y 
evident by Tammann’a investigations into ^e 
vapour-pressures of salt solutions at 100° {Mim, 
de VAcad, de St, Pitershowrg [7] 1, 85 ^o. 9, 
1887]). An explanation of uiis behaviour has 
been sought lor in the attraction between the 



folvent and the dissolved substaddo (iinlienitiil; 
is, P, 0. 10, 40 [1892]). S. A. 

SOLUTIONS II. The view that h^ates exist 
in aqueous solutions, and analogous oompounds 
in non«aqueous solutions, is one which has long 
been held by many chemists ; it is only in the 
last few years, however, that the hydrate or 
association theory has assumed a precise form, 
and that definite experimental evidence in 
support of it has been accumulated. In giving 
some account of the present position of this 
theory it will be convenient to collect the evidence 
' on which it depends under the headings ‘ general ’ 
and ‘ special,’ and to discuss separately the bear- 
ing whioh recent work on dilute solutions has 
upon it. Aqueous solutions have naturally been 
more studied than solutions in other solvents, 
but these other solutions have been investigated 
sufficiently to show that they are similar to 
aqueous solutions in every respect, except as re- 
gards electric conductivity. Although, therefore, 
to simplify matters in the present article, in most 
instances aqueous solutions alone are mentioned, 
it must not be understood that the arguments do 
not apply equaNy to other cases. 

General. The changes accompanying dis- 
solution seem to be in every respect similar to 
the recognised accompaniments of chemical 
combination : evolution of heat, a more or loss 
profound alteration in the nature of the reagents, 
and an irregular variation in the properties of 
the resulting solution with regular variations in 
the proportions of dissolved substance and sol- 
vent. For reasons which will be mentioned 
below, these.irregularities may often not be very 
pronounced, but it may safely be stated that 
every attempt which has been made to express 
the properties of any series of solutions by a 
I simple expression agreeing, within the limits of 
experimental error, with the observed values 
throughout a wide range of concentration has 
been unsuccessful. 

The affinity which a large number of sub- 
stances possess for water, as evidenced by the 
many solid compounds which they form with it, 
’ and by the heat evolved in their formation, 
renders it jprimd facie extremely improbable 
that these substances should exist in presence 
of excess of water without combining with it. 
It is, moreover, those very substances which ex- 
hibit the greatest tendency to form solid hy- 
drates which are generally most soluble. A 
more careful study of the thermal pi; enomena of 
solutions places this argument beyond the range 
of mere speculation. From the known heat of 
fusion of water and of a few anhydrous salts we 
can obtain a very close estimate of what the heat 
of fusion of any hydrated salt would be, if no 
change beyond the mere passage from the solid 
to the liquid condition occurred; with hexa- 
hydrated calcium chloride, for Instance, the hea4 
of fusion under such circumstances would be 
11,000 to 12,000 cal., and on the most exaggerated 
estimate could not exceed 14,000 cal., whereas if 
decomposition as well as mere liquefaction oc- 
curred the heat absorbed would be at least 25,000 
eal., since the heat of fusion of the 6H,0 alone 
is 9,500 cal., and the heat of combination of 
CaClj with BHjO fboth solid) is 14,600 cal. The 
observed heat of fusion, however, is only 11,417 
mL| a value which disproves that any consider- 


cubed during £^UBidn^.s. the ooffibinaii^ 
which existed in the solid must exist also in the 
liquid. The data in the case of salphurio acid 
afford more striking evidence of a similar 
character. The heat of . combination of solid 
water with the solid acid to form the solid mono- 
hydrate is 6,550 cal., and if, when the reagents 
are mixed in the liquid condition, they do not 
combine chemically, far less than this amount 
of heat would be evolved ; whereas the heat 
actually evolved is found to be almost identical 
with the above, namely 6,667 cal. 

* The separation of a crystalline hydrate from 
a solution is an argument to which due weight 
has hardly yet been attributed in favour of the 
existence of that hydrate in the solution, al- 
though not necessarily in large quantity. If 
there are no molecules of the hydrate existing as 
such in the liquid, these must have been de- 
posited in the solid form at the moment of their 
formation, whereas we know that whenever de- 
position occurs simultaneously with formation, 
as in the precipitation of an insoluble salt, the 
substance is deposited in the amorphous and 
not in the crystalline condition. 

If, as would appear to be the case, it is neces- 
sary to admit the existence of hydrates in con- 
centrated solutions, it is necessary to admit 
their existence in dilute solutions also. The mass 
action of an excess of one or other of the con- 
stituents of any composite fluid is well known, 
and is universally accepted : it must operate with 
hydrates as much as with other substances, and 
must do one of three things : either (1) it must 
increase the stability or amount of the particular 
hydrate present, or (2) it must combine with it 
to form a higher hydrate (if it is the water of 
which excess is added), or (31 it may decompose 
j the hydrate by reacting with the non-aqueous 
constituent of it to form new oompounds, as 
when free alkali and acid are produced (a de- 
composition, however, which can be proved in 
many cases to occur to but a negligible extent), 
but in no case could excess of water decompose the 
hydrate taken so as to liberate the dissolved sub- 
stance in the anhydrous condition. The thermal 
phenomena of solution afford important evidence 
in this case also ; to interpret them properly, 
however, it must be remembered that the disso- 
lution of a substance in excess of solvent entails 
the separation of the particles of that substance 
from each other to the same extent as if it were 
vapourised, and that to effect this separation the 
same amount of heat must be absorbed in either 
case. The heat evolved due to the reaction of a 
liquid with excess of solvent is, therefore, the 
observed heat of dissolution miniis the heat 
absorbed in vapourisatign, and, in the case of a 
solid, the heat of fusion as well as that of 
vapourisation will have to be subtracted. Making 
allowance for these so-called physical changes, 
we find that the formation of every concentrated 
solution— that is, a solution which contains 
hydrates -is accompanied by the evolution of 
heat, and inasmuch as, with the same allowance, 
dilution is always accompanied by a further 
evolution of heat, the action of the diluent 
cannot be regarded as a reversal of the initial 
reaction, but rather as an extension and ooxn- 
pletioD of it, the hydrates present in the ooQ* 



Wxea mtten are 
•implifie^ % masblvihg a gas, instead of a 
iiqmd or solid, and adjusting the pressure of 
the gas or the quantity of solvent so that the 
former ocoupies the same volume after as before 
dissolution, we still find that a very consider- 
able evolution of heat occurs ; with the haloid 
acids this is as much as 17,000 cal., and though 
this may be glossed over by some of the advo- 
cates of the physical theory by stating that the 
decomposition of the acids into their ions, which 
they consider occurs, evolves a very large amount 
of heat, no such explanation can be offered in 
oases where no such decomposition is imagined, 
and it has been proved that the dissolution of 
gaseous non-electrolytes both in water and in 
other solvents is accompanied by the evolution 
of as much as 5,000 to 14,000 cal. In the face of 
such a considerable loss of potential energy, it is 
impossible to maintain that the substances 
losing it remain unchanged, and that the dis - 
solved substance can, in any true sense, be still 
gaseous and uncombined with the solvent. It is 
important to note that van der Waals, through 
a different line of reasoning, has arrived at the 
same conclusion as to the necessity of recog- 
nising some action evolving heat between the 
substance and solvent, even when the former is 
in the so-called dissociated condition. 

Amongst the general considerations favour- 
ing the view that dissolution consists in the 
formation of liquid compounds, not the least im- 
portant is that this gives us some intelligible 
reason for dissolution occurring at all, whereas 
if the solvent is regarded as being inert and 
only playing the part of so much empty space* 
(as some of the advocates of the physical theory 
have maintained), wo have no explanation of 
why dissolutions occur; the presentation of 
empty space to a stable soljd does not make the 
latter fill the empty space, and even attributing 
dissolution to the possession of a certain ‘ solu- 
tion pressure ' by the dissolving substance would 
appear to amount to no more than stating that 
a substance dissolves because it does do so. 

Special, Berthelot determined tiio heats of 
dissolution of various series of solutions of dif- 
ferent concentrations, and concluded that his 
results when plotted out showed the presence of 
changes of curvature or inflections at certain 
points, indicative of the existence of hydrates in 
the solutions. In many cases he adduced various 
special considerations in support of the existence 
of the hydrates thus indicated, but his determina- 
tions were not sufiiciently numerous or accurate, 
nor were his methods of examining them suffi- 
ciently precise, to lead to mere than vague con- 
clusions Thomsen’s investigations on the same 
subject were equally unsatisfactory ; he sought 
to ^sprove the existence of any such changes 
of curvature by finding empirical equations to 
represent each series of results, but in the four 
oases which he thus investigated the equations 
deduced express but a small portion of the whole 
series, leaving in the remainder errors ten and a 
hundred times greater than the experimental 
error. MendeUeff next took up the question 
from a different point of view. Theoretical con- 
siderations led him to conclude that solutions 
QpnsistfKl 9 l 4i#erent hydrates aeoording to the 


And that, if not more 
than two jbVdzftfM" were ever present together in 
,the same solati^, there would be definite changes 
of curvature in the figures representing the pro- 
perties of the solutions at the concentrations cor- 
responding to these hydrates ; that is, that the rate 
of change in the property with change of concen- 
tration would be different when the solutions con- 
sisted of the hydrates A and B from what it would 
be when they consisted of B and 0, so that there 
would be a change at a concentration correspond- 
ing to the composition of B, and further, he con- 
cluded that these rates of change (first differen- 
tial co-efficients) in the case of the densities 
would be rectilinear functions of thd percentage 
composition between the points A and B, B and 
0, (&o. (It should be noticed in passing that 
the idea which lies at the root of Mendel4eff 8 
conccption~and, to a certain extent, of Ber- 
thelot’s also— is that the water in any solution is 
nearly entirely combined with the dissolved 
substance, and not merely that the solution con- 
sists of a simple hydrate mixed with excess of free 
water.) That the concentration-rate of change 
of the densities is representabV^ within experi- 
mental error by a series of straight lines is pro- 
bably true in many cases, but in the two cases 
on which Mendel6eff chiefly relied for proof 
these first differences are conspicuously curvi- 
linear throughout. The reason of this, doubt- 
less, is that solutions of a given concentration 
generally contain more than the two hydrates 
which he postulated. Roozeboom’s work on 
ferric chloride, and Pickering’s on sodium hy- 
droxide, render it probable that five or six 
hydrates may co-exist in the same solution ; at 
any rate, as many as four have actually been 
obtained from certain solutions. Pickering next 
attacked the subject from a purely experimental 
point of view. The distinctive feature of his 
work is the search for changes of curvature 
(breaks) by the application of a flexible lath to 
his plotted results. A lath bent by the applica- 
tion of two couples near its extremities forms, 
for all practical purposes, a curve of a very simple 
nature ; and it has been proved that the use of 
such a lath is tantamount to, and leads to pre- 
cisely the same conclusions as, the application of 
ordinary parabolas with three or four constants 
deduced mathematically from the experiment^ 
values ; and in several respects, besides expedi- 
tiousness of application, this method is superior 
to the mathematical method. The mere fact that 
a certain figure may be represented accurately 
by a series of parabolas is by itself no proof that 
it really consists of these independent curves, any 
more than the existence of breaks can be dis- 
proved by finding an artificial equation which 
will bridge them over; the correctness of any 
particular form of representation can be measured 
only by the results to which it leads, and in this 
respect the discontinuous expressions would ap- 
pear to be highly satisfactory. The positions of 
the breaks are not dependent on the taste of 
the draughtsman : the figures examined seem 
to split up naturally into certain sections only, 
and when drawn in these sections it was found, 
in some dozenb of series of experiments, that the 
apparent error of the points agreed Mrithin-fi or 
10 per cent, with the ^own experimental error 
(though in a groat number of the eases the true 



magnuade of the latter was li^t ^ ^ 

after the drawings were made), trhereas drawing! 
of a similar oharaoter, but placing the breaks at^ 
other points, or drawings obliterating the breaks 
altogether, represented the error of the points to 
be far larger, often 10 or 100 times larger, than 
the known experimental error. It must be re- 
marked that, once the magnitude of the experi- 
mental error is known with certainty, no draw- 
ing can be accepted unless it agrees closely with 
it, and Pickering has devised a method by which 
the experimental error can be accurately deter- 
mined independently of any considerations other 
than the examination of the final results them- 
selves ; he has also devised a means of obtaining 
a numerical estimate of the acceptability of any 
drawing, by combining together the various 
factors which are usually taken as affording a 
criterion of acceptability. Again, when sections 
of increasing lengths are taken, and these are 
represented by single parabolas, or bent-lath 
curves, there is little or no increase in the ap- 
parent error of the points till the sections extend 
beyond a point where one of the supposed breaks 
exists, but as scion as they do so there is a large 
and sudden increase, indicating that some real 
change at the point in question exists. Moreover, 
it has been shown that in a case where two para- 
bolas will represent a series of results perfectly, a 
single parabola will not do so, even if it contain 
as many constants as tiie two parabolas together 
contain. The strongest argument, however, in 
favour of the reality of these breaks is that the 
various properties of any series of solutions, al- 
though they form figures differing from each other 
widely in general form, are yet all thoroughly 
concordant as to the positions at which the 
breaks occur. The properties of sulphuric acid 
which were investigated were the densities at 
four temperatures and the contraction on mixing 
deduced from them, the heat of dissolution, the 
thermal expansion, the electric conductivity 
(Kohlrausch’s values), and the thermal capacity; 
subsequently also the freezing-points and van 
der Willigen’s values for the refractive indices 
were investigated. Perkin alsQ found indications 
of two of the breaks in his determinations of tho 
magnetic rotations, and still more recently F6ry 
has recognised some other of the breaks in his 
own measurements of refractive indices. Three 
different properties were also examined by Picker- 
ing in the case of calcium chloride and nitrate, 
and were found to show a similar concordance. 

That the breaks are really due ti), and indi- 
cate the presence of, compounds in solution is 
shown by the fact that, not only in the cases 
above mentioned, but also in many others where 
other solvents besides water were used, they 
always occur at points which conespond within 
small limits with definite molecular proportions 
— wherever, that is to say, the proportion of sub- 
stance to solvent is suiliciently simple to prmit 
of any conclusions at all being drawn in the 
matter. Further evidence on this point was also 
afforded from a study of the freezing-points of 
fourteen of the alkyl amines, where, with one ex- 
ception, hydrates of the very compositions indi- 
cated by breaks in the case of some of the amines 
were isolated in the crystalline condition in the 
case of the others. Finally, as a more striking, 
perhaps not more cogent, argument, we 
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wMoh had been foreshadowed in the properties 
(oHiefiy densities) of the solutions ~ namely, 
H,S0,.4H,0, HBr.3H,0, HBf.4EA HC1.3JEl6, 
HN 0 ,.H 20 ,and HN0,.3H20— the last three beiilg 
especially conspicuous examples, for the only 
marked breaks which the densities showed 
coincided with the only hydrates which were 
subsequently isolated. 

Two important features of the conclusions 
drawn from the above-mentioned work on sul- 
phuric acid should be mentioned: firstly, the 
large number (18-20) of hydrates of which in- 
dications were obtained ; secondly, the complex 
nature of hydrates in very dilute solutions. Any 
improbability which might be considered to 
attach to the former conclusion (the ugh, in 
reality, no data exist on which to found any 
estimate of the probabilities in such a case) is 
removed by the fact that a still larger number of 
hydrates (when equal ranges of concentration are 
compared) have been isolated in the crystalline 
condition from solutions of sodium hydroxide. 
The complexity of the hydrates indicated ex- 
tends up to compounds with hundreds and even 
thousands of molecules of the solvent, but, with 
the explanation to be mentioned below as to 
their possible constitution, these hydrates can 
scarcely be branded as improbable ; at any rate, 
the breaks which indicate their existence appear 
to be precisely similar in nature to those which 
indicate the presence of tho simpler hydrates. 
Pickering has investigated the freezing-points of 
many dilute solutions besides those of sulphuric 
acid, and has found that nearly all of them show 
indications of similar changes, and those recog- 
nised in the cases of sodium chloride and sulphuric 
acid have received further confirmation from a 
series of results made by H. Jones ; a confirma- 
tion of special importance, since Jones’s deter- 
minations were made with the view of disproving 
the existence of breaks.' Complex hydrates, 
though of a comparatively small degree of com- 
plexity, would appear to exist in regions other 
than those of very dilute solutions; two such 
were indicated in the neighbourhood of the 
monohydrate of sulphuric acid, and a similar 
one, perhaps another also, has been isolated in 
the case of soda. These are probably compounds 
of two different hydrates. 

It is important to note that the changes of 
curvature here described need not necessarily 
be absolutely abrupt. On the strength of ex- 
perimental evidence only, where experimental 
error necessarily exists, it is obviously impossible 
to prove or disprove the abruptness of any change, 
and no satisfactory mathematical theory has yet 
been formulated to lead to any views on the 
subject. It is suillcient for the purpose that com- 
paratively abrupt changes exist. Nor should it 
be expected that these changes would necessarily 
be of a very marked character, for a large pro- 
portion of the factors determining the properties 
of solutions must be of a purely physical or even 
mechanical character ; the densities of sulphorio 
acid solutions, for instance, must rise more or 
less gradually from 1 to 1'85, and it is only in 

I ' It should be noted that Jones himself asserts that his 
results entirely disprovs Flolrarlog's ‘ breaks * (•. S, 36, 647. 
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^at we ean expect to find CTidenee of inter- 
mediate oompoands. 

Applicatum of the hydrate theory to e^lain 
the properties of dilute solutions. Diversity and 
irregularity are some of the most marked features 
of the properties of concentrated solutions, and* 

I though in dilute solutions these irregularities 
are much loss conspicuous (as, indeed, we should 
expect them to be when the hydrates present 
become excessively complex and, consequently, 
excessively unstable), they are still recognisable, 
and it is only in the most extreme dilution, 

* where the experimental error amounts to a large 
fraction of the total quantities measured, that 
the results can be expressed within the limits of 
this error as an apparently regular function of 
the concentration. It may safely bo stated that 
any purely physical theory which confines itself 

* to regions of extreme dilution, and which ignores 
some of the most marked features of dissolution, 
as well as the mass of direct evidence showing 
the existence of compounds in solution, cannot 
be accepted as a complete theory ; nor, on the 
other hand, can the hydrate theory of solutions 
be accepted as satisfactory unless it can be- 
shown to be consistent with the two main 
characteristics of weak solutions— the apparent 
quasi-gaseous independence of the dissolved 
substance in dilute solutions, and the approxi- 
mately accurate results which are obtained when 
calculations are based on the assumption that 
electrolytes in dilute solutions are dissociated 
into their ions. However important the ser- 
vice rendered to science by the gaseous and 
dissociation theories of solution, there are many 
fundamental objections which militate against 
their universal acceptation. They offer no satis- 
factory explanation of why substances dissolve 
at all, and still less why water alone, of all 
ordinary solvents, should resolve salts, Ac. into 
their ions. These ions are represented to be 
atoms charged with enormous electric charges, 
but no explanation is given of the origin of these 
charges, or of the peculiarities which they are 
supposed to exhibit ; two atoms oppositely elec- 
trified are represented as being less combined 
than when not charged at all; the charged 
atoms are represented as swimming about in the 
water without decomposing it, and without 
giving up their charges to their oppositely electri- 
fied companions, although they can part readily 
with them to an electrode ; and to explain the 
thermal phenomena of solution, it has to bo 
boldly assumed that the decomposition of mole- 
cules (elementary or composite) into charged 
atoms often evolves a considerable amount of 
heat, and consequently that the charging of an 
ordinary atom must be a process which evolves 
heat also. The only crucial experiment which 
has BO far not been susceptible of an opposite 
interpretation seems to disprove any real dis- 
sociation of electrolytes. The lowering of the 
freezing-point of a solvent is accepted as afford- 
ing a measure of the number of acting units 
(^molecules or ions) in any substance added to 
it, and when, for instance, to some acetic acid 
a weak solution of sulphuric acid is added, the 
depression produced proves' that the latter con- 
tains fewer acting units than the water and sul- 
phuric acid dp separately, instead of more, as 


would he the etsei||the sulphuric acid molecules 
had to be split up into independent ions. 

. In a paper in the Berichte^ Pickering has 
offered an explanation of the behaviour of dilute 
solutions based on the hydrate theory and on 
the views held by him as to residual affinity. 
The explanation may be rendered more in- 
telligible by representing chemical attraction, as 
we represent electrical attraction, to be due to 
‘charges’ on the surfaces of the attracting 
matter, but inalienable from the matter, owing 
to a repulsive force between the atoms similar 
to that which produces elasticity preventing the 
atoms ever coming close enough together to 
allow of the charges combining. The charges 
are represented as being always self -attracting. 
Each atom possesses one or more unit aflinity- 
charge according as it is a monad or a polyad : 
with a free atom the charge would be uniformly 
distributed over its surface, whereas when two 
atoms are combined the greater part of the 
charges would be drawn to those sides of the 
atoms facing each other ; but, as in the case of 
electric charges, a certain amount would still be 
left on the further sides capable of acting on, and 
being acted on by, other atoms or molecules in 
like condition, this residue, or unbound charge, 
forming what appears as residual affinity. As 
in the case of electrical charges, the nature of 
the matter composing different atoms will cause 
different degrees of mobility in the charges on 
^heir surfaces, and hence different pairs of atoms 
will be held together with different degrees of 
firmness, and different molecules will exhibit 
different amounts of residual affinity. When a 
molecule A B, possessing a certain amount of 
residual affinity, is surrounded by a number of 
other molecules CD possessing residual affinity 
also, the two residual charges will react on each 
other and increase the amount of the charges on 
the external portion# of the molecules, leaving a 
smaller amount of charge on the portions of A 
and B which face each other ; in the same way 
the charge on C will be partially withdrawn 
from the surface facing D, and will be able to 
retain a smaller amount of D’s charge on the 
portion of D which is next to it, so that D will 
exhibit more residual affinity than formerly, 
and will be able to react in a similar manner 
on its neighbours, C' D’, Thus, by a process pre- 
cisely analogous to electric induction, the 
number of molecules of C D which are acted on 
by, and are more or less combined with, A B 
may be \erf large, and far greater than -the 
number which are capable of coming into its 
immediate vicinity. The existence of the very 
complex hydrates which have been recognised in 
dilute solutions is thus easily explicable. It is 
evident that a molecule when thus surrounded 
by, and combined with, a large number of 
solvent molecules will be attracted equally in 
every direction, and as the magnitude of the 
force exerted on it by each individual solvent 
molecule must be very small, it will be able to 
move easily in any direction, especially as any 
of the solvent molecules from which it parts 
during the process will have their places 
supplied at once by other similar molecules, of 
which, owing to continuous dissociation and re- 
combination, there is an abundant supply in tha 
liquid. Tlius, into wh^ttever new position tbs 
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eentral luoicwoie moveg, th^tkOiu ^ tmU if 
immediately reproduced, aod, ooneequently, fha 
molecule will move almost imfettered by the 
presence of the solvent, and will act almost as 
if it were in the gaseous state. We thus obtain 
at once an explanation of why the application of ‘ 
Uie ordinary gaseous laws to dilute solutions 
yields very nearly true results ; we should, 
indeed, expect that they would not be absolutely 
true, for certain definite numbers of solvent 
molecules would be capable of a more symmetri- 
cal arrangement about the central molecule than 
others, and such arrangements (definite hydrates) 
would be more stable than others, and the ten- 
dency to form them might have an appreciable 
effect on the regularity of the results: small 
irregularities of this sort are exactly what we 
find in the case of those dilute solutions which 
have been fully examined. 

It is obvious that as the quasi gaseous free- 
dom of the molecule is dependent on its being 
combined with the solvent, this freedom obtains 
only so long as the molecule remains within 
the solvent, and would not admit of the possi- 
bility of its Laving the liquid, or of exerting 
an external gaseous pressure; for the same 
reason it wo^d be impossible for it to pass 
through ai\y crevice so small as not to allow it 
to retain as many solvent molecules as it was 
combined with in the solution. This gives us 
an explanation of the action of scmipermeable 
diaphragms and all the phenomena of osmotic j 
pressure; it, moreover, removes a difficulty which | 
must be experienced in accepting the explana- i 
tion given by the supporters of the physical i 
theory of the action of these diaphragms— why 
it is that, the water molecules (which are ad- 
mittedly combined in great part into complex 
aggregates) can so easily pass through interstices 
which are impervious to what are held to be the 
single free molecules and ions of the dissolved 
substance. Direct experiment would seem to 
decide conclusively in favour of the explanation 
of osmotic pressure given above, for, when a 
suitable solution in a porous pot is immersed in 
either of the substances which compose the 
solution, osmosis through the pot towards the 
solution occurs in both cases, showing that 
osmotic pressure is not due to the impermeability 
of the pot to either of the constituents of the 
solution, but to its impermeability to the solution 
os a whole. 

In a case where the atoms of the dissolved 
molecule possessed a considerable amount of 
residual affinity, the action and reaction between 
them and the solvent molecules would, in every 
respect, be proportionally great, and, con- 
sequently, those portions of the whole charges 
which are utilised in uniting the component 
atoms of the dissolved substance would bo re- 
duced, and, in extreme cases, might be reduced 
to the lowest possible limits — that is, till the 
amount •of affinity utilised in holding them 
together was equal to that utilised in attaching 
them to the solvent molecules, in which case 
there would be an equal distribution of the 
affinity charges over the atoms. The atoms 
composing a molecule in such a condition would 
have a great amount of freedom of motion within 
the molecule ; being attracted equally in all 
directions, they would be at liberty to start to 


oirectioD, afid i9dfa«aeBti 
might attdn considerable amplitude under 
suitable conditions as to the rate at which the 
forces between them varied with the distance ; 
for to explain the apparent independence of the 
atoms, and therefore the abnormal osmotic 
‘pressure of a salt molecule, ‘ it only requires,* 
according to Fitzgerald, * the space within which 
[the atoms] are bombarding about to be small ^ 
compared with the space rate of variation of 
the force between [them].’ The atoms of the 
two molecules in such a condition would ob- 
viously change partners very readily during 
collision, and this gives us an explanation of 
why such an interchange does take place when 
two different salts, &c., are mixed. This ready 
exchange, moreover, would take place con- 
tinuously, and in a definite direction, under the 
influence of any external force, such as a charged 
electrode, a Grothiiss’ chain being formed, and 
we should consequently expect to find that sub- 
stances in this condition— i.e. those w'hich give 
abnormally large osmotic pressures — were elec- 
trolytes; this is so: and since, moreover, ihe 
amount of electrolysis occurring in a given time 
under a given force would be proportional to 
the number of molecules in the condition postu- 
lated, it follows that this number— and, there- 
fore, the osmotic pressure— could be calculated, 
at any rate approximately, from the conductivity. 
In short, whatever calculations hold good on the 
assumption that the atoms in the molecules are 
absolutely independent will also hold good if 
they are assumed to be in the peculiar condition 
of combination here described —a condition which 
is brought about by their great tendency to 
combine with the solvent, and not by a tendency 
to part company for no assignable reason. On 
the present view also it is possible to understand 
why it is that salts and acids are generally 
electrolytes, and why water is the solvent which 
makes them electrolytes, for both salts and water 
are composed of elements which have a strong 
attraction for elements of an opposite character, 
and in such a case the residual affinity of both 
the elements (basylous and chlorous) constitu- 
ting the salt would be acted on by that of the 
two opposite elements constituting the water, 
and we would get an amount of mutual reaction 
which would be impossible in the case of other 
substances. 
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SONKEKSCHEIN’S BEAOEET. Prepared 
by adding phosphoric acid to a wami solution 
of ammonium molybdate in nitric acid, boiling 
the pp. with aqua regia W destroy NH|p evapo* 
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ItaUng io dryness, and dissolving in 10 p.o. nitric 
Wd (A, 104, 45). This reagent gives yellow 
pps. with alkaloids. 

80PH0B1N. S. *009 in the cold; *6 at 100^ 
S. (alcohol) *8 in the cold ; 7 at 78°. Obtained 
from Chinese yellow berries, the undeveloped 
flower buds of Sophora japonica (Stein, J.pr, 68, 
899 ; 85, 851 ; 88, 280 ; Spiess a. Soatmann, /. 
1865, 587 ; Forster, B. 16, 216). Decomposed 
by boiling dilute H^SO^ into isodulcito and 
yellow Bophoretin, which resembles quercetin. 

80FH0RINE. An alkaloid obtained from 
the pods of Sophora speciosa (Wood, Ph. [3] 8, 
1047). Liquid, forming a crystalline hydro- 
chloride, which gives a deep-red colour with 
FeOlj. Poisonous. A poisonous alkaloid may 
also be obtained from the seeds of Sophora to- 
vientosa (GreshoiT, B. 23, 3539). 

SORBIC ACID C,H,02 i.e, 
CH3.Cn:CILCn:CH.CO,II. Mol. w. 112. 
[134-6°]. (228°). H.C. 730,000 (Ossipoff, J. R. 
20, 650). Heat of neutralisation : Gal a. Werner, 
Bl, [2] 46, 802). Occurs in the juice of unripe 
mountain-ash berries (Hofmann, G. J. 12, 43 ; 
A, 110, 129). The juice is partially neutral- 
ised with milk of lime, decanted from acid cal- 
cium malate, and distilled after addition of 
II^SO^. Needles (from dilute alcohol), v. sol. 
alcohol and ether, m. sol. hot water, volatile 
with steam. Partially decomposed on distilla- 
tion (Barringer a. Fittig, A. 161, 307). Has no 
odour. Br in CSj forrag tetra-bromo-hexoio 
acid [179°] and di-bromo-hexenoio acid [90°-95°]. 
Fuming HBr forms di-bromo-hexoio acid [68°] 
(Stahl, B. 9, 120). Very dilute alkaline KMnO* 
at 4° gives aldehyde, racemic acid, oxalic acid, 
and OO2 (Doebner, B, 23, 2376). Sodium-amal- 
gam forms hydrosorbic acid. 

Salts.— BaA'j. — Ca A'j : silvery scales, — 
AgA' : white crystalline pp. 

Ethyl ether Piih!. (103*6°). Liquid, 

Chloride C,.H,OCl. Converted by NH^ and 
aniline into crystalline CaHjO-NH, and 
CjHjO.NHPh respectively. 

Hydrosorbic aoid v. IIrxenoio acid. 

IsoBorbic acid v. Hexinoic acid. 

Reference. — OxY-sonnic acid. 

SORBINOSE U. 

CH2(0H).(CH.0H)3.C0.CH20H(?). S.G. 15 1.664. 
[a]j=-47° at 7°. S. 200. An unfermentable 
sugar obtained from the fermented juice of 
mountam-ash berries (Pelouzc, A. Ch. [3] 85, 
202 ; Byschl, J. 1854, 664 ; Delffs, 0. N. 24, 76). 
The juice is left to stand for a year, and then 
filtered and evaporated. Trimetrio crystals, as 
sweet as cane sugar. La3vorotatory. V. e. sol, 
water, si. sol. hot alcohol. Forms with NaCl a 
compound crystallising in cubes. Its aqueous 
solution dissolves CaO, PbO, and Cu(OH)2. Not 
attacked by Br. Yields tri-oxy-glutario acid on 
oxidation by HNO, (Kiliani a. Scheibler, B. 21, 
8276), but no mucic or saccharic acid (Tollens, 
A. 249, 222). HIAq and P yield hexyl iodide. 
Reduced by sodium -amalgam to sorbite (Vincent 
a. Delachanal, G. R. Ill, 52). Not turned 
brown by hot alkalis. Reduces Fehling’s solu- 
tion. Bromine water yields glycollio acid 
(Hlasiwetz a. Habermann, A. 155, 120). On 
heating sorbinose (1 pt.) on the water-batn with 
a solution of phenyl-hydrazine hydrochloride 
(2 pis.) and NaOAo (3 pts.) ii) water (10 pts.) i| 
Vofc IV, 


yields the osazone [164®], which 

crystallises in yellow needles, si. sol. hot water, 
V. sol. alcohol, V, si. sol. ether (Fischer, B, 17, 
682 ; 20, 827). 

SORBITANNIO ACID. Obtained from the 
^berries of Sorbus aucuparia (Vincent a. Dela- 
chanal, BZ. [2] 47, 492). Gives a yellow colour 
with alkalis ; reduces silver salts in the cold; is 
not ppd. by alum or gelatin. Potash-fusion 
forms protooatechuie acid and phloroglucin. 

SORBITE C,H„0«. Mol. w. 182. [111°]. 
[“]d=‘ 71*73°. Occurs in mountain-ash berries 
(Boussingault, A. Ch. [4] 26, 376) ; in plums, 
cherries, and the fruits of nearly all the Rosacem 
(Vincent a. Delachanal, G. R. 108, 147 ; 109, 
078; 111, 52). Formed on reduction of sorbin 
and of Z-gulose (Fischer a. Stahel, B. 24, 2144). 
Formed also, as well as mannito, by reducing 
glucose (dextrose) with sodium-amalgam in the 
cold (E. Fischer, B. 23, 3684 ; Meunier, C. B. 
ni, 49). Pearly crystals (containing laq). 
Melts at 75° when hydrated. V. sol. water and 
liot alcohol. Neither ferments with yeast nor 
reduces Fehling’s solution. Lrovorotatory, 
becomes dextrorotatory on addition of sodium 
borate (Vincent a. Delachanal, C. B. 108, 364), 
HIAq yields (i8)-hexyl iodide (Hitzomann a. 
Tollens, B. 22, 1048). Boiling with Ac^O and 
some ZnCl.^ forms a hexa-acetyl derivative. 
Benzoic aldehyde and a little hydrogen chloride 
give CaH, 304(0, H4O), crystallising in rectangular 
prisms [c. 175°] ; if more acid is present the 
insoluble compound CuH,30,(0,H,0)3 [162°] is 
formed (Meunier, 0. R. 108, 148; 110, 577; 
A. Ch. [6] 22, 423). In like manner valeric 
aldehyde and HClAq form, on shaking, 
C,iH,204(C4Hs0)2, crystallising in prisms, sol. 
alcohol and ether. Sorbite may be oxidised to 
glucose by heating in sealed tubes with bromine- 
water at 60° and treating the product with Pb 
and PbO (Vincent a. Delachanal, C. R. Ill, 63). 

SORDIDIN CjjHigO,. [180°]. A neutral 
crystallisable substance occurring in the lichen 
Zcora sordida (Paterno, J. 1876, 863). Insol. 
water, v. sol. alcohol and ether. 

SPARTEINE O.jHa^N*. Mol. w. 234. (811® 
at 723 mm.) (Bamberger, A. 235, 868). [a]|, 

-—14-6° at 26° (Bcrnheimer, G. 13, 451). 
Occurs in the common broom, Spartium scopa- 
riimi (Stenhouso, A. 78, 1 ; Mills, C. J. 16, 1). 
Prepared by extracting the plant with water 
acidulated with H2SO4, evaporating, and distil- 
ling with NaOHAq. The distillate is acidified 
by HCl ; evaporated to dryness ; and the residue 
distilled with solid KOH. The base is finally 
rectified over sodium. Heavy oil, with peculiar 
odour and bitter taste, sol. alcohol and ether, 
insol. benzene and ligroin (noud6, Fr, 25, 668). 
Laevorotatory. Turns brown in air. Alkaline 
in reaction. Narcotic poison. 

Reactions. — 1. Yields ( 7 ) -methyl-pyridine on 
distillation with lime (Ahrens, B. 21, 826).— 2 
HIAq at 200° yields Mel and C,4H,4N, (276°), 
which forms a platinochloride [230°], an auro- 
chloride [157°], and a nitrosamine.— 8. On pass- 
ing the vapour through a red-hot tube it gives 
pyridine, ( 7 ) -methyl-pyridine, O^H,, propylene, 
NH„ HCy, and other bodies.— 4. H,Og forms a 
base OpH^gNjOr 

Salts.— The hydrochloride is amor- 
phous.— B"HjPtCl,2aq. Decomposed by boiling 



water (Oechsner De Ooninoki Bh [2] 45, X81).— > 
B"2 HAuCL. Decomposed by boiling water. — 
B"HI : tables, m. sol. cold water.— B^HaZnl^.— 
B^'Ii : green needles (from alcohol), insol. cold 
water.-B''H,SO, : pri8m8.-B"2C,H3N,0,. 

Methylo-iodide B"MeI. Trimetric plates ; 
a:b:c = *899;l:l*601. 

Ethylo-iodide B"EtI. Prisms (from 
water), v. e. sol. water and alcohol, insol. 
NaOHAq.— B"EtIHL Got by heating sparteine 
with EtI and alcohol at 100°. Prisms (from 
cold alcohol). Not coloured by alcoholic potash 
(De Coninok, 0, B, 104, 613). Yields 

B'^EtClHClPtCl,. 

Dihydride OjsHjgNa, (283°). Got by re- 
ducing sparteine with tin and IIGl (Ahrens, B. 
20, 2219). Colourless oil,— B"HC1: very deli- 
quescent needles.— B'^H^PtClj. Blackens at 
239°.— B''HAuCl4. Blackens at 130°.— Pi crate. 
[126°]. Needles, decomposing at 215°.— B'^HgCh. 

Oxysparteine CuHo^NjjO. [84°]. Formed by 
oxidising sparteine, and extracting the solution 
with chloroform (Ahrens, B. 24, 1095 ; 25,3007). 
White hygroscopic needles, v. sol. water, alcohol, 
and ether. °Its solution is strongly alkaline. 
Eeduces hot Fehling’s solution. — B"H,C1.^4aq. 
Needles, v.8ol.water.—B'HClaq.—B"2HoP*tCl„4aq. 
Decomposed at 209°.— B"n.PtClj, aq. ‘Needles: 
decomposed at 223°.— B"HAuCl,. — Mercury 
double chloride [68°]. — B'HBr2^aq. — 
B'HBrS^aq.— B'HI aq.— B'HNOj aq.— Prorate 
[178°]. ‘ 

Methyl’iodide of oxysparteine 
B'Mel. [193°].— B'MoCl.— B'MeClHClPtCl, aq. 
[229°]. POCl, at 150° converts oxysparteinointo an 
oily base OjjHaNj which yields C,5HjjN22HAu6l4 
[161°]. 

Di-oxy-sparteine OisH^eNjOy [129°]. Formed 
by dissolving sparteine in aqueous H^O.^ (Ahrens, 
B, 20, 2220 ; 25, 3609). Prisms, v. e. sol. water 
and alcohol, si. sol. benzene, insol. ether. Alka- 
line in reaction.— B 'H^PtOl,. Blackens about 
236°.— B'^HAuCl,. [c. 146°]. Needles.— B"HI. 
[137°].— B'HBr. [147°].— B'H^HgCl,. [193°]. * 

Tri-oxy-sparteine OijHj.NaOa. Formed by 
action of on oxy-sparteine. Crystalline, 
▼. sol. water and alcohol. — B'oHjPtCL 31aq. — 
BmuCl,. [137°]. 

SPECIFIC 6BAVITY v. Densities, belativb, 
vol. ii. p. 870. 

SPECIFIC VOLUMES. The molecular 
weights of substances when divided by their 
respective specific gravities, taken under com- 
parable conditions, furnish values which have 
been termed atomic^ molecular^ or specific 
volumes. The specific volume is, therefore, the 
space occupied by aggregates of atoms, indu- 
ing the interstitial spaces, whose weights are 
proportional to the molecular weights of the 
substances. 

Objection has been raised against the term 
‘specific volume ’ on the ground that, as specific 
gravity is the weight of unit volume, specific 
volume should by analogy be the volume of unit- 
weight ; hence of late years the term ‘ molecular 
volume * has been preferred. The term ‘ specific 
volume * has, however, acquired by definition and 
use a distinctive meaning. The adoption of the 
term * molecular volume ' is almost certain to be 
attended with confusion, owing to the different 
ffShse in which it is frequently employed by 


^yalcists and ohemists. Th« speoiilo gravi^ 
of solids and liquids, referred to water at 4°, is 
the weight in grams of the unit volume. If, then, 
the molecular weight be expressed in grams, we 
may define the specific volume of a solid or 
liquid substance as the number of cubic centi- 
metres occupied by this mass. 

The specific gravity of a gas is usually re- 
ferred to hydrogen as unity. It follows, then, 
from the law of Avogadro that all gases should 
have the same specific volume. There are a 
few exceptions to the universal truth of this 
statement arising from so-called abnormal vapour 
densities, but the specific volumes of the excep- 
tional substances stand in the same simple rela- 
tion to the normal value that their molecular 
weights stand to what analogy would indicate 
as the normal molecular weight. 

Inasmuch as the specific gravity of a sub- 
stance is affected to a greater or less extent by 
heat, it is obviously necessary to determine this 
constant under comparable conditions of tem- 
perature— that is, at temperatures at which heat 
may be supposed to exercise the same effect on 
the substance. In the case of liquids Schroder 
suggested tliat temperatures at which the vapour 
pressures of the various liquids are the same— as, 
for example, their boiling-points under a standard 
atmosphere— should be regarded as comparable. 

In the case of solids the effect of temperature 
is of course much less marked, and hence the 
specific gravity of these substances is usually 
taken at the ordinary temperature of the air. 

Specific volumes of solids. 

The first attempt to trace relationships be- 
tween the chemical nature of substances and 
their equivalent volumes appears to have been 
made by Le Boyer and Dumas in 1821 {J, 
Ph. 92, 408). They sought to determine the 
equivalent volumes of the elements by dividing 
their atomic weights by their respective specific 
gravities, the values so obtained being termed by 
them atomic volumes. They were led to infer 
that these volumes formed an arithmetical series — 
a supposition which was hardly warranted by the 
facts then known, and which has since been com- 
pletely disproved by more accurate observations. 
This idea of combination among solids in definite 
volumetric proportion was further developed in 
1824 by W. Herapatb (P. M„ Nov. 1824), who 
sought to prove that the volume of the oxygen 
in a metallic oxide bears a simple ratio to that 
of the metal with which it is combined. Almost 
simultaneously the same problem was attacked by 
Karsten {S. 66, 394), and subsequently, in 1830, 
by Boullay, but with no definite general result. 

Ammermtiller, however, in 1840, concluded 
(P. 49, 341 ; 50, 406) that the specific volumes 
of compounds containing the same elements in 
different proportions are either identical or stand 
to one another in rational proportions. Persoz 
in his ‘ Introduction to the Study of Molecular 
Chemistry,* recognised that equivalent amounts 
of many bodies of analogous composition occupy 
the same volume, and he inferred that the 
specific volumes of all substances are multiples 
of one and the same number, a conclusion also 
town by Le Boyer and Dumas, but which is 
not supported by facts. 

Eopp (P. 47, 138), ml839| first attamptefil^ 
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^doe genend lonntilfi from whioh he was able 
|d oaloalate the speoifio gravities of certain oxides 
tod haloid salts, with results which showed, in 
Mneral, a fair agreement with the observed 
ralues. In the same manner he calculated for- 
tnulffi for other anhydrous salts — such as sul- 
[)hates, carbonates, and nitrates~on the suppo- 
sition that such salts consist of combinations of 
jxides and acids, or that they are made up of a 
radicle, acid plm oxygen. By means of these 
formulae he inferred that it is possible to draw 
3onclusions concerning the specific gravity of 
netals for which this constant is unknown. 
Ropp, in this memoir, used the term specific 
mluine for the first time, and he defined it as the 
nolccular weight (Mischungsgewicht) of a sub- 
stance divided by its specific gravity. He found 
t>hat the specific volumes of similarly reactive 
dements -as, for example, chlorine, bromine, 
ind iodine ; tungsten, molybdenum, chromium, 
iron, manganese, nickel, cobalt, &o.— are equal 
jr nearly equal. In other cases— as silver 
ind gold, potassium and sodium — the specific 
volumes stand to each other in simple relations. 
Elements which, like barium and strontium, 
form isomorphous compounds have the same 
specific volume. Strictly speaking, this law can 
hold only for those substances which are per- 
perfectly isomorphous. The more nearly the 
crystalline forms of isomorphous substances are 
identical, the more nearly will their specific 
Tolumes be the same. This is made evident by 
a comparison of the axial ratios of witherite, 
strontianite^ arragonite^ and cerussite ; and also of 
the carbonates of zinc and magnesium {mesiUne)^ 
the carbonates of iron and manganese, and dolo- 
mite and calc-spar. It is seen that there is a 
direct comparison in the case of the latter com- 
pounds between the length of the principal axis 
a and the specific volume V, such that 
=:0-0127671V, from which it is possible, of 
course, to deduce the specific gravity of the sub- 
stance from its crystalline form. It also follows 
that an increase of specific volume is occasioned 
by an increase in the length of the axis a. If 
we heat one of these crystals the densHy de- 
creases ; the axis a must therefore increase in 
length, while the angle B becomes less obtuse. 
This fact, indeed, was discovered by Mitscher- 
lioh, who found that the specific gravity of calc- 

•par decreased in the ratio of 1 to when 

calc-spar was heated through 100°. Tlie specific 
gravity of calc-spar is 2*7220, when a 0*8544 and 
K = 106® 6'. By heating calc-spar through 100®, 
the specific gravity becomes 2*7167, or the specific 
volume changes from 36*73 to 36*80. If we de- 
termine the length of the ^axis a by means of 
the above formula, we find it to be 0*85672, corre- 
sponding to an angle B of 104® 67', or a dif- 
ference of 8', which closely agrees with that ac- 
tually observed by Mitscherlich (P. M. [3] 18, 
266). Bchrdder (P. 1840. 653), starting from the 
observation of Ammermfiller, that equal volumes 
of the two oxides of copper contain the same 
amounts of copper and multiple amounts of 
oxygen, assumed that the volume of the copper, 
as of the oxygen, is equal in the two substances, 
but that the amount of the oxygen in the cuprous 
^dt; stands to (hat in (he cupric o^4e tts i to 3. 


Hence Schrfider drew the general eonolusion 
that the same element can have different speoifio 
volumes in different compounds, but that the 
several values for the specific volumes stand in 
simple relations to each other. He saw in this 
hypothesis not only an explanation of the con- 
densation which accompanies chemical union, 
but also a rational basis for the belief that the 
specific volume of a compound is equal to the 
sum of the specific volumes of its components. 

Schrdder found that if in a series of analogous 
bodies, AO, BO, CO, the specific volumes of which 
are known, we subtract from these values the 
primitive atomic volumes of A, B, and 0 respec- 
tively, we obtain a constant remainder. This he 
found to be the case with the oxides of load, 
cadmium, and zinc, and hence he inferred that 
the metal in these oxides retains its primitive 
atomic volume. Kopp assumed that this is equally 
true of the salts of the heavy metals, but with 
the salts of the metals of the alkalis and alkaline 
earths this is impossible, as the specific volumes 
of the salts are, as a rule, smaller than the 
primitive atomic volumes of the component 
metals. He had consequently to assume for 
these metals a special atomic volume, which 
however, remains the same in all the salts. He 
determined these values as follows: Suppose 
M + B to be a compound of a heavy metal, and 
m + B the analogous compound of alight one; 
suppose A to bo the known specific volume of 
M -f B, and a that of nt + B, B the primitive 
atomic volume of M, and b that of m. 

Then, M -t-B^ A, 
and M = B. 

Therefore the atomic volume with which B is 
contained in the compound is A~B, say x. 

It is assumed that B retains its value in 
w + B, 

and since w-HB = a, 
and B = « ; 

therefore 6, i.e. the atomic volume of m *>>a— a;. 

Kopp also showed that the densities of the 
hydrated oxides, and of a number of hydrated 
salts, may be calculated with considerable ac- 
curacy by assuming certain definite values for 
water in a state of combination. It ought to be 
stated, however, in this connexion, that subse- 
quent researches have indicated that Eopp’s 
conclusions respecting the specific volume of 
water of crystallisation must be slightly modified. 
Schiff, many years ago, showed that the mem- 
bers of certain^ classes of hydrated salts have 
practically the same specific volume. Thus, all 
the alums have a specific volume of about 277 ; 
double sulphates of the form M2M"(S04)j.6H^0 
have a common volume of 207; and adl the 
vitriols— that is, salts of the form M"S04.7H.p— 
whether isomorphous or not, have the speoifio 
volume 146. 

Thorpe a. Watts (C. J. 37, 102, [1880]) have 
shown that the volumes occupied by the several 
molecules of water vary with ihe degree of hy- 
dration of the salt. In the case of the so-ealled 
magnesian sulphates, the first molecule of water, 
the constitutional water, or ‘water of halhydra- 
tion * of Graham, occupies considerably leas bulk 
than the remaining molecules ; its mean relative 
value is 10*7. Each additional moleculfi ap- 
pears to occupy a gradually increasing volume. 
The diKerenqe between the speoifip volumes ol 
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the monohydrate and dihydrato ii 18*8 ; between 
the volumes of the dihydrate and trihydrate 
the difference is 14*5 ; between the trihydrate 
and the tetrahydrate it is 15*4; and between 
the hexhydrate and heptabydrate it is 16*2. 
These observations are so far in harmony with 
Kopp’s general conclusions that in the com- 
pounds containing only a small number of 
water molecules (1 to 3) tbe specific volume of 
the water is 12*4 ; in others containing a larger 
number of molecules of water (2 to 7) it is 13*4 ; 
whereas, in a third class, containing the largest 
number of molecules of water (from 3 to 10), its 
mean value is 15*3. 

Speplfio volumes of liquids. 

Methods, The specific gravity of the liquid 
at its boiling-point may be determined either 
directly or indirectly. Kamsay (C. J, 36, 463 
[1879]) devised a simple method by which the 
weight of a known volume of liquid at its 
boiling-point may be directly ascertained with 
approximate accuracy. The vessel containing 
the liquid qpnsists of a thin glass lemon-shaped 
bulb of about 10 o.c. capacity. At the upper end 
of the bulb is a capillary tube, bent into the 
form of a hook ; the lower end is provided with 
a similar hook of solid glass. The capacity of 
the bulb is ascertained by weighing it full of 
water at a known temperature. The bulb is 
filled with the liquid to be examined, in the 
usual way, by warming and dipping the capillary 
neck of the bulb beneath the surface of the liquid. 
It is not necessary to fill the bulb completely ; 
two or three c.o. of the same liquid are then in- 
troduced into the wide tube, and the bulb is sus- 
pended within it by thin platinum wire attached 
to a piece of glass rod passing through a hole in 
the cork. The wide tube is then heated until the 
liquid within it boils violently, and it is kept in 
ebullition so long as liquid drops from the end 
of the capillary neck of the bulb. The lamp is 
now removed,* and the whole allowed to cool. 
When cold the bulb is dried and weighed Th4 
specific gravity of the liquid is given by the 
formula 

f? W' 

op- 8'* - 1 + (0-00015 X TW) 

in which W' is the weight of the liquid ; W, 
that of the water filling the bulb at 0° ; and T the 
temperature at which the liquid boils ; 0*00016 
is an empirically-determined,, co-efiicient re- 
quired in order to make the volume correspond 
with the real volume at T. 

A somewhat similar method of determining 
the specific gravity of a liquid at its boiling- 
point is dMcribed by B. Schiff (A.'220, 78). The 
liquid is introduced into a flass of about 7 or 8 
0 . 0 . capacity, provided with a long narrow 
neck on which is a graduated scale. The 
capacity of the fiask up to the zero point is 
accurately determined by weighing with mer- 
cury, and the value of the scale divisions in 
fractions of a c.o. is also carefully estimated. 
The flask is then suspended in the boiling tube ; 
a few c.o. of the liquid under investigation are 
pla<^ in this tube and heated to boiling. After 
a few minutes the position of the liquid in the 
graduated neck is noted, and the flask is with- 
Orawni wipedi and weighed. The specific gravity 
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at the boiling-point compared inth water at 4* 
is given by the equation 

^ p 

’ “j-virrKjrrijr 

in which P « corrected weight of the liquid in 
the flask, 

and V< =» the apparent volume of the liquid 
at 

E a the co-efficient of expansion of 
the glass. 

It will be noticed that Schiff assumes that 
the liquid in the flask actually acquires the 
temperature of the vapour by which the flask is 
surrounded. Lothar Meyer (v, Neubeok, Z, P. C, 
1, 652) has slightly modified Bamsay’s apparatus. 
The bulb is best made of Jena glass, and has the 
capacity of about 2*5 c.o., and its weight, capacity, 
and thermal expansion are accurately known. 
It is filled with the liquid, and is suspended by 
means of a bent platinised-nickel wire within the 
flask, the neck of which can be closed by a cork. 
The flask contains a few c.o. of the liquid under 
investigation, which, when heated, may if neces- 
sary be caused to boil at any desired tempera- 
ture below the ordinary boiling-point by con- 
necting a side tube with a condenser, pressure- 
regulator, and fall-pump. As soon as the liquid 
within tbe bulb has acquired the temperature 
of the boiling liquid, and no further expan'sion 
occurs, the source of heat is removed and the 
bulb is weighed when cold. 

The specific gravity of a liquid at its boiling- 
point is, however, most accurately ascertained 
indirectly, although this method demands far 
more time and apparatus, and a greater number 
of experimental operations, than the direct 
method. The method consists in accurately 
determining (1) the boiling-point of the liquid; 
(2) the specific gravity of the liquid at some 
convenient temperature— best at 0° ; and (3) the 
rate of thermal expansion of the liquid from 0® 
up to the neighbourhood of its boiling-point. 
From these data the specific gravity of the liquid 
at the boiling-point can be readily calculated. 

1. Determination of the boiling-point. This 
is best made in an apparatus so arranged 
that the inner tube, containing the thermo- 
meter, is surrounded by a jacket of vapour from 
the boiling liquid. The boiling liquid should 
contain a few scraps of platinum foil or a spiral 
of platinum wire ; or, what is even better, a few 
short lengths of fine capillary tubing. If the 
amount of the liquid is very small the bulb of 
the thermometer should be surrounded with a 
little fibrous asbestos, as suggested by Bamsay 
a. Young (0, J. 47, 42). The thermometer read- 
ing must, if necessary, be corrected for the 
emergent column, either by the tables of Bim- 
bach {B. 22, 3072) or by that of Thorpe (0. J. 87, 
159), and should be reduced to normal pressure 
by the method of Grafts {B, 20, 709). The 
correction to standard atmosphere may, how- 
ever, be ascertained with approximate accuracy 
by the formula 

A / nCtW ^ A I t*AA\ 4* ^ 

*-(j>-760) 

in which 0 is the correction, t the observed 
boiling-point, and p the barometric pressure 
reduced and coneot^. 

The first eorrectiem is eppUq^hle to tho 
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gttitiet itamW ol UqnlAi, the second to water 
and the lower alcohols (Bamsajr a. Tonng, P. If. 
1886 . 616 ). 

2. Determination of specific gravity* This is 
most accurately effected, at least for substances 
which are liquid at ordinary temperatures, 
by Perkin’s modification of the Sprengel appa- 
ratus. For liquids which are alterable on ex- 
posure to air a bottle with a graduated stem is 
most convenient. The bottle should be previously 
filled with dry nitrogen, and a special apparatus, 
analogous to that used by Thorpe (Z.c.) must be 
employed to transfer the liquid to the bottle. A 
form of bottle for very viscid liquids has been 
described by Briihl. 

8. Determination of thermal expansion. Of 
the various modes of ascertaining the thermal 
expansion of a liquid the so-called dilatometrical 
method is, on the whole, the most convenient. 
It consists in inclosing the liquid in a vessel of 
known capacity, shaped like a thermometer, and 
provided with a graduated and accurately cali- 
brated stem. The instrument is placed in a bath 
of suitable liquid, the temperature of which can 
be raised to the desired point, as ascertained by 
a thermometer ; and the height of the liquid in 
the stem of the dilatometer, and hence its ap- 
parent volume at the temperature of observation 
is noted. A series of such observations at various 
temperatures up to the neighbourhood of the 
boiling-point is thus made, from which an ex- 
pression, say of the form Vt^a + bt + ct^ + dt^ . . ., 
may be calculated. This expression must now be 
corrected for the expansion of the glass of the 
dilatometer (obtained by observations with mer- 
cury in the usual manner), and from the corrected 
expression the volume, and hence the specific 
gravity, at the boiling-point of the liquid may be 
deduced. 

For details of the mode of carrying out these 
observations v. Kopp {A. 96, 1 et seq.) ; Thorpe 
(C. J. 37, 141). 

Thorpe {G. J. 63, 262 [1893]) has devised 
a modification of the ordinary dilatometrical 
method, which permits the thermal expansion 
of a liquid to be determined with much greater 
ease and rapidity than has hitherto been pos- 
sible. It obviates the use of large baths, and, 
by reducing the size of the dilatometers to the 
smallest limit consistent with the proper degree 
of accuracy, as determined by the error of a 
thermometer reading, it avoids the necessity for 
long stems and the consequent correction for 
the cooled ‘ emergent columns.’ 

Results . — The first accurate determinations 
of the various physical constants needed to ascer- 
tain the specific volumes of liquid substances wore 
published by Kopp in 1855 [A. 96 [1866] 1-36, 
163-186, 303-335 ; A. 100 [1866] 19-38 ; v. also 
P. 72 [1847] 1-62, 176, 223-293). Kopp con- 
cluded, from the results of a long series of ob- 
servations, that 

(1) The selection of the temperature of equal 
vapour-pressures as a basis of comparison seemed 
to bo warranted by the fact that regularities are 
thereby made evident which otherwise are not 
apparent. 

(2) Differences of specific volume are pro- 
portional to differences in chemical composition. 

(8) Isomeric liquids of the same ^emioal 
t^fpe bAva equal specific Tdames. 
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(4) The snbstfttiiioii of hydrogen for an equi- 
valent amount of oxygen only slightly affects the 
specific volume. 

(6) One atom of carbon can replace two 
atoms of hydrogen without altering the specific 
yolume of the compounds. 

Kopp further found that the specific volume 
of a liquid compound was conditioned, not only 
by the composition, but also by the constitution 
of the compound. Thus the relative position of 
an oxygen atom in a molecule affects its specific 
volume; carbonylic oxygen and hydroxylic oxy- 
gen have two very different values. Sulphur, m 
like manner, would appear to have two specific 
volumes, depending on its position or mode of 
combination in a molecule. 

Definite values for the specific volumes of 
carbon, hydrogen, and oxygon were obtained 
from the following considerations. An incre- 
ment of CHj corresponds to an increase of spe- 
cific volume of 22. Since 0 and H, occupy the 
same volume, we have 0 = 11 and H = 6*6. The 
replacement of Hj by carbonylic 0 is attended by 
a slight increase in the specific volume. Kopp 
found that the most probable value for 0 in this 
form of combination was 12*2. For hydroxylic 
oxygen it is 7*8; obtained by subtracting the value 
for Hj (11) from the specific volume of water, 
18*8. Hence the specific volume of a com- 
pound CrtHfcOcO d, where 0 is carbonylic oxygen 
and O' is hydroxylic oxygen, may be expressed 
by the formula 

V = ll*0a + 5*56 + 12*2c + 7*8d. 
Determinate values for the specific volumes of 
the halogens — and, with less precision, for 
phosphorus, arsenic, and antimony, for silicon, 
titanium, and tin — were also obtained by Kopp. 
As regards nitrogen it was found that in the 
amines N = 2*3. The group CN = 28 ; the group 
N02=»33. If, then, carbon and oxygen preserved 
their ordinary values in these radicles N must 
possess at least three different values depend- 
ing on the mode of combination. There is, 
however, no evidence to disprove the sup- 
position that the values for the carbon and 
oxygen atoms are not equally affected in these 
groups. This, indeed, suggests the possibility 
that compound radicles like CO, HO, NOj, CN, 
d'c. may possess definite specific volumes which 
are not necessarily the sum of the specific 
volumes of the component atoms as ordinarily 
ascertained. 

H. L. Buff (if. Suppl. 4, 129) sought to show 
that the specific volume of carbon, like that of 
oxygen and sulphur, is affected by its mode of 
combination— or, in other words, that carbon in 
unsaturated compounds has a greater specific 
volume than in saturated bodies — from which he 
surmised that the specific volume of an element 
is in general determined by its particular atomic 
value. Thorpe (C. J. 87, 392) found that iso- 
meric liquids have not invariably the same 
specific volumes. There is a well-marked dif- 
ference, for example, between ethylene and 
ethidene chlorides ; indeed, ethylene compounds 
in general appear to have smaller volumes than 
those calculated by Kopp’s values. StSdel has 
fi^own that in the series of chlorinated and 
brominated ethanes and ethylenes, the isomeride 
of higher boiling-point, ix. the ethylene deriva- 
tive, has invariably the lower specific volnmot 
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Binoe these oompoands are all satarated, and the 
only variable constituent is a monovalent element 
(01 or Br), it would appear probable that the 
Bpeoiho volume of the halogen is also variable. 
Isomeric hydrocarbons manifest similar dif- 
ferences, whence it is obvious that either one or 
both of the elements must have a slightly vari- 
able volume, depending on grouping or mode of 
combination ; it may be that the iso- group, like 
the groups carbonyl, hydroxyl, nitryl, t&o., has a 
special volume, which is not necessarily the sum 
of the volumes of the component atoms as de- 
duced from Kopp’s values. Kopp himself found 
that the volumes of isomerides were in a number 
of cases only approximately equal, and in others 
quite unequal. The term * chemical type,’ used 
In the sense in which Gerhardt employed it, is not 
suhioiently distinctive to denote the differences, 
say, between the normal and iso- compounds, or 
between aniline and the picolines, and it is 
questionable whether Kopp would have cop- 
sidered such cases as coming within his rule. 

The observed specific volumes of the aro- 
matic compounds are frequently lower than the 
calculated Values. Indeed, our views as to the 
constitution of the aromatic compounds would 
lead us to expect that the specific volume of 
benzene, and the volumes of the derivatives which 
contain the benzene grouping, would probably be 
different from the values deduced from observa- 
tions made for the most part on compounds of 
totally different constitution. Kopp (A, SuppL 
6, 303 [1867]) showed from Louguinine’s observa- 
. tions that while benzene has an abnormally low 
Bpeciho volume, its homologues show the con- 
stant increase of 22 for an increment of GH.,, 
which is what might be anticipated, since these 
homologues are produced by the addition (substi- 
tution) of methyl, ethyl, &c., to the benzene group. 
Jungfleisch’s observations on the specific volumes 
of the chlorine substitution products of benzene 
also seem to show that the positions of the 
chlorine atoms affect, in a very marked manner, 
the specific volume of the product (0. B. 64, 
911). 

Further observation has shown that Kopp’s 
conclusion that liquid elements and radicles have 
the same volume in combination as in the free 
state is well founded. Thus the observed volume 
of NOj® 32*0, calculated = 31*6 ; observed volume 
of Br = 63*6, calculated = 63*4 ; observed volume of 
ON = 28*9, calculated = 28*9. The observed specific 
volume of Cl from Knietsch’s determinations of 
the specific gravity of liquid chlorine is 22*8 ; 
the mean calculated value is 22-7. Kopp sur- 
mised that members of the same chemical 
family would be found to have the same specific 
volume; observation shows, however, that the 
specific volumes gradually increase with the in- 
crease of atomic mass (Thorpe, 2.C.). 

Schiff (A. 220, 71 [1883]) has concluded that 
while it is generally true that isomeric com- 
pounds have slightly different specific volumes, 
it is almost invariably the case that the substance 
possessing the higher boiling-point has also the 
higher specific volume (compare Stadel). In 
the case of the metamerio esters of the fatty 
acids, it is found that, as a rule, the specific 
volumes increase with the diminution of the 
number of carbon atoms in the acidic radicle and 
with the increase of the carbon atoms in the | 


aloohoUe radicle. At ibe same time, H would 
pear that the differences between the observed and 
calculated values are mainly due to tiie alooholio 
radicle, the acidic radicle apparently having but 
slight influence. This is in conformity with 
Lossen’s observations, that while the ethers and 
acids give experimental values which are almost 
in exact accordance with Kopp’s values, the alde- 
hydes and alcohols show wider variations, methyl 
alcohol giving too great an observed value, while 
the others give smaller and smaller values as 
the amount of carbon increases. It is, how- 
ever, noteworthy that the differences between 
the aldehydes and derived alcohols remain 
almost constant, which is not the case with 
the aldehydes and acids, where the difference 
appears to increase with the molecular weight. 
Hence the differences between the homologous 
aldehydes are very nearly equal to those between 
the corresponding homologous alcohols (Lessen). 

I The mode in which carbon is combined in an 
I organic compound has, according to Schiff, a 
distinct influence on its specific volume; like 
Buff, he finds that a doubly linked carbon atom 
occupies a smaller volume than when singly 
linked. It is, however, very doubtful whether the 
facts at present known are sufficient to establish 
this conclusion. 

There is, however, good reason to believe that 
what we call * specific volume ’ is not a purely 
additive property. The specific volumes of sub- 
stances are, in all probability, affected by many 
more conditions than those we have hitherto taken 
cognisance of. The value OH.^ = 22 has no other 
significance than as expressing the average in- 
crement in volume in successive members of a 
homologous series. Indeed, as the physical data 
increase it becomes doubtful whether even this 
mean value is correct. It would seem that the 
value augments as the series is ascended. The 
relation C = 2H no longer applies to carbon com- 
pounds in general. What is true of carbon and 
hydrogen is equally true of oxygen, whether as 
carbonylic or as hydroxylic oxygen. No definite 
or uniform values can be assigned to oxygen 
such that the specific volume of a liquid com- 
pound containing this element can be accurately 
calculated. The values given by Kopp and others 
are simply mean values, but the actual volumes 
are affected by conditions of which, as yet, we 
have no very precise knowledge and which we 
have no certain means of measuring. The values 
for the other elements are, of course, affected by 
these considerations. Thus the specific volume 
of chlorine is obtained on the assumption that the 
values for carbon and hydrogen are constant. 

Lossen (A. 251, 42) has devised formulas 
which take note, or express the measure, of the 
influences which affect the uniformity in the 
values of specific volumes of organic compounds. 
Those formulas can only be considered as first 
approximations, but their value will be evident 
from the fact that they serve to reproduce the 
observed values with a greater approach to 
accuracy than has hitherto been possible. Out 
of the 407 compounds which fur^shed the ex- 
perimental material on which these formulas are 
based, the observed molecular volumes of 852 
differ by less tnan 2 p.o. from the calculated 
volumes. Comparatively few of these differeucei 
are to be ascribed to experimental erronu la 
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the mi^ ihef ife Mnaed if Inflaenees o( itroo* 
ture and oomposiilon whion aa yet we have no 
certain means of measuring, such as the effect 
of substituted chlorine, or the special effect of 
iso* grouping, or of the ortho-, meta-, or para- 
position, die. 

According to Lessen, the specific volumes of 
the greater number of compounds containing 
carbon, hydrogen, and oxygen which have 
hitherto been determined, may be calculated by 
the formula 

Sp. vol. «■ (10-24 ± a;0-6)(n+jp) 

+ (5-12 ± a;0*25m) 

± i(»-2)>'± 1-4/4 

In this equation x denotes a number between 
0 and 1, which varies with different homologous 
scries but which is constant for the members 
of the same scries. The sign /x represents the 
number of hydrogen atoms required to con- 
vert the formula into that of a saturated com- 
pound. The term ^(n— 2)'^ is introduced to 
compensate for the increase in the value corre- 
sponding to CHj as the molecular weight in- 
creases. Gartenmeister (A. 233, 304) having 
shown that in the case of the fatty esters the 
mean increase corresponding to is 0*6, 

Lossen adds the term + 

which he erroneously states is equal to |(n - 2)*, 
a number always subsequently employed, but 
which, as comparison shows, serves to give 
good agreement with observed values. 

For the majority of fatty compounds the 
formula 

OnHmOp= 10-45(n +p)+6' mm + Kn-2)*-H-6M 

gives results agreeing with the observed values. 
For the alcohols, however, the expression be- 
comes 

On^mOpa +p) + 5'05m + i(fi— 2)*+ 1*35^ 

If it be supposed, as seems highly probable, that 
for all the members of a series of similarly con- 
stituted compounds the same inlluences are 
existent, whereby the specific volumes exhibit 
variations from the additive quantities assumed 
by Kopp, then we may regard the variable aj as a 
term which takes account, and may be regarded 
as the measure, of these disturbing influences, 
and which, though constant for the members of 
the same series, should, as before stated, vary for 
other homologous scries of compounds (Thorpe 
a. Jones, C. J. 63, 289). 

Schrdder regards the specific volume of an 
element in combination as variable within limits 
determined by the nature of the chemical com- 
pound. In any one compound, however, all the 
elementary atoms are regarded as occupying either 
equal or multiple volumes. Hence every specific 
volume is a multiple of a certain space-unit or 
sfer6,the value of which may vary between 6-7 and 
7-4, depending on the number, nature, and mode 
of union of the atoms. SchrSder thus obtains 
his determinate values. The specific volumes of 
formic, acetic, and propionic acids increase about 
22 units for each increment of CH, ; in the case 
of alcohols the increase is about 20 units. The 
volume of formic acid is 41-8, i.e. 2 x 20-9 ; that 
of methyl alcohol is 42-8 or 2 x 21*4. Hence in 
formic acid, OH^Og, the Og occupies the same 
volume as CHg ; and in methyl alcohol, OHgO, 
the has the same volaxne as CB«. la like 
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manner ethyl alcohol, has the volume 

62-1, i.s. 8 X 20-7. Since 2 x GHg- 2 x 20-7, then 
HjO = 20*7. Acetic acid has ^he volume 63-6, ie. 
3x21*2; 2CH, is 2x21*2 and Oj«21-2. The 
volume of acetaldehyde is 66-9, t.s. about 6*6 
smaller than that of acetic acid; this would 
indicate that the substitution of OH by H lowers 
the volume by 6-6. Since HaO = 21-4, it follows 
that the hydrogen and oxygen in hydroxyl each 
occupy one space-unit or stere. As GH2">21, 
we find that carbon also occupies one store or 
space-unit. Now, from the volume of formic 
acid which contains 6 stercs, it is found on sub- 
tracting 3 stores for CHj and 1 stere for hydroxylio 
oxygen, that the carbonylic oxygen must occupy 
2 stores. 

We obtain, then, the following rule: The 
number of space-tmits or sieres of the saturated 
compounds of carbon, hydrogen, and oxygen cor- 
responds to the number cf the atoms increased 
by as many units as there are atoms of carbonylic 
oxygen present. 

If we calculate by means of this rule the 
stores of the saturated compounds, we find that 
they vary within narrow limits, and for the most 
part increase with increasing molecular weight. In 
the greater number of cases the values range 
between 6*9 and 7-2. Ostwald has determined the 
value of the store for a large number of saturated 
fatty compounds, with the following results 

Ilydrocarbons 6*89, 6*99, 6*82, 7*11, 7*23. 
Alcohols . 7-12, 6-91, 6-77, 6-88, 6-78, 6*78, 

6-81, 6-74, 7-09 

Acids . • 6-97, 7 06, 7*11, 7*19, 7-24, 7*24; 

6- 85. 

Esters , . 7*04, 7*08, 7*05, 7*14, 7*26, 7*43, 

7- 46, 7-47. 

Aldehydes . 7*11, 7*05, 7-18, 7-01, 7-18, 6*93, 

7-27. 

In the scries of the hydrocarbons, the acids, 
and the esters, the steres in the cases of the normal 
compounds increase regularly with increasing 
molecular weight ; in the series of the alcohols the 
stores decrease up to the third member and then 
increase. The secondary and tertiary compounds 
have, as a rule, smaller steres than the normal 
compounds. Kopp concluded from the approxi- 
mately equal volumes of the alcohols and cor- 
responding acids thatH.^ and 0 are volumetrically 
equivalent; and from the equivalence of the 
volumes of benzyl and amyl compounds he in- 
ferred that C, and Hj are mutually replaceable 
without alteration of volume. Hence he assumed 
that the hydrogen atom occupies only half the 
volume of the oxygen or carbon atom. Schrfider 
established the volume equivalence of GH 2 ,HOH, 
and O'O, and he inferred from the difference 
in volume between alcohol and aldehyde that 
hydroxylic oxygen has the same volume as hydro- 
gen and carbon, while carbonylic oxygen has 
twice the volume. While, then, Kopp assumes 
approximately iI,=G = 0, Schrfidet makes 
H = G => 0 (Ostwald, Lehrbuch^ [2nd ed.] voL i. 
p. 388). 

In the case of unsaturated and aromatio 
compounds, Schrdder assumes that each double 
linkage is attended with an increase of volume 
amounting to one stere; hence the above rule 
has to be modified in this sense when applied to 
compounda of this Qlfl-sff, The value of the stere 
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In » number of nnsattmied oompoonde is found 
to be 


Eydrocarbms • 6*87, 7*09, 6*93, 6*99. 
Alcohols . • 6*72. 

Esters and ethers • 7*14, 7*13. 


These values vary, practically, within the 
same limits as in the saturated compounds. 

As regards aromatic compounds, it would 
seem to follow from the identity in the volumes 
of benzoyl and amyl compounds, as indicated by 
Kopp, as well as from the corresponding rela- 
tion between the isobutyl and phenyl compounds, 
that CgH, comprises the same number of stores 
as that is, 13. Of these, 6 are occupied by 
hydrogen ; so that the carbon group Gg occupies 
8 steres. 

The values of the stere in a number of aro- 
matic compounds are as follows : 

Hydrocarbons 6*85, 6*94, C-08, 7*00, 6*95, 7*04, 
7*04, 7*04, 7*06, 6 84 

Othwc(m:g(Mnds 6*91, 6*87, 7 05, 0*97, 7*16, 7*26,' 
7*50, 7*28, 7*14, 6*90, 7 07. 
The value of the stere hero also varies within the 
usual limits ; rtt is comparatively small for the 
hydrocarbons (6*8-7‘0), larger in the case of the 
alcohols, and still larger in that of the esters 
(7*2-7*6) (Ostwald, l.c.). 

There is one consideration which is vital to 
the whole question, and to which, therefore, a 
brief reference must be made. It relates to the 
choice of conditions under which the values we 
term specific volumes are really comparable. 
Although Horstmann and Lossen have advanced 
reasons against the practice, contending that 
at any other temperature, say 0°, relations simi- 
lar to those now established arc made mani- 
fest, it has been the custom, in accordance with 
Kopp’s direction, to compare the specific volumes 
of liquids at the temperatures of their respective 
boiling-points under a standard atmosphere. 
Whether, however, the temperature of the boil- 
ing-point, under these circumstances, is a truly 
comparable condition is open to question. It 
has been urged by Horstmann that, since what 
we call atomic volume is the space not merely 
filled by an atom but also that in which it moves, 
it is not a priori probable that at temperatures 
which differ, say by 300°— as, for example, in the 
case of O^H,o (boiling-point 1°) and Cjglljg (boil- 
ing-point 317")— these volumes will be the same. 
Moreover, as pointed out by Bartoli, the boiling- 
point cannot in the nature of things be a strictly 
comparable condition, since it is affected by 
pressure to a different extent in the case of dif- 
ferent liquids. Objections of even greater weight 
mav be urged against the suggestions of Tsoher- 
mak and Krafft to take the melting-point as a 
comparable state. 

No doubt, theoretically speaking, a valid 
condition should be when pressure, volume, and 
temperature are expressed in terms of their 
critical values. But that certain regularities in 
the molecular volumes at the boiling-points 
have, in spite of this, been discovered may be 
explained, as Guldberg has shown, when we 
compare the values of T„ the absolute boiling- 
point, with those of T, the absolute critical tem- 
perature; in those oases in which these two 


ponstants are known, the ratio 


T 

« approximates 


to I . Hence it follows that qualities like mole* 
o 

oular volumes, which alter only slowly with 
temperature, are comparable at the ordinary 
boiling-points (Z, P 0. 6, 374). 

It ought, perhaps, to be stated that subse- 
quent observations show that the so-called ' cor- 
responding temperatures * deduced from Van der 
Waal’s generalisations have not that degree of 
validity as temperatures of comparison which 
they wore originally assumed to possess. In- 
deed, the present condition of knowledge war- 
rants the statement that Kopp’s original method 
of comparison is as valuable as any yet indicated 
(Thorpe, G. J. 63, 776 [1893]). T. E. T. 

SFECTBOSCOPIG ANALYSIS v. Phtbicai. 
METHODS, section Optical methods, subsec tion 
Spectroscopic inethods, this vol. p. 239. 

SPELTER. A commercial name for eim, 
SPERGULIN (OjHjOa),,. Occurs in the seed- 
coverings of Spergula vulgaris and S. maxima 
(Harz, 5. G. 1879, 24). Amorphous. Its alco- 
holic solution exhibits dark-blue fluorescence, 
which is destroyed by sunshine. A small 
quantity of potash or Na^COj added to the al- 
coholic solution causes it to fluoresce green. 
Cone. H.SOi forms a dark-blue liquid. 

SPERMINE (Poehl, J5. 24, 359); 

C^HjoNj (S.). Occurs as phosphate in the sper- 
matic fluid, in calves’ liver and heart, and in 
some pathologic preparations that have been 
kept under alcohol (Schreiner, A. 194, 68). It 
is not identical with pyrazine hexahydrido 
(Majert a. Schmidt, B, 24, 241 ; cf. Ladenburg, 
D, 20, 442 ; 21, 758 ; Poehl, 0. B. 116, 616 ; 
Duclaux, 0. B. 115, 155, 549). Crystals (from 
alcohol), V. sol. water, v. el. sol. alcohol. Alka- 
line in reaction. Absorbs CO, from the air. 
Its aqueous solution is ppd. by phospho- 
molybdic acid and by potassium bismuth 
iodide. — C,„H.,oH,4HCl : prisms, v. e. soL 
water.-C,oH,„N,2H,PtCl«.-0„K,„N,4nAuCl4.— 
C,pH„N 4 (H 3 Pb 4 ), 6aq : [170°] ; rosettes of pyra- 
mids, si. spl. hot water. 

SPIKE OIL. S.G. above *900. Slightly 
dextrorotatory (Schimmel, Ph. [3] 22, 329). 
[a]p = l° 24' (Voiry a. Bouchardat, C. B. 106, 
551) or Itevorotatory (Bruylants, J, Ph. [4] 30, 
139). An essential oil obtained from the 
blossoms of Lavandula acpica latifolia (Lalle- 
mand, A. 114, 197 *, Sauer a. Grunling, A. 208, 
75). Smells like lavender. Contains a terpene 
(176°) or (168°), which yields crystalline 
OjoHiaHCl, camphor, borneol, and a resin. 
According to Voiry and Bouchardat, oil of spike 
contains inactive spikol C,„H,gO [0°] and C,oH„ 
(166°-160°) [o]d = 24°, which yields a hydro- 
chloride [129°] Wd- -2°. 

8PIBOORAFHIN Proteids, Appendix O. 
8P0NGIN V, Proteids, Appendix 0. 
STACHYDRIN C.H.sNO,. [210°]. 9ocurs 
with glutamine, tyrosine, and stachyose in the 
tubers of Siachys tuherifera (Von Planta a. 
Schulze, B. 26, 939). Colourless, deliquescenl 
crystals (from water). Behaves like betaine 
with regard to alkaloidal reagents.--B'H01. 
Prisms, v. sol. water, sol. cold water (difference 
from betaine).— B’AI^tOl. 2aq. Trimetric crys- 
tals ; a:&:e -‘608:1; *828.— B’HAaOli. Small 

yellow prisms (from water). 
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STACfttTOSS 0„H„0„8aq. Ca]i,.148^ 

Ooonrs in the roots of Stachys tuberifera (Planta 

B. Schulze, B. 23, 1692; 24, 2705). Tablets, 
with sweetish taste, v. sol. water. Dextrorota- 
tory. Has no action on Fehling’s solution until 
after boiling with mineral acids, by which it is 
converted into galactose and an isomeride* 
(? glucose). HNOj forma mucic acid, galactose, 
glucose, and cane-sugar. Gives a red colour on 
heating with resorcin and HClAq. Gives nopp. 
with lead acetate until NH^Aq is added. 

STANNATES, and salts related thereto ; o. 
under Tin. 

STAFHISAGBINE v. Delphinine. 

STARCH. Amyhm. nCjgHjoOjj. The value 
of n has not been definitely settled; it is un- 
doubtedly high. Brown and Morris (0. J. tib, 
462), employing Raoult’s method for determining 
molecular weights, show n for soluble starch 
(see below) = 100, i.e. molecular weight = 32,400. 
The molecular weight of starch cannot be less 
than this. From O’Sullivan’s work (C. J". 35, 
783) it would seem that n is not less than 36. 
Pfeifer a. Tollens (B. 0. 1882, 775 ; A. 210, 295), 
from the composition of some sodium and po- 
tassium compounds prepared from starch, arrive 
at the value n = 2 ; the substances are probably 
compounds, not of starch, but of some decom- 
position products thereof. Sachsse (G. C. [3] 
8, 732) and Ntigeli {A. 173, 218) proposed 
COaHjoGj 4- HjO as the formula. Other observers 
(Mylius, B. 20, 694; Salomon, J. pr, [2] 28, 
82) have suggested different formula), but the 
evidence is not satisfactory ; we may take it, 
however, that the molecule of starch is not loss 
than n = 100, 

OcciOTcnce.— Stal'ch is present at some time 
or the other in all green plants. It is said to be 
found in almost all parts of the plant, but it is 
specially stored up in seeds, the pith of stems, 
in bulbs, tubers, rhizomes, and roots -generally 
those parts of the plant which serve as a store 
for reserve material. It is, however, a question 
whether the granules recognised as starch in 
loaves, sap, <feo., outside the reserve organs, are 
chemically identical with the starch of these 
organs. The evidence, one way or the other, is 
unsatisfactory. Starch is not known to bo an 
animal product. It is present in some fungi 
(Bourquelot, J, Ph, [6] 24,197). 

Starch has not been prepared 
artificially. It is produced in the chlorophyll 
cells of plants, light, carbon dioxide, and water 
being necessary; oxygen is eliminated at the 
same time. No doubt, intermediate products— 
amylan-like bodies, sugars, Ac.— are at first pro- 
duced, but the granules are the first visible pro- 
ducts of the assimilation found in the leaves. 
The starch thus formed is transferred to the re- 
serve organs as such, or, more probably, as some 
sugar or other transformation product or pro- 
ducts, as leaves are known to contain transform- 
ing agents (Baranetzky, Die sUirkeumbildenden 
Fermente in den Pfianzen, Leipzig, 1878 ; Brasse, 

C. B. 99, 878). 

Preparation , — Starch of commerce is pre- 
pared from yarions sources— viz., amongst others, 
wheat, rice, maize, potatoes, Maran^ indica 
(American starch), Maranta arundinacea (arrow- 
root), the roots of Jatrepha Manihot or Mcmi- 
M uUUiiim (tapioca), the stems of several 


species of Sagm or Oycas (sago). For manu- 
facturing methods see Thorpe’s Dictionary, art.' 

* Starch.’ In the laboratory, starch can be pre- 
pared from any starch-containing material as 
follows ; — 

From materials that can be ground^ such as 
the cerealSf &c., wheat, barley, maize, rice, &o. 
The material is ground in a coffee-mili, and the 
meal steeped in a 0-6 to 1 p.c. sol. KHO or NaHO. 
After standing 24-36 hours the coarser portions 
are separated by straining, with rubbing, and q 
slight ilow of water through a wire sieve of about 
20 wires to the inch. The strained milky liquid 
is allowed to stand for a short time, when a 
layer of crude starch settles at the bottom of the 
vessel. The liquid, with the matter in suspen- 
sion, is transferred to another vessel, and again 
allowed to stand, when a second deposit of crude 
starch takes place. The process may be repeated 
a third and a fourth time. The whole of the 
suspended matter is thus allowed to settle, when 
the fairly clear supernatant liquid is decanted off 
and rejected. The deposit is then rubbed through 
a fine hair sieve, with a slight flow of water, and 
allowed to deposit a layer of s.arch as before. 
This is repeated as long as a starch layer 
separates. The whole of the starch layers are 
then collected, again suspended in water, and 
allowed to settle. At times a layer contaminated 
with much brown matter falls out first; from 
this the supernatant liquid with the starch in 
suspension is decanted off and allowed to stand, 
when a fairly pure deposit of starch is obtained. 
Further crops can be got from the residue, but 
it is difficult to free them from fibre, &c. 

From materials that cannot be ground, such 
as potatoes, bulbs, rhizomes, other roots, and 
pith. The well-washed material is rubbed down 
with a grater into water, to which afterwards , 
the alkali is added. The first deposit in these 
cases contains, as a rule, earthy matter, but it is 
easily separated by allowing it to settle, which 
it does in a short time, and then decanting off 
the starchy liquid. Two or three depositions 
and strainings through a fine hair sieve give a 
clean starch. 

In dealing with the cereals the starch can be 
also separated by what is known as the acid 
process. The meal is steeped in water and 
kept at a temperature of from 25° to 27° until 
acid is developed. On then stirring up with 
water the light flocculent coll walls and undis- 
Bolved albuminoids separate and allow the 
starch to deposit on standing. By repeated sus- 
pensions, stirrings, and depositions, clean crops 
of starch are obtained. 

These products, like the starches of com- 
merce, arc not pure, but, as a rule, contain ash, 
oil or fat, albuminoids, &o. Some of them are 
slightly (dkaline, some acid, from the condition 
of the water used in the last washing. Purifica- 
tion is effected by treatment with dilute KHO 
solution (0'5 p.c.), then dilute HCl (up to 1 p.o.), 
then with strong alcohol, and finally with water. 
They then can be dried by exposure to the air 
on layers of filter-paper. 

Structure.— The starch thus obtained varies 
much in appearance, from the glistening silky 
white of potato starch to the de^ chalky white 
of rice or maize starch. It consists of micro- 
Boopio granules, varying in size from about O’S 
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mm. to 0*003 mm. Tbo same plant always 
yields granules of speoifically the same size and 
shape, with as little variation as the size and 
shape of the leaf, henoe, from the microscopic 
appearance of the granules, it is always possible 
to tell the source of a sample of starch. If it 
is wished to determine the source of any sample 
of starch, the following classification of the 
starches will be of some use. If, under the 
microscope, the granules are 

(а) large, rounded, and more or loss marked 
with rings : the starch may be potato, tapioca, 
sago, &c. 

(б) rounded, very slightly ring - marked : 
barley, rye, wheat, (&c. 

i c) reniform : beans, peas, &o. 
d) intermediate in size, rounded, and ir- 
regular : crocus, tulip, and other bulbs. 

(e) irregular in figure, bounded by surfaces 
more or less plain ; maize, oats, rice, &c. 

(f) small granules, rounded or irregular; 
lem, chestnut, parsnip, &c. 

It will be observed that some of these are 
round, oval, or reniform, while others are ir- 
regular figures* bounded by surfaces more or 
less plain. The microscopic appearance does 
not always give the true form of the granule, 
but a form which is the result of the pressure of 
the cover glass ; for example, the well-marked star 
with central spot in rye starch and the split and 
striated appearance of maize starch are produced 
by the pressure of the cover glass on the granules. 
The granules of some starches are marked with 
well-defined more or less concentric rings, well 
shown in potato starch ; in others there are no 
markings, the granules appearing as a clear, 
transparent cell. It is not absolutely agreed 
upon whether the starch granule consist of a 
single body or is made up of two or more. Some 
hold that the properly purified granule is a 
single substance, the coating or layers of which 
differ from the contents simply in containing 
less water and being thus more dense. Accord- 
ing to Nageli {Die StdrkelcUmer) and others, the 
dense portions consist of starch cellulose, while 
the less dense, transparent plasma is granulose. 
The stratified structure is the result of the mode ! 
of growth of the starch granule, the additions 
being made by intussusception, i.e. from within 
outwards. It is said that when the granule is 
ruptured the granulose dissolves in cold water, 
leaving the starch cellulose ; the former gives the 
well-known blue reaction of starch with iodine, 
while the latter is only coloured yellowish 

g essen, P. 106, 497 ; J* pr, 105, 66 ; Brown a. 

eron, 0. J, 85, 610 ; Brukner, M. 4, 889). 
On heating the insoluble portion with water 
it also gives the characteristic blue reaction 
with io&e. Granulose may be separated from 
starch cellulose (a) by digesting the granules 
for several days with a saturated solution of 
Ka^ containing 1 p.c. HCl — the cellulose re- 
mains undissolved (F. Schulze, Henneberg^sJour, 
Landmrth., new ser., 7, 214) ; (6) by digesting 
starch with- saliva at 46°-66®, this dissolves the 
granulose (Nageli, Die StdrkekOmer, 110; (c) by 
the action of certain schizomycetes, which de- 
compose the granulose of starch-paste and leave 
the ceUnlose untouched (Fitz, B. 10, 282) ; and 
id) by the action of malt-extract on starch paste 
m the oold| the oellulose is left undissolved* 


A. Mayer (O. (?. 1887, 6; Bet. HetU 1886, 698) 
considers that the starch granule is a homo* 
geneous substance, and that the terms * granulose ’ 
and * starch oellulose ’ must be abandoned, for he 
points out that the delicate transparent skeletons 
left when the gelatinised granules are acted 
6n by saliva, dilute acids, (fee., are produced by 
the action of the reagent on the starch, and are 
identical with amylodextrin. I am inclined to 
the view that starch granulose differs from starch 
cellulose in being less dense in consequence of 
containing less water of hydration. Starch 
granules act on polarised light, and when ex- 
amined with the microscope between two Nicols, 
produce very pretty effects ; v. Bailey (P. M. [6] 
2, 123). 

Properties.— Air-dried starch sometimes con- 
tains over 20 p.c. H.p ; this it loses, slowly 
towards the end, in a vacuum over sulphuric 
acid ; by gradually raising the temperature to 
100®, under these conditions, it soon becomes 
absolutely free from The specific gravity 

of air-dried starch varies very considerably, the 
variation being due in the main to the quantity 
of moisture. Dry starches, however, would appear 
not to be absolutely alike in specific gravity; 
that of anhydrous potato starch is 1-650, whilst 
anhydrous arrowroot starch is 1-5648 (Fluckiger, 
Fr. 6, 305 ; Saaro, J. 1884, 1654). Dry starch 
takes up water, with the evolution of much heat. 
It does not dissolve in H.p, and has neither 
taste nor smell. 

(а) Action of heat. Dry starch is not coloured 
at 100®, and, indeed, the temperature can be in- 
creased considerably beyond that point without 
being changed. Starch containing water is, how- 
ever, coloured by a moderately low temperature, 
and if the heat be increased to ICO® a soluble 
product is obtained which is known as dextrin 
or British gum. It is a mixture of undescribed 
composition. The action of heat on dry starch 
has not yet been accurately recorded. When 
the heat is increased beyond 160°, and destruc- 
tiMte distillation begins, carbon dioxide, gaseous 
hydrocarbons, water, acetic acid, and an em- 
pyreumatic oil are evolved, and finally a car- 
bonaceous porous cinder is left. 

(б) Action of water. As long as the granules 
are uninjured, starch is insoluble in cold water; 
when,'however, the water is heated, the granules 
swell up, and a gelatinous, more or less trans- 
parent mass, known as starch-paste, is produced. 
This varies in transparency with the starch em- 
ployed, as does the temperature at which the 
gelatinisation takes place. E. Lippmann (C. C. 
1861,859 ; J.pr. 83, 61) gives the following table 
on this point : 


Sonroe 

Swelling-np 

temp. 

Commencement 

of 

Perfect 

gelatinisa- 

Bye 

gelatinisation 

tion 

46® 

60° 

65® 

Maize 

60® 

66® 

62-6® 

Barley 

87-6® 

67*6® 

62-6® 

Potato 

46® 

69® 

62*6® 

Bice 

64® 

69® 

68® 

Wheat 

60® 

66® 

67*6® 


If the paste is sufficiently dilute it can be 
filtered, but it is doubtful if the filtrate is a true 
solution (Picton a. Linder, C. J, 61, 156). The 
consistency or stiffness of starch-pastes, contain* 
ing the same amount of diy st^oh, ieems tp 



iSTAEOJtf. m 


Hry with variety of staroh employed, and, 
indeed, with the method of preparation, even 
with the same starch ; but I feel inclined to 
think that if closer attention were given to the 
amount of dry staroh and its purity much of 
this apparent difference would disappear. On 
the relative stiffness of flour or starch pastes, and 
the mode of estimating it, see Thomson {S. 0. 1. 
1886, 143). If the paste be heated under pres- 
sure to temperatures above the boiling-point, 
maltose and dextrin are said to be produced, but 
the change has not been accurately studied. 

(c) Action of glycerol. Starch heated with 
glycerol to 190° is dissolved; alcohol ppts. soluble 
starch from the solution. If the heating be con- 
tinued at 200°, dextrins are formed (Zulkowski, 
B. 13, 1896; 23, 3295; C. G. 1888, 1000). 

(if) Action of acids. Moderately strong HCl 
in the cold converts starch, in a few days, with- 
out changing materially its microscopic appear- 
ance, into a modification perfectly soluble in 
water. This body is identical with soluble starch 
prepared by the limited action of malt extract on 
starch paste (C. Lintner, J. pr. 34, 378 ; Brown 
a. Morris, C. J. 65, 450). Prolonged action of 
12 p.c. HCl in the cold produces amylo-dextrin 
(Ntigeli, Beitrdge z. Kenntniss d. Stiirkegruppe; 
Brown a. Morris, C, J. 55, 460). Boiling dilute 
acids convert starch, first into soluble starch, 
then into dextrin and maltose, intermediate pro- 
ducts, amylSinSy are said to be formed (Brown, 
Morris a. Moritz, E. P. No. 1809 of 1889), and 
finally dextrose. The complete conversion takes 
place the more quickly and perfectly the higher 
the temperature and the longer the period of the 
reaction (Allihn, J.pr. 22, 46 ; D. P. J. 250, 534). 
This is only accomplished by employing dilated 
acid. Carbonic acid, oxalic acid, Ac., act like 
HCl and H^SO*, but less energetically. For the 
manufacture of dextrose (glucose) from starch, 
vide TiioiiPB’s Diotionauy. The action of acids 
ha» been studied chiefly by Kirchhoff, (lu^rin- 
Varry, Payen (see Om. K.), Musculus (A. Gh. 
[31 CO, 203; J. pr. [2] 28, 496; Bl. 30, 4) ; 
O’Sullivan (0. J. 25, 681) ; Musculus a. 
Gruber (C. B. 86, 1469; Bl. [2] 30, 54) ; Bondon- 
neau (0. B. 81, 972) ; Salomon (J. pr. [2] 25, 
348 ; 26, 342; 28, 82 a. 122) ; Sachsse (G. G. [3] 
8, 732) ; Schulze (J. pr. [2] 28, 311) ; Sostegne 
(G. 16, 376) ; Seyberlich a. Trampedach (G. G. 
1887, 376) ; N»igeli {Stdrkegruppe, Leipzig, 1874, 
83, 99). As a summary of this work it may be 
stated that dextrose is the final product, but that 
acids act on this, to some extent yielding products 
still imperfectly investigated ; that intermediate 
substances, dextrin and maltose and compounds 
thereof, are first produced ; that the rapidity of 
the change varies with the strength of the acid, 
with the temperature, and with the pressure at 
which the change is effected, the most complete 
and perfect production of dextrose resulting 
when the conversion is hastened under pressure 
in presence of a small percentage of acid, 1^ to 
2 p.o. or less, and the proportion of dry stanch 
to dilute acid does not exceed 1 to 8. Oallasm 
fO. Schmitt a. Oobenzl, B. 17, 1000 ; Bosenbek, 
B. 17» 2456), a gummy body, is found in oom- 
meroifJ glucose. This is identical with iso- 
maltose obtained ^Fischer (B.28, 8687) bv the 
•etion o( strong uOl on dextrose (Soheibler a. 
Mitteimeier, B. 24, 801). 


Action of diastasi (matt extract). Diastase 
does not act on ungelatinised starch in the cold 
(O’Sullivan, 0. J. 80, 133; Brown a. Heron, 
C. J. 35, 596), but Kjeldahl has shown that 
this is not true of all starches. This is probably 
due to some condition of the staroh connected 
with the state of ripeness of the material whence 
it was obtained. The action, and the products 
thereof, of diastase on starch paste has been the 
subject of much study, but as yet only the 
broad facts are agreed upon. When starch 
paste is heated to 60° or thereabouts, and a 
little prepared diastase solution or cold water 
extract of malt added, the pastiness begins imme- 
diately to disappear, the solution rapidly loses 
the power of giving a blue colour with iodine, 
and acquires, for a short time, the property of 
giving with that reagent a deep reddish-brown 
colour. This, too, it rapidly loses if the diastase 
is in sulficient quantity. The solution is then 
perfectly clear when some starches are employed, 
with others there is more or less flocculent sus- 
pended matter in a clear solution. In the cold 
this dissolution takes place slowly. So far the 
reaction can be followed with little trouble, but 
when it comes to a question of the products of 
the action, the subject becomes more difficult. 
Musculus (A. Ch. [3] 65, 203) states that when 
diastase dissolves starch paste at 70°-75°, the 
products consist of 1 mol. sugar and 2 mols. 
dextrin, and that no further action takes place. 
Payen (A. Gh. [4] 4, 286) asserts that more than 
60 p.c. of the solid matter dissolved by the re- 
action is sugar, and says {A. Gh. [4] 7, 382) that 
four samples taken from an operation in the 
space of 1^ hours contained 17*9, 20*9, 25*8, and 
26*03 p.o. sugar on the total solids dissolved. 
Schwarzer (J. pr. [2] 1, 212) agrees with Mus- 
culus in finding equivalent quantities of dextrin 
and sugar in solution, but differs from him in 
supposing that dextrin is formed first, then 
sugar, and that the action ceases when definite 
equivalent proportions are produced. He says 
less sugar is produced at 65° than at lower tem- 
peratures; above 05°-70° the proportion of sugar 
to dextrin is as 1 eq.: 3 eqs. ; below 60°, when 
the principal phase of the reaction is finished, 
the dextrin and sugar are in the proportion of 1 
to 1. The change was considered complete 
when the solution no longer gave a colour with 
iodine. These investigators took the sugar as 
dextrose and estimated the dextrin by difference. 
O’SuUivan *(0. J. 25, 681; 30, 137) showed 
that the sugar produced was not dextrose but 
maltose, and that the method of estimating the 
dextrin was wrong. He also demonstrated that 
dextrin and maltose were the invariable products 
of the transformation, and that by continuing 
the action the whole of the dextrin could be 
converted into maltose. It was, however, indi- 
cated in this work that another body — from 
which it was impossible to eliminate the cupric 
reducing power, and which seemed to be a mix- 
ture of maltose and dextrin — was amongst the 
products. Although this work laid the founda- 
tion of all that has since been done in Idle trans- 
formation products of starch, it received for a 
time no attention from the Oontinental chemists. 
Musculus (Bl. 22, 32) states that the saccharifil- 
oation of staroh paste with diastase ceases when 
half the matter in solution is sugar. Ee attri* 
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butes hifl original impression that only one*third 
was converted into sugar to the varying structure 
of the starch granules, the coating of one variety 
offering a greater resistance to the action of the 
diastase than that of another. He still holds 
that the action is a molecular splitting-up of the 
starch molecule, attended with hydration, into 
dextrin and sugar. Bondonneau (0. R. 81, 1212) 
concludes that the action is not a splitting-up, 
but that the starch molecule must pass through 
four isomeric modifications, viz., amylogen [ajj, 
« + 210°, o-dextrin= + 186°, /3-dextrin = + 176°, 
and 7-dextrin - + 164°, before it arrives at the 
end-product, glucose. These bodies increase in 
cupric-reducing power as they descend to the 
final product. Petit [Bl. 24, 519) mentions, as a 
constituent of the transformation products, a 
sugar soluble in alcohol, fermentable, and with- 
out action on alkaline copper solution. This 
is, undoubtedly, to be traced to the fact that 
maltose does not reduce as much copper oxide 
as dextrose. O'Sullivan {C. J. 30, 125; 35, 
770) showed conclusively when working under 
clearly-defined ^conditions that maltose and 
dextrin were the only products of the action, 
although, as stated, he pointed out the presence 
of a body which gave a reduction with copper 
oxide equal to 9-10 p.c. dextrose. The opticity of 
this body ([a]j = + 204°-206°) was such as to in- 
dicate a mixture of 12'3-15'3 p.c. maltose from 
the reduction, and the remainder dextrin. lie 
concluded that if the amount of reduction of the 
products be calculated as maltose, and the 
opticity due to this be subtracted from the total 
opticity observed for them, the remainder will 
agree with the activity of an amount of dextrin 
obtained by subtracting the determined maltose 
from the total products. He further showed that : 

** (a) malt extract begins to dissolve starch at the 
temperature of gelatinisation, or a few degrees 
lower ; (6) perfectly gelatinised starch is almost 
completely dissolved in the cold {10°-20°) ; 
(c) at 63° the action takes place according to 
the equation 

A* OibHsqDij + OHj ~ + C^H,„Og $ 

Starch Tkralt<;.se Dextrin 

{d) at 64°-70° to 

B. +OH.=C,JBt^O„ + 4C.H„0.i 

Starch Maltose Dextrin 

(e) at 70°-71° (<7. J. 1879) to 

• B'. G^jHijoO^o + 3OH3 = SCiaHojO,! + dC^Hj^Oj ; 

(/) and 71°-75° to 

0* G7.jH|2oOm + OHj, = C,2H230 ii + IOCjHjqOj, ; 

(g) and he stated that although the proportions 
of maltose and dextrin indicated by these eqna- I 
tions are easily obtainable when the strict con- \ 
*' ditions are adhered to, it was only necessary to 
vary the proportions of malt extract and starch, 
and time and temperature, to obtain with case 
* products containing from 16 to 92 p.c. maltose. 
It is further pointed out that the final product, 
maltose, was very slowly converted into dextrose 
by some samples, at least, of malt extract. O’Sul- 
livan (C. J. 85, 770) showed that soluble starch 
was the first product of the action, and that 
the changes afterwards brought about may be 
expressed : 

Staroh Maltose o-Dextiia 

Qt + OHf ■ *!■ ®es®iss^je 


^l>extifo-l 

B. O72H}20Ofg + 2 OH 2 = 2 O 12 H. 22 O 11 + OfsHgoOff 

. e-Dextrin-II 

B'. 0^,„0* + 30H,-30,A20., + 0„H.,0,, 

/S-Dextrln-III 

A. G,.2H|2,|0^ + 4OH2 = 4G1.2H2.2O11 + G24H40O2O 
and finally : 

0.2 |H,o 0.2„ + 20n2 = 2C]2H2.20,,. 

From the action of malt extract on these products 
he concluded that it is possible that only one 
jS-dextrin exists. The theory of splitting up and 
breaking down of the staroh molecules, as repre- 
sented by the equations, docs not account for 
all the facts eliminated. A theory which arranges 
all the molecules in solution in groups, depon- 
dent one on the other — and capable, therefore, 
of undergoing a simulfaneous change, o%of being 
moved at the same time—and the re-arrange- 
ment of these groups attendant upon the hy- 
dration of a definite proportion of the mole- 
cules in each of them, is more in accord with 
ttie eliminated facts. Marker (L. V. 22, 69) 
states that at 00° four molecules starch yield 
three of maltose and one of dextrin, at 65° 
there is less maltose, and at a higher tem- 
perature two molecules starch yield one of 
maltose and one of dextrin. Musculus and Gruber 
{Bl. 30, 64) look upon starch as a polysaccharide 
containing at least five times the group CijKodOjo. 
When this is acted upon by diastase, or dilute 
acids, it is broken down with hydration into 
maltose and a dextrin containing a C,.2H.2uO,0 
group less than starch; that this dextrin is 
broken down in the same way, maltose and a dex- 
trin containing a C,.2H.2 oO,o group less than the first 
one, and so on through the series by successive 
stages, until finally the solution contains only 
maltose. They point to the existence of three 
dextrins giving no reaction with iodine, and call 
them a, /8, and 7 achroo-dextrins. From the 
optical activity and K they attribute to these 
bodies, they do not agree with O’Sullivan ; thpse 
factors do not agree with those of a mixture of 
maltose and dextrin. Brown and Heron {G. J. 
35, 596) have eliminated out of the possible 
varying proportions of maltose and dextrin in- 
dicated by O’Sullivan eleven distinct transfor- 
mations ; viz. soluble starch, erythro-dextrin 
a and /3, achroo-dextrins a to fj, and maltose. 
They agree with O’Sullivan that the dextrins 
are without action on alkaline copper solution, 
and that the dextrins and maltose are the only 
products of the reaction. They do not mention 
the body from which O’SuUivan could not 
eliminate the reducing power, and they did 
not observe dextrose amongst the final products 
with malt extract. They agree with him that 
the higher the temperature at which the trans- 
formation takes place the less maltose is found 
amongst the products. They represent the nor- 
mal reaction taking place between 10° and 60° 
by the equation 

IOGijHjoOiq + 8H.2O » 8C,2H220|| + dGgHiQO^. 

Starch Maltose Dextrin 

They consider the starch molecule to be at least 
lOCjaHjoOjo, and that the hydrolysis of it begins 
by the formation of maltose and ei^thro-dextrin a, 
containing 9O,3H2oO,0; that this, in its turn^ 
yields maltose and erythro- dextrin 80, 2H20O,0, 
and so on to the end— product, maltose^ They 
thus agree with Masoulua and Gruber as to tba 
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^araoter of tho action, but disagree with them 
as to its quantitative nature. 

Herzfeld (B. 12, 2120 ; 18, 3469) agrees 
with O’Sullivan and others that erythro- and 
achroo« dextrins are without reducing power on 
copper solution, but ho points to the presence of 
a substance amongst the transformation prq- 
ducts which seems to hold a position between 
dextrin and maltose; he names it vialto-dex- 
trin, K = about 5 maltose, [a]j = + 171*6° ; thus 
K corresponds to 33*3 p.c. maltose. A mixture 
consisting of one-third maltose and two-thirds 
dextrin would have an opticity [a]j = -i- 199°; 
hence this contradicts the statement of O’Sul- 
livan, confirmed by Brown and Heron, that, 
taking the reducing power as maltose, the 
opticity of the remainder of the transformation 
products corresponds to dextrin. Herzfeld con- 
siders that Bondonneau’s 7-dextrin is malto- 
dextrin. 

Brown a. Morris {C. J. 47, 627) confirm 
the presence of malto-dextrin, but they shov* 
that Herzfeld was dealing with an impure body, 
and that when its true K and [ajj, viz. K = 21*l 
and [a]j = + 193'1°, are examined it is found that 
they correspond with a mixture of maltose and 
dextrin. It is completely converted into maltose 
by malt extract at 60° to 60°. They do not agree 
with Herzfeld that it is a hydration product of 
dextrin, but hold that it is produced from starch 
and the polymeric dextrins by the fixation of a 
molecule of water upon the ternary group 

Tbeyhavedis. 

carded the series of equations, and consider 
that equilibrium is attained when a condition of 
things represented by the equation 
10O,.^,oO,o + 8H,0 - 8C,,H.,,0„ + 20,.,H,,0,o 

Stivroh Maltose Dextrin 

is arrived at. This is always the result when the 
change takes place at 60° to 60°, or when a higher 
transformation-product is degraded at that tem- 
perature. This degradation is due to the hydro- 
lysis of the more complex polymeric dextrins and 
malto-dextrin. Bourquelot (C. R. 104, 616) 
looks upon the action of diastase on starch as a 
successive fixation of a water molecule with the 
production of maltose and a lower dextrin until 
the reduction of the degraded products is 
K = 61*62 (about 82-5 p.c. maltose), but he does 
not describe his dextrin or dextrins, and he con- 
cludes, as has already been clearly proved, that 
heat alters, not alone the quantity of diastase, but 
the quality. 

Brown and Morris (0. J. 65, 462), from 
determination of the molecular weights of some 
of the transformation products, conclude, as 
suggested by O’Sullivan in 1879, that the dex- 
trins are metameric, and not polymeric, as they 
hitherto considered them. They therefore 
abandon their former theory of the hydrolysis 
of starch by diastase, and, as far as I can see, 
come to a broad agreement with the theory 
enunciated by O’Sullivan. They mention another 
product, amylo-dextrin, [o]j =* 4 206°, K = 9*0. 
Like malto-dextrin, it appears to be a compound 

of maltose and dextrin, | op- 

tioity and £ agree with the body described by 
O’Sullivan in 1872, and mentioned above. 

4 new phase ^as been given to the toanf* 


formation by 0. 1. Lintner {Zeit, ana. Oh. 1892, 
268). He says he^has isolated a body, which he 
calls isomaltose, from amongst the products. It 
is less fermentable and less soluble in alcohol 
than maltose, with [a]i> « + 189 and K = 62, the 
opticity being nearly that of maltose and the 
reducing power about 84 p.c. thereof. Diastase 
converts it into maltose completely. 

Since the publication of the above Morris 
a. Wells {Transactions of the Institute of Brew- 
ing, 6, 133), and Moritz {ibid. 4, 141) point 
to the presence of a whole series of amyloins or 
malto-dextrins amongst what they call restricted 
starch-conversions, and they assert that iso- 
maltose is a low amyloin— t.e. one in which 
the maltose constituent largely predominates. 
These amyloins begin with a high proportion of 
the dextrin residue, and end with a high propor* 
tion of maltose. Their optical activity and re- 
ducing power are such as would be yielded by 
mixtures of maltose and dextrin. 

Schifferer {In. Dissertation, Basel) denies in 
toio the existence of the amyloins, and asserts 
that nothing is to bo found amongst the pro- 
ducts of the action of diastase on starch but 
achroo -dextrin, isomaltose, and maltose. His 
dextrin, however, is a reducing dextrin; oven 
otherwise, the work will not bear criticism. 

Action of other enzymes. Ptyalin (ptyalase). 
This enzyme of saliva liquefies starch paste 
(Niigeli, Die StdrkeliOrner, p. 113 ; Lefberg a. 
Georgieski, Bl. [2J 25, 393 ; Dobroslavine, Bl, 
[2] 26, 452 ; Macrcker, L. V. 22, 69 ; Watson, 
C. J. 1879, 639 ; Musculus a. De Mcring, Bl. [2J 
81, 106 ; Lea, J. Physiol. 11, 226). The products 
are maltose, a reducing, unfermentable dextrin, 
and a litAe dextrose. Ungelatinised starch is 
not acted upon by ptyalase ; at a temperature 
slightly below the gelatinising point the starch 
is dissolved, and the action is most rapid when' 
the ferment acts at 00° on previously-boiled 
starch paste (Bourquelot, G. R. 104, 71 a. 177). 

Enzymes capable of dissolving starch have 
been observed in the pancreatic juice (Brown 
a. Heron, Pr. 1880, 394), in the small in- 
testine (Iloppe-Seyler, Phys. Ch. 276; Brown 
a. Heron, l.c.), in the liver (Wittich, Pf. 7, 28; 
Bernard, C. R. 85, 619 ; Abele, Th. J. 0, 271), 
and in many other animal tissues (Ellenberger 
a. Hofmoister, Th. J. 12, 601 ; Paschutin, Th. 
J. 1,304). The stomach, pancreas, and peritoneal 
lymph of fishes contain an enzyme capable of 
dissolving starch (Kichet, Th, J. 14, 369 ; 
Kruckenbefg, JJnter. Phys. Inst. Heidelberg, 1, 
2 ). Blood contains a diastatio enzyme, for 
starch injected into the blood yielded maltose 
and dextrin (Bimmerman, Pf. 20, 201 ; Ploz a, 
Tiegel, Pf. 6, 249). 

Starch-dissolving enzymes exist in the leaves 
and other parts of most plants (Baranetzky, Dte 
stdrkeumhildenden Ferments in den Pflaneent 
Leipzig, 1878; Vines, Ann. Bot. 1891, 409). 

Certain organisms, bacteria, moulds, <ko., are 
capable of secreting an enzyme or enzymes 
having the power of dissolving starch. The 
nature of the dissolution products has, as yet, 
been very imperfectly studied ; we have simply 
the general statement that they are sugar ot 
sugars and dextrin (Wortman, Z. P. C. 6, 
287 ; Fitz, Bi 10, 282 ; Marcona, 0. P. 95, 
846 a. 856 ; Gayon a. Dubourg,C. P, 108, 885 i 
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Aikinion, Pr. 82, 299; Takamine, E» P, 
5700 a. 17874. 1891). BaailViM amyldbacter 
^elda dextrin and a small quantity of a orys- 
talline body (Villiers. C. B, 112, 435 a. 113, 
144 a. 536). Under the influence of Bacillua 
Buaveolens, dextrin, glucose, alcohol, aldehyde, 
formic, acetic, and butyric acids are produced. 
Amylic alcohol is the result of the action of 
Bacillus amylozymicus, no doubt intermediate 
bodies ; dextrin and sugar are at first produced. 
Atkinson states that the moulds grown on 
steamed rice in the manufacture of Bak4, in 
Japan, secrete an enzyme, which first converts 
starch into dextrin and maltose, and further 
acts on the maltose and dextrin, with the pro- 
duction of dextrose. 

Some gums of the arabin group contain a 
starch-dissolving enzyme (O’Sullivan, G. J. 1891, 
1061). 

Maize, malted and raw, and other grains con- 
tain an enzyme capable of dissolving starch and 
yielding as a final product dextrose (Cuisinier, 
C. 0. 1886, 614). Its action on starch is not 
very vigorous, but it acts more rapidly on dex- 
trin and converts maltose very rapidly into 
dextrose (Geduld, Woclienschrift f. Brauereit 
8, 620 ; Lintner, Zeit. f. ges. Brau. 1892, 123). It 
would be interesting to determine in what re- 
spect this enzyme differs from that of the 
moulds, and to establish their separate existence. 

Action of the halogens. Chlorine does not 
stain starch. Bromine colours it yellow. Iodine 
gives with it an intense blue. This reaction is 
a distinctive test for starch. The colour is de- 
stroyed by heating, but returns on cooling ; but if 
(iie solution be boiled for some time, the colour 
does not reappear. The blue colour is also 
discharged by arsenious and sulphurous acids, 
bv alkalis and carbonates thereof, and, indeed, 
alcohol can remove the iodine. A solution of 
iodine in strong alcohol docs not colour dry 
starch. Some observers consider that the pro- 
duction of this blue colour is not due to a defi- 
nite ohemical combination of iodine with starch 

K , N. Bep. Pharm. 22, 349 ; 26, 665 ; Pellet, 
. 7, 988 ; Tomlinson, P. M. [6] 20, 168 ; 
Duclaux, A. Ch. [4] 26, 264), while others at- 
tribute a definite formula to the combination. 
According to Bondonneau (C, B. 85, 671), it is 
(0«H,gOJ,I ; Mylius (J3. 20, 688) considers it to 
contain HI, and gives the formula (G2,H4 q02oI) 4IH 
as probable. He finds that the HI can be dis- 
placed by metallic iodides. Stocks {0.' N. 66, 
212 ; 57, 183) and Seyfert {Zeit. ang. Ch. 1, 16) 
contradict this. Bouvier (C. B. 114, 128 a. 
1366) attributes the formula (C«H,aO,,)Hl to the 
com^und. Starch is oxidised by chlorine and 
by bromine to gluconic acid (Habermann, A, 
172, 11 ; Herzfeld, A. 220, 364). 

Action of alkalis. Weak solutions of the 
alkalis do not act on starch in the cold, but 
solutions containing over 3 p.c. real alkali cause 
the granules to swell up with the formation of a 
thick transparent paste, and, finally, a clear 
solution, a compound of starch with the alkali 
being formed (Schmidt, A. 61, 81; Ventzke, 
/. pr. 25, 65) which, according to the latter, 
is optically inactive, but this, no doubt, is in- 
correct, for B6champ (C, B. 39, 668) gives the 
optioity [a]j » ■*. 211® for the starch £ssolved, 
•nd Thomsen (B, 18, 2168) shows that the ac- 


tivity of dilute soda solutions Is Md « + 168« 
On neutralisation this becomes much higher,, 
corresponding, in fact, with B6ohamp’s number. 
The product does not reduce alkaline copper 
solution (Brown a. Heron, 0. J. 36, 617). The 
potassium compound is obtained by ppg. the 
solution in dilute KHO with alcohol, pressing 
the pp., dissolving in H^O, and re-ppg. with 
alcohol. This process repeated three or four 
times is said to yield a pure compound of the 
composition O^HagOjoK (Pfeiffer a. Tollens, A, 
210, 288). A sodium compound CajH^gOjoNa 
has been obtained in the same way (lleichardt, 
Z. 1870, 404). These formulaB are, however, 
very improbable. Alcoholic soda does not act 
on starch (Dragendorf , J, f. Landvjirthschaftt 7, 
206). 

Starch heated with ammonia yields brown, 
amorphous, nitrogenous bodies (Th6nard, C. B, 
62, 444). 

Fused with KHO, starch, like other carbo- 
hydrates, yields oxalic acid, acetic acid, and 
other products. 

Action of alkaline earths. Barium, stron- 
tium, and calcium compounds similar to the 
sodium and potassium bodies have also been pre- 
pared. When solutions of soluble starch are ppd. 
with solutions of lime in sugar syrup, pps. are 
produced which are not very definite in compo- 
sition, the percentage of lime showing a varia- 
tion between CgHioO^CaO and (CrtH,o 04 ) 4 CaO. 
Similar baryta compounds have been examined. 
When a solution of soluble starch is saturated 
with strontia and alcohol added, a strontium 
compound is ppd. (Lintner, Zeit. f. ang. Ch. 
1888, 232). On distilling starch with lime 
acetone, mesityl oxide, isophorone, and ketones 
are produced (Harvat, G. C. 1887, 38). 

On digesting starch with acetic anhydride, a 
triacetate is said to be formed OgHjOjOaH-^OJ, 
(Schiitzenberger a. Naudin, Bl. [2] 12, ilO ; 
A. Ch. [4] 21, 235; Michael, Am. 5,359). This 
substance is amorphous ; it is stained blue by 
iodine, and is decomposed by alkalis, with the 
reproduction of starch. 

Qualitative determination. The presence of 
starch is indicated by the granular appearance 
under the microscope, and starch granules are 
distinguished from all others by being stained 
blue by iodine solution and yellow by bromine. 
If the plasma in which the granules are contained 
is alkaline, it must be rendered slightly aoid, 
or sufficient iodine solution must be employed 
to destroy the alkalinity. A solution of iodine 
in potassium iodide is usually employed, but an 
alcoholic solution answers the purpose. When 
the test is applied for starch in solution, the 
solutions must be cold and slightly acid and the 
reagent must be added in small quantities at a 
time. It is sometimes necessary to test a solu- 
tion for soluble starch in presence of a-dextrin — 
i.e. the dextrin giving a reddish-brown colour 
with iodine. If this is in excess the reddish- 
brown colour covers the blue ; ammonia added 
cautiously, drop by drop, discharges the reddish- 
brown, and if soluble starch be present the blue 
becomes definite and distinct. Care must be 
taken to avoid excess of ammonia (O’Sullivan). 
Small quantities of starch, which would other- 
wise not be observable, may be detected in the 
* last runnings ’ of melt wort bjf adding 4 little 
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tannixi and then aloohol to tibe solation. The 
■taroh is ppd. in this way, and on washing the 
pp. with water will yield the oharaoteristio re- 
action with iodine (Burokhardt, Chem. ZeitlBll, 
1168). Starch, when moistened with an alco- 
holic solution of a-naphthol and a few drops of 
warm concentrated sulphuric acid added, ac* 
quires a deep violet-red colour (Ihl, Chcm, ZeiU 
11 , 19 ). 

Quantitative determination. There are very 
few materials containing starch of which a suili- 
oiently accurate average sample can be obtained 
to render a definite estimation of the starch 
therein of much value. 

In some cases separation of the starch, by 
one of the methods given for its preparation, 
gives results of sufficient accuracy to satisfy the 
requirements. 

In the case of potatoes, the percentage of 
starch is deduced from the specific gravity, a 
set of specially-constructed tables being used ; 
but this method, on tho face of it, cannot yield 
more than an approximation. The specific 
gravity of the washed potatoes is taken in the 
usual way, a balance constructed to meet the 
requirements of tho case being employed. About 
6 kilos, of the potatoes arc weighed in a strong 
wire basket in air, and then in water ; thence, 
weight in air 

speci c gravi y = in water. 

According to the tables of Behrend, Marker, and 
Morgan, we have from 


Sp.gr. 

Per cent, of 


Per cent, of 

starch 

Sp. gr. 

starch 

1-080 

13-9 

1-120 

22-5 

1-090 

16*0 

1*130 

21-6 

1*100 

18-2 

1-140 

26-7 

1*110 

20-3 




In cases in which fair average samples of the 
material can be obtained, several methods have 
been proposed, all depending on the conversion 
of the starch, or the starch transformation pro- 
ducts, into dextrose by digestion with dilute 
HOI or H^SO^, the dextrose being estimated 
with Fehling’s solution, volu metrically or gravi- 
metrically, and the starch calculated therefrom 
according to the equation ChH,„Oj -i- Rp » 

(«. Sachsse, C. G. [3J 8, 732 ; Marker, Handb. 
der Spirittisfabricationf 4 Auf., Berlin, 1886, 
93 ; Soxhlet, Zeit. f. ges. Brau. 1881, 177 ; 
Faulenbach, Zeit. f. phys. Chem. 7, 510; Zip- 
erer. Rep. An. Chem. 6, 699). Dubrunfaut 
issolved the starch by rubbing the material 
with concentrated HCl, diluting the solution 
with water to a certain volume, and deter- 
mining the opticity. The starch was calculated 
from [o]j 192-4°. 

Effront [Bl. [2] 47, 6) dissolves the starch 
with malt extract, determines the optical activity 
of the solution, then heats it with ammonia, 
after ^ which he treats it with sodium hypo- 
chlorite and with HCl, and again determines 
the opticity; bat this method is open to many 
objections. 

These methods are unsatisfactory, inasmuch 
as it is difiBcult, if not impossible, to completely 
convert starch or starch products into dextrose, 
there being a probable error at one time from over- 
conversion, at another from ander-conversion ; 
indecdi botli may ocepr tbc Bfmic time, 


the amount of redaction of Fehling’s solution 
taken as dextrose never being a correct measure 
of the starch transformed. Another objection 
to the method is due to the fact that dilute acids 
convert other substances besides starch into 
bodies capable of reducing copper oxide. 

Girard (0. R. 104, 1629) titrates starch with 
iodine solution, 1 grm. of starch taking up 0*167 
grms. iodine. 

Asboth {Chem. Zeit. 11, 785) proposes to add 
an excess of baryta water to the gelatinised 
starch and then alcohol. The dried pp. con- 
tains 19-8 p.o. BaO, the remainder is starch. This 
method, too, cannot bo of any use. 

O’Sullivan (C. J. 45, 2) described a method 
by which starch in most materials can bo esti- 
mated with accuracy. If a fair average sample 
of the material cannot be obtained by grinding 
and powdering alone, it is first dried in warm, 
dry air and then powdered. The following is 
the method as applied to tho cereals, but it is 
also applicable to all materials whon treated as 
just described. 

Five grams, or thereabouts, accurately weighed 
— more if the material contains bss than 40 p.o. 
starch— of the finely-ground material are intro- 
duced into a wide-necked flask of 100 to 120 o.o. 
capacity. To this sufficient alcohol of sp, gr. 
0-82 is added to saturate it, and after a time 
20 to 25 c.o. ether are introduced. The clear, 
ethereal solution is decanted off after standing 
for a few hours, and the residue again treated 
two or three times with ether. It is then ex- 
tracted with alcohol, sp. gr. -90, at 36° to 38°, and 
treated with a large bulk of water, with which it 
is left in contact for at least 24 hours. If any 
sign of fermentation shows itself, a little salicylio 
acid sol-jtion may be used with the water. The 
residue, after being completely extracted with , 
water, together with the filter, through which all 
the extracts should have been passed, is trans- 
ferred to a beaker of about 100 o.c. capacity, and 
made up with water to about 40 to 46 c.o. This 
is heated to boiling for a few minutes in a water 
bath, care being taken, by continual stirring, 
to insure a homogeneous paste ; then cooled to 
62° to 63°, and 0-025 to 0-035 gram prepared 
diastase or its equivalent of malt extract added, 
the digestion being then continued at the tem- 
perature stated for a few hours. At the end of 
that time the contents of the beaker are boiled 
for a few minutes, thrown on to a filter, and the 
filtrate received in a 100 o.o. measuring flask. 
The residue* is carefully washed with small 
quantities of boiling water at a time, and the 
filtrate made up at 15-6° to 100 c.c. A deter- 
mination of the reducing power calculated as 
maltose, and of the remainder of the optical 
activity as dextrin, gives the data for calculating 
the quantity of starch. This holds good even 
though the amyloln theory of the breaking down 
of starch be proved to be accurate. 

Example.— 5 grms. bailey-flour treated as 
described, 0-03 grm. prepared diastase being 
employed,’ gave 100 o.c. solution of sp.gr. 1*01008 
=*2-639 grms. solid matter. 9*178 grms. this 
sol. reduced 0*241 grm. CuO. Opt. act. in 
* If cold-water malt extract be need, a portion of it 
most be heated for the same time end at the ieme tem- 
perature as the assay; then boile^ and the opticity and 
lednoing power determined; these factors fil n rlnttil 
Oh tbe quantity employed niiet bt nOowed 
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200 mm. tube « -i- 21*1 divs. (Soleil-Venizke- 
8oheibler eacobarimeter). Hence 

0-241 + 0-7256 (K of maltose = 62-6) 
a 0-1748 grm. maltose ; 

9*178 grms. : 101003 (the wt. of 100 c.o. sol.) 

::0-1748:a;; 

X « maltose in the 100 o.o. sol. - 1*923 ; 

Opt. act. maltose [a]j » + 154° and of dextrin [a]j 

= + 222 °. 

Hence 1 grm. maltose in 100 c.c. sol. in 200 mm. 
tube => 8-62 divs. of instrument mentioned, and 
1 grm. dextrin under like circumstances =11-66 
divs. Then 1*923 x 8*02 = 15*422 divs. opt. activity 
of the maltose, 21*1-16-422 = 6*678 divs. opt. 
activity of the dextrin, and 5-678 + 11*66 «=:0-4‘Jl 
grm. dextrin in the 100 c.c. sol. Dextrin is derived 
from starch without any increase of weight: 
100 grms. starch yield 105*6 maltose *, hence 
1*065 : 1*923 : : 1 : a; starch ^ maltose; 

X = 1*822 grms. starch. 

1-822 + 0-491 (as dextrin) = 2*313 starch ; in 
the 6 grms. taken = 46-26 p.c. 

It is clearly shown in the paper quoted that 
if starch is not estimated in the way indicated 
no reliance cdn be placed on the results. It 
happens when dealing with some varieties of 
material that the aqueous extract contains 
soluble starch (blue colour with iodine). This 
cannot be looked upon as starch; it must be 
estimated in the solution as the soluble modifi- 
cation. 

Soluble starch may be prepared {a) by tritu- 
rating starch with sharp sand or powdered glass 
so as to disintegrate the granules and extracting 
with cold water; (6) by the limited action of 
malt-extract or of acid. 

Delffs (P. 109, 648) prepared soluble starch 
by triturating starch with sand and water ; the 
solution gave a dark - blue colouration with 
iodine. Fliickiger [Z, 1861, 104) prepared 
a similar solution by acting on starch with 
a concentrated solution of calcium chloride 
and treating the resulting gummy mass with 
water, when, on filtration, a solution is obtained 
which exhibits all the characteristics of soluble 
starch. Musculus {Bl [*2J 22, 26 ; A. Ch. [5] 2, 
886) does not consider this a true solution; 
he prepares the body by boiling starch with 
very dilute sulphuric acid, saturating the solu- 
tion with chalk, and evaporating to a syrup. 
This deposits small granules which gradually 
increase in size, are soluble in hot water, and 
may be purified by precipitation with alcohol. 
It possesses no reducing power ; its rotatory 
ower is four times that of glucose. Bon- 
onneau (0. R. 80, 671) has prepared soluble 
starch by this method, but does not find it 
altogether soluble under all conditions. Soluble 
starch is undialysable. Fuming nitric acid con- 
verts it into a mononitro- derivative, CaH 5 (N 0 J 08 ; 
dilute nitric acid oxidises it to carbonic and oxalic 
acids *, bromine and silver oxide to gluconic acid 
(Reichardl, B. 8, 1020 ; 7, 424). 

Kageli {Beitrage s. ndheren Kenntniss der 
SUiflrkegruppet Leipzig, 1874, p. 33, 99 ; A. Ch, 
178, 218) gives the following method : 1 kilo, 
potato starch is allowed to stand 6 -8 weeks 
with 6 litres hydrochloric acid, S.G. 1*06 ; this is 
then purified solution in hot water ; it crystal- 
lises in sphffiro-orystals (Jaquelain, A, Ch. [2] 
f9i 178). Aocordi^ to Brown a* Morris, this is 


not soluble starch (v, above). Zulkowski (B. 18, 
1895) prepares soluble starch by heating dry 
potato starch with glycerol at 180°- 190° for half 
an hour. The solution is cooled, precipitated 
by alcohol, and the precipitate purified by solu- 
tion in water and reprecipitation by alcohoL 

Salomon {J. pr, [2] 28, 82) finds that soluble 
starch is the first product of the action of dilute 
acids on starch ; it does not reduce Fehling’s 
solution, and has an optical activity [a] „ —211*6°. 
O’Sullivan (0. J. 1879, 772) prepares soluble 
starch by dissolving starch paste at 73°-74° 
with the least possible quantity of cold water 
extract of malt, boiling the solution as soon as 
it becomes clear, filtering, and concentrating. 
The soluble starch falls out on cooling as a 
white precipitate, which is purified by dissolving 
in hot water and allowing to cool when it sepa- 
rates out again. It has a reducing power, 
3*6-0*78, and an optical activity [o]j = 219*5- 
222-0, the reducing power being probably due to 
a small quantity of maltose ; v. also Action of 
acids on starch, above. C. O’S. 

STEABIC ACID 0,«H,,0,. Mol. w. 284. 
[69°]. (232° cor. at 16 mm.) (Krafft, B. 17, 
1629) ; (359°-383°) (Carnelloy a. Williams, B. 
12, 1360). H.P. 126,000 (Von Rechenberg). S.G. 
(liquid) S3 -845 ; (solid) 2 1-01; 12 1-00. S.V.S. 
332-6 (R. Schiff, A. 223, 264). S. (alcohol) 2-5 
in the cold. S. (benzene) 22 at 23°. S. (08^) 
30 (Vogel, J. 1866, 892). Occurs as glyceryl 
stearate in very many fixed animal and vegetable 
fats and oils (Chevreul, A. Ch. 88, 225 ; [2] 2, 
354 ; 23, 19 ; Braconnot, A. Ch. 93, 250 *, Redten- 
bacher, A. 35, 46 ; Bromeis, A. 35, 86 ; 37, 303 ; 
Stenhouse, A. 36, 67 ; Erdmann, J.pr. 25, 497 ; 
Francis, A. 42, 256; Gottlieb, A. 67, 35; 
Laurent a. Gerhardt, A. 72, 272 ; Hardwick, 
C. J. 2, 232 ; Crowder, P. M. [4] 4, 21 ; Berthe- 
lot, A. Ch. [3] 41, 216, 4.32 ; 47, 297 ; Pebal, A, 
91,138; Hointz, A. 92, 296; Johnston, C. 7, 
29, 8). 

Formation.-—!, By saponification of cetyl- 
Q,cetoacetic ether, obtained from cetyl iodide and 
sodium acetoacetic ether (Guthzeit, A. 206, 351), 
2. By heating cetyl-malonic acid at 160°.— 3, 
From ricinoleic acid by treatment with water, P, 
and I, followed by zinc and HClAq (Claus, B. 9, 
1916). — 4. By heating oleic acid with iodine 
(1 p.c.) for several hours at 275°^and distilling 
the product in a current of superheated steam 
(De Wilde a. Reychler, Bl. [3] 1, 295). 

Preparation. - Suet or cacao fat is saponified 
by NaOIIAq, the acids ppd. by H^SO^ and crystal- 
lised from alcohol. An alcoholic solution of the 
impure stearic acid (4 pts.l saturated at 0° is 
heated to 60° and mixed with a boiling alcoholic 
solution of Mg(OAc )2 (1 pt.^. The ppd. magne- 
sium stearate is boiled with HClAq and the 
stearic acid recrystallised from alcohol (Heintz). 
Stearic acid can also be readily obtained from 
shea-butter which contains no other solid fatty 
acid (Buff a. Oudemans, J. pr. 89, 216). 

Properties. — Pearly plates, insol. water, sol. 
alcohol and ether. Tasteless and inodorous. 
May be distilled in vetetw and, in small quantity, 
under atmospheric pressure, but in this case it 
is partly decomposed with formation of hydro- 
carbons, stearone, water, GO,, acetic acid, and 
butyric acid. Fusion with forms OigHi^O 
[54°-60*^. KifriQ acid fonns seb^oiOi glutariq* 
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laeouuoi nuu vwor aoius. jor luiu waior at 140^ 
form bromo* and dibromo-steario acids (Onde- 
mans, J, pr» 89, 193). Distillation in vacuo 
with NaOMe yields (Mai, B, 22, 2133). 

Salts.— KA', Hygroscopic crystals. S. 4 
in hot water. Partially decomposed by a large 
quantity of water into an insoluble acid salt and 
free potash.— KHA',. Silvery scales (from 
alcohol). S. (alcohol) *36 in the cold ; 27 at 78°. 
Boiling water converts it into a more acid salt. 
NaA'. — NaHA',: insol. water. — BaA'ji minute 
larainre, insol. water.— CaAV— SrA^— MgA'^: 
minute laminie (from alcohol). — CuA',: light- 
blue amorphous powder.— PbA'j: amorphous 
powder, insol. ether.— Pb.^OA'j.—AgA': white pp. 

Methyl ether MeA'. [38°J. Crystalline, 
insol. water (Hanhart, G, B. 47, 230). 

Ethyl ether [33°]. (224°). Formed j 
by heating the acid with alcohol at 200° (Las- 
saigne, A. 13, 168; Berthelot, A, 88, 312) by 
passing HCl into an alcoholic solution of stearic 
acid (Redtenbacher, A. 35, 61) and by heating 
stearin with a little NaOEt (Duffy, C, J. 5, 197 ; 
Bouis, G. R. 45, 35). Crystalline mass, partially 
decomposed by distillation. V. sol. alcohol. 

Ethylene ether C,H,AV [76°J. From 
AgA' and C^H.Br, (Wurtz, A. Gh. [3] 55, 43G). 

laoamyl ether C.H,,A'. [25°]. 

Octyl ether [45°]. 

Getyl ether [55°-60°]. Lamina) 

(from ether) (Berthelot, A. Ch. [3] 56, 70). 

Glyceryl ethers v. vol. ii. p. 622. A 
mixture of stearic acid and glycerin saturated 
with HCl at 100° forms C,H,Cl(OH)(00„Il3jO) 
[28°]. 

Phenyl ether PhA'. [52°j. (267° at 15 
mm.) (Krafft a. Biirger, B, 17, 1380). 

p-Tolyl ether C;[I;A'. [54°]. (276° at 

16 mm.). 

Ghloride C„H.,50C1. [23°]. (216° at 16 
mm.). Crystalline mass. 

Amide C„R„O.NH,. [109°]. Formed by 
distilling ammonium slearate at 230’ under 
pressure; the yield being 60 p.o. (Hofmann, B. 
15, 984 ; c/. Carlet, Bl 1859, i. 76). Formed 
also by the action of NH^ on the ether or on the 
chloride. Converted by the action of Br and 
NaOHAq.into stearyl-heptadecyl-urea (Turpin, 

H. 21, 2486). N *' • 

Anilide CigHsjONHPh. [94°]. Formed 
by distilling aniline over stearic acid at 230° 
(Pebal, A. 91, 162). White needles. 

Phenyl hydrazide C,;H3,.CO,N,H,Ph. 
[107°]. Formed by heating stearic acid with 
phenyl-hydrazine. White unctuous plates (from 
alcohol), si. sol. cold alcohol, benzene, and ether 
(Strache a. Iritzer, M. 14, 37). 

Nitrile C^HjjCN. [42°]. (275° at 100 

mm.). S.G. -815 ; ija .779. Formed by dis- 
tilling stearamide with P^Oj (Krafft a, Stauffer, B. 
16, 616, 1730) or by heating oyanostearic acid at 
260° (Hell a. Sadomsky, H. 24, 2779). 

References, — Bromo-, Di - bromo - 10D0 -, 
Ghloro-, lono-, Nitro-, and Oxy-strario acid. 

Isosteario acid (C„H„)3CH.C03H. [38*6°]. 

(278° at 101 mm.). Formed from di-ootyl- 
acetoacetic ether or m-ootyl-malonic acid (Conrad 
a. Guthzeit, A, 204, 11, 166). Colourless leaflets 
(from alcohol). — NaA': needles (from alcohol). 

— AgA' ; thick white pp. 

. Ethyl ether (276°>2d0° itUOO loiii.). 
IV, 


8TBASI0 AIDBHYDI r«4°J. 

(218° nneor. at 22 mm.). Formed by dlstlllins 
calcium stearate with calcium formate (Krafl? 
B. 13, 1417). Plates with bluish glitter, si. soL 
ether. 

STEABIN V* Stearyl derivative of Gltobbin. 

STEAROLIC ACID C,,H,A* Mol. w. 280. 
[48°]. (260°). Formed by heating bromo-oltio 
acid or the dibromide of oleic acid with alcoholic 
potash at 100° (Overbeck, J. pr. 97, 159 ; A, 140, 
49). Needles (from alcohol), insol. water. Br 
forms C„H3.,Br.,02 and C„H3,Br,03 [70°]. I and 
Fel, in CS3 form [51°] (Liebermann 

a. bachsse, B. 24, 4116). Potash-fusion- yields 
myristic acid and an acid 0,„H,„0, 

[21°] (Marasse, Z. [2] 5, 671 ; B. 2, 359). Alka- 
line KMnO| oxidises it to suberic and stearoxylic 
acid8(Hazuraa. Griissner, ilf.9,952). HNOsyielda . 
azelaic, stearoxylic, pelargonic, and nitroso- 
pelargonic acids (Limpach, A, 190, 294). Phenyl- 
hydrazine at 140° gives 0,,H8,CO.N.,H.,Ph [82°1 
(Holt, B. 25, 2670).-BaA'j.— CaA'^aq.-AgA'. 

STEARONE (0,,H35)3C0. Di-heptadecyl 
ketone, [88°J. S.G. (liquid) -7979 (Krafft, H. 
15, 1715). Formed by heating stear; j acid (9*5 g.) 
with PjjOj (6g.) at 210° (Kipping, G, J, 67,637 ; c/. 
Bussy, A. 9, 269; Redtenbacher, A, 85, 67; 
Varrentrapp, A, 35, 80; Rowney, G, J,6,97i 
Ileintz, P. 94, 272 ; 96, 65). Got also by dis- 
tilling the stearyl derivative of heptadecyl-urea 
with lime (Turpin, B. 21, 2486). Plates, si. sol, 
hot alcohol. Br forms OjiH^KBraO [72°]. 

Oa5i?/i (C,,H;,.,)2C:N0H. [63°]. White powder, 
m. sol. hot benzene and alcohol, insol. water 
and alkalis (Spiegler, B, 17, 1675 ; Kipping, 0. /. 
67, 540). 

STEAEOXYIIO ACID C.hH,^^. Mol. w. 
312. [86°]. Formed by the oxidation of stearolio 
acid (Overbeck, A, 140, 63 ; Hazura a. Griissner, 
M, 9, 952). Plates or needles, si. sol. cold al- 
cohol. BaA'j. — AgA' : crystalline powder. 

8TEARYL-GLYCERIN v. Glycerin. 

STEEL V, Ikon, vol. iii. p. 63, and Diotionabt 
OF Applied Chemistry, vol. ii. p. 360. 

STIB INE. Synonym of antimony hydride* V. 
vol. i. p. 288. 

STILBENE V. Di-phenyl-ethylbnb. 

STlLBENE ALCOHOL v. Hydrobenzoin. 

STILBENE DIBROMIOE v. Di-bbomo-phbnyIi- 

ETHANE. 

STILBENE DICABBOXTLIC ACID v. Di- 

PHENYL-MALEIO ACID. . 

STILBENE DICIhLOBIDE v, Di-chloro- 
phenyl-ethane? 

STOlCHIOMETBT. The laws of ehemioal 
combination, and their application to chemical 
calculations; v. Combination, chemical, Laws of, 
vol. ii. p. 235. 

STOBAX. A balsam produced by Styrax 
officinalis^ a shrub growing in the Levant. It 
occurs in two varieties, liquid storax and reed 
storax, the latter containing a large quantity of 
bark. Liquid storax is a brow aish-yellow sticky 
mass containing styrene, styracin, cinnamic acid, 
phenylpropyl cinnanmto, a little ethyl oinnam- 
ate, a substance [66°] bmelling like vanilla (pos- 
sibly ethyl- vanillin), and (a) and (i8)-8tore8m<d 
(W. von Miller, N, B. P. 24, 1 ; B. 9, 274 ; A. 
188, 184 ; 189, 838). - 

(a)-Store8inol i,e. 0„H„(OH)« 

[160°.168°]. Amorphous, t. sol dilute KOHAo,! 

hh 
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but two. KOHAq ppts. Yields a 

l&«>no* and tri-acetyl derivauve. 

(/9)-StOTe8inol. [140°-145®]. Amorphous. 
IForms amorphous OS 0 HMO 4 E, which is more sol. 
water than its (a)- isomeride. 

8TB0KTIA. Oxide of strontium (q.v.p. 516). 
. STBONnUM. Sr. At. w. 87-3. Mol. w. not 
known. Very little known about properties. 
Doubtful if approximately pure Sr has yet been 
isolated. S.G. c. 2*4 to 2-58 (Franz, J. pr. 107, 
263 ; Matthiessen, J. 8, 324). For omission- 
spectrum V. B. A, 1884. 444. H.O. [Sr,0]=. 
128, 440 (Th. 3. 258). 

Occumnce.— Compounds of Sr are widely 
distributed, but not in very largo quantities. 
8rCOa occurs in small quantities in all specimens 
ot arragonite ; very small quantities are found 
in many calc-spars^ marbles^ and dolomites, 
SrSO^ is an ingredient of many heavy spars. 
SrCO, is found as stro^itianite^ and SrSOi as 
celestine in a few localities ; hrcivsterite contains 
Sr silicate, with silicates of Ba or Ga. Traces of 
SrS04 and SrCL are found in many mineral 
springs, in some hard river-waters, in sea-water, 
and in the rshes of certain plants, especially 
Fuctis vesiculostts. 

Historical. — A mineral found at Strontian, a 
village in Argyleshire, in 1787, and supposed to 
be barium carbonate, was observed to colour 
flame reddish by Crawford and Cruikshank in 
1790 {Mem. Manchester Soc.), The supposition 
made by C. a. G. that the mineral contained a 
new element was confirmed by Hope (T. E. 4, 3), 
Klaproth (CrelVs Ann. 1793 [ii.] 189 ; 1794 (i.) 
99), and Kirwan-Higgins {CrelVs Ann. 1795 (ii.) 
119, 205). The metal was isolated by Davy in 
1808 (T. 1808. 345). 

Formation. — 1. By electrolysing moist SrOjHj 
or SrCl-i in contact with Hg and a little naphtha, 
and heating the amalgam so formed (Davy, T, 
1808. 345).— 2. By heating saturated SrCl^Aq 
with Na amalgam to 90°, quickly washing the 
Br amalgam so formed, drying it by filter paper, 
and distilling off the Hg in a stream of H (Franz, 
J,pr. 107, 253).— 8. By heating SrO or SrOjH, 
intimately mixed with Mg powder, a mixture of 
Sr with MgO is obtained (Winkler, B, 23, 125, 
2647). 

Preparation, — A porous clay cylinder is 
placed in a crucible, and SrCl^, mixed with a little 
NH4OI, is placed in the crucible and in the cell, so 
that when the mixture is fused the surface of it is 
at a higher level in the cell than in the crucible. A 
cylinder of sheet iron surrounding' the cell serves 
as the positive electrode, and an iron wire pass- 
ing through a tobacco pipe, the bowl of which 
dips under the molten mixture in the cell, serves 
as the negative electrode. The crucible is heated 
till the mixture of SrClj and NH,C1 melts, tem- 
perature being kept so that there is always a 
solid crust on the surface of the mixture in the 
porous cell. A current from 5 or 6 Bunsen cells 
is passed through the molten mass ; Sr is sepa- 
rated and runs into small pieces, which are pro- 
tected from the air by the solid crust of SrCl, 
and NH4CI; the pieces of Sr are removed by 
an iron spoon and kept under petroleum. 

For &e preparation of pure Sr salts from 
%ir(mtianite v. Barthe a. Falilres {Bl. [3] 7, 104). 

Properties.— k yellowish -white metal, some- 
eprbat hiy:der thau Ca or Fb } can be beat^ into 


thin leaves ; melts at full red heat. Aecordiugf 
to Mallet (A. 190, 62), Sr is slightly volatilised at 
a very high temperature. Easily oxidised by 
epoBure to air ; decomposes cold water rapidly; 
dissolves in dilute acids, not in HNO,Aq, giving 
salts and H. Combines directly with S and the 
halogens. Sr is a strongly positive metal, less 
positive than the alkali metals and Ca,but more 
positive than Mg ; it is closely related to Ca and 
Ba, less closely to Mg; it also shows resemblancea 
to Zn, Cd, and Hg ( v . Alkaline earths, metals 
or THE, vol. i. p. 112 ; and Magnesium group or 
elements, vol. iii. p. 163). The atomic weight 
of Sr has been determined (1) by determining 
CO, in SrCO, (Stromeyer, S. 19, 228 [1816]; 
Salv5tat, C. R. 17, 318 [1843]) ; (2) by ppg. Cl 
from SrCl, by Ag (Rose, S. 19, 228 [1816] ; 
Pelouze, G. R. 20, 1047 [1845] ; Marignac, A. 
106,168 [1858]; Dumas, A. Ch. [3] 65, 191 
[1850]) ; (3) by determining water in SrCl2.6H,0 
(Marignac, A. 106, 168 [1858]) ; (4) by trans- 
forming SrCl,.6H,6 into SrSO^ (Marignac, l.c.). 
The S.II. of Sr has not been determined directly. 
The V.D. of no compound of Sr has been deter- 
mined. 

Reactions and Combinations (v. Bunsen, 
A. 94, 111). — 1. Exposed to air or oxygcyi rapidly 
forms SrO, or SrO^H, if moisture is present. — 

2. Burns brilliantly when heated in oxygen, 
sulphur vapour, chlorine, brennine, or iodine 
vapour ; also in dry carbon dioxide. — 3. Decom- 
poses cold water rapidly, giving off H and form- 
ing SrO,!!,. — 4. Dissolves rapidly in dilute 
hydrochloric or sulphuric acid\ reacts slowly 
with cone, sulphuric acid ; scarcely acted on by 
nitric acid, even when hot and cone.— 6. Reduces 
silica and silicates when heated therewith to full 
redness. 

Strontium, antimonate of ; v, vol. i. p. 286. 

Strontium, arsenates of; v, vol. i. p. 309. 

Strontium, arsenite of ; v, vol. i. p. 307. 

Strontium, borates of ; v. vol. i. p. 530. 

Strontium, bromide of, SrBr, Mol. w. not 
’determined. By heating Si in Br. By dissolv- 
ing SrCO, in HBrAq and evaporating, long white 
needles of the hydrate SrBr,. 6aq are obtained 
(LOwig, Mag. Pharm. 33, 7) ; S.G. 2*368 (Favre a. 
Valson, C, R, 77, 679); these crystals do not 
effloresce over H,S04 (Rammelsberg, P. 66, 238), 
but on heating give off their water, leaving SrBr, 
as a white solid, S.G. 3*985 (F. a. V., l.c.), that 
melts at red heat without decomposition (R., l.c,), 
[Sr,Br»] - 167,700 (Th. 8, 258). Carnelley {C. J. 
83, 279) gives melting-point as 0. 630°. Com- 
bines with ammonia to form 2SrBr,.NH3 (Ram- 
melsberg, P. 66, 238). 

Strontium, chloride of, SrCl,. Mol. w. not 
determined. 

Formation,—!, By burning Sr in Cl. — 2. By 
passing Cl over hot SrO (Weber, P. 112, 619).— 

3. By heating SrO in a stream of HOI (Chevreul, 
A. Ch. 84, 285).— 4. By decomposing SrCO, by 
cone. CaCl,Aq or MgCl, by heating together, 
then dissolving out SrCl, and crystallising 

(SrCO, + MgCL,Aq - SrCl,Aq -h MgO + CO, ; 
Wackenroder's Patent ; v, B, 19, i^/. 688).— 6. 
By heating a mixture of SyS04, OaOl,, and char* 
coal with a little chalk, lixiviating, and crystal- 
lising (SrS04 + CaCl, f 40 • SrOL + 4 400* : 
Mpctear.D.Z*./. 262, 2^8)4 
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•olvad in HOlAq, solution is digested in 
Absence of air wi& more SrOO, (to remove iron, 
&o*)t poured off and evaporated to the crystal- 
lising point; the crystals of SrOl,. 6aq that sepa- 
rate are pui^ed by re-crystallisation, then dried 
and heated to 100° imtil they cease to lose 
weight. 

Properties . — A white, crystalline powder, with 
a sharp, bitter taste. Melts at 825° (Carnelley, 
C, J. 33, 280) to a glass-like mass with an 
alkaline reaction. S.Q. 2*96 at 0°; 2*77 at 
m.p. (Quincke, P. 138, 141). S. 44*2 at 0°, 
48*3 at 10°, 63-9 at 20°, 60 at 30°, 66*7 at 40°. 
74-4 at 60°, 83-1 at 60°, 87*6 at 65°, 88*8 at 
66*5°, 89*6 at 70°, 92*4 at 80°, 96-2 at 90°, 101*9 
at 100°, 109*1 at 110°, 116*4 at 118*8°; satu- 
rated SrCI^Aq boils at 118*8° (Mulder). Gerlach 
(JV. 8, 245) gives the following data; — 

aG.Sr01.Aq P.o. SrOl, ‘ S.G. SrCl,Aq P.o.SrCl. 
1-0453 5 1*2580 25 

1*0929 10 1*3220 30 

1*1439 15 1*3633 33 

1*1989 20 

SrOL, is insol. absolute alcohol; it dissolves 
in aqueous alcohol in proportion to the amount 
of water present (Gerardin, A. Ch. [4J 5, 156). 
[Sr,CP]« 184,550; [Sr, CP, Aq] = 195,690 (Th. 3, 
258). For connection between solubility in water 
of SrGL and temperature v. Etard (G. B. 113, 
854). 

Reactions and Combinations. — 1. Heated to 
redness in water vapour^ HGl is given off and 
SrO remains (Kraus, P. 43, 138 ; Kahnheim, J. 
1861. 149).— '2. Heated with bromine to 200° is 
partially decomposed to SrBrj, (Potilitzin, B, 7, 
733 ; 8, 766) ; the amount of decomposition 
varies with temperature and tlie relative masses 
of SrCL; and Br.— 3. Combines with water. So- 
lution of SrCOj in HClAq evaporated yields long, 
six-sided, hexagonal needles of the hexa- 
hydrate^rC\^.mjd\ S.G. 1*933 at *17°. By | 
keeping these crystals over H^SO^ in vacuo for 
some months the dihydrate SrCl2.2H,p is 
formed. — 4. Combines with ammonia to form 
SrCl2.8NH, (H. Rose, P. 20, 165). 

Strontium, cyanide of; v. vol. ii. p. 347. 

Strontium, ferrooyanide of ; v. vol. ii. p. 337. 

Strontium, fluoride of, SrF,. A white, crys- 
talline powder; scarcely sol. water or HFAq. 
Prepared by the action of HFAq on SrO or 
BrCO, (Berzelius, P. 1, 20); also by fusing 
2 parts SrClj with 1 part NaF and 1 part NaCl, 
and lixiviating the product (Boder, JHssertation 
[Gottingen, 1863] 14; Feldmann, B. 21, Be/. 
866 [Patent]). Poulenc (0. B. 116, 987) ob- 
tained SrFj, as an amorphous powder, by the 
reaction of HFAq and SrClaAq ; S.G. 2*44 ; 
partly decomposed to SrO by heating in air to 
0. 1000°. By fusing with alkali chlorides, or 
with KHFj, P. obtained SrF^ in regular octa- 
hedral crystals. , 

Strontium, hydride of. By heating to red- 
ness A mixture of 103 parts SrO (made from 
SiCO,j with 24 parts Mg powder, in an iron 
tube, in an atmosphere of H, Winkler (B. 24, 
1975) obtained a greyish-brown powder that 
quicuy oxidised in air to SrOjE, with evolution 
of H, and was decomposed very rapidly by water 
qt HCLA^ wi^ eyolulipi^ qf 


indicated that the substance might be a mixture 
of c. 66 p.c. SrH with c. Sf9 p.c. MgO, c. 4 p.c. SrO, 
and A very little Mg. 

Strontium, hydrosulphide of, SrSA^rHaO. 
By saturating SrOAq with H^S and evaporating 
in vacuo over H^SO^ ; or by dissolving SrS in 
water, evaporating, filtering from SrO;tH2, and 
evaporating over HjSO, in vacuo. Large, 
white crystals ; melts when heated in water of 
crystallisation, and then gives SrS. Aqueous 
solution boiled gives off all H^S and forms 
SrO,jH, (v. Bose, P. 65, 430; Berzelius, P. 6, 
442). 

Strontium, hydroxide of, SrO^H,. Mol. w. 
not determined. Prepared by the action of 
water on SrO. Also by heating celestine (SrSOJ 
with charcoal, dissolving SrS so formed in water, 
heating with CuO or ZnO, filtering from GuS or 
ZnS, evaporating to dryness, and heating to 
redness [ cf . Baiiium hyduoxide, vol. i. p. 442). 

A white solid; S.G. 3*625 (Filhol, A. Ch. 
[3] 21, 415). Sol. water, forming a markedly 
alkaline solution reacting similarly to BaOj^H^Aq 
and CaOjH^q. Scheibler (0. C. [3] 13, 83) 
gives the following data, showing solubility in 
water, expressed in terms of SrO, and the hydrate 
Sr0^.8HjjO, dissolved ; — 


s. , a 


Temp. 

'^SrO 

SrO,II,.81i,0 

Temp. 

SrO 

SrO,H,.8H, 

0° 

•35 

*90 

56° 

2*54 

6*52 

5 

*41 

1*05 

60 

3*03 

7*77 

10 

*48 

1*23 

65 

3*62 

9*29 

16 

•67 

1*46 

70 , 

. 4*35 

11*16 

20 

*68 

1*74 

76 

5*30 

13*60 

25 

•82 

2*10 

80 

6*66 

16*88 

30 

1*00 

2*57 

85 

9*00 

23*09 

35 

1*22 

3*13 

90 

12*00 

30*78 

40 

1*48 

3*80 

95 

15*15 

38*86 

45 

1*78 

4*57 

100 

18*60 

47*71 

50 

2*13 

5*46 

101*2 

19*40 

49*75 


Dry SrO-^Ha takes up only traces of CO, from 
the air (Heyer, B. 19, 2684) ; but the hydrate 
j Sr02H.^.H.p absorbs CO^ till it is changed to 
I SrGOg (H., f.c.) *, according to Finkener (P. 19, 
2958) a basic carbonate is formed. 

The octohydrate, Sr02H.^.8H.^O, crystallises 
in tetragonal crystals (a : c => 1 : *6407) from 
SrOAq ; S.G. 1*396 at 16° ; in air falls to powder, 
giving the monohydrate SrOjHj.HjO, which loses 
HjO at 100° {v. Finkener, l.c, ; Muller-Erzbaoh, 
B. 19, 2874 ; 20, 1628). Weisberg (B. 11, 61H 
says that Cl reacts with the hydrates of SrO,H, 
to give SrClj 8nd Sr(G103)2. 

Strontium, iodide of, Sri,. A white solid; 
by dissolving SrCOj in HIAq, evaporating, and 
heating the licxahydrate, Srl2.6H,0, which 
crystallises out. S.G. 4*415 ; melts at red heat; 
strongly heated in air gives SrO and I (Croft, 
J. pr. 68, 420). Thomsen gives [SrJSAq] 
-143,460 (PA. 3, 258). 

Strontium, manganooyanide of; v. vol. iL 
p. 842. 

Strontium, nitride of. By heating Sr amal- 
gam containing from 20 to 25 p.o. Sr fprepared 
by electrolysis and heating the product in vacuo) 
in a stream of N, Maquenne {Bl. [8] 7, 306) ob- 
tained a dark-coloured compound of Sr and N 
to which he gave the formula Sr,N. 

Strontium, oxides ol Two oxides have beep 
Isolated,' SrO and. SrO|, * r 
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Stbohtxum oxzdb ^rO. UStrontium mon- 
oxide. Sttontia.) Mol. w. not known. Prepared 
1^ strongly heating Sr02H2, SrINO,),, SrCO, 
(Brdgelmann, Fr. 29, 127 ; Heyer, B. 19, 2684) ; 
also by strongly heating Sri* in air (Croft, J.pr. 68, 
420). Best prepared similarly to BaO (v. BABinu 
MONoxiDB, vol. i. p. 443). A grey-white, porous, 
infusible solid; prepared by heating SrCO, or 
SrO.^H, forms a mass of regular cubes with 
8.G. 4'75 referred to water at 4° (Briigelmann, 
Z.C.). According to Moissan {G. B. 115, 1034), 
SrO melts to a transparent liquid at o. 3000°, 
and this solidihes to a crystalline mass. Thom- 
sen gives [Sr.Oj = 128,440 {Th. 3, 258). Dissolves 
in water (for data v. Strontium hydroxide ) ; 
from this solution the octohydrated hydroxide 
Sr0,H2.8H20 separates on evaporation. By pass- 
ing moist air over SrO the monohydrated hy- 
droxide, SrOaHa-KO, is formed (Heyer, B. 19, 
2684). SrO is a strongly basic oxide, reacting 
with acids to form salts SrX, where X=sS04, 
2N03,iP04,&c. 

Strontium dioxide SrO,. {Strontium per- 
oxide.') Mol. w. not known. Addition of HaO.Aq 
to SrOAq ppts. the octohydrate SrO.,.8H..O 
(Th4nard, A. Ch. [2J 8, 312; Sch6ne,‘B. 6, 
1172 ; cf. Conroy, G. J. [2] 11, 812). By drying 
this pp. at 100° SrOg is obtained as a white 
powder, having similar properties to those of 
• barium dioxide (q.v. vol. i. p. 443). Sr0.g is not ob- 
tained by methods similar to those generally used 
for making BaOg. 

Strontium, oxychloride of. According to 
Andr4 {A. C/i.[C] 3, 66) crystals of the compound 
SrClySr0.9H20( = STjOCla-OHD) are deposited 
from a mixture of saturated SrCljAq and satu- 
rated SrOAq ; the crystals are very unstable in 
air. 

Strontium, oxysulphide of. SchSne (P, 117, 
69) obtained SrS^.SrO. 12aq(SraOS4. 12aq) by 
slow oxidation of SrS4Aq. 

Strontium, platinooyanide of; v, vol. ii. p. 
844. 

Strontium, salts of. Compounds obtained 
by replacing H of acids by strontium. These 
compounds belong to the type SrX, where X is 
SO,, CO„ 2NO3, fPO, Ac. The Sr salts are very 
de&iite compounds ; not many basic salts are 
known. The chief salts of oxyacids are the fol* 
lowing; bromate and hypobromite, carbonate^ 
chlorate^ chlorite and perchlorate^ chromate and 
dichromate, iodate and periodates, molybdate, 
nitrate, nitrite, and hyponitrite, selenate and 
selenites, sulphate, sulphite, thidsulphate, and 
thionates {v. Carbonates, nitrates, &c.). 

Strontium, selenide of. Obtained as a white 
solid, rapidly decomposing in air with separation 
of Se, by heating a small quantity of SrSeO, in 
H to duU redness ; [Sr, Se] « 87,160 (Fabre, O.B, 
102, 1469). 

Strontium, silioofluoride of, SrSiF4.2H,0. 
Four-sided prisms ; S.G. 2*999 ; loses 2H2O 
when gently warmed; prepared by dissolving 
SrCO, in H2SiF,Aq and evaporating (Berzelius, 
Lehrbuch [6th edit.], 8, 385]. Fresenius {Fr. 
29, 143) gives S. 8*2 at 15° ; S. in alcohol (50 p.o. 
by vol.) *06 at 16°. 

Strontium, sulpbides of. Three sulphides 
have been isolated : StS, SrS,, and SrS,. 

Strontium monosulphidb SrS. Fo.rmed by 
Seating together Sr and S in tbe ratio 87:32 j 


also by reducing SrSO, by charcoal; also by 
passing CS, vapour mixed with H, HgS, or CO, 
over red-hot SrCO, {cf. Barium monosulphidb, 
vol. i. p. 444). A white powder, which slowly be- 
comes yellowish when exposed to air. Does not 
phosphoresce (Sch6ne, P. 117, 69). For phos- 
phorescence of SrS mixed with small quantities 
of other salts v. Becquerel {C. B. 107, 892). 
Sabatier {A. Ch. [6] 22, 5) gives [Sr, S] = 49,600. 
SrS does not combine with S when heated there- 
with, but polysulphides are formed by boiling 
an aqueous solution of SrS with S (SchSne, P, 
117, 69). SrS dissolves in water ; on crystal- 
lising SrOgHj separates and SrSgB^ remains in 
solution (H. Bose, P. 65, 430). 

Strontium tetrasulphide SrS4.a;HjjO. The 
hexahydratp, SrSj.GHgO, is obtained, as a red- 
dish crystalline solid, by boiling 100 parts SrS in 
water, and evaporating the solution in vacuo at 
a temperature not higher than 16°. From a 
solution at 20°-25° the dihydrate SrS4.2HgO 
separates. An aqueous solution of SrS, oxidises 
in air to the oxysulphide SrO. SrS,. 12aq, and 
then to SrS.Pa, while S separates and some SrCO, 
is formed (Schone, P. 117, 69). 

Strontium pentasulphidb SrSs.icHgO. An 
amorphous, yellowish, hygroscopic solid ; formed 
by evaporating a solution of 8184 saturated with 
8 in the cold. After drying at 100°, CS, dis- 
solves out Jth of the S, leaving 8184 (Schone, 

I . C .). 

Strontium, Bulphydrate of; v. Strontium 
hydrosulphide, p. 616 . 

Strontium, sulphocyanide of; v. vol. ii. p. 
852. M. M. P. M. 

STKOPHANTHIN (A.) ; CgA.O,, 

(F.). [a]D«30°. Extracted by alcohol at 70° 
from the seeds of Strophanthus hispidus (Gal- 
lois, C. B. 84, 261 ; Fraser, Ar. Ph. [3] 3, 229 ; 
Pr. E. 124, 370; Ph. [3] 18, 69; Elborne, Ph. 
[3] 17, 743 ; 18, 219 ; Gerrard, Ph. [3] 17, 923 ; 
Arnaud, G. B. 107, 179 ; Gley, 0. B. 107, 348). 
White micaceous crystals, sol. water, v. sol. 
alcohol, insol. ether. Dextrorotatory. Bitter. 
Besembles ouabain in toxic elTects. Decomposed 
by boiling dilute acids (even 11,8) into glucose 
and crystalline strophanthidin, which yields a 
resin on further boiling with dilute R^SO^ (F.). 
H,S04 and a trace of FeCl, gives a reddish- 
brown pp., changing to emerdd-green (Helbing, 
Ph. [3] 17, 924). 

STBUTHIIN V . Saponin. 

8TEYCHNIC ACID CgoH22NO(NH).C02H. 
Formed from strychnine, alcohol, and Na at 
60°-66° (Tafel, A. 264, 60). When heated in a 
current of H at 190° it changes to strychnine. 
KjCigO, and KjS04 give a brown-red colour or 

pp. 

Nitrosamine CgoHKNO(N.NO).C02H. Ge- 
latinous pp. Exhibits Liebermann’s reaction. 

Methylo-iodide 

OaoH22N(MeI)0(NH).C02H. Formed from 
methyl-strychnine and HI (Tafel, A, 264, 56). 
Colourless needles (containing aq), v. si. sol. 
cold alcohol and cold water.-— NaA' aq ; v. e. sol, 
water, m. sol. alcohol. Converted by Mel into 
crystalline OgoHg2N(MeI)(NMe).C02Me. 

Methyl-strychnic acid, methylo-iodide, 
02oH„N(MeI)0(NMe).C02H. Formed from dl- 
methyl-strychnine and HI (Tafel, A, 264, 58). 
Needlesi m. sol. boiUng water and hot alcoh<d« 
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0MZ]ritryobiiio (cU 0^nM^H).C0iH aq. 
Formed by heating deozystryohnine with alco- 
holic NaOEt at 180® (Tafel, A, 268, 253). 
Needles (containing aq) (from dilute H^SOJ or 
anhydrous prisms (from alcohol) , si. sol. hot water. 
Quickly converted by acids into deoxystrychnino. 
Yields a nitrosamine. 

Isostrychnio acid C2oH.>.jNO(NH).COaH. 
Formed from strychnine, Na, and alcohol at 70°. 
Got also by heating strychnine with' baryta- 
water at 140° in absence of air. Minute 
needles. K^Cr^Oy and dilute H^SO^ form a 
brown liquid on heating, and a brown pp. with 
excess of KjCr.Oy.— HA'HI aq ; prisms, m. sol. 
cold water and 'alcohol, insol. ether. 

Nitroso- derivative 


NO.C2 oHo,NO(NH).CO,.H aq. Sol. alkalis, but 
ppd. by COy. Yields a nitrosamine, which gives 
Liebermann’s reaction with phenol and H2SO4. 
-'HA'HCl : needles, insol. water. 

Methylo-iodide 

C2„H2.2N(MeI)0(NH).C0.2H. Crystalline, m. sol. 
hot water.— NaA' : minute needles. Converted 
by methyl iodide at 100° into crystalline 
G2 oH,.,N (Mel) 0 (N Me) .CO..Me 2aq. 

Methyl-isoatrychnic acid 
CjoH2.,NO(NMe).CO„H. From isostrychnic acid 
hydroiodide and McI at 100° (Tafel, A. 208, 240). 
Small colourless prisms (containing 2jaq). Its 
alkaline solution is not coloured by air (difference 
from isostrychnic acid). 

Methylo-iodide 

C.2„H2,N(AieI)0(NMe).C02H aq [271°-.275°]. 
Formed from methyl-strychnine methylo-iodide 
and HI (Tafel, A. 264, 77). Needles, m. sol. hot 
water and hot alcohol, iusol. ether. 

Kitroso-mothyl-isostrychnic acid 
NO.C,,oH2,ON(NMe).C02H. Formed from the 
preceding acid, alcohol, HCl, and amyl nitrite. 
Green needles (from benzene). When heated 
with benzoic aldehyde and ZnClj it gives a 
green mass, which dyes like malachite green. 
l)iazo-benzene chloride forms a brownish-orange 
dye. 

STRYCHNINE C.,H2..N202. Mol. w. 33^. 
[221°] (Blyth) ; [284°J (Claus a. Glassner, B. 14, 
773) ; [268°] (Logbisch a. Schoop, M, 6, 858) ; 
[262°] (Stoehr). (270° at 5 mm.). S.G. 1*359 
(Clarke, Am. 2, 174). 6. *015 in the cold; *04 
at 100°. S. *014 in the cold (Dragendorff, J. 
1865, 739) ; *025 at 14*5° (Crespi, G. 13, 175). 
S. (alcohol) *3 at 8° ; 1*8 at 78°. S. (95 p.c. 
alcohol) *936. S. (ether) *08. S. (benzene) *607. 
S. (isoamyl alcohol) *53 at 12° ; 4*3 at 99°. Oc- 
curs in nux voinica, in St. Ignatius beans, in 
the wood of Strychnos Coluhnna, in StrycJmos 
TieuUy and in other species of Strychnos (Pelle- 
tier a. Caventou, A, Ch. [2] 10, 142; 26, 44; 
Pelletier a. Dumas, A. Ch. [2] 24, 176 ; Liebig, 
A. 47, 171 ; 49, 244 ; Regnault, A. Ch. [2] 68, 
113 ; Gerhardt, Rev. Scient. 10, 192 ; Nicholson 
a. Abel, C. J. 2, 241 ; Henry, Ph. 8, 401 ; Corriol, 
P/i. 11, 492; Robiquet, Ph. 11, 580; Henry, 
jun., J. Ph. 16, 752 ; Berlekom, Z. [2] 2, 443 ; 
Shenstone, Ph. [3] 8, 445). Occurs also in the 
bark of Erythro])hlceum guineense^ from which 
the pigmies of Central Africa prepare their 
arrow-poison (Holmes, Ph. [3] 21, 921). 

Pre^ratim.—l. The nuts (1 kilo) are softened 
by steam, dried, powdered, and digested with 
(5 kilos S.G. *^6) acidulated with 
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H^SOq (45 g.). Lime Is added to the filtrate ; 
and, after standing, the decanted liquid evapo- 
rated ; the residue dissolved in dilute acid ; and 
the filtrate ppd. by ammonia. The strychnine 
is separated from brucine by crystallisation from 
alcohol (Henry).— 2. The dilute alcoholic extract 
• of nux vomica is evaporated to a small bulk 
and ppd. by lead acetate. The filtrate is mixed 
with magnesia and left for a few days. The pp. 
is dissolved in alcohol of 83 p.c. and evaporated 
to crystallisation. Strychnine is first deposited, 
and afterwards brucine. The bases are further 
purified by crystallisation of their nitrates, the 
nitrate of strychnine, separating first. 

Properties.— Trimeinc prisms, permanent in 
the air and not altered by light. Lajvorotatory, 
the rotation varying greatly with the nature of 
the solvent (Hoorweg, A. 166, 76 ; Tykociner, 
R. T. C. It 146). The dispersive power is con- 
stant (Grimbcrt, J. Ph. [5] 16, 295). At 169° it 
forms a sublimate of minute needles (Blyth). 
Very bitter. Alkaline in reaction. Strychnine 
is a violent poison, acting on the spinal cord and 
producing convulsions (Lovett, J. Physiol. 9, 
99). *03 g. may be fatal. Strychnine dissolves 
with difficulty in acids, the solubility being 
greater the more dilute the acid ; when a cone, 
solution of a strychnine salt is slightly acidified 
a pp. is formed which dissolves in excess of 
acid, forming a solution which yields a pp. on 
dilution. Thus H.>S04 added to a cone, solution 
of strychnine sulphate ppts. the acid sulphate 
B'H^SOq, the mother-liquor retaining *113 p.c. 
of salts. HCl added to a solution of strychnine 
hydrochloride ppts. B'HClIrUq in needles, the 
mother-liquor retaining *413 p.c. of salt (Han- 
riot a. Blarez, C. R. 96, 1504). Strychnine 
is rer’.dily soluble in dilute hypophosphorous 
acid (Jones, Ph. [3] 20, 256). KCy added to a 
solution of a salt of strychnine ppts. the pure 
base (Fluekiger, N. J. P. 38, 138 ; Weith, B. 4, 
527). A solution of ICl gives a yellow pp. v. sol. 
HClAq, from which it crystallises on cooling 
(Dittmar, B. 18, 1612). 

Reactions.— 1. Dry distillation yields carb- 
azole,H, CoH.,andC2H, (Loebisch a. Schoop, M. 7, 
614). — 2. Distillation with lime yields (j8)-methyl- 
pyridine, methyl-indole (scatolc), C2H4, NEtH^, 
and NHj (Stoehr, B. 20, 810, 1108, 2729 ; J.pr. 
i [2] 42, 405). — 3. Distillation with soda-lime 
\ gives carbazole, scat ole, and (/3)-methyl-pyridino 
(Loebisch a. Malfatti, M. 9, 628). — 4. Distillation 
with KOH gives indole (Goldschmidt, B. 15, 
1977) and butyric acid (Loebisch a. Schoop, AT. 
7, 93),— 5. Distillation with zinc-dust at 400° in 
vactio yields solid CjiHg^NjO, which dissolves in 
alcohol with blue fluorescence, and gives no 
colour with K.CraO, and H^SO^. Zinc-dust at a 
red heat givos'H, CjHq, C2H.., NH3, and carbMole 
(Loebisch Schoop, Af. 7, 609), and (7)-lutidine 
(Scichilono a. Magnanini, 0, 12, 444).— 6. Alka- 
line KMn04 yields oxalic acid, CO.3, NBl,, and a 
crystalline acid [195°] (Foogewerff a. Van Dorp, 
B. T. 0. 2, 181). Half the nitrogen is given off 
as ammonia (Wanklyn a. Chapman, 0. J. 21, 
l(jl)._7, KMnOq in dilute acid solutions yields 
an amorphous acid 0,,H,|NOaaq (?) (Plugge, 
B. T. C. 2, 270), which yields amorphous 
0„H,oAgNO, aq (Hanriot, C. B. 96, 1671).--8. By 
treatment with OrO, and H^SO^ it yields the 
same oxidation product as that ^ 
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^iinedirom brneine tmdbr ttie game treatment 
(Hanssen, JB. 18, 1917).-9. POl* (1 pt.) acting 
onitryehnine hydrochloride (Spts.) under boiling 
dhloroform yields a compound cr^tallising from 
benzene in needles [224°], possibly penta-ohloro- 
strychnine (Stoehr, J,pr. [ 2 ] 42, 414).— 10. Boil- 
ing HNO, forms oacostrychnine and picric acid 
(Snenstone, C. J, 47, 142) ; nitric acid forms 20 
p.o. of di-nitro-di-ozy-qumoline carboxylic acid 
OjoH^NgOg, which yields KA', is reduced by 
SnOlg to (a body having acid and 

basic properties), and when heated with water 
is split up into CO, and di-nitro-di-oxy-quinol- 
ine (Tafel, B, 26, 863). — 11. Baryta water in 
sealed tubes at 140^ forms two bases, 0 „H,gN ,04 
and Oj^ELjgNaOj, both crystallising from water 
(Gal a. Etard, C. B. 87, 362).-12. Alloxan 
added to a solution of strychnine in a saturated 
solution of SO, forms small colourless prisms of 
B' 04 H,N,O 4 HgSO, aq (Pellizzari, A. 248, 150). — 
18. Iodoform (6 g.) and strychnine (12 g.) dis- 
solved in hot alcohol (500 c.c.) deposit on 
cooling crystals of B'jCHIg, sol. ether and chloro- 
form, but decomposed by light, hot water, and 
dilute acids ,|(Lextreit, G. R. 92, 1057).— 
14. Chloro-acetic acid at 180° forms Ca 3 H,^ 4 N„ 04 , 
a base which crystallises in silky needles, v. sol. 
hot water and alcohol, insol. ether (Roemer, Z. 
1871, 436). It yields (C, 3 H,.N, 04 ).;PtCl«. - 
16. AcOl forms B'AcCl, which gives (B'AcCl).^’tCl 4 
(Konrad, /. 1874, 876).— 16. Cliloro-acetom at 
136° yields B'CjHjClO, S. 6*6 at 16°, which yields 
ffi' 0 ,H.C 10 ),PtCl 4 2 aq and B'C^H^OSO^H IJaq 
(Konrad). — 17. Aqueous SO, and alloxan give 
colourless prisms of B'S 0 ,H 04 H,N ,04 aq (Pelliz- 
zari, G. 18, 329). 4 *** 2 4 -^V 

Detection,--!, K^SO, forms a colourless solu- 
tion which with K.CrjO, gives a blue colour, 
changing through violet and red to yellow (Otto, 

A, 60, 273), A drop of nitric acid and PbO, or 
MnO,may be used instead of KjCrjO, (Marchand, 

B, J, 24, 400; Davy, A. 88 , 402). KMn 04 and 
Ag,0 act in like manner (Lyman, Fr, 12, 126). 
The colour with H,S 04 and KjCr, 0 , is not shown 
in presence of brucine (Hanriot, C. R. 97, 267), 
and is interfered with by quinine, morphine, and 
sugar (Brieger, J, 1850, 617 ; Vogel, J, 1853, 
686 ; FlUckiger, Fr, 28, 102).— 2 . A minute 
quantity of KCIO, added to a warm solution in 
^ute HNO, gives a scarlet colour, changed by 
ammonia to brown, and then, on evaporation to 
dryness, becoming green (C. L. Bloxom, C, N, 
66 , 166). — 3. Ammonium vanadate in H 2 SO 4 
gives a blue colour, turned red by potash 
(Mandolin, Fr, 23, 240). — 4. Chlorine water gives 
a pp.— 6 . Strychnine can be extracted from beer 
contoming the poison by shaking with animal 
charcoal, the charcoal being subsequently ex- 
tracted with alcohol (Graham a. Hofmann, A, 
88 , 39 ; cf, Wagner, Fr, 6 , 887).— 6. Obtained 
from acid liquids by adding ammonia and im- 
mediately shaking with chloroform (Cloctta, Fr. 
6 , 266; Gray, Fr, 12 , 125). —7. A liquid con- 
taining strychnine sulphate may be sh^en with 
benzene without loss of strychnine, but if the 
liquid be neutralised by magnesia the free 
strychnine can be extracted by benzene (Dragen- 
do^, Z, [2] 2, 27).— 8. A 1 p.c. solution of 
strychnine strongly acidified by HCl is ppd. by 
KiPeOy, while brucine remains in solution (Hoist 
At Beekfirts). This may be used as a volometrio 


method.^ Stiybhnitte and bnidna may a!ia ti# 
sraarated by crystallisation of their piorates 
(CFerock, Ar. Ph, [8] 27, 168). 

Salts.— B^HOll^aq (Regnault, A. 26, 17). 
Trimetric crystals; '484:1: *466 (Stoehr, 

J, pr, [2] 42, 399). Neutral in reaction. S. 2 
-at 22°. Laevorotatory. [a],= -28° — BmuOL. 
Orange crystals (from alcohol) (Nicholson a, Abel, 
C, J, 2, 241 ; A, 71, 84). Decomposed by boiling 
water (0. De Coninck, BZ.[2] 45, 131).— B'*ByPtCl,: 

golden scales (from alcohol). S.G. 1*779 

(Clarke, A/n. 2, 176).-B'ftPtCl4aq (Schmidt, 
A. 180, 295).— B'jjH^^ZnCl^ aq : prisma (Grafing- 
hoff, Bl, [2] 4, 391).-B',R,CdCl4 (Galletly, 
N. P, J, 4, 94). — B'HHgClj. Crystals (from 
alcohol).— B'HgCL^ : insol. alcohol, water, and 
ether. — B'.,H 3 S 042 HgCl 2 .— B' 2 H,PdCl 4 : dark- 
brown needles (from alcohol). — ^B'HC12Hg0yj, ; 
tables* (Brandis, A, 66, 268). — B'HgCy^: small 
prisms, si. sol. water and alcohol, insol. ether. 
— B'HBr aq : needles, sol. water and alcohol. — 
B'HI aq : plates or needles, almost insol. cold 
water. — B'HI,. S. *007 at 16°. Reddish-brown 
pp. got by adding a solution of I in HIAq to a 
salt of strychnine. Crystallises from alcohol in 
dark-brown needles with bluish metallic lustre. 
Dichroic (brown and yellow) in polarised light. 
M. sol. hot alcohol, si. sol. chloroform, nearly 
insol. CSj (Tilden, C, J, 18, 99 ; Herapath, Pr. 
8, 149 ; Bauer, Ar. Ph, [3] 6, 289 ; Jdrgensen, 

A. Ch. [4] 9, 115). — B'HHglj: yellow tables 
(from alcohol) (Groves, G, J. 2, 97).— B'H 4 F 4 2aq; 
prisms (Elderhorst, A. 74, 77).— B'HNO,: 
needles. — B'HClO* aq : prisms, si. sol. cold 
water (Boedeker, A, 71, 62).— B'HjS04 2aq : 
needles. — B' 2 H._jS 04 . Four-sided prisms. Lasvo- 
rotatory [a], = - 26°. — B'jII^S 04 5aq : long thin 
prisms. Got by crystallisation between 109° and 
96 °. — B'jH.^S 04 6aq. Obtained by cooling a cone, 
solution to 95°-60° (Lextreit, J. Ph. [6] 6, 259 ; 
Rammelsberg, B. 14, 1231; cf. Baumhauer, 
C, J. 44,485).— B'3H.^Cr04: lemon-yellow needles, 
si. sol. water and alcohol.— B'^H^S.^, 4aq. S. 
•9 in the cold. Formed by atmospheric oxida- 
tion of a mixture of strychnine, alcohol, and 
ammonium sulphide (How, g, N. 18, 232).— 
B'jHjSj. Formed from strychnine and alcoholic 
ammonium polysulphide (Hofmann, B. 1, 81 ; 
10, 1087) and by atmospheric oxidation of a 
solution of strychnine in r.lcoholic H^S (Schmidt, 

B. 6, 1267; 10, 1288; A. 180, 2881. Orange 
needles, insol. water, alcohol, and ether.— 
B'H 3 P 04 2aq. S. 19. Needles (Anderson, A, 
66, 66 ). — B',^H 3 P 04 9aq: rectangular tables.— 
B'HaAsO, Jaq. S. 7 in the cold ; 20 in hot water. 
— B'HAsO, : efflorescent cubes. S. 3 in the.cold ; 
10 at 100°.— B'4H4FeCy,4aq. Crystalline powder 
(Holst a. Bcckiirts, Ar. Ph. [3] 26, 318; c/. 
Brandis, A. 66, 267). By atmospheric oxida- 
tion in presence of water it is converted into 
strychnine and the ferricyanide (Becktlrts, B. 
18, 1236).— B'H 4 FeCy 4 : white powder, sol. hot 
water. Acid in reaction. — B'jHjFeCyj 6aq : golden 
prisms. — B' 3 (H 3 CoCy„) 4aq. — B' 4 (H 5 jNiCy 4 ), 8aq 
(Lee, B, 4, 789).— B aH 2 PtCy 4 2aq : needles (from 
alcohol).— Oxalate B',HjjOg 04 : flat needles.— 
B' ^0,0. 4iaq. — B'H AO 4 . - B'HSOy : long 
silky needles.— B'HSCyCr(SCy),2NHg. Bed pp., 
y. si. sol. hot water (Cnristensen, j. pr. ^ 
46, 867).-B'i2ByPt(S0yj.. Bed «78tals {Caa& 
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tfed Owea^trAm^ t^ 851). — Oyaxtaratas: 
B'aH,0,CI,Naaq. [287 ^]. Prisms, si. sol. water, 
m. sol. alOohol.— B'&iO^OaN, aq. [296^]. Noedlas 
(Olaus, [2] 88, 228)i— Nitroprusside. S. 
•12 (Davy, Ph, [3] 11, 756). Succinate 
B'jOXo^ejaq (Crespi, O. 13, 176).— Tar- 
trate s : B'jOiHgOj.— B' jOjHhOj 4aq ; white 
efflorescent needles (Arppe, J. pr. 63, 331). — 
B'jO«HaOj7aq (Pasteur, A. Ch.[3] 38, 437).— 
B'0^HA3aq.-B'C,H,(Sb0)0,. Needles (Sten- 
house, A, 129, 25).— M alate B'AHA 3.^aq.— 
Pyrotartrate B'AHgOiSiaq. — Mucate 
B'A^ioOh* needles (Ruhemann a. Dufton, 
0. J, 59, 754). 

Di-hydrate B'2aq. StrychnoL Formed 
by warming strychnine with alcoholic NaOEt, 
adding water, and evaporating. The brown oily 
layer that forms is allowed to solidify, dissolved 
in water, and ppd. by CO*. The pp. is dissolved 
in NHyAq and re-ppd. by expelling NHj by air 
(Loebisch a. Schoop, M. 7, 83). The same body 
is got by heating strychnine (15 g.) with BaOjH, 
(30 g.) for 12 hours at 140° (Tafel, 13. 23, 2737). 
Minute wedge-shaped needles, si. sol. cold water, 
insol. alcohol and ether. Darkens at 150°. Sol. 
dilute alcohol and solutions of ammonium salts; 
sol. acids. Converted into strychnine on warm- 
ing with dilute acids. Dilute HNO3 and a little 
NaNOjj give a crimson colour. Bromine water 
gives a pale-purple colour. Does not give the 
strychnine reaction with and KA2O.. 

On heating at 100° with NaOMe and Mol it is 
converted into 02,H2aNjO,jMeaI 2aq, crystallising 
in needles. 

Tri-hydrate v. Reaction 10. 

Pentahydrate B'5aq. [215°]. Got by 
heating strychnine with alcoholic NaOEt (Tafel). 
Needles, more soluble than the dihydrate. Be- 
comes very hygroscopic when dried in vacuo. 

Benzoyl derivative GjAiBzNA* V. si. 
sol. water (Schiitzenberger, A. 108, 353 ; G. E. 
47, 233). 

Methylo-iodide B'Mel, S. •6inthecold 

i Stahlschmidt, P. 108, 513). Poisonous (Crura 
Irown a. Fraser, Tr. E. 25). Fonned by heat- 
ing with Mel in sealed tubes. Pearly plates. 
Yields B'Melj (J^gensen, J. pr. [2] 3, 157) 
and the salts B'Mfer, B'MeC12aq, B'.,Me,PtCl„ 
B'MeAuCl^, B',Me,SO, 6aq, B'McHSO,, 
B'MeH,P0^2aq, B'MeC12iHgClj, B'MeNO„and 

B'jMejjFeCy^. 

Methylo-hydroxide B'MeOH or 
OapH.aO(NH)<^^^®^0. Formed from ETklel 

by successive treatment with Ag..SO, and baryta 
(Tafel, B. 23, 2733 ; A. 2G4, 62). Colourless 
crystals (containing 4aq), v. sol. alcohol, but a 
* product containing less water soon separates. 
Poisonous. Gives the same colour-reactions as 
Btrycbnic acid. Alcohol and Na yield a com- 
pound [168°]. Mel forms B'MelMeOH crystal- 
lising in plates, decomposed at 280°. 

Isomeride of the methylo-hydroxide 
CjaHjaNjO, 7aq. Formed from the methylo- 
iodide of isostrychnic acid, Ag, and Ag^O at 40° 
(Tafel, A. 264, 81). Colourless needles ; v. e. 
sol. hot water and alcohol, insol. ether. 

Methyl- strychnine methylo-hydrox- 

id* OnBJffi, It. 

jrpmed irom B'MelMeOH by eucoessive treat- 


ment with Ag^SO^ itfd bftiyia. Got also by the 
action of Ag-^O on the methylo-iodide of methyl- 
stiychnic acid (Tafel, B. 23, 2786; A. 264, 66). 
Prisms (containing 6aq), v. sol. hot water and 
alcohol, nearly insol. ether. Gives a blood-red 
colour with HNO,, OrOj, or FeClj. Forms with 
, acids salts which differ from those prepared 
by the action of silver salts on B'MelMeOH. 
Forms a crystalline nitroso- derivative, V. sol. 
water and warm alcohol, forming a yellow solu- 
tion changed by NaOn to brownish-red and 
olive-green. HI yields the methylo-iodide of 
mcthyl-strychnic acid. Diazobenzone sulphonio 
acid gives a brownish-red dye.— Hydroiodide. 
S. 7. Plates.— Me thy 1 0 iodide OjAiNflO,. 
S. 1. Needles. 

Isomeride ^of methyl-strychnine 
methylo-hydroxide C.v,H.,„N A 3aq. Formed 
from the methylo-hydroxide of methyl-iso- 
strychnic ether (Tafel, A. 264, 82). Crystals, v. 
sol. hot water and alcohol, insol. ether. Yields 
a dye with diazo-benzene sulphonic acid. 

Ethylo‘iodideB'Bi\. S. *6 at 15°; 2 at 
100°. Formed by heating strychnine with alco- 
hol and EtI at 100° (How, A. 92, 338). Four- 
sided prisms. Not attacked by KOHAq. Gives 
the strychnine reaction with KjjCrA and ASO^. 
Converted by moist silver oxide into the base 
B'EtOH2aq, which yields the salts B'EtNO,, 
B'.,Et.,PtCl„ B'EtHCO,, B'EtIICrO,aq, B^tCy 
[105°] (Claus a. Merck, B. 16, 2748), and B'Btl, 
(Jorgensen, A. Ch. [4] 11, 116). 

Isoamylo-chloride B'C.,H,,C1 Jaq. 
Formed by heating strychnine with isoamyl 
chlonde (How, Tr. E. 21, 1, 27). Prisms. 
Yields B'C,H,. OH, crystal. 

Using in black prisms (Jorgensen, J. pr. [2] 8, 
145), and B'EtHCrO^. 

Bromo-ethylo-bromide BAH.Br^ 
Formed by heating strychnine with ethylene 
bromide and alcohol (M6n6tri^s, /.pr. 85, 230). 
White crystals, si. sol. cold water and alcohol. 
Converted by AgNOj into B'CJI^Br.NO, and by 
Ag.BO, into B'C.2Ef.,Br.SO,H, whence baryta pro- 
duces alkaline B'C,H,Br.OH.-(B'CABr).^PtCV 
— B'CJItBrlg : shining brovrn laminaa.— Moist 
AgjO converts B'C.^^Brj into B'CAOH, which 
is alkaline and is converted in aqueous solution 
by chlorine into C.^H.,,Cl3Nj,0.r— B'GACrO.H. 
-(BUH3Cl).,PtCl,. 

Chloro-eyiylo-hydroxide B'ClC.A*OH. 
Got by heating strychnine with glypolio cblor- 
hydrin at 15(],° (Messel, A. 167, 7). Silky needles 
(containing aq). Yields (B'C.AOH)3S04 2aq, 
which is converted by baryta into crystalline 
(B'C.A.OH)OH2iaq.-(BUH,OH)2PtCl„. 

Benzylo-chlorideB'C.JljCl. [263°]. Prisms 
(containing aq). Yields (B'C,H,Cl)jPtCl4 [216°], 
B'C,H,N03 [c. 264°], (B'C,H;).,Cr30„ and 

BAH,SCy [237°] (Garzarolli, M. 10. 1). 

Beneylo-hydroxide B'0,H,OH. Plates. 

Chlorostrychnine C.-jH^jClNA* ~106®. 
Formed, together with di- and tri-ohloro* 
strychnine, by passing Cl into a solutioD of 
strychnine hydrochloride (Laurent, A. Ch. [3] 
24, 312; A. 69, 14; Richet a. Bouchardat, 
0. R. 91, 990). Crystalline, v. sol. alcohol, etheti 
and chloroform. Chlorostrychnine forms a hy- 
drate 02|H.jiClN302 8aq<«n heating with aldohoBs 
potash. - B;AS 04 7aq. 
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IMtfltldTo^itiyclmine 0„'Ha»Cl|N,0,. Keedlei 
(ftam alcohol). 

(a).Tri-ohloro-8tryohnino 0„H„0l3Na0|. 

Formed by saturating a solution of strychnine 
hydrochloride with 01. Minute crystals (from 
alcohol). Yields a trihydrate which is not very 
poisonous. 

(i8)-Tri-ohloro-8trychnine OajHiaOlsNaOa. 

Formed by heating strychnine hydrochloride 
with PCla and chloroform (Stoehr, J, pr. [2] 42, 
412; J5. 20, 813). Microcrystallino powder 
(from alcohol). Gives the strychnine reaction 
with KaCraO, and HaSO,.— B'HCl ; plates (from 
dilute alcohol). — B';^S04. Plates, m. sol. water. 

Bromo-strychnine Oa,HajBrNaOa. [222°]. 
Formed by adding Br (2 at.) to a solution of 
strychnine hydrochloride (1 zi^l.), ppg. by alkali, 
and recrystallising from alcohol (Shenstone, 
0. J, 47, 139 ; Beckiirts, B. 18, 1236; Loebisch 
a.* Schoop, M. 6, 865). Trimetric crystals; 
a;b;c ■» 1*459 ; 1 ; 1*196 (Miers, C. J. 47, 144). — 
B'HCl.— B'HBr.— B'HNO.,.— B'aHaSO^ 7aq. 

Methylo-iodide B'Mel. Pearly plates, 
sol. alcohol. Converted by moist kg..O into 
B'MeOH4aq., 

Dihromide OaiHaiBraNaO,. Got by adding 
Br to a solution of strychnine at 40°. Bright j 
yellow crystalline powder. I 

Di-bromo-strychnine Oa.HaiBraNaOa. Got by 
adding Br to strychnine in chloroform. Tri- • 
metric crystals, v. sol. chloroform and dilute 
alcohol. — B'HCl ; needles. 

Nitro-strychnine Cj, (NO [225°]. 
Formed by adding strychnine nitrate to H.^S04 
(Loebisch a. Schoop, M, 6, 845 ; 7, 60). Golden 
plates (from alcohol). Gives no colour with 
H2SO4 and KaCraO,. Dissolves in acids and 
alkalis. On heating with alcohqlio potash it 
is converted into xanthostrychnol CaiHaiNaO^ 
which forms ruby-red crystals (containing 2aq) 
and gives salts with acids and bases. — B'HCl.— 
B^aH^Olf. — B'2KOH : red deliquescent needles. 
— B'^aOaHa 2aq.— AgjdaillisNaO, : unstable pp. 

(a)-Di-nitro-8tryohnine 0.,,Hao(N02)aNaOa. 
^26*^. Formed by passing nitrous acid gas 
into an alcoholic solution of strychnine nitrate 
(Claus a. Glassner, B, 14, 774). Orange-yellow 
plates. Converted by dilute HNO3 into caco- 
stryohnine. — B'HNO, : yellow nodules (from 
aceton^ v. si. sol. hot water. 

(j9)-Bi-nitro-strychnine. Formed by dis 
solving strychnine (60 g.) In fuming HNO, (300 g.) 
at —10° (Hanriot, G. R. 96, 585). Transparent 
amber-yellow prisms (from chloroform-alcohol), 
sol. hot water and alcohol, v. sol. chloroform. 
Decomposes at about 202°.— B'HCl. — Nitrate: 
platea (from hot water). 

Amido-strychnine v. vol. i. p. 184. 

Bi-amido-stryohnine, ibid, 

Caoostrychnine v, vol. i. p. 654. 

Deoxyctrychnine C,,H.j3N,,0 i.e. C2„H33 N<^^q. 

[172°]. Formed by boiling strychnine with HI 
and P (Tafel, A. 268, 246). Crystalline mass 
(containing 8aq), almost insol. water, si. sol. ether 
and benzene, v. sol. alcohol. Melts, when hy- 
drated, at 76°. Poisons like strychnine. Very 
bitter. Very little produces vomiting. Lsbvo- 
rotatory, a 10 p.c. solution rotating 1*6° in a 
100 mm. tube. Its solution in H,S04 is coloured 
Muhfh-violet by K^Cr^O,, quickly becoming brown. 


Its salts ars more soluble than those of stryeli. 
nine.— B'HI aq. Groups of prisms. — B'-H-Or-O-. 
Thin yellow needles.— B'jHjPtClj, 

Methylo-iodideB'Mel, Crystals. S. 0 . 10 
at 100°. 


Strychnine sulphonio acid 0a,H2,(S03H)N30^ 
Formed by dissolving dry strychnine sulphate 
in fuming Hj{S04 (containing 30 p.c. anhydride 
extra) in the cold and allowing to stand a fort- 
night (Loebisch a. Schoop, M. 6, 857). Deli- 
quescent mass. Does not give the strychnine 
reaction with K^Cr^, and HBO4. 

Strychnine sulphonio acid. Formed by 
heating strychnine with H^SO, (2 pts.) at 100° 
(Stoehr, B, 18, 3429; Guareschi, G, 17, 109). 
Amorphous powder, v. si. sol. water and alcohol, 
sol. dilute acids and alkalis. Does not give a 
colour with K^CrjjO, and H.BO4. Not poisonous. 
— NH4A': V. sol. water, insol. alcohol. KA' ; 
m. sol. water. — BaA'^ : amorphous pp. 

Strychnine disulphonio acid 
02iH2o(SOjH)jiN,.Oj. Got by heating strychnine 
with H2SO4 and SO, at 150°. Amorphous, 
V. sol. water, v. si. sol. benzene, insol. alcohol 
and ether. — Na^A^Saq. — BaA": plates, sol. 
water. — BaA"7aq. — Ba(HA")2: yellow powder. 

STBYPHNIC ACID C^HjNjO.^. Got by adding 
HO Ac to a mixture of uric acid* and KNO, and 
evaporating (Gibbs, B. 2, 341). Small pale- 
yellow crystals, sol. hot water. Sodium-amalgam 
forms crimson crystals. — KA' IJaq : yellow 
needles. — MgA'^ 6aq. — CaA'j 2aq. — Sr A', 6aq. — 
BaA'.2 2aq. — PbAV— ‘Pb^A'jO 3aq. 

STYCERIG ACID v, Phenyl-qlycerio acid. 

STYCEBIN CHPh(OH).CH(OH).CHaOH. 
Formed by heating CHPhBr.CH.Br.CHjOH (u. 
Di-drouo-phbnyl-propyl alcohol) with 30 pts. 
water and some AgOAo at 160°-165° (Grimaux, 
J. 1873, 404). Yellow gummy mass with bitter 
taste. V. sol. Aq and alcohol, nearly insol. ether. 

STYPHNIC ACID v. Tri-nitro-besorcin. 

STYRACIN v. Cinnamyl ether of Cinnamic 


ACID. 


STYRENE OgH, i.a. C4H3.CH:CH,. Styrol. 
I *Styrolene, Cinnamene. Phenyl-ethylene, 
Mol. w. 104. (141°) (Schifif, A, 220, 93). S.G. 

*9074. Ml) =» 1*541 (Madan, G. J. Proc, 1, 107). 
S.V. 131 (Schiff). Rqo 68*1 (Nasini a. Bern- 
heimer, Q. 1, 93). Occurs in liquid storax 
(Bonastre, Z. P/i. 17, 338; Simon, A. 31,265; 
Blyth a. Hofmann, A. 63, 293, 325) and in coal 
tar (Berthelot, A, Suppl, 3, 308; Kramer a. 
Spilker, B. 23, 3282). 

Formation, — 1. By distilling cinnamic acid 
alone or with lime or baryta (Gerhardt a. Cahours, 

A. Ch. [3] 1, 96 ; Kopp, G. R. 63, 634 ; Howard, 
G. J, 13, 136 ; Kraemer, Spilker, a. Eberhardt, 

B. 23, 3269). — 2. By distilling cupric oinnamate 
(Hempel, A. 69, 316). — 3. By distilling balsam 
of Peru with pumice (Scharling, A, 117, 184). — 
4. By distilling dragon’s blood alone or with 
zinc-dust (GlSnard a. Bondault, A, 53, 325; 
BOtsoh, M. 1, 610).— 6. By heating acetylene at 
a dull-red heat (Berthelot, G. R. 62, 905, 947 ; 
A. 141, 181).— 6. By passing ethylene ^one or 
mixed with benzene or diphenyl througn a red- 
hot tube (Berthelot, Z. [2] 4, 884; A, 142, 267; 
Barbier, G. B. 79, 660 ; Ferko, B. 20, 660).— 7. 
By passing ethyl-benzene through a red-hot 
tube (Berthelot, Z, [2] *4, 689).— 8. By heating 
C4H4.CH2.CHJ3r alone or with alcoholio potosb 
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At l 8 d® (B,; Thorpe, B, 1871, 130).— 9. By 
heating OaHj.CHBr.OH, with alcoholic KOy 

g Xadziszewski, B. 7, 140).— W. By distilling 
,H».CH(OAc).CH, (R.). — H. By heating 
OeH 5 .CH(OH).CH 3 (derived from acetophenone) 
with ZnOlj, (Emmerling a. Engler, B. 4, 147).— 
13. By the action of acetylene on benzene in* 
presence of AlCl., (Varet a. Vienne, Bl. [2J 47, 
918 ; 0. R. 104, 1375).— 13. From phenyUacetyl- 
ene, zinc, and HOAo (Aronstein a. Hollemann, 
B. 22, 1184). 

Properties.— -Oilf with aromatic odour. In- 
active to light (Van’t Hoff, Bl. [2] 25, 175). 
Miscible with alcohol and ether. Changes on keep- 
ing, or on heating in a sealed tube at 300^^, to solid 
metastyrone. Combines with Clj and Br^. HBr 
forms C^Ha.CHBr.CHj. HCl forms PhOHClCH, 
only (Schramm, B. 26, 1709). Potash has 
no action. Fuming HNOj forms nitro-styreno. 
Chromic acid mixture forms benzoic acid. Cono. 
H 3 SO 4 changes it to metastyrene. On heating 
with aqueous NaHSO, at 120° styrene forms the 
compound C^H^NaHSOa [306°] (W. von Miller, 
N. R. P. 24, 31). Condenses, in presence of 
H 2 SO 4 , with toluene and xylene, forming di- 
phenyl-propane and phenyl-tolyl-propane re- 
spectively (Kraemer a. Spilker, B. 23, 3169). 

Metastyrene (CaHJi. S.G. ^ 1054. pn 
1'593 (Madan, C. J. Proo. 1, 107). Occurs in 
liquid storax (Kovalevsky, A, 120, 66 ). Formed* 
from styrene on keeping or on heating in a 
sealed tube at 200°. Formed also by heating 
styrene with aqueous NaHSO» at 110° (Miller, 
A. 189, 341). Transparent solid without taste 
or smell, becomes sticky when warmed. Highly 
refractive. Insol. water and alcohol, si. sol. 
ether. Inactive to light (Van’t Holf, B. 9, 1339; 
cf. Berthelot, 0. B. 85, 1191). Changes to styrene 
on distillation. Cl and 13r aefe^ slowly, forming 
the same compounds as with styrene. 

Di-styrene C.^H.^i.e. Ph.CH:CH.CHMe.Ph(?). 
(c. 315° i.V.). S.G. s 1027; i-oiO. V.D. 
7‘07 (calc. 7 * 2 ). Got by boiling cinnamic acid 
with H^SO^ (1 vol.) and water (1^ vols.) (Erlen- 
meyer, A. 135, 122; Fittig a. Erdmann, A. 21b, 
187). Liquid, with blue fluorescence, which 
slowly disappears. Inactive to light. If kept 
boiling for a long time it decomposes, forming 
toluene, styrene, high boiling products, and 
probably iso-propyl -benzene. 

Reactions.— 1. Chromic mixture ^ves benzoic 
acid. — 2. Bromine gives the di-bromide CigHiBBrj 
[102°], crystallising from ether in needles. V. e. 
sol. CSj, ether or benzene, v. sol, hot alcohol. 

Solid distyrene C,„H,a. [119°]. A product 
of the distillation of cinnamic acid or of its Ca 
salt (Engler a. Leist, B. 0, 256 ; Miller, A. 189, 
840). Formed also by passing CjHj.CjjHjBrg 
over red-hot lime (Radziszewski, B. 6 , 494). 
Tables. Yields a dibromide CuHigBra [238°J, 
crystallising from benzene in needles (Lieber- 
mann, B. 22, 2256). 

References . — Amido-, Bnouo-, Bbomo-amido-i 

BbOMO-NZTBO-, ChLOBO-, ChIiOBO-MITBO-, NiTBO', 
and Nmt o-AMiDO- Sttbenb. 

STYRENE BIBBOMIDB v. Dx-bbouo-ethtl- 

BBNZBNB. 

STYRENE DIOARBOXYLIO ACID C,,H,04 
4.#. [lfll]COaH.OJB 4 .CH:CH.CO,H. o-Carbo^- 
^fftfiaifiMaou4.[176°]. Formed bjrheatingthe salts 
Sf oiy-carboxy-phenyl-propionio acid (Gabriel 


A. Michael, B. 10, 1558, 3300), Slender needles 
(from water). Changed on fusion into the lactone 
of oxy-carboxy-phenyl-propionic acid.— PbA".— 
AgjjA'' : sticky pp. 

laomeridev.p-CARBoxT-ozNNAma acid, vol.ii, 
p. 190. 

STYRENE BICHLORIDE v. ctfa-Di-OHLOBO- 
di-bthtl-benzbnb. 

STYRENE DI-IODIDE v, Di-iooo-bthtl* 

BENZENE. 

STYRENE DISULPHOCYANIDE OhHJSCN),, 
[ 102 °]. Formed by heating C,H,CHBr.OH^Br 
with potassium sulphocyanide in alcohol (Nagel, 
A. 216, 323). Pale-yellow needles, v. sol. ether, 
hot benzene, and toluene. Crystallises from 
benzene as C,oH 8 S,N,CflH, [62°]. Alcoholic am- 
monium sulphide at 100 ° forms (ChHj ,).^8 [151°]. 
Gold fuming HNO 3 gives rise to the compound 
[1:4] C«H 4 (NOJ.CH{SCy)OH,(SCy) [112°] crystal- 
lising from alcohol in needles. 

DI-STYRENIC ACID C„H,,0. U 
Ph.CH:CH.CPhH.CH,.CO^ or 
Ph.CH:CH.CH(C 02 H).CH 2 Ph. Formed by boil- 
ing cinnamic acid with H.JSO 4 (1 vol.) diluted 
with water (1 vol.) (Fittig a. Erdmann, A. 216, 
182). White amorphous powder. V. si. sol. 
water, v. e. sol. ether, alcohol, or glacial acetic 
acid. It melts below 50°. May be distilled 
almost undecomposed. 

Reactions. — 1. Sodium amalgam has no 
action. — 2. Br in CS, forms no bromide. — 
3. Boiling HjjS 04 (1 vol.) mixed with water 
( 1 ^ vols.) does not affect it.-^. Chromic mixture 
gives only benzoic acid. 

Salt s.— Ca{C, yHisOJ.;.— BaA'y— AgA'. 

Ether.— FAk!. Liquid. 

STYROGALLOL i.e. 

O.a.<o°>0„H(OH), 


CH.CO 


^0 (?), Formed from 

cinnamic acid, gallic acid, and cone. H 3 SO 4 at 
60° (Jacobsen a. Julius, B. 20, 2588 ; von Kos- 
tauecki, B. 20, 3137). Yellow needles, which 
may be sublimed; si. sol. hot alcohol. Not 
melted at 350°. With mordants it dyes like 
nitro-alizarin. 

STYROLENS ALCOHOL v. Di-oxy-ethtl- 


BENZENE. 

STYRONE V. CiNNAMYL alcohol. 

STYRONE DIBROMIDE v. (<|»)-BBOifo. 

PHENYL-PBOPYL ALCOHOL. 

STYRYL-ACRYLIC ACID Phenyl-pen* 

TINOIO ACIO. 

STYRYIT AMYL KETONE CARBOXYLIC 
ETHER 0„H^Ai-fl- C ACn:CH.CO.CEt..CO,Et. 
[ 102 °]. Formed from di-ethyl-acetoacetiq ether, 
benzoic aldehyde, and HCl in the cold (Claisen 
a. Matthews, A. 218, 184). Triclinio prisms 
(from ligroin). Yields GpHjjBrA [ 66 °] crys- 
tallising in small prisms. 

STYRYL-ANGELIO ACID O.aH^O, <.«. 
0«HaOH:CH.CH:CEt.COaH. [127°]. Formed by 
heating cinnamic aldehyde with butyric anhy- 
dride and sodium butyrate at 166° (Perkin, Oi/. 
81, 418). Crystals, v. sol. alcohol.— AgA'. 

8 TYRYL BDTENYI KETONE U. 

0,Ha.CH:CH.CO.OH:CMe,. (179° at 14 mm.). 
Formed by passing HCl into a mixture of ben- 
zoic aldehyde and mesityl oxide (Olaisen a. 
OlaparMe, B. 14, 851). YeUowish liquid, smell- 
ing like strawberries. Yields 0 |aH| 4 Br 40 [180°Ji 
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FoniMd bj heating oinnamio ald&yde with 
prqpionio anhydride and sodiam propionate 
(Perkin, C. J, SI, 413). Prisms (from ligroin). 
— 4gA' : white pp., si. sol. oold water. 

8TYEYL ETHYL KETONE CARBOXYLIC 
ACID OA.CH:OH.CO.CH,.C^CO^. Oinna- 
moyl-propionic acid, Bemylidene-levuUc acid, 
[120®]. Formed from B-acetyl-propionio acid, 
benzoic aldehyde, and dilute KOHAq (Erdmann, 
A. 268, 130). Leaflets (from water). May be re- 
duced to OA-CH^<3H2.CO.CH.^CH.CO.;a: [88®]. 

Oxim 0,*H„N0,. [149®]. 

8TYRYL ETHYL OXIDE 0,oH,.,0 i,e, 
0«H4.CH:CH.O.C2H,. (217°). S.G.a'981. Formed 
from »-chloro-styrene and NaOEt at 180° (Er- 
lenmeyer, B. 14, 1868). Aromatic liquid. .Con- 
verted by heating with water into alcohol and 
phenyl-acetic aldehyde. 

‘BTYRYL-ETHYL-PYRIDINE 

It. OA-CH;CH.C!<(j^;^^OEt. Ethyl-slU- 

bOMOle. [68°]. (356° cor.). Formed by heating 
methyl-ethyl-pyridine with benzoic aldehyde 
and ZnClj at 220° (Plath, B. 21, 3087). Needles 
or plates, insol. water, v. sol. alcohol and ether, 
si. sol. ligroin. Bromine yields the dibromido 
OA-CHBr.CHBr.C,H3EtN. [128°]. - B'HCl. 
[193°]. — B'.^.^tCl, 2aq. [188°]. Needles.— 
B'HAuOl^. [168°].-B'HSnCl3 3aq. [246°].— 
B'HHgCl,. [196°].-B'CeH3N,0,. [203°]. 

STYRYL-GLYOXAL. Oxirn C|QHgN0.2 t,c, 
CACH:CH.CO.CH:N.OH. [144°]. Formed from 
nitroso-acetone, benzoic aldehyde, and alcoholic 
NaOEt (Claisen a. Manasse, B, 22, 529). Crystals 
(from water or benzene). Gradually decom- 
poses, with evolution of HCy. 

8 TYRYL-GLYOXYLIC ACID C.oHA i.e. 
C3H,.CH:CH.C0.C0.2H. Formed by saponifica- 
tion of its amide by cone. HClAq, and also by 
saturating a mixture of benzoic aldehyde and 
pyruvic acid with HCl (Claisen, B. 13, 2124 ; 
14, 2472). Gummy mass, sol. water. Split up 
by alkalis, even in the cold, into benzoic 
aldehyde and pyruvic acid.— AgA' ; pp. 

4wifffiCHPh:CH.C0.C0.NH,. [130°]. Pre- 
pared by the action of cone. HClAq and HOAc 
on the nitrile of cinnamic acid. Flat prisms or 
plates. Sol. ether and hot water. 

Be/creTtce.— NiTRo-sTTiiyL-GLYoxYLio acid. 

BTYRtL-HYDANTOIC ACID C„H,3N.A. 
[186^. Formed by boiling styryl-hydantoln 
with baryta water (Pinner a. Spilker, B. 22, 692). 
White plates, sol. ^cohol and hot wefter. Boiling 
HClAq converts it into styryl-hydantoi'n.— AgA'. 

8TYRYl-HYDANT0iN v, Di -OXY-BTYBYIi-W- 


FTEAZOljB. 

8tnYLID£NE-THI0-GLYC0LLIC ACID v. 

ClKKAM TLIPg NB-THIO-OLYCOLLIO ACID. 

DI-8TYRYL-KET0NE v, Di-benzylidene- 
ACBTONS and Nitbo- and Oxt- di-stybtl-ketonb. 
8TYRYIrDI.M£THYL-GLY0XALINE 

OACH:OH.O<5^'g^e' [202°]- 

Formed from di-methyl di-ketone, cinnamic 
aldehyde, and alcoholic ammonia at 100® 
(Wadsworth, 0, J. 67, 11). Crystals, v. sol. 
alcohol.— B'jEEjPtOlg: minute yellow needles. 

8TYRYL HETHn KETONE i. Bemzylii)ens- 
AOiTONx and Nxtbo- and Oxt- bttbtl mxthtl 
mm. 


^ 8TYBTX XBTKTI mon 

STEER O. BENZTLZDXNB-AOBTOAOXXld ITHEJi. 
voL L p. 24. 

8TYRYL-tfETHYL.0XAZ0LE DIHYDRIDB 
[SI*]. Formed from 

‘j8-bromo-propylamine hydrobromide, cinnamoyl 
chloride, and alcoholic potash *(Elfeldt, B. 21, 
8226). Transparent crystals. — B'jHFtCl^. 
[198°].~B'C«H3N30,. [183°]. Needles. ' 
STYRYL-METHYL-PYRIDINB ChH^N 
i,e, CBHyOHrCH.OjHsMeN. Methyl-siilbazole, 
(c. 323°). S.G. 5 1*0717. Formed by heating 
benzoic aldehyde with (a7)-di-uiethyl-pyrid]ne 
and ZnCl^ at 215° (Bach6r, B. 21, 3072). Oil, 
V. sol. alcohol and ether. Gives CuHiaBr.^N. 
[140°]. May be reduced to C.^H.^N (o. 293°) 
and Ci.n^jN (o. 288°).— Hydroiodide. [211°]. 
BaUHClGaq. [183°].— B'HAuCl,. [142 '].- 

B'HHgCh.— B'C^H^N^O,. [193°]. Yellow needles. 

STYRYL-DI-METHYL-PYRIDINB DICARB- 
OXYLIC ACID C^Hj^NO^ 

i.o. O.H,.CH:CH.C<§™;f [241»]. 

Formed from its ether, which is got by the 
action of nitrous acid gas on an alcoholic 
I solution of the dihydride C.iIIiiNO^ [149°], ob- 
I tained from cinnamic aldehyde, acetoacetio 
lather, and alcoholic NHj (Epstein, A. 231, 1). 
Minute colourless tablets (containing 2aq), si. 
sol. water, sol. alcohol. Melts at 219° when 
hydrated. Converted by hypochlorous acid into 
C„H,3N0^2aq{Mes8inger,B. 19,196).— KjA^Saq. 
— (TI A'^H^PtClfl.— HjA^'HCl. Decomposed by 

Ethyl ether [39®]. Yields the salt 

(Et^'^H^PtClfl [196°]. 

STYRYL-METHYL-THIO-GLYCOLLIO ACID 

V, CiNNAMYL-THIO-GLYCOLLIO AOID. 


STY£YL-(a).NAPHTHOQniNOLINE 
C H N i e C H 

U2,ti,5iN x,e. Q ;C.CH:CHPh. 

[104°]. Formed by distilling the carboxylic acid 
[266°], which is 


got by the action of (o).naphthylamine on cin- 
namic aldehyde and pyruvic acid (Dobner a. 
Peters, B. 23, 1233). Concentric groups of yel- 
lowish needles, si. sol. alcohol. — B'2H,*PtClg2aq; 
orange-yellow pp. — — B'C^EgNjO,. 

[230°J. Golden needles. 

Carboxylic acid Oa-HuNOj. [256®]. 
Yields BaA'./2aq, CuA'j aq, and AgA\ 
Styr7l-(j9).naphthoquinoline 

. ri7S°1 

N :C.OH:CHPh* J* 


Formed in like manner from ()9)-naphthylamine. 
White silky needles or pearly plates.— Salts ; 
B'aHjPtCl, 2aq. — B'^H^Cr^O,. — B'O^HjNjO;. 
[264°]. Golden needles, si. sol. ether. 

Carboxylic acid CjjHjjNO^. [305®]. 
Lemon-yellow needles, si. sol. hot alcohol. 
BTYRYL4)XAZ0LE DIHYDRIDE Cj|H„NO 

%.t. OAC!H:OH.C^;g^. [68*]. Formed from, 

CH^r.OHrNH.CO.CH;0%>li and aleohoUe 
potash (EUeldt, B. 34, 8236).-B^^C4.' 
[194°]. Orange-yellow pOwder.-^B'ClIiH^iOf*' 
[189®]. ^ Yellow needlee. c 
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C,H,OH;OH.O<^;^^OHa. [66«]. Formed* 

by the action of tjcoholio potash on the 7-bromo- 
propyhamide of oinnamio aoid (Elfeldt, B. 24, 
8227). Needles.— B'^^FtOl,. Decomposes at 
193°.-BUH,N,0,. [1960]. 

STTBYL-PHENOL v , Oxy-di-phbnil-ethyl- 

ENB. 

(a).J8TYETL.PYRIDINE Oi,H„N i.e. 

OAOH:OH.O<®®;cg>OH. StUbazoU. [91“]. 

(326® cor.). ‘ Formed by heating benzoic alde- 
hyde with methyl-pyridine and ZnCl^ at 220® 
(Baurath, B. 20, 2719 ; 21, 818). Crystals, m. 
sol. alcohol. 

Reactions,— X, Br forms C^H^Br^N [167®]. 
2. HIAq reduces it to CiaHijN [-3°].— 3. Na 
and HOEt reduce it to CuHmN (288° cor.). 

Salt s.— B'HCl 4aq : needles. Melts at 177® 
when anhydrous. — B'jH^PtClj 2aq. [188®]. Bed 
needles. — B'HAiiCl4. [186°]. — B'HHgClj aq. 

[183°].— B'HIj. [159°]. Prisms, with blue reflex. 
Reference. — Oxy-sttkyl-pyiiidinb. 

(Py. 3).STYEYL-aUIN0LINE Ci,H„N i.e, 

Formed by 

distilling its carboxylic acid (Doebner a. Peters, 
B. 22, 3008). Got also by heating {Py. 3)- 
methyl-quinoline with benzoic aldehyde and 
ZnClj (Wallach, B. 1C, 2008; Jacobsen a. 
Reimer, B. 16, 260G). Crystals. Yields 
CpH„Br^ [174®].-Salt8; BWHCl. 2aq.— 
B'HjCr^O, 2Jaq. 

References.— and Oxy- Styryl-quin- 

OLINB. 

STYRYL-QTJINOLINE CABBOXYLIC ACID 

C.CH:CHPh’ Formed 

from cinnamic aldehyde, pyruvic acid, and aniline 
in alcohol (Doebner a. Peters, B. 22, 3006). 
Yellow needles, insol. water, si. sol. ether. — 
MgA' 2 : concentric groups of needles. 

STYRYI-QUINOLINE SULPHONIC ACID 
OA(SO,H)N.CH:CHPh. Formed by heating 
(Py. 1) -methyl-quinoline (B. 2)-sulphoriic acid 
with benzoic aldehyde and ZnClj for six hours 
at 170® (Busch a. Koenigs, B. 23, 2082). Crystals 
(containing 2aq). V. sol. 50 p.o. acetic acid. 

STYRYL THIENYL KETONE C„H,„SO i.0. 
CflHjCHiCH.CO.O^HjS, [80®]. Formed by pass- 
ing HOI into a mixture of thienyl methyl ketone 
and benzoic aldehyde (Brunswig, B. 19, 2895). 
Needles. Yields a dibromide CuHigBr^SO [167®] 
crystallising from alcohol in plates. 

DI-STYEYL-DI-VINYL KETONE v. Di- 

PHBNYL-DI-BUTINYL KETONE. 

BTYBYL-VINYL METHYL KETONE v, 
Phbnyl-butinyl uethtl ketone. 

SDBERCOLIC ACID CA(COaH),. Formed 
in small quantity by the action of alcoholic 
potash on di-bromo-suberic aoid (Hell a. Rempell, 
B. 18, 820). White powder, yielding at 226®* 
230® a sublimate of slender white needles.-— 
BaA".— CaA".— MgA" 2aq.— AggA" : white pp. 

SDBEBCONIC ACID. [165°-170®]. A crys- 
talline product of the action of alcoholic potash 
on bromO’Suberio aoid (Ganttner a. Hell, B, 16, 
149 ). 

BDBXBSNE OABBOKYUO AOID 

Fonnod by b(nling dhloro-snberonie ad 


i. 211, 119); 

Pearly plates, Volatile with steam. Bedueed by 
sodium-amdgam to suberane carboxylic acid 
OfiuOr 

SUBERIC ACID OgH^O^. Mol. w. 174. 
[140®]. (0. 800°). (279® at 100 mm.) (Krafft, 
•B. 22, 816). S.-142atl6®. S. (ether) *8 at 15°; 
H.O.p. 992,409 (Louguinine, 0. R. 107, 697); 
985,600 (Stohmann, J. or. [2] 40, 216). H.F. 
249,400 (S.). 

For7nation.—1. By the action of nitric acid 
upon cork (Brugnatelli, Crell. Ann. 1787, i, 146 ; 
Bouillon-Lagrange, A. Ch. 23, 2 ; J. Ph. 8, 107 ; 
Chevreul, A. Ch. 62, 323 ; 96, 182 ; Brandes, S. 
32, 393 ; 33, 83 ; 36, 263 ; A. 9, 295 ; Bussy, 
J. Ph. 8, 107 ; 19, 425 ; Boussingault, J. pr. 7, 
211; Harllf, N. Br. Arch. 6, 303).— 2. By the 
action of nitric aoid upon oleic and stearic acids 
(Laurent, A. Ch. [2] 66, 157 ; Bromeis, A. 36, 
89), upon castor oil (Tilley, A. 39, 166 ; Dale, A, 
132, 244; 199, 145; Grote, A. 130, 208), upon 
linseed oil (Saco, A. 61, 222), upon cocoa-nut oil 
(Wirtz, A. 104, 261), upon almond oil, upon 
spermaceti (A^pe, A. 120, 292 ; 121, 89), upon 
palmitolio acid (Schroder, A. 143, 33), upon 
paraffin (Pouchet, C. R. 79, 320), upon palm oil 
(Ganttner a. Hell, B. 13, 1165 ; 14, 1549), and 
upon myristic acid (Noerdlinger, B. 19, 1896). — 
3. Occurs among the products of the distillation 
*of crude fatty acids in superheated steam 
(Cahours, C. R. 94, 610).— 4. From di-oxy-stearic 
acid and alkaline KMn04 (Spiridonoff, J. pr. [2] 
40, 250).— 5. Suberic ether is formed by the 
electrolysis of C02Et.CH;i.CH.„CH.4.C0.4K, the 
yield being 28 p.c. of the theoretical amount 
(Crum Brown a. Walker, A, 261, 120). 

Properties . — Long needles (from water) or 
tables. May bo sublimed in needles. Not vola- 
tile with steam. 

Reactions. — 1. Yields hexane when distilled 
with baryta. — 2. Forms suberone on distilling 
with lime. — 3. Bromine at 160° forms bromo- 
and di-bromo-suberic acids, which when boiled 
with potash yield oxy- and di-oxy- suberic acids 
(Gal a. Gay-Lussac, C. R. 70, 1176). 

Salts.— KjA". S. 86 at 14°.-Na^" Jaq. 
S. (of Na^A") 50 at 14®.-NanA".— (NHJ^A". 
S. 38 at 26®.— BaA": crystalline powder, less 
sol. hot water than cold. S. 2*2 at 7*6® ; i’8 at 
100®.-SrA". S. 2-9 at 14°; 1*9 at 100®.-'fcaA"aq. 
S. -62 at 14°; -42 at 100®.— MgA" 2aq. S. 13-6 at 
20®.~ ZnA". S. *041 at 14®.— CuA" aq : blue pp. 
-CuA" 2aq. • S. (of CuA") *024 at -16°.— 
CdA" aq. B. (of CdA") -08 at 17®.-HgA". S. 
•012 at 7-6®.— AljOA'V S. -0094 at 6-5®.— PbA". 
S. -008 at 16°.— Pb3A"0...-MnA" 8aq. B. 1*08 
at 13®.— Fe^A^jO. S. -0016 at 9®.-CoA''4aq;— 
CoA" 2aq. S. (of CoA") 1-16 at 14® ; -86 at 100®. 
— NiA" 4aq. B. (of NiA") *79 at 7-6®.— Ag^A^ 
S. *0076 at 8°. 

Methyl ether Ue,M\ S.O. « 1-014. 

Ethyl ether Et^A''. (282°). S.G. « 

•9862 ; U -9783 (Perkin, C. J. 46, 617). M.M. 
12-461 at 14®. 

Amide OaHi^N^O.. Orystalline. 

ilwioacidOaH,2(CON]^.CO,H. [0,170^; 
Formed by distilling ammonium suberato. OryB* 
talline, y. sol. hot' water. 

Anilide 0^,|(OO.NHPh)^ ri88®]. Formed 
by heating enbeno aoid (1 pt.) wiu miiliai 
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(1 pi.) (Gerbardi a. Lanreni, A. Oh, [8] 24, 186). 
Pearly plates (from alcohol), v. sol. ether. 

Phenylamio acid 04 H.,(ClD.NHPh). 00 ^ 
Formed at the same time as the anilide. Minute 
laminie, si. sol. hot water.— AgA' : white pp. 

i^e/ersnces.— B bomo-, Chlobo*, and Ozr- 

SUBBRIO AOID. 

Isosnherlo acid is Di-bthyl-sucoinio acid 
(H ell, B. 22, 67). 

SUBEBIC ALDEHYDE C«H, A- (202°). A 

product of the action of fuming HNO, on pal- 
mitolic acid (Schroder, A. 143, 34). Oil, par- 
tially decomposed by distillation. Oxidised by 
bromine water to suberic acid. 

8DBEB0CABB0XYIIC ACID v. Hbzanb 

TBICABBOXYLIO ACID. 

SDBEBOMALIO ACID v. Oxy-subebio acid. 

STTBEEONE 0,H„0. Mol. w. 112. (180° 
i.V.). V.D. 3’73 (calc. 3*89). Formed, together 
with hexane, by distilling suberic acid with lime 
(Boussingault, A. 19, 308; Tilley, A. 39, 167; 
Bale a. Sohorlemmer, G. J. 27, 935; A. 199. 
147 ; Wislicenus, A. 275, 356). Colourless 
liquid, smelling like peppermint. Oxidised 
by HNOj (S^G. 1*4) to n-pimelic acid [102°]. 
Does not reduce AgNOa or Fehling’s solu- 
tion. Combines with bromine, forming a pro- 
duct which, when distilled over KOH, gives 
03,^0 (Ladenburg, B. 14, 2406). Combines 
with HCy yielding C,H,j(OH)CN, which is con- 
verted by HCl into suberyl-gly collie acid 
C,H,2(0H).C02lI [80°], from which cone. HClAq 
at 130'^ produces chloro-suberane carboxylic acid 
CjHijCl.COjjII, a thick oil, converted by KOH 
into suberene carboxylic acid C,H,,.CO.H [54 °], 
which may be reduced by sodium-amalgam to 
suberane carboxylic acid C;H,3.C02H, and this 
may be oxidised by HNO., to a dibasic acid 
ChH„ 0, or CnHjjO^ (Dale a. Schorlemmcr, C. J. 
89, 539; Spiegel, A. 211, 117). Suberone is 
reduced in alcoholic solution by sodium to 
a colourless liquid, with mouldy smell 
(186®), S.G. *9595, which unites with phenyl 
oyanate forming CjHjjO.CO.NHPh [85°J, and 
also with HI forming a compound which is con- 
verted by alcoholic potash into suberonylene 
0,H,2 [114 -5°] and a little C^H.^OEt. The com- 
pound 0,H,,0 is reduced by cone. HIAq at 
250° to C,H,4. Suberonylene combines with 
bromine (Markownikoff, G. B. 110, 466). 

Oatim CyHjjiNOH. Liquid, smelling like 
peppermint, sol. alcohol, ether, alkalis, and 
acids (Nageli, B. 16, 497). Beduced by sodium- 
amalgam to 03H,3.NH2. *■ 

SUBEBO-TABTABICACID v. Dj -OXY-SUBERIO 
A0U>. 

SUBEBYL- GLYCOLIC ACID v. Oxy-suberanio 

AOZD. 

8DBLIMATI0N. The passage of a solid 
body, when heated, to the state of vapour with- 
out melting. The temperature of sublimation 
is definite for every solid, and is dependent on 
the pressure. There is a definite pressure for 
each definite solid below which the substance 
cannot exist as a stable liquid, so that if heated 
below this pressure it passes from the solid 
directly to the gaseous state ; but if heated under 
pressures greater than this pressure the substance 
first liquefies and then vaporises. As the definite 
pressure is considerably below that of the atroo- 
lyfthere for most substances, but few bodies 


undergo sublimation, property so called, whei 
Jieated under ordinary conditions. Sublimation ii 
treated fairly fully in Thorpe’s Diotionaby of Ap- 
PLIED Cbeuistby (vol. iii. p. 609 ), and instance! 
are given where the process is made use of ii 
manufacturing operations. M. M. P. M. 

8DBSTITUTI0N. The replacement of one 
element in a compound by another element h 
the primary meaning given to the term * substi- 
tution.’ As our ways of looking at composition, 
and changes of composition, are saturated with 
the conceptions of the molecular and atomic 
theory, substitution is better described as the 
replQiCement of an atom in a molecule by anothei 
atom. But the term must be widened to include 
cases w'herein an atom is replaced by a group ol 
atoms, which group is regarded in that reaction 
as if it were a single atom. The moment atten- 
tion is paid to the number of atoms that can be 
substituted for some specified atom in a molecule 
the conception of chemical equivalency is found 
necessary to give a common foundation to the 
facts tliat are observed {v. Equivalency, vol. ii., 
especially pp. 449-461). The properties of a 
molecule are changed by the substitution of an 
atom or atomic group in the place of one, or 
more, of the atoms in the original molecule ; the 
prosecution of the inquiry into the connections 
between the properties of molecules derived, by 
substitution, from some parent molecule leads 
to the hypothesis of types, which is afterwards 
merged in the wider subject of chemical classifi- 
cation (v. Classification, Cubuical, vol. ii. p. 
196 ; Equivalency, vol. ii. pp. 460-461 Types, 
in this vol.). 

Experiments show that the substitution of a 
more positive by a less positive atom, or atomic 
group, is accompanied by a change of properties 
in the direction that the substitution-product is 
more acidic than the parent substance. This 
field of inquiry has been cultivated systemati- 
cally in recent years, and measurements have 
been made of the effects of substitution-changes 
of the kind indicated on the affinities of many 
•'acids. The results obtained have led, and^ are 
leading, to new conceptions of the nature of 
affinity, and of the constitutions of molecules 
{v. Physical methods, section Electrical 
ffiethods, pp. 197-207 in this vol.). 

M. M. P. M. 

SUCCINAMIDINE i.e. 

CH“]c(NHj>™- by th® action ol 

ammonia on succinic-di-imido-di-ethyl ether 
C,H,(C(OEt);NH)2 (Pinner, B. 16, 362, 924, 1643, 
1656). The salt B"2HC1 forms minute needles, 
dissolving in water with formation of NH^Cl and 
succinimidine C2H4(NH)3. 

SDCCINAMIDOXIM 02H4(C(NH,);N0H)2. 
Succinene diamidoxim. [188°]. Formed by 
adding hydroxylamine hydrochloride and 
Na-^GOsAq to an alcoholic solution of the nitrile 
of succinic acid (Sembritzki, B, 22, 2958). 
Crystals, sol. hot water, si. sol. hot alcohol, 
insol. ether. Coloured reddish-brown by FeGl,, 
Fehling’s solution gives a dirty green pp. Ac^O 
forms 02H4(C(NH2):NOAo)2 [168°]. NaOEt and 
EtI form CaH4(C(NH2):NOEt)a [119°]. BzOl 
and NaOH produce the benzoyl derivative 
02H4(C(NH2 ):NQBz) 2 [192°], crystallising in 
needles, converted by beating with water At 
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15S» Into 0^<{0^-°>0Ph), [ISgo].' Aqno- 

ous potassium oyanate and HOI form 
(ya,(C(NOH).NH.CO.NH2), [164°]. 

Snooinlmidoxim 

by heating the nitrile of succinio acid with 
hydroxylamine at 65° (Sembritzki, B. 22, 2964). 
Prisms (containing 2aq). Sol. hot water, insol. 
alcohol. Alcoholic NaOH forms a blue solution 
turning green. FeCl, gives a dark-violet colour. — 
AgaO^H^NsOa : pearly plates. 

Di-acetyl derivative O^HjACjNjOj. 
[171°]. Crystalline powder, sol. water. 

Di - hemoyl derivative OiH^BzaNjO^ 
[189°]. Crystals, insol. water, sol. hot alcohol. 

SUCCINIC ACID C.H,04 i.e. 
COaH.CH3.CH2.CO,H. Mol. w. 118. [182°] 

(Krafft a. Noerdlinger, B. 22, 816 ; Keissert, B. 
23, 2245) ; [185°] (Davidoff, B. 19, 406). (261°). 
S.G. 1-55. S. 2*88 at 0° ; 5*14 at 14*5° ; 121 at 
100° (Bourgoin, BL [2] 21, 110 ; 29, 243 ; 
Miezynskij M. 7, 263). S. (alcohol) 7-5 at 15°. 
S. (ether) 1*25 at 15°. H.C.v. 357,100. H.C.p. 
356,800. H.F. 226,200 (Stohmann, J. pr. [2] 40, 
207) ; 229,000 (von Beclienbcrg). S.H. *290 (from 
0°-60°) ; -365 (0°-150°) (Hess. A.Ch. [2] 35,410). 
Heat of Neutralisation: Gal a. Werner, G. i2. 
103, 871. 

Occurrence, — In amber (Agricola ; Berzelius, 

A. Ch. 94, 187 ; Lccanu a. Serbat, J, Ph. 8, 541 ; 
9, 89 ; Liebig a. Wohler, P. 18, 162 ; D’Arcet, P. 
30, 80), in turpentine from several species of 
pine, in Chclidonium majus (Walz, N, J. P. 15, 
22; Zwenger, A. 114, 350), in lettuce (Kdhnko, 

B. J. 25, 443), in Papaver somniferumyin unripe 
grapes (Brunner a. Brandenburg, P. 9, 982), in 
exudations from the bark of mulberry trees 
(Goldschmiedt, M, 3, 136), in beet juice (von 
Lippmann,P. 24, 3299), and in rhubarb (Brunner, 
B. 19, 595). Occurs also in the thymus gland 
of the calf, the spleen of the ox (Gorup-Besanez, 
A. 98, 28), in certain pathological exudations 
(Heintz, A, 76, 369 ; Bricger, H. 5, 368), in the 
urine of rabbits fed on carrots (Meissner a. Jolly, 
J, 1865, 675 ; c/. Salkowski, P/. 4, 91), and in 
human urine after eating asparagus (Hilger, A. 
171,208). 

Fonnation,—!. By the action of UNO;, on 
many organic substances, including fats, fatty 
acids from butyric acid upwards, wax, spermaceti, 
sebaoic acid, and azelaic acid (Bromeis, A. 35, 
90; 37, 292; Stharaer, A. 43, 346; Konalds, A, 
43, 356 ; Itadcliff, A. 43, 351 ; Arppe, A. 95, 242 ; 
Dessaignes, A. 70, 102 ; 74, 361 ; Erlcnmeyer, B. 
7, 696 ; Noerdlinger, B. 19, 1895). - 2. In the al- 
oohQlic fermentation of sugar (Pasteur, Bl. 1852, 
52; A, 105, 264).— 3. In the fermentation of 
asparagine (Piria, A. 68, 843), of calcium malate 
(Dessaignes ; Liebig, A, 104, 363), of ammonium 
tartrate (Kdnig, B. 14, 211), and of llesh (Sal- 
kowski, B. 12, 649).— 4. By reducing fumario 
and maleic acids with sodium-amalgam (Eekuld, 
A, SuppU 1, 133).— 5. By reducing malic and 
tartaric acids with HI (R. Schmitt, A. 114, 106 ; 
Dessaignes, A. 115, 120 ; 117, 134).-6. By heat- 
ing its nitrile (ethylene cyanide) with alcoholic 
potash at 100° (Maxwell Simpson, A, 118, 373), 
or by treating it with dilute nitric acid (Jung- 
^eia^, Bl. [3] 19, 197).— 7. From bromo-acetio 
icid it 9 d reduced sUvor at 180 (Steiner,.B. 6, 


184). — 8. From il>ohloio-propionio ether by 
successive treatment with KCy and potash 
(Wichelhaus, Z, [3] 8, 247).— 9. From sodium 
acetoacetic ether by treatment with chloro- 
acetic ether and saponification of the product 
(Wippermann, B. 3, 337; Noeddecke, A. 149, 

, 224).— 10. By heating ethane tricarboxylic acid 
at 160° (Bischoff, B. 13, 2162).-11. By potash- 
fusion from gum arabic, milk sugar, and oar- 
minic acid (Hlasiwetz, A. 138, 76 ; 141, 340).— 

12. By reducing acetylene dicarboxyl ic acid with 
zinc and IIOAc at 60° (Aronstein a. Hollemaiin, 

B. 22, 1183). — 13. Its ether is formed by electro- 
lysis of CO._,Et.CH,j.CO^K in aqueous solution ; 
the yield being 60 p.c. of the theoretical (Crum 
Brown a. Walker, A. 261, 115). 

Pr^aration.—l. By distilling amber, heat- 
ing the watery distillate, filtering, and allowing 
to crystallise. The product is freed from oils 
by treatment with nitric add. — 2. By neutral- , 
ising tartaric acid (2 kilos) with NH^q, adding 
to the aqueous solution (40 litres) KjHPO^ (20 g.), 
MgSO^ (10 g.) and a little CaCOa- Feimentation 
is started by diluting a little (5 c.c.) of the solu- 
tion with water (25 c.c.) and expe^ing it to the 
air for a few days. When fermentation has set in, 
the liquid is returned to the main quantity, and 
the whole kept at 25°-30° for seven weeks. The 
liquid is evaporated somewhat, clarified by white 
of egg, and boiled with lime. After cooling, the 
calcium succinate is collected and decomposed 
by The yield is good (500 g.) (Koenig, 

B. 15, 172). 

iVojicrto.— Monoclinic prisms, permanent 
in air, acid in taste. V. sol. water, m. sol. al- 
cohol, si. sol. ether. Resolved on boiling into 
water and anhydride ; the lactone O.H^O^ being 
also formed. BaCl, completely ppts. hot neutral 
solutions (Schmitt a. Hiepe, Pr. 21, 536). BaCl, 
followed by NHjAq and alcohol ppts. succinio • 
(but not benzoic) acid. FcCl, gives in neutral 
solutions a reddish-brown pp. PbAoj gives a 
pp. sol. excess. 

BeacHons. — 1. Not attacked by HNO,, CrO„ 
or chlorine water. MnOj and H.BO^ yield acetic 
acid. KMnO, in neutral solution oxidises it to 
oxalic acid and GO, ; and, in acid solution, to 
CO, (Berthelot, Bl [2] 8, 390 ; Sorokin, /. B. 

11, 383).- 2. Yields ethylene and CO, when de- 
composed in alkaline solution by an electric cur- 
rent (Kckul6, A. 131, 79 ; Bourgoin, A. Ch, [5] 

20, 80; cf. Kolbe, A. 113, 244). In perfectly 
neutral solution only CO,, CO, and 0 are given 
off at the posttive pole. — 3. Potash-fusion yields 
oxalic acid.— 4. PCI5 forms successively: suc- 
cinio anhydride 0,H,(C0),0, succinyl chloride 

C, H^(C0C1)2, fumaryl chloride C,H,(C001)„ 
chloro - fumaryl chloride CjjHCl(COCl)„ di- 
chloro-maleyl chloride C,Cl,(COCl)„ two tetra- 
chlorinated di-chloro-maleyl chlorides, viz.; 
C,C1,(CC1,) (COCl) and C,C1,(CC1,),0 (v.Di.chloro. 
MALEio acid), and finally per-chloro -ethane, 
2C,C1, (Kander, J, pr, [2] Si, l).-5. On long 
boiling it yields the dilaotone of diethyl ketone 

.-di-a-oarbSiylio acid ^^cHrO^HjcH, 

(0. 203° at 15 mm.), crystallising from alcohol in 
plates, converted by HClAq into hydrochelidonio 
acid 00 (OH,.GH2.CO,H)2 [143°], which yields an 
oxim [129°] (Volhard, A, 253, 206).— 6. Conver- 
ted into euccinic anhydride by treatment with 
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PpO„ Acd, BzOl, Ao,0, or sacoinyl <^oride 
(Afi^diz, B, 10, 825, 1881). — 7. A zolation oon- 
taining 6 p.c. suooinic acid -and 1 p.o. araniam 
laooinate when exposed to sunlight turns green 
and cn^aduallj gives off GO,, leaving propionic 
acid in solution (Seekamp, A, 183, 253). Barium 
succinate (1 mol.) heated with NaOMe (1 moL). 
for 3 hours at 300° yields propionic acid (Mai, 
JB. 22, 2133). — 8. Heated with a large excess 
of lime it yields ethane as chief product (Han* 
riot, Bl, [2] 46, 79).—- 9. The salts on distillation 

G *eld a liquid product (160°-260°) which yields 
inzene when distilled over zinc-dust (Von 
Bicher, J,pr, [2] 20, 206 ; cf. Fumaro, 0. 11, 273). 
Hydroquinoneis also a product of the distillation 
of succinates.— 10. The sodium salt heated with 
-P^Ss yields thiophene (Volhard a. Erdmann, B» 
18, 464). — 11. The Na salt heated with aldehydes 
and NaOAc forms oxyacids of the form 
, B.OH(OH).CH(CO,H).CH,.CO,H (Fittig, B. 18, 
2623). — 12. By heating with phthalic anhydride 
and NaOAc at 260°, exhausting the product 
with water and alcohol, and boiling the residue 
with aniline, there is got ‘ diphthalsuccinanilide ’ 
OmH 24N,0. ^.2C7°] converted by boiling with 
HOAc and HCl into ‘ diphthalsuccindehydranil- 
ide * CaoH^oNjjO,, crystallising from HOAc in 
small yellow prisms, not liquid at 280° (Roser, B. 
18, 8122). — 13. By heating with glycerin at 200° 
it yields * succinin ’ C3H4(OH) A", a gummy mass, 
insol. cold water, alcohol, and ether (Fumaro a. 
panesi, Q, 10, 68). Alkalis and acids split it up 
into glycerin and succinic acid.— 14. a-Chloro- 
propionic ether and alcoholic potash give 
OA(CO.O.CHAfe.CO,;Et), (c. 302° at 730 mm.) 
(Wurtz a. Friedel, A. Ch» [3J 63, 101 ; Wislicenus, 
A. 133, 262). 

Salts. — (NHJjA". Hexagonal prisms, v. 
sol. water and alcohol. Yields succinamidewhen 
heated. — (NHJHA". Triclinic crystals, v. sol. 
water and alcohol (Brooke, Ann. Phil. 22, 286). 
Formed by evaporating a solution of the neutral 
8alt.-^K,A" 2aq. Deliquescent crystals, sol. alco- 
hol, insol. ether. — K^A" 3aq. Trimetfic crystals 
(Salzer, B. 16, 3026). — KHA"2aq. Efflorescent 
six-sided prisms.— KHaA^—NaJi" 6aq : mono- 
, clinic prisms. — NaHA". Triclinic prisms. — 
NaHA'' 8aq : monoclinic crystals.— BaA". SI. 
sol. water, insol. NHaAq and alcohol. S. *42 at 
-8°; -43 at 12°; -28 at 67° (Miczynski).— 
0^'^ 8aq : small needles, deposited gradually on 
mixing cold cone, solutions of sodium succinate 
and CaCl^. On mixing the hot solutions CaA^' aq 
is ppd. S. 1-1 at 0°; 1-3 at 24°; *8 at 68° 
(Miczynski, M. 7, 266).— CaH2A"j2aq.— SrA"; 
monoclinic prisms.— BeA" 2aq (Atterberg, BL [2] 
21, 162).— Be2(OH)2A'' 2aq.— MgA" 6aq. Prisms 
(Pehling, A. 49, 164).-MgK2A'' -MgaV'^O^ aq. 
— OrA" aq : scarlet pp.— CuA" (dried at 200°).— 
ChiA"2N^— CuA"4NH, (Schiff, A. 123, 46).— 
Fe(OH)A" : brownish-red pp. — NiA" 4aq. — 
MnA'Uaq. Triclinic prisms (Handl, Site, W, 
82, 254).-HPbA'' (dried at 100°). White powder, 
sL sol. water, v. sol. KOHAq and HNO,.— 
PbgOA",: sticky pp., got by addiflg lead sub- 
acetate to sodium succinate.— Pb402A''2 (dried at 
200°); white powder.— Zn A" (dried at 200°). 
Qrystalline powder. — ZnA"8NH, (Lutschak, B, 
8, 80i.-OdA''.-(UrO)2A" aq.-K(UrO)A" ^aq.- 
Naj(UrO)A" ^aq. — AgjA". White amorphous pp. 

sa^t (C^H^N,Og),H^" aq. Prisms, 


8. *11 at (Hesse, A. Id5,881).-Oinohoiiiii§ 
salt (OjLJ{^0\;EL^k!' aq. Thick crystals 
(Hesse, A. 122, 226).— Oinohonidine salt 
(02A4 NjO)*H^" 6aq. Silky prisms. S. *4 at 
10° (Hesse, M 136, 342).— Urea salt 

(CONjH 4)2H2A". Six-sided monoclinic prisms; 
n:6:c«l*483:l;l-366; 8«83° 28' (Lisohmidt, 
W! 62, ii. 238). — ^Ethylene-diamine salt 
C5H4 (NHJjjH 2A". [182°]. Thick white prisms, 
V. sol. water, insol. ether (Mason, 0. J. 65, 10).— 
Benzylamine salts (O^HjNH^HjA". [146°]. 
Thin plates, sol. alcohol (Werner, C. J. 66, 628). 
— (CjHjNHJHaA". [117°]. Rectangular prisma 
(containing aq), v. sol. water. 

Methyl ether UeX- [19°]. (196° cor.). 
S.G. 1*1209 (Emery, B. 22, 8185) ; « 1*1261 ; 
II 1*0383 (Perkin, 0. J. 45, 616). M^.M. 6*232 
at 18*2°. S.V. 169*7 (Lessen, A. 254, 64). H.O. 
(solid) 703,600. H.C. (liquid) 708,600. fi.P. 
(solid) 206,400 jStohmann, J. pr. [2] 40, 353). 
Formed from succinic acid, MoOH, and gaseous 
HCl (Fehling, A. 49, 196). Formed also from 
succinyl chloride and NaOMe in ether, and from 
AgjA" and Mel. Crystalline, sol. alcohol. 

Methyl ethyl ether MeEtA". (208° cor.), 
C.G. 1*093. S.V. 184*6. Formed by the action 
of EtAgA" on Mel (KOhler, A. 221, 88). On 
saponification by baryta it yields H;.A", HMeA", 
and HEtA" (Lessen a. Kohler, A. 262, 200). 

Mono -ethyl ether HEtA". Formed by 
boiling succinic anhydride with alcohol (Heintz, 
J. 1859, 280). Syrup, miscible with water, alco- 
hol and etner. — AgEtA": amorphous, si. sol. 
water. — The salt NaEtA" is converted by POCl, 
into CO2Et.C2H4.COCl (144° at 90 mm.), which is 
split up by distillation into EtCl and succinic 
anhydride, and is converted by phenyl hydrazine 
into C02Et.G^4.C0.NH.NHPh [107°], crystal- 
lising in white needles, itself converted into 
0(C0.C2H4.C0.N2H2Ph)2 [137°] by successive 
treatment with HOH and HCl (Michaelis a. 
Hermans, B. 26, 2748). The salt NaEtA" is 
converted by a-chloro-propionic ether into 
C02Et.02H4.C0.CHMe.C02Et (280°) S.G. 2 1*U9, 

’ which is split up by boiling with baryta water 
into succinic and lactic acids (Wurtz a. Friedel, 
J. 1861, 378). 

Ethyl ether Et-^A". (216*6° cor.). S.G II 
1*0465 ; If 1*0383. M.M. 8*380 at 17*8^ (Pdrkin). 
S.V. 209*4. Formed by boiling succinic acid 
(20 pts.) with alcohol (8 pts.) and H2SO4 (1 pt.) 
(Eghis, B. 6, 1178; c/. D’Arcet, A. Ch. [2] 
68, 291). It is also produced by heating Cf2H4Br- 
in alcohol with potassium succinate in sealed 
tubes (Davidoff, Bl. [2] 46, 818 ; 19, 406). Oil. 
Converted by Na into the dihydride of dioxy- 
terephthalic ether. Not attacked by hydroxyl- 
amine (Jeaurenaud, B. 22, 1273). Succinic ether 
(40 g.) treated with cyanamide (20 g.) and an alco- 
holic solution of K (18 g.) for 6 hours with in- 
verted condenser yields C2H4(CO.NKCy), and 
02H4(CO2K)(CO.NKCy). These bodies may be 
converted ny AgNO, into Ag salts, which may 
be separated by HNO„ in which silver * sucoin- 
cyanamate’ dissolves, while silver * succinyl- 
di-cyan-di-amide * is insoluble. The Ag salts 
may then be suspended in alcohol and decom- 
posed by HgS (MDller, tL jpr. [2] 22, 214). Bud- 
cinyl di-cyan-di amide Cr2H4(OO.NHOy)< [106^ 
crystallises in monoclinio pyramids (containing 
9^1. decompossd >7 wanp w»tfir li^o ittccu4d ' 
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Ae!4 sod fij^anamide. It may also bo prepared 
the aotion of NaKH.Oy on sacoinyl chloride, 
and by warming OsH 4 (C^ 3 NOy with cyanamide. 
The salt O^HJOO J^AgOy).^ ^aq crystallises in 
plates, soL NH,Aq. — Et^^STiCl^ (Demarcay, 
0. jB. 70, 1414).— Et^"2Ti01,.-Et,A"TiCl4. 

Ethyl propyl ether EtPrA". (231®). 
S.G. ^ 1-0387. S.V. 230-2 (Wiens, A. 253, 300). 
Yields, on saponification by baryta, salts of 
EtHA'', PrHA", and (Lossen a. Kohler, 
A, 262, 201). 

Ethyl butyl ether Et(C^HJA" (247®). 
S.G. § 1-0218. S.V. 266-9 (W.). 

Ethyl heptyl ether Et(0,H,.)A''. 

(291-4°). S.G. g -9850. S.V. 332-9 (W.). 

n- Propyl ether Pr.^A" (247-1®). (Wiens, 
A. 253, 300); (250-8®) (Perkin, 0./. 63, 661). 
S.G. g 1-0189 (W.) ; } 1-0157 ; ^ 1-0062 ; 
•9986 (P.). S.V. 257-8. Fonned by passing HCl 
into succinic acid in propyl alcohol. 

Isopropyl ether (228®). S.G. 2 

1-009 (Silva, A. 154, 255). 

Propyl butyl ether Pr(C^Hj)A". (268-7®). 
S.G. g 1-0106. S.V. 277-8 (Wiens, A. 253, 300). 

Isobutyl ether (PrCH-JjA". (265® cor.). 
S.G. ig -9737 ; |f -9667. M.M. 12-707 at 14-5® 
(Perkin, 0. /. 46, 619). 

Isoamyl ether (CjHiJ.^A". (290® cor. at 
728 mm.). S.G. 12 ‘QCl. Formed from Ag.^ A" and 
isoamyl bromide (Del Zanna a. Guareschi, Atti 
Heal, Instil, Veneto [6] 6 ; B. 12, 1609). 

Eeptyl ether (0,H,JjA" (350®). S.G. 
i -9519. S.V. 459-6 (Wiens). 

Cetyl ether [58®]. Formed by 

seating the acid with cetyl alcohol (Tutscheff, 
Eej). Chim, pure^ 2, ’463), Plates, si. sol, alcohol, 
V. sol. ether. 

Ethylene ether CaH^A", [o. 90®]. By heating 
succinic acid with glycol at 170® there is formed 
crystalline (CO,^H.CaHj.CO.J.^C 2 H, melting below 
100®, which at 300® yields C.^^A" (Lourengo, 
A, 116, 358). Crystalline, insol. water and ether, 
sol. hot alcohol. Decomposed by distillation. 

Di-phenyl ether C,H,(COjPb) 2 . [119®]. 
(330°), Formed from succinic acid, phenol and 
POCl, (Basinski, J, pr. [2J 26, 63). Got also from 
Buccinyl chloride and phenol (Weselsky, B. 2, 
619). Completely decomposed by slowly heating 
(Anschutz, C. J, 47, 898). NaSEt gives di-thio- 
succinic ether. Pearly plates (from alcohol). 

Di-benzyl ether (CR4Mi)_A". [42®]. Formed 
from AgjA" and benzyl bromide (Zanna a. 
Guafesohi, G. 11, 266). Laminoj. 

Chloride 0^, (CO.Cl), or 

Mol. w. 166. (190°-200°). 8.0. 1-39. Fonned 
from succinic anhydride and PCI, (Gerhardt a. 
Chiozza, A. 87, 293). 

Preparation.— Succinic acid is heated with 
PCI, for two days with an inverted condenser in 
an oil bath. The POCl, is distilled off (below 
120®) and the residue shaken with benzoline that 
has been dried over lime. The benzoline dis- 
solves the rest of the POCl, and the succinyl 
chloride separates as a lower layer. The opera- 
tion is repeated until the oil no longer forms 
phosphoric acid when mixed with water (H. 
M6Uer, J.pr, [2] 22, 208). 

PrcpsrfiM.— Solidifies at 0®. 

. BeacMxm»—l» Beduced to butyrolactone by 
(3 p:o. Ba} acting upon its 


ethereal Bolotloii mixed with glacial aoetie 
acid.— 2 . Beneene and aluminium chloride give 

[90»]. O.H.(CO.CA). [wn 

and a little /S-benzoyl-propionic acid (Auger, 
A. Ch. [6] 22, 312 ; Bl [2] 49, 845), -8. ZnEt, 

gives 4. Na,S gives succinyl 

sulphide.— 5. PCI, at 230® gives off HCl and the 
product, after treatment with water, contains 
C^ClgO (199®-215®) which solidifies below 0®. 
Hot cone. HjSO, dissolves C.ClgO and the pro- 
duct, diluted with water, yields on evaporation 
hygroscopic crystals, which on sublimation give 
non-hygroscopic plates of C^CI.,0, [120®] Kauder, 
J.pr. [2] 28, 191). Di-chloro-maleio chloride is 
also a product of the action of PCI, on succinyl 
chloride. — 6. Chlorine passed into boiling suo- 
cinyl chloride forms chlorides of fumaric, chloro- 
fumaric, and di-chloro-maleio acids (Kauder, 
J. pr. [2] 31. 24).-7. C,H,.SO,NBzAg forms* 
C,H,(CO.NBz.SO,.C„H,), [146®] (G. a! C.).- 
8. Phenyl-hydrazine forms the compound 
C.H^(CO.NH.NHPh )2 [218®] (Freund, B. 21, 
2462 ; Fischer, B. 22, 2728), whence phosgene pro- 
duces C,H^(CO.N2Ph:CO)2[225°]. Sodium phenyl- 

hydrazine in benzene forms 

[199®], which gives [179°] 

(Michaolis a. Hermans, B. 25, 2751).— 9. Cyan- 
amide in ethereal solution forms, on warming, 
succin-cyanimide C 2 H,{CO). 2 NCy [138®] crystal- 
lising from alcohol in plates (Holler, J, jor [2] 
22, 207).— 10. Cyano-acctic ether in Et^O at 100® 
forms C2H,:C20.,:CCy.C0.^t [126®] (Muller, C.H. 
112, 1140). — 11. Urea at 65° forms the compound 
C.^HiCCO.NH.CO.NH.^).^, a powder, v. si. sol. hot 
water (Conrad, J, pr. [2] 9, 301). 

Anhydride Mol. w. 100. 

[119®]. (261®) (Krafft a. Noerdlinger, B. 22, 816). 
Formation.— 1. By rapidly boiling succinic acid. 
2. By distilling the acid with Pj,0, (D’Arcet, 
A. Ch. [2] 68, 282), with PCI, (Gerhardt a. 
Chiozza, C. B. 36, 1050), or with BzCl (Kraut, 
A. 137, 254).— 3. By warming succinyl chloride 
with dry oxalic acid (Anschutz, A. 226, 16). — 
4. By heating succinic acid (100 g.) with POCl, 
(65 g.) at 120® (Volhard, A. 242, 160).— 6. By 
distilling succinyl chloride (180 g.) with succinic 
acid (137 g.), and crystallising from alcohol 
(H. Holler, J.pr. [2] 22, 194).— 6. By the action 
of dry Pb(NO,), (also nitrates of other heavy 
metals) upon succinyl chloride; PbCl, is pro- 
duced, and NgO, and oxygen evolved; yield o. 
60 p.o. of theoretical (Lacbowioz, B. 18, 2990). 

Properties. — Long trimetrio needles (from 
alcohol) ; a:b:c = *595:1; -462 (Bodewig, B. 14, 
2788). SI. sol. water, v. si. sol. ether. Converted 
by dry NH, into sucoinimide. Slowly converted 
by boiling alcohol into succinic ether. Phenyl- 
hydrazine reacts in alcoholic solution, forming 
CO^.O,H,.CO.NH.NHPh [120®], converted 

heat into'C,H,<^®>N.NHPh [166®] (Angw, 

.1. Ch. [6] 22, 839 : ef. this vol. p. 46) M [168-®] 
(Michaelis, B. 25, 2750). Potassium cyanamide 
forms ' Buccincyanamio ' acid, the o6mpofind 
00,H.C,H,.C0.NHCy [128®], which i» v.e. sol. 
Wftteri v. sol ^Icqhol <^d ^tler, I# split Jtty 
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dilota acids into saocinio acid and oyanamide, 
and yields the following six salts Na^" 6aq, 
K^"aq, CaA"4aq, BaA"2aq. AgHA''. and Ag^" 
(Mdller, J, pr, [2] 22, 193). Urea heated with 
succinic anhydride at 125^ forms succinuric acid 
C0,H.0.^4.C0.NH.C0.NHa [206®] (Pike, J3. 6, 
1104). 

Nitrile OaH^.(ON)j. Ethylene cyanide. 
Mol. w. 80. [66®]. (147® at 10 mm.) (P.) ; 
(186® at 60 mm.) (Biltz, B, 25, 2541). H.O.p. 
646,100. H.F. (from diamond) - 82,000 (Berthe- 
lot a. Petit, 0. R, 108, 1217). Formed by boiling 
ethylene bromide (300 g.) with alcohol (500 g.) 
and KGy (200 g.) for two hours with inverted 
condenser (Maxwell Simpson, Pr. 10, 674; 
Geuther, A, 120, 268 ; Fauconnier, Bl. [2] 60, 
214; Nevol6 a. Tscherniak, C. R. 86, 1411). 
Amorphous, sometimes crystalline, solid, v. sol. 
water, alcohol, and chloroform; si. sol. ether. 
Decomposed by distillation under atmospheric 
pressure. Converted into succinic acid by boil- 
ing alcoholic potash. Aniline hydrochloride at 
200® reacts, forming di-phenyl-succinimidine 

C,H4<^|^pA>NPh (Bloohmann, B. 20, 1856). 

— OjB,Cyj4AgNO, : tables, sol. water and alcohol, 
insol. ether. 

Amide-nitrile CN.O.jH,.CO.NHj. Formed 
by heating the nitrile with alcoholic potash at 
110® (Drouin, C, P. 108, 675). Crystals, si. sol. 
alcohol, insol. ether. Slowly decomposes at 
210 ®.. 220 ®. 

Amide C.^H4(CO.NH.,).^. Sitccinamide. Mol. 
w. 116. [243®]. S. -625 at 9® (Henry, G. R, 
100, 943) ; 11 at 100° (F.). Formed by the action 
of aqueous NH^ on the ether and on the chloride 
m’Arcet, A, 16, 215 ; Fehling, A. 49, 1961. 
Formed also by warming succiniraide with 
alcoholic NHj (Menschutkin, A. 162, 165, 187). 
Needles, insol. ether and alcohol. Decomposed 
at 200® into NH3 and succiniinide or by saturating 
at —16° with gaseous NH.„ and heating to 150° 
in sealed tubes (Roubtzoff, Bl. [2] 45, 250). — 
HgC,H.N.Aliaq- White powder, deposited on 
cooling from a solution of HgO in hot aqueous 
suocinamide. 

Iso-amide 

Formed to the extent of 8 p.c. in the preparation 
of the amide from succinyl chloride and NHjAq 
(Auger, A. Ch. [6] 22, 312). Hygroscopic mass. 
Its aqueous solution gives with AgNO, a pp. of 
0,H,(CO)3NAg. 

Methylamide C3H,(CO.NHMe)3. [175°]. 
Plates (Wallach a. Kamenski, B. 14, 170). 

Dimethylamide CA(CO.NMo3)3. [81°]. 
Formed from succinyl chloride and NHMe.^ in 
ether (Franchimont, R. T. 0, 4, 202). Crystals 
(from etherl, v. sol. water. 

Benzyl-di-amide 

03H,(C0NH,) (CON HCR,Ph). [189®]. Formed 
from the benzylimide and ammonia at 100° 
(Werner, C, J. 66, 633). Minute prisms, si. sol. 
ether and hot benzene. Yields the benzylimide 
when heated. 

Di-benzyl-diamide 

C.A4(CO.NHCH^h)r [206^. Formed from 
Buocinio ether and benzylamine in alcohol. Thin 
plates, not decomposed by boiling NaOHAq. 
Anilide C,H,(CO.NHPh)2. [227®]. Formed 
boiling sucoinio acid with aniline (Laurent a. 


Gerhardt, A. Oh, [8] 24. 179; A. 68, 27} 
Menschutkin, A. 162, 187). Needles (from 
alcohol), insol. water. Not affected by boiling 
alcoholic potash or by nitrous acid. Gives the 
phenylimide on distillation. Cold fuming HNO, 
converts it into 

^ [260°] (Hubner, A. 209, 877). Benzoic aldehyde 
‘ at 180° forms succinic phenylimide and benzyl* 
idene-aniline (Schiff, A. 148, 338). 

Amide-aniiide CO (NHa).C2H4.CONHPh, 
[181®]. Formed by heating the phenylimide 
with alcoholic NH3 at 100° (Menschutkin, A. 
162, 182). Broad needles (from water), si. sol. 
hot alcohol. Alkaline KOBr followed by heating 
with HOAc forma C3H4:OA:(NHBr)(NHPh) 
crystallising in minute needles, converted by 
boiling alcohol into O A:CA(NH3)(NHO„H4Br] 
[216°], whence potash forma the compound 
CO,H.C3H4*CO.NHO«H,Br[l:4] [187®] (Hooge- 
werft a. Van Dorp, R. T, 0. 9, 41). 

Di-{a)-naphthyl‘di-amid 6 
C,H4 (CO.NHC,oH,) 2. [285°]. Needles (from 
HOAc). Converted by fuming nitric acid 
into C3 H,(CO.NH.C,oH,(N 02),)3, [225°], and 
C,H4(60.NH.0„H3(N0,)4)3 [256®]. 

Tetra-phenyl-di-amide 
C3H4(CO.NPh3)3. [234°] (Piutti, G, 14, 467). 

Needles (from alcohol). 

o-Tolyl-diamide 

C.A(C0NH3).C0.NHC,H,. [160°]. Formed by 
heating the o-tolylimide with alcoholic Nfl3 at 
100°. Plates. 

Di-o-tolyl-diamide CijH4(CO.NHC,H,)3. 
[100°]. White needles (Bechi, B. 12, 25, 321). 
V. si. sol. water, m. sol. alcohol. 

p- Toly I- di-amide 

C.A(C0NH3).C0NHC,H,. [148®]. Formed by 
heating the y?4olylimide with alcoholic NH3. 

Di-p-tolyl-diamide C3H4(CO.NHO,H;)a. 
[256°]. Plates (from alcohol), si. sol. hot water 
(Bechi, B, 12, 323 ; Hubner, A. 209, 380). Yields 
on nitration C2H|(C0.NHC,Ha.N03)3 [217°] and 
C.A(G0.NH.C,H3(N03)3)3. 

{$)-N aphthalide C3H,(CO.NHC,H,)2. 

*[266°] (Bischofta. Beebe, B. 25, 3267). Got by 
heating succinic acid (10 g.) with (8) -naphthyl- 
amine (24 g.). Insol. ordinary solvents, sol. 

Aso,. 

Atnic acid C03H.C3H4'G0.NH2. Succin- 
amic acid. [167°]. Formed by warming succin- 
imide with an equivalent quantity of baryta 
water (Teuchert, A. 134, 136) or milk of lime 
(Menschutkin, A. 162, 175). Formed also from 
nitrosoglutaric acid by heating alone or with 
AC3O (Serda a. Wiedemann, B. 23, 3284 ; WollT, 
A. 260, 114). Needles, m. sol. water, insol. 
alcohol. Decomposed at 200° into water and 
succinimide. Boiling water forms acid am- 
monium succinate. 

Sal ts .— KA' ; very hygroscopic mass (Lands* 
berg, A. 215, 201).— BaA', ; needles, v. sol. 
water. — CaA'-.— Mg A'j 3aq : trimetrio crystals. — 
MgA', 6aq. — CdA'.^ aq ; prisms.— CuA'2.—PbA'j, 
Concentric needles, v. sol. water.— MnA', 6aq.— • 
ZnA'j. — AgA': monoclinio crystals, v. soL 
NH3Aq. 

Ethyl-amio acid CO^HCgHvCONHEt 
Formed by warming the ethylunide with baryta 
water (Menschutkin^ A. 182, 92). — FuA | : 
crystals, v. «ol. watvc? 
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03H4(NH.00.08H^00^)g. Bthylene’diaticcin- 
anUe add* [186^. Formed ^ boiling the di* 
imide with baryta (Mason, 0. f. 65, 13). Large 
plates, V. sol. hot water. Does' not yield an 
oxim or aphenyl-hydrazide.— CaA" 8aq : prisms. 
— : white amorphous powder. 
Bensylamic acid 

CO^.OA‘CO.NHO,H,. [139®]. Formed by 
boiling the benzyl-imido (2 mols.) with aqueous 
barium hydroxide (1 mol.) (Werner, 0. J. 65, 
631). Flat prisms, m. sol. hot water, y. si. sol. 
ether. 

Phenylamic acid C0.^.C2H<.C0.NHPh. 
Succinanilic acid. [149°]. Formed by boiling 
the phenylimide with NHaAq (Laurent a. Gor- 
hardt, A. Gh. [3] 24, 179) or baryta (Menschut- 
kin, A. 162, 176). Flat needles, v. si. sol. cold 
water. Decomposed by heat into water and the 
phenylimide. Boiling alcoholic HCl forms suo- 
cinio acid. — CaA'j4aq. — BaA'^Saq. — AgA' ; 
crystalline pp. 

o-Tolyl-amic acid 

C0aH.C.,H4.C0.NHC,H,. [97®]. Got by boiling 
the o-tolylimide with baryta water (Bechi, B. 12, 
322). White needles. — BaA'jaq. 

p-Tolyl-amic acid [157^].— BaA'gaq. 
{a)-Naphthyl-amic acid * 
CO,H.C,H,.CO.NHC,oH,. [171®]. Formed by 
heating the (a).naphthylimide with KOHAq 
(Pellizzari, A. 248, 158 ; Q. 18, 323). Needles 
or plates (from alcohol), v. e. sol. HOAc and ‘ 
benzene. 

{B)-Naphihyl-amic acid [192°]. Crystals. 
Di-phenyl-amic acid 
CO.,H.C,H,.CONPh,. [119°]. Plates (Piutti, G. 
14, 468). — AgA' : pp. 

Phenylene-di-amic acid 
C8H^(NH.CO.C2H4 .CO.jH)j. Formed by heating 
phenylene-diamine with succinic acid at 200° 
(Biedermann, B. 9, 1668). Small crystals (from 
HOAo). Melts above 360°. Converted by 

KOHAq and Mel into O.H4<NH®goC^ 

crystallising in plates or tables (containing llaq) 
(Griess, B. 18, 2410). 

Imide qh* CO^^^* (Erlenmeyer, 

^•[2] 6, 176). (288°). H.C. 439,000. H.F. 110,600 
(Berthelot a. Andr6, Bl. [3] 4, 220). Formed 
from succinic anhydride and dry NHs (D’Arcet, 
A. Ch. [2] 68, 294), and also by heating sue- 
oinamide or ammonium succinate (Fehling, A, 
49, 198; Laurent a. Gerhardt, Compt, Chim. 
1849, 108 ; Mensohutkin, A. 162, 166, 187 ; 182, 
93). Large elSorescent crystals (containing aq) 
or ootahedra (from acetone) [Bunge, A. Suppl. 
7, 118), V. sol. water and alconol, m. sol. ether. 
Not attacked by pure HNOj (S.G. 1*63) (Franchi- 
mont, B, T. C. 6, 228). Converted by hot 
baryta water into succinamio acid, and finally 
into Buooinio acid. Alcoholic NH, at 100° forms 
Buccinamide. Yields pyrrole on distillation with 
zinc-dust. EOH (6 mols.) and KBrO (1 mol.), 
acting for two hours at 60®, form (i8)-amido- 
propionic acid [196°] (Hoogewerff a. Van Dorp, 
22. T, 0. 10, 4). Bromine forms bromo-succinimide 
[226®] and bromo-malelmide [162°] (Eisielinski, 
8itg. W* [2] 74, 561 ; c/. Eusseroff, i. 262, 168). 
Cblorixie at 1^® forms chloro- and di-chloro> 
maleld imide. FOl. forma compound melting 
VoMV, ^ 


of ble^hing-powder added to a solution of sue- 
cinimide containing* excess of HOAo forms 

- C.^4<^^^^NC1 [148®], which separates from 

benzene in large crystals, and is reconverted by 
acids and alkalis into sucoinimide (Bender, B. 
19, 2273). Hydroxylamine at o6® forms 
NH(CO.O,H,.CO.NH.0H), [171°], crystallising 
, in needles, v. e. sol. water, and yielding a picrate 
B'C.HaNjO, [266°] (Gamy, B. 24, 3434). Methyl 

cyanate forms [149°], while 

EtNCO forms corresponding C.H.oNaO, [96®] 
(Menschutkin, A. 178, 204). 

Salts. — KCqH^NO.,^aq. Ppd. by adding 
alcoholic potash and ether to an alcoholic solu- 
: tion of succinimide (Landsberg, A. 216, 200). — 
KA': needles. V. sol. water and alcohol. — 
BaA'22aq. — BaA'j,2jaq. — MgA'j3aq. — 
HgA'2. - NH2.HgA'. — ClHgA'. - CyHgA'. — 
Cu,A',(OH)29aq. - Cu2A'.,(OH), 2aq.~AgA' iaq. 
Needles. Converted by iodine into IC4H4NO2, 
crystallising in dimetric prisms; a:c»l:-873, 
molting, with evolution of I, at }^6®. Silver 
succinimide is converted by succinyl chloride 
in ethereal solution into ‘ trisuccinamide ' 
(C4H ,02)3^4 [83°], crystallising from other 
(Gerhardt a. Chiozza, A. 90, 108).— AgA'NH, ; 
crystalline. 

Methylimide C2ll4:0202:NMe. [66*6®]. 

(234°). Formed by distilling methylamine 
succinate. Plates. Got also by the action of 
cone. H,4S04 on the oxim of i3-acetyl-propionio 
acid (liischbieth ; Brodt a. Boeddinghous, A. 261, 
316). 

EthylimideC.,R,:C^O^i^Et. [26®]. (234°). 
Formed bj distilling acid ethylamine succinate 
, (M.), and by adding alcoholic EtI to sodium 
I succinimide (Landsberg, A. 215, 212). Long 
i lancet-shaped crystals, v. sol. water, alcohol, 
and ether. Yields ethyl-pyrrole on distillation 
over zinc-dust. 

Allylimide C2H4:C202:N03H,. (246°). 

S.G. I 1*1643 ; 1*1432. Formed by heating 

succinic acid with allyl thiocarbimide. Liquid, 
V. sol. water and alcohol. 

Ethylene-iinide (C.,H4: C20j:N)20.4H4. 
[251®]. (395°). Formed by heating suocinio 
acid with the hydrate of ethylene-diamine at 
180° (Mason, C, J. 65, 10). Prisms, sol. hot 
water, v. si. sol. hot alcohol, insol. ether. 

Propylene-imide (O.H4:C..0.4:N).4CsH3. 
[100°]. Formed from the anhydride and pro- 
pylene-diamine (Strache, B. 21, 2360). Crystals 
(from benzene). 

Phenylimide C2H4:C202:NPh. 8uc~ 
cinanil, [166°] (L. a. G. ; Eauder, J. pr. [2] 
81, 17). [150°] (Hubner, A. 209, 373 ; Bisohoff 
a. Nastvogel, B. 22, 1807) (above 300°). Formed 
by heating succinic acid with aniline, and orys- 
tallising the product from water and alcohol 
successively (Laurent a. Gerhardt, A. Ch, [8] 
34, 179). Formed also by the action of POl, on 
G2H,(00.NHPh).C0.4H in chloroform (Ansohiitz, 
B. 21, 957). Needles, si. sol. hot water. POl^ 
in presence of boiling POCl, forms the phenyl- 
imide of di-ohloro-maleio acid C2GL:020,:NPh. 
AloohoUc NH, forms 02H4(C0N^.C0NHPh. 
Boiling lime-water forms C,H4(C02^.C0NHPh. 
Fuming HNO| forms im Q-nitro- derivative [166®] 

un 
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and the p-iAiro- derivative [205®-208°]. The 
Balt 0^4:C,0,:NC,H4.S0,Na is got by heating 
Buooinio aoid with sodium amido-benzene jp-sul- 
phonate (Pellizzari, 0. 18, 817). 

Beneyliinide C2H4:OjO,4:NCH.^h. [99°]. 
Formed from benzyl chloride, succinimide, and 
alcoholic NaOH (Werner, 0* J, 66, 629). Six- 
sided prisms, sol. alcohol. 

. o-Tolyliniide OaH^:OaOa:NOaH4Me. {76°]. 
(345° uncor.). Formed by heating o-toluidine 
with succinic acid (Michael, B. 10, 579 ; Bochi, 
B. 12, 25, 321). Needles, v. sol. water. 

p-Tolylimide. [150°]. (345°). Needles 

(from water), si. sol. cold water. Yields on nitra- 
tion 0,H,:C,0„:NCJlaMe(N0J[l:4:2] [140°] 

(Hubner, A, 209, 378). 

Tri-methyl -phenyl-imide 
02H4:030a:NO^H2Meg. SuccinmesidiL [137°]. 
Formed by heating succinic acid with mesidine 
(Eisenberg, B. 16, 1018). Pearly plates, sol. 
alcohol and ether, si. sol. water. 

(a)-Naphthylimide C.^4:C20a:NC,aH7: 
[163°]. Formed by heating succinic acid with 
(a)-naphthylamine (Hahnemann, B. 10, 1713; 
Hubner, A. ,209, 381 ; Pellizzari, A. 248, 158). 
Needles, m. sol. alcohol. Yields a di-nitro- 
derivative [250°]. The sulphonic acid 
02H4:C202 :NO,oHsS 03H, prepared from (a)-naph- 
thylamine p-sulphonic acid, yields KA' 2aq (Pel- 
lizzari, 0. 18, 321). 

{B)‘Naphthylimide. [180°]. Colourless 
needles, v. sol. alcohol. Converted by KOHAq 
into C02H.C2H4 .CO.NHO,oH, [192°] (Pellizzari, 
A. 248, 159). 

Bemimidide C2H4:CA:NCPh;Nn. [212°]. 
Formed from acetyl-succinic other CioHjA* 
benzamidine hydrochloride, and NaOHAq (Pin- 
ner, D, 22, 2620). Needles, si. sol. cold acetone 
and ether, sol. alcohol. 

References . — Amido-, Bromo-, Bromo-amido-, 
Chloro-, Nitro-, and Oxy-buccinio acid and 
Di-iodo-sucoinamio acid. 

IsoBuccinic acid v. Methtl-malonic acid. 

SUCCINIC ALDEHYDE. lieduction of sue- 
oinio anhydride, which might be expected to 
yield the aldehyde, forms instead the isomeric 
7-oxy-butyric lactone. 

Oxim C,H4(C1I:N0H)2. [173°]. Formed by 
heating pyrrole with hydroxylamine hydro- 
chloride at 100° and, together with ethylamine, 
by the action of hydroxylamine on v-ethyl- 
pyn-ole (Ciamician, B. 17, 633 ; 22, 1908 ; 23, 
1788). Small white crystals (from alcohol). 
May be reduced to tetrametllylene-diamine 
C 2 H 4 (CH 2 .NH 2 ) 2 [ 28 °]. 

Phenyl hydrazide C2H4(CH;N2HPh)2. 
[126°]. Formed by heating a solution of the 
oxim (1 pt.) in water (60 pts.) with -phenyl 
hydrazine (6 pts.) dissolved in dilute HOAc 
(Ciamician, B. 22, 1974; 23, 1784). Small 
silky plates, v. sol. alcohol. Converted by cold 
cone. HClAq into a base C20H20N4 [185°], which 
crystallises from EtOAo in needles, v. si. sol. 
alcohol, and gives a deep-blue colour with 
KjCrjO, and H.4SO4. 

Bueeinio semi-aldehyde. Nitrile 
CN.CHj.CACHO. $-Cyanopropionic aldehyde 
(77°). S.G. *89. Formed by heating 
CH2l.CH,2.CHO (92 g.) with alcohol (180 g.) and 
AgCy (67 g) for ten hours (Chautard, A, Ch. 
[6] 16, 182). Oil, not solid at - 2Q°i iniscible 


with alcohol and ether. Beduces Fehling’s 
solution. Does not combine with NaHSO, or 
phenyl-hydrazine. Decomposed by hot alkalis 
and acids. Aniline at 350° forms the compound 
CACyOH{NHPh);. 

Suocinimidine C4H,N, i.e. 

Formed, as hydrooHoride, 

together with NH,C1, by the action of water on 
sucoinamidine (Pinner, B. 10, 362, 1657 ; 18, 
2845). — B"HC1: long plates, v. sol. water, si. 
sol. alcohol. Converted by acetoacetio ether 
into crystalline CgHuNjOj. — B"(HNO,)2 iaq : 
leaflets (Grabowski, A. 265, 168). — Ag64HaN3: 
ppd. by adding ammoniacal AgNOj to a solution 
of the hydrochloride. 

SUCCINIMIDO-ACETIC ETHEE CftH„N04 
i.e. C,,Hr02O.2:N.CIl2.Ca,Et. [67°]. Formed by 
heating succinimide with alcohol, NaOEt, and 
CH2Cl.C02Et (Haller a. Arth, C. B. 105, 280). 
Needles, v. sol. water, alcohol, and ether. Alco- 
holic NaOEt forms gelatinous C„H,oNaN04. 

SUCCINIMIDO-ETHYL ETHEE CgH.gNjOj 
i.e. C,H,(C(NH).OEt),. The hydrochloride 
B"2HC1 is prepared by passing gaseous HCl 
into an ethereal solution of ethylene cyanide 
(Pinner, B. 16, 359). It is v. si. sol. alcohol and 
ether, and decomposed by water into succinic 
ether and NH4CI. With ammonia it gives 
C2H,(C(NH).NH,)2. 

StrCCINIMIDOXIM 

[197°]. Formed by heating ethylene cyanide 
with alcoholic hydroxylamine at 65° (Gamy, B. 
24, 3427). White crystals, sol. water. — B'HCl. 
[98°]. Needles.— B'OaHaNaO,. [212°]. 

Benzoyl derivative 

[ISl®]. Formed from 

the oxim, NaOH, and BzCl. White powder, sol. 
alcohol, si. sol. ether. 

SUCCINOPHENONE v. Di -PUENYL ETHYLENE 
DIKETONE. 

SUCCINOXYL-AMIDO-BENZOIC ACID v. 
Oabboxy-phenyl-buccinamto acid. 

SUCCINYL-AMIDO-BENZOIC ACID v. 
Amido-benzoic aoid. 

SUCCINYL . SUCCINIC ACID v. Di-oxx- 
TEREPHTHALIO ACID DIHYDRIDE, VOl. iii. p. 777. 

8UCCISTEEENE [160°]. (above 

300°). Occurs in the product of distillation oi 
amber (Pelletier a. Walter, A. Ch, [3] 9, 96), 
Flat needles, nearly insol. cold alcohol, v. si. sol. 
ether. 

SUGAE, a term applied to the members of a 
group of carbohydrates in consequence of the 
property they possess of being sweet to the taste 
and of their relationship to the substance tc 
which the term was originally given. The known 
natural members of this group are not ver^ 
numerous. They are all easily soluble in water 
crystallisable, and diffusible. When solutions 
of them are heated with alkaline solutions oi 
the more easily reducible metals, reduction taket 
place with precipitation of the lower oxides ii 
some cases, and of the metals in others ; somt 
sugars, before exhibiting this property, requin 
to be digested with dilute mineral acids. En 
zymes also convert some of the non-reducing 
memberB into roduoing With phenyl 



SUGAR. 


031 


hydrazine they yield phenylhydraeidea and 

S henylosazones. Oxidising agents easily convert 
[lem into aoids, and reducing agents into alco* 
hols. Some of them undergo fermentation when 
submitted to the action of beer yeast, i.e» they 
are decomposed into alcohol, GO,, They 
yield solutions which are optically active, those* 
of sqme rotating the plane of polarisation to 
the right, of others to the left. They give colour 
reactions with aromatic acids and phenols. 

The group may be divided into two classes : 
Q) those which, when digested with dilute acids, 
do not yield any other sugar or sugars— the 
sugars of this class are distinguished by the 
termination -ose ; (2) those which, when diges- 
ted with dilute acids, do yield some other sugar 
or sugars— these sugars are distinguished by the 
termination -on. They are designated according 
to the number of carbon atoms they contain: 
thus, pentose containing 0^, hexose containing 
Gg, (&o., and di-ponton containing Gio, di-hexon 
containing G,2, &o. 

The members of the -osc class are : 

Trioso CjH^Oa, glyccrose 
Tetroses G^HgO,, erythrose 

G4H;(GaHJ04, phenyltetrose 
Pentoses CjHioOj, arabinose 
„ ribose 

„ xylose 

C4;^(CH3 )Oj, rhamnose (methyl 
pentose) 

„ fucose (ditto) 

Hexoses GaH,jjOu, d- Z- and i-‘ glucose (d- 
glucose = dextrose) 

„ d- 1- and i-mannose 

„ d- Z- and i-gulose 

. „ d- Z- and i-fructose (d- 

fructose = laavulose) 

„ d- Z- and i-galactoso 
„ sorbose (sorbinose) 

„ formose 
„ lokaose 
„ j3-acrose 

C,jH„(CHj)04, rhamnohexose 
(methyl hexose). 

Eoptoses GjHj^O,, mannoheptose 

„ a- and /S-glucoheptose 
„ galaheptoso 

„ fructoheptose 

„ digitalose 

G,H,i(CH3)0a, rhamnoheptose 
(methyl heptose). 
Octoscs GjHjjOa, mannoctoso 

„ a- and jS-glucoctose 
Nonoses GoHigOp, mannononose 
„ glucononose 

The members of the -on group are : 

Di-penton G,oH,„Oo, arabinon 
Di-hexon GijHaaOn, caner sugar (saccharon) 
„ milk-sugar, lactose 

(lacton) 

„ maltose (di-gluoon, 

amylon) 

„ iso-maltose 

„ melibiose 

M trehalose 

M oyclamose 

„ para- saccharose 

I, tewhkose (tewfikon) 
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Tri-hexon raiBnose 

„ melezitose 
Hex-hexon G34H02Oa„ gentianose 
„ staohyose 

OccMrrewce.— Some of these sugars have been 
obtained by synthesis, others are products of the 
action of dilute aoids or ferments on more com- 
plicated bodies, and others occur naturally. 
The most important source of the latter is the 
vegetable kingdom. Little, if anything, is known 
concerning the formation of the sugars in nature ; 
it is very probable that they are intermediate 
products of assimilation between COj, and H^O, 
and starch, inulin, cellulose, and such bodies. 
For an account of the various theories, see text- 
books of vegetable and animal physiology. The 
sugars found in animals are most probably of 
vegetable origin. 

Dctcnnuiation.- Owing to the fact that the 
sugars possess many properties in common, the 
presence of a particular sugar can only be defi- 
nitely proved by its isolation in the pure state, 
and a determination of its optical activity*, re- 
ducing power, and other definite distinguishing 
properties {v. end of art.). • 

Molecular Weight.— OniiX quite recently none 
of the accepted methods for determining mole- 
cular weights were applicable to the sugars. At 
the present time there are several, chief among 
which are the physical methods of Kaoult 
(A. Ch. [5] 28, 133; [6J 2, 66-124; [6] 4, 401 ; 
[0] 8, 289 a. 317), and De Vries, which are of 
general application, and the various chemical 
ones which are of special application. By Baoult’s 
method Brown and Morris (0. J, 1888. 610; 1889. 
462), Tollens and Mayer (B. 21, 1566) , and Tollena, 
Mayer, and Wheeler (B. 21, 3508), Ekstrand and 
Mauzelius ( Vetensk. Akad. filr Ilandl. 1889. 157), 
and O’Sullivan (C. J. 1890. 62) have determined 
the molecular weight of xylose and arabinose to 
be 150, corresponding to a formula GjHibO* ; of 
dextrose, Itevulose, galactose to be 180, corre- 
sponding to a formula ; of arabinon to 

bo 282, corresponding to a formula GioHjgO, ; of 
cane sugar, maltose, lactose to be 342, corre- 
sponding to a formula C,2R220„ ; and of ratlinose 
to be 504, corresponding to a formula GigHj^O,,. 
These numbers have been confirmed in the case 
of the simpler sugars by various chemical methods 
(see succeeding paragraphs). In the case of ara- 
binose it was first shown to be OjHiaOj by Kiliani 
(B. 20, 339) by the analysis of some of its com- 
pounds, its fgrmula previously having been oon- 
eidcrod to be 

Synthesis.— Jiho first step towards the syn- 
thesis of the sugars was made by Butlerow (A. 
120, 295 ; C. li. 53, 145). He obtained a sweet 
syrup,* having the common characteristics of the 
sugars, by adding lime-water to a hot solution of 
di-oxymethylene ; the product he called methyl^ 
enitan, and considered its formula to be 
The next step was made by Loew {J, pr. 33, 
321), who, having discovered a method for the 
preparation of formaldehyde (GKP) in quantity, 
investigated its condensation by lime-water. 
He obtained a sweet syrup, which he called 
fortnosCt and considered it to have a formula 
G4H,.20«. Neither methylenitan nor formose 
fermented with yeast (see also Tollens, B. 19, 
2133). Fischer (B. 21, 989) finds these products 
to be a mixture of various saccharine bodief^ 
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the chief which is a ingar, formoae 
yielding an osazone C,hHJ^ 404, m.p. 144^ 
Another sugar is present in smaller quantities in 
the condensation products of formaldehyde. It 
yields an osazone greatly resembling gluoosazone, 
which has been identified with a-acrosazone. 
Later, Loew (B. 22, 475), by the condensation 
of formaldehyde with lead oxide and magnesia, 
obtained a sugar which is fermentable. Loew 
called this mcthose, but Fischer has shown it 
to be identical with a-acrose. 

Acrose was obtained by Fischer {B. 20, 1093 
and 2666) by acting on acrolein bromide with 
bases 20,H,0Brj + 2Ba{OH).^ = CuHj.p, + 2BaBro. 
Two isomeric sugars, a-acrose and ^-acrose, are 
thus produced. 

Glycerose yields these two sugars by the 
action of alkalis, (Glycerose is a sugar CsH^Oa, 
obtained by the action of bromine and soda on 
glycerol and other methods by Van Been, J. 
1863. 501; Grimaux, C. B. 104, 1276; and 
Fischer a. Tafel, B. 20, 1088 and 3385 ; 22, 
106. It is probably a mixture of the aldehyde 
and ketone of glycerol.) The formation of 
a-acrose from ‘'glycerose may be represented 
CIi.(OH).OH(OH).COH + CH,.OH.CO.CH..OII = 
CBL,0H.CH(0H).CH(0H).CH(0H).C0.CH,0H. 
The sugars can only be separated from the pro- 
ducts thus obtained as osazones ; a-acrosazone 
is identical with glucosazone in every way ex- 
cept in its action on polarised light. 

a-acrosazone 

CIL^0H(CH.0H)3C~CH.N.NH0,H* 

II 

N.NH.C4H4 

acted on by fuming hydrochloric acid, is converted 
into a-acrosone CH2.0H.{CH.OH)3CO.COH, 
which, when reduced by zinc and acetic acid, 

, yields a sugar CH,.0H(CH.0H)3,C0.CK,0H, in 
the form of a sweet syrup ; it ferments with 
veast, yields Iccvulinic acid when heated with 
hydrochloric acid, and is reduced by sodium- 
amalgam to a hcxahydric alcohol a-acritol, 
which resembles mannitol in every way except 
that it is optically inactive. By these various 
reactions so much is lost that from 1 kilo, 
glycerol only 0*2 g. acritol is obtained. Further, 
all the bodies obtained in the processes were 
optically inactive. More knowledge was neces- 
sary before the natural sugars could be synthe- 
sis^ At this stage a new light was thrown on 
the subject by an observation of Fischer (B. 23, 
870) that arabinose carboxylic aci^ and man- 
nonic acid were identical in every way except 
that their optical activities, although equal, were 
opposite in sign, and that they combined to 
form an optic^ly inactive acid. These three 
acids were reduced by sodium-amalgam to three 
sugars resembling one another in all respects 
except that one of them had a right-handed 
opti^ activity, the other an equal but left- 
handed one, while the third was optically inac- 
tive. They are named l-mannose, i-mannose, 
and d-mannose\^ by further reduction they 
yielded the corresponding hexahydric alcohols 
l-mannitoh i-mannitol, and d-mannitol. 

The sugar obtained from a-acrosazone as 

• li an4 d are very UDsatiafaotory, and aomewhat 
nJtleaaiDg ; but aa l^'ischer baa introduced them we must 
ktthem stand. A Uttte atudy wiU tbelr meaning 


above described is identiosi with Invnlose except 
that it is inactive. If, then, we can decompose 
this Iffivulose into d-lsvulose and Mffivulose, the 
synthesis of the natural sugar will be accom- 
plished. This Fischer has done (B. 23, 870). 
If t-lmvulose be submitted to the action of 
yeast, the Imvo- constituent ferments and the 
residue is dextrorotatory. This is Z-levulose ; 
it is not the natural sugar : that belongs to the 
d- group, and was destroyed by the ferment. 

To obtain the natural sugar from the in- 
active synthetic one, Fischer proceeded as fol- 
lows i-mannitol, i,e. a-acritol, is oxidised by 
nitric acid to i-mannose, and this further by 
bromine -water to i-mannonio acid. By fractional 
crystallisation of the strychnine or morphine 
salts it can be mesotomised, the result being d- 
and I- mannonio salts, which, on being freed 
from the base, yield by reduction the corre- 
sponding mannoses and mannitols. These, by 
means of the osazones, can be converted into 
•the corresponding leavuloses (see Dextr osazone). 

Dextrose and mannose both yield the same 
osazone ; the difierence in their constitution 
must therefore be caused by the position of the 
group marked with a * in the formula 

CH,(OH).ClH01I).Cn(OH).CH(OH).*OH(OH).COH. 
Fischer (B. 23, 799 a. 2611) found that by heating 
gluconic acid with quinoline, part was converted 
into mannonio acid and part unaltered ; and also 
that mannonio acid, treated in the same way, 
yielded some gluconic acid. Dextrose may then 
be obtained by reducing the gluconic acid thus 
obtained. The corresponding reaction with 
Z-mannonic acid does not take place easily, if at 
all, but f -gluconic acid is produced simulta- 
neously with arabinose carboxylic acid (f-man« 
nonic acid) by Kiliani’s mode of preparation 
(see Arabinose), From Z-gluconio acid, by re- 
duction, Z-glucose, the optical isomer of dextrose, 
is obtained. The table on next page gives a con- 
cise view of the synthesis of dextrose, Issvulose, ' 
and mannose. 

Another sugar, gulose, stereoisomeric with ‘ 
glucose, has been obtained by Fischer (B. 23, 
93 ; 24, 521) by the reduction of saccharic acid, 
the d-t I- and i- modifications being obtained by 
the reduction of d-, Z- and i- saccharic acids. As 
these are the products of the oxidation of d- Z- 
and i- glucose, the synthesis of gulose is com- 
plete. 

Galactose'' has not been synthesised up to 
the present (June 1893), but by the reduction 
of mucic acid Fischer and Hertz (B. 25, 1247) 
have obtained i-galactonic acid and t-galactose ; 
i-galactonic acid, by the fractional crystallisa- 
tion of its strychnine salt, may be mesotomised 
into d- and Z- galactonic acids from which d» 
and Z-galactose are obtained; d-galaotose is 
identical with ordinary galactose. 

Arabinose has not been directly synthesised, 
but its relationship to the synthetical sugars is 
shown by the fact that the two acids obtained 
from arabinose by the nitrile reaction are Z-man- 
nonio acid and Lgluconio acid (Fischer, B. 23, 
2611 ; 24, 539). 

Of xylose the same must be said ; but by the 
nitrile reaction it yields Z-gulonio acid (Fischer 
a. Btahel, B. 24, 528). 

Arabonio acid, when heated with gninoline, 
is partly changed its ytereoirci^eriae 
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0- ftorose (from formaldehyde, glyderol, or Aorolein dibromide} 

1- gluoosazone 
fglacosone 
t-lfflvulose* 

. I 

»*mannitol 

. I 

i-mannose 

I 

i-mannonic acid 


f-mannonio acid 

II. — " . 

I-gluoonio acid ^mannose 

, I I 

{•glucose 2-glucosazone 

{•laBvulose 


• d-mannonic acid 
d-mannose d-gluconic acid 

d-glucosazone d-glucose (dextrose) 

d-lfBvulose (Itevulose) 


acid, just as gluconic acid yields gnionio acid ; 
ribonio acid, by reduction, yields the stereoiso- 
tueride of arabinose, which it is proposed to call 
ribose. 

The synthetical passage from an -ose sugar to 
an -on one is said to be accomplished for 
lactose (lacton) and cane sugar (saccharon) as 
well as for maltose (amylon). 

Lacton. A mixture of dextrose and galactose, 
is acted on by acetic anhydride, and the result- 
ing products, carefully saponified with alkali, 
yield lacton (Demole, C. B. 69, 481). This has 
been contradicted by Berthelot (Bl. [2] 34, 82) 
and by Herzfeld {A. 220, 219). 

Sucron. A body having a dextrorotatory 
power, and by inversion becoming lavorotatory, 
was obtained by acting on aceto-chlorhydrose 
• (a derivative of dextrose) with an alcoholic solu- 
tion of l(Bvuloso in the presence of barium car- 
bonate. Another body which was laavorotatory, 
and became less Isevorotatory on inversion, was 
obtained by acting on aceto-chlorhydrose by 
sodium IsBvulosate (Colley a. Vakovitch, BL [2] 
84, 826). 

Isomaltose has been prepared by Fischer {B. 
23, 8687) by the action of HCl on dextrose. 
Dilute acids again hydrolyse it to dextrose, the 
same product as is yielded by maltose. 

PhenyUtetrose has been prepared syntheti- 
cally from cinnamaldehyde cyanhydrin ; this, by 
the action of bromine, yielding phenyl-dibromo- 
oxy-butyronitrile CH.Ph.Br.CH.Br.CH.OH.CN, 
which, when heated with hydrochloric 
acid, yields phenyl • bromo - di • oxy - butyro- 
lactone, from which the corresponding acid 
OH.CH.Ph.CHBr.CH.OH.COOH ■ is easily ob- 
tained, and which on reduction yields the sugar 
OH.OH.Ph.CH(OH).OH(OH).COH. 

It will not be out of place here to indicate 
what has been done in the way of converting a 
sugar into one containing a carbon atom more. 
To do this, Fischer (B. 22, 2^04; 23, 870, 799, 
980, 2226, and 8102 ; Ann. 270, 64) made use of 
the well-known reaction for proceeding from one 
idoohol to its next higher homolope by means 
of the nitrile. Now, in this reaction, where an 
4tiyiimietiio,oarbon atom is added to the molecule, 


Van’t Hoff has predicted that two isomeric bodies 
Will be formed which will differ by the arrange- 
ment of the groups round the new carbon atoms. 
Fischer (Ann. 270, 64) has shown that this is so 
in the case of the glucose homologues, the two 
acids obtained from glucose being a- and $-glucO‘ 
hcptonic acids ; a-glucoheptonic acid is always the 
principal product of the reaction, and is identical 
with the dextrose carboxylic acid described by 
Kiliani (see Dextrose). When the reaction takes 
place at 20®-25° hardly a trace of the $- acid is 
formed ; but at 40° about 13 p.o. of the latter is 
obtained. By oxidation these acids yield two 
penta-oxy-pimelic acids, the a- acid being opti- 
cally inactive, and by reduction the two sugars 
o- and $~glncohcptose are obtained. 
o-Glucoheptose 


H 

CH,OH C- 

i: 


H 

I 

C— 

I 

•H OH 


OH H n 

A 


CHO 


OH OH 


separates from its aqueous solution in rhombic 
prisms, m.p. 180°-190°; they have a faintly sweet 
taste, dissolve in 10*5 pts. of water at 14°, and 
are easily soluble in hot water and sparingly in 
hot alcohol. Its solution is optically active* 
Freshly-prepared solutions show a slight bi-rota- 
tion ; for a ^0 p.c. solution, [a] 1,300 - -19*7°. It 
does not ferment with yeast, but reduces Fehling 
slightly less than dextrose. It is oxidised by 
bromine to a-glucoheptonic acid. It yields a 
hydrazone OyHi^OoN-^CoHj, very soluble in 
water, m.p. 170°, and also an osazone 
C;H,a0j(N.^05Hs)3, forming yellow needles, m.p. 
195°, almost insoluble in water and difficultly m 
hot alcohol. Treated with acetic anhydride and 
zinc chloride it yields a hexacetate, m.p. 156°, 
and with sodium acetate and acetic anhydride it 
yields dec-acetyUdiglucoheptose OHH,i,(OAO).Oni 
m.p. 131°-132°. 

By reduction with sodium-amalgam, a-glueo- 
heptose yields a-glucoheptitol, which oiyst^ises 
in delicate prisms, m.p. 127°-128°, if optically 
inactive, easily soluble in water and spai^ly 
in alcohol. It yields a heptaoetjl d^vative 
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/9-Gla6ohe0toS6 

H H OH H OH 

OHjOH (!) — (!) — <!l <1 <1 OHO 

OH in i OH i 

is obtained by the reduction of /3-glucoheptonio 
aoid, it has not yet been obtained in a crys- 
talline state, it forma a phcnyl-hydrazide 
C,H, crystallising from alcohol in 

slender needles, m.p. 192° ; the osazone is identi- 
cal with a-glucoheptosazone. 

Just as dextrose yields two isomeric gluco- 
heptonio acids, so a-glucohcptose yields two 
isomeric glucoctonic acids. The a- acid is the chief 
product, and the amount of /3- acid formed varies 
with the temperature. o-Glucoctonic acid yields 
a lactone OgHnOg, sparingly soluble in alcoholand 
readily in water, m.p. 146°-147° [a^ojo® = -45*9 ; 
by reduction wi th sodium - am algam i t y iel d s a-glvr 
coctoseCBH„Og.2HaO,\vhichcrystallises in colour- 
less needles, m.p. 93°. Its aqueous solutions 
are optically active and show bi-rotation, 

•* — 50*6° for the anhydrous sugar. It yields a 
phenyl hydraafone CgH,gO;.(NJIC,iH5),m.p. 190°, 
and an osazone m.p. 210°- 

212°, almost insoluble in water. By reduction 
with sodium-amalgam it yields a-glucoctitol 
OgH,gOg, which is easily soluble in water; it 
forms slender white needles, m.p. 141°. From 
a-glucoctose two glucononic acids may be pre- 
pared. Only one has been examined ; this when 
reduced yields glucononose OgHjgOe, its phenyl- 
hydrazide Ci,H,g08N.^CJl5 is sparingly soluble 
in cold water and alcohol, m.p. 195°-200°, its 
phenyl osazone CuH,gO,(N.JICgHj2 is sparingly 
soluble in hot water and alcohol, m.p. 220°-223°. 
Unlike mannononose, glucononose does not fer- 
, ment with yeast. By reduction glucononitol is 
obtained. 

Mannoheptose 0,H,^0, is obtained by the re- 
duction of mannoheptonic acid. It crystallises 
from alcohol in fine needles, it has a sweet taste, 
m.p. 134°-135°. It is easily soluble in water, 
and does not ferment with yeast ; its solution is 
dextrorotatory and exhibits bi-rotation, the con- 
stant value is [a]D « -t- 68-6°. It yields a diffi- 
cultly soluble hydrazide 0,H, lOg.NjH.OgH,,, m.p. 
197°-200°, and an osazone C,H,j03(N2H.Cgnj)2, 
m.p. 200°. By reduction with sodium-amalgam 
it yields a heptahydric alcohol which is identi- 
cal with the naturally produced body, perseit 
(Maquenne, A. Ch. [0] 19, 1 ; C. fi. 107, 583). 
It combines with hydrocyanic acid, and the com- 
pound decomposed by hydrochloric acid yields 
mannoctonic acid. 

Mannoctose GgH,gOg is obtained by the re- 
duction of mannoctonic acid. It is easily soluble 
in water, has a sweet taste, and does not fer- 
ment with yeast. Its aqueous solutions are laovo- 
rotatory, [ajD»«-3-3°. It yields a hydrazone 
CgHjgOj.N^.OgHg, difficultly soluble in water, 
m.p. 212° ; and an osazone OgH,40o(N.2H.OgH^)2, 
m.p. 228°. By reduction it yields the octohydric 
alcohol mannoctitol. It combines with hydro- 
cyanic acid, and the compound decomposed by 
hydrochloric acid yields mannonononic acid. 

Mannononose GgH|gOg is obtained by the re- 
duction of mannonononic acid. It is easily soluble 
in water and crystallises from alcohol, m.p. 
Hbont 180°, its solution is dextrorotatory, [a]o 


» 50° approx. It ferments readily and coin- 
pletely with yeast, and resembles dextrose in 
many ways. It yields a difficultly soluble 
hydrazide 0gH,g0g.N2^.0gH5, m.p. 223°, and an 
osazone, m.p. 217°. 

Oalactoheptose is obtained by the 

•reduction of galacto-heptoic acid. Its hydrazide 

I m.p. 199°) is sparingly soluble ; so is its osazone 
m.p. 220°). 

Fructoheptose is obtained from Issvulose by 
the same set of reactions. 

llhamnohexose CH3.(GH.OH)5COH is ob- 
tained by the reduction of rhamnohexolactone 
(Fischer a. Piloty, B. 23, 3102) ; it does not 
ferment with yeast, but exhibits all the charac- 
ters of a Bug^r; the osazone is obtained in 
stellate groups of needles, m.p. 200°. On re- 
duction the sugar yields rhamnohexitol 
CH3(CH.0H)gGH20H ; by the action of hydro- 
cyanic acid on rhamnohexose, the lactone of 
rhamnoheptonic acid is obtained, which on re- 
duction yields rhamnoheptose. The osazone 
forms yellow needles, m.p. 200° ; by the action 
of hydrocyanic acid, rhamnooctonic acid is ob- 
tained. These compounds have the .following 
optical activities ; — 

Ehamnose, [a]D = + 8°. 

Khamnohexose, [a]© = - 61*1°, 
Khamnoheptose, [a]jj = -f 8*4°. 

Bhamnitol, [o]d == + 10*7°. 

Khamnohexitol, [a]p= +11*6°, 
Khamnohexonolactono, [a]D =» + 83'8°. 
Rhamnoheptolactone, [a]D = -f 55*0°. 
Rhamnoctonolactone, [«]„= —51*2°. 

The reverse of the method of proceeding 
from one sugar to its next higher homologuo — 
the production of a sugar containing one less 
carbon atom than the original one — has been 
effected by Wohl {D. 2G, 730). When dextrose 
oxim {vide below) is treated with acetyl chloride 
it yields an acetyl compound from which hydro- 
cyanic acid can be eliminated, and on hydrolysis 
of the resulting compound a pentose is obtained, 
)vhich is d~arabinose ; Z-arabinose (ordinary 
arabinose) treated in the same way as dextrose 
yields a tetrose. 

As is well known, mucic and saccharic acids are 
products of the oxidation of the sugars with nitric 
acid. The action of reducing agents on these bodies 
indicates their relationship to the sugars and helps 
to a clearer idea of the synthetical process. 

Reduction of mude acid. Sulphuric acid 
and zinc-dust reduce mucic acid to t-galactonlc 
acid (Fischer a. Hertz, B, 25, 1247). The lac- 
tone crystallises in delicate prisms, m.p. 122°- 
125°. It is optically inactive. By further re- 
duction with sodium-amalgam i-galactose is ob- 
tained. This can be prepared as a crystalline 
mass, m.p. 140°-142° ; it yields a hydrazide, m.p. 
158°-1C0° and an osazone, m.p. 195°, whinh is 
identical with that obtained from the oxidation 
product of dulcitol (Fischer a. Tafel, B. 20, 3384f. 

t-Galactonic acid may be separated into the 
d- and I- acids by fractional orystalli^tion of 
the strychnine salts. The two acids yield 
respectively d- and Z-galactose ; d-galactose is 
identical with ordinary galactose. Z-Oalaotose 
may also be obtained by the fermentation of 
i-galactose syrup. The sugar orystallises from 
alcohol, m.p. 162°-163°, its specific rotatory 
power is the phenyl-hydnuide 
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okelis si 158M60® and the osaione at 192^* 
106^ From thisi as well as from other matters 
eonneoted with the synthetioal portion of the 
work, it will be seen that d-, t-, and U were in* 
tended to mean dextro*, inactive, and laavo-, as 
indicating the optical activity of the substances 
to which they are prefixed ; but it is obvious the 
d- body is not always dextro-, nor the I- body laevo-. 
Hence the unsatisfactoriness already indicated. 

Beduction of saccharic acid. Fischer {B. 23, 
930 ; 24, 021) found that the lactone of saccharic 
acid was easily reduced by sodium -amalgam with 
formation of glycuronio acid. Thierfelder {H. 16, 
71) has shown that this latter is further reduced to 
an acid which reaction Fischer has con- 

firmed, and calls the acid gulonic acid and the 
corresponding sugar gtdose. The relationship 
of these bodies to the others of the sugar group 
is shown here : 

Dextrose . . OH.CH2.(CH.OH)4.COH. 

Gluconic acid . OH.CH...(CH.OH),.COOH. 

Saccharic acid . COOH.(CH.OH),.COOH. 

Glycuronic acid . COOH.(CH.OH)^.COH. 

Gulonic acid . COOH.(CH.OH),.CH..OH. 

Gulose . . COH.(CH.OH),.CH2dH. 

Glycuronic .acid obtained by the reduction 
of d-saccharic acid has [a]D= + 19*1°, m.p. 175^- 
178^ ; d-gulonic acid obtained by the reduction of 
glycuronic acid yields a lactone, m.p. 180°-181°, 
[ajnsa + 55° ; its phenyl-hydrazide is easily solu- 
ble in hot water and hot alcohol, m.p. 147°- 
149° ; d-gulose obtained by the reduction of d- 
gulonic lactone is a colourless syrup, easily solu- 
ble in water and sparingly in absolute alcohol, 
it is oxidised by nitric acid to saccharic acid, 
it does not ferment with yeast. 

Constitution. Dextrose and galactose are 
represented by the formula 

OH,(OH).OH(OH).CH(OH).OH(OH).OH(On).COH 
and IsBvulose by 

OH,(OH).CH(OH).CH(OH).cn(on).co.cn,on 
and for the following reasons. 

By oxidation dextrose and galactose yield 
acids containing the same number of carbon 
atoms as themselves, whilst hevuloso yields 
acids containing less carbon atoms than itself ; 
dextrose and galactose yielding gluconic and 
galactonio acids CH,(OH) { CH(OH) } ,.COOH 
and by further oxidation saccharic and mucic 
acids COOHjCH(OH)}4COOH respectively; 
whilst loQVulose gives rise to trioxybutyric 
Cn2(OH) { CH(OH) I jCOOH, formic H.COOH, and 
glycollic CH2OH.OOOH acids. 

By reduction dextrose and galactose yield 
respectively mannitol and dulcitol ; losvulose also 
yields mannitol. These yield hexacetyl deri- 
vatives, and are reduced by hydriodio acid to 
secondary hexyl iodide Cn3.(CH2),CHLCH, 
(Wanklyn a. Erlenmeyer, J. 18G1. 731 ; 1862. 
480) ; they are evidently hexahydrio alcohols of 
normal hexane. 

Ta. 11 three sugars combine with hydrocyanic 
acid to form nitriles which when boiled with 
hydrochloric acid yield different acids 0,H,40*, 
which are reduced by hydriodio acid to hep- 
toio aoida ; dextrose and galactose yielding 
normal heptoic acid CH3fCH2)4.COOH and 
IsBTulose yielding methyl-butyl-acetio acid 

0^} CH.COOH (Kiliani, B. 18, 3066 ; 19, 221, 
767 a. 1128). Galaotose, dextrose, and lavulose 


form oxima or iso-nl{roso- Oompotmds by com- 
bination with hydroxylamine (Bischbieth, B, 
20, 2673 ; Jacobi, B. 24, 696 ; Wohl. B. 24, 993). 
With phenyl-hydrazine, dextrose and galactose 
yield hydrazides 

CH,(OH) {OH(OH) 1 4CH.N2H.OaH4 ; 
hevulose does not ; but all three yield osazones 
CH, jOH) {CH(OH) l3C.N2H.CaH4.CH.N2H.OaH4. 
All three yield pentacetyl derivatives (Erwig a. 
Koenigs, B. 22, 2207). Previous to Fischer’s 
synthetic work, other formuloa had been sug- 
gested (Tollens, Kurzes Handbuch d. Kohlen- 
hydrate ; B. 16, 921 ; Sorokin, J, pr, [2] 37, 
312), but there is no doubt now that the above 
are correct. 

From the synthetic work above described, it 
is evident that the aldehyde formula belongs 
also to mannose, gulose, arabinose, xylose, and 
ribose, and also their synthetic homologues. 
Ilhamnose, as is evident from its reactions, has 
also an aldehyde constitution ; it appears to be 
methyl-arabinose. 

Sorbose appears to be isomeric with laevu- 
lose. By oxidation it yields tri-oxyglutaric acid 
COOH.jCH(OH)!3COOH and othe». acids, and 
by reduction it yields mannitol. It combines 
with hydrocyanic acid. By reduction with 
hydriodio acid and phosphorus it yields hexyl 
iodide (Kiliani a. Scheibler, B. 21, 3276). 

Little is known concerning the -on sugars. 
Maltose and lactose are probably anhydrides of 
equal molecules of dextrose and dextrose, and 
dextrose and galactose respectively ; they yield 
acids (maltobionic and lactobionic) which on 
boiling with dilute mineral acids are decomposed 
into dextrose and gluconic acid and galactose 
and gluconic acid respectively. Both sugars 
thus appear to contain the dextrose-aldehyde 
group unaltered. Fischer {B. 21, 2633) has re- 
presented lactose as 

/OCH, 

CH,(OTi).{cH(on)|*cn\ I , , 

^ ^OCFT-{CH(OH)},OOH. 

Cano sugar appears to be differently constituted 
from either maltose or lactose. 

It thus appears that the formula 
CH.2(OTI).{CH(OH)}4COH must be assigned 
to eight known sugars — i.e. d- and Z- glucose ; 
d- and Z- gulose, d- and Z- mannose, d- and 
Z- galactose (the f- modifications being analogous 
to racemic acid, i.e. compounds of the d- and Z- 
moditications). 

Now, as this formula contains four asym- 
metric carbon «.toms, according to Van’t Hoff’s 
theory there will be possible 2‘ = 16 isomers, 
which in the case of the symmetrical derivatives, 
as the hexahydric alcohols and dibasic acids, 
will bo reduced to 10, of which i2‘ = 8 com- 
pounds are grouped in pairs {d- and Z-) and 
J2^ = 2 inactive, amesotomic (Fischer, B. 24, 1836 
a. 2683 ; Van’t Hoff, La Chimie dans VEspe^ 
and Dix Annies dans VHistoire d'une Thiorie), 

Each of the groups R" uH.OH R' may 

be grouped in two positions represented thus 
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(the oarlpn atom being Oonsidered to be at 
the centre of the tetrahedron). For the sake of 
brevity these two groupings will be written 
P . OH 

B" g E' and R" Q ^B'. 

OH H 

The sixteen possible modifications of the glucose 
formula may then be expressed by the following 
symbols ; in the case of the symmetrical deriva- 
tives (hexahydrio alcohols and dibasic acids) 
Nos. 11-16 are identical with Nos. 5 to 10 : — 

H H y 9 

1. OH, (OH) 0 0 C g COH 

OH OH OH OH 

II QH 

2 . CH,(OH) — ig — g- 

OH “H 

QH H 
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Since saccharic acid may be obtained either 
from glucose or its stereoisomeride gulose, then 
the d- and Z- saccharic acids must be repre- 
sented by formula corresponding to two of those 
numbered 5 to 10. Now, 7 and 8 may be elimi- 
nated, as they are optically inactive from in- 
ternal compensation. Nos. 6 and 10 may be 
excluded for the following reasons : Glucose and 
mannose yield the same osazone, and conse- 
quently differ only in the arrangement of the 
groups round the asymmetric carbon atom next 
Ip the COH group. Other facts which confirm 


16. OH,(OH)- 


OH 

-g COH 

OH 
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OH 
3? 

-C — 

OH 

9 

-g— 

OH 
QH 


these formula are (1) f-gluoonie and /-mafinonAl 
acids are both produced by the nitrile reaction 
from arabinose ; (2) fructose reduced by sodium* 
amalgam yields mannitol and sorbitol ; (8) man- 
nonio and gluconic acids can be converted, one 
into the other, by heating with quinoline ; (4) all 
attempts to resolve gluconic and mannonic acids 
into two components have been unsuccessful. 

If saccharic acid has the configuration 6 or 
10, then manno-sacchario acid must have the 
configuration 7 or 8; but the latter are opti- 
cally inactive, and therefore cannot be the con- 
figuration of mannO’Sacchario acid. Hence d- 
and /-saccharic acid must have a configuration 
corresponding to 6 and 9 ; for convenience we 
may assign 5 to the d- and 9 to the /- bodies. 

Now the two sugars corresponding to d-sac- 
oharic acid— i.e. d-glucose and d-gulose— must 
consequently have the configuration 6 and 11 ; 
but in order to determine which to assign to one 
and which to the other, we must consider xylose 
and arabinose. 

Arabinose by the nitrile reaction yields 
/-glucose and xylose yields /-gulose ; now since 
/-glucose and /-gulose are 


H OH QH QH 

_ 0 C g C COH 

on H H H 


(9) CH,(OH)- 
and (16) 

QH OH OH 9 

CH,(OH) — g — g — g — g — coh 
H H H OH 

then xylose and arabinose must bo 
9 OH OH 

(a) GH,(OH) — g — g — g — coh 
OH H H 
QH QH QH 

and (6) CH,(OH) Q Q Q COH. 

H H 9 

According to theory, there will be 2* = 8 isomeric 
pentoses, but when the formula becomes symme- 
trical, the asymmetry of the centre carbon is 
destroyed, and there will be only three isomeric 
pentahydric alcohols and three isomeric tri- 
oxy.glutario acids, of which two are optically 
active, i.e, : 
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The same applies to the pentahydric alcohols. 
As arabitol and the tri-oxy-glutaric acid from 
arabinose are both lavorotatory, whilst the dbr- 
responding compounds from xylose are optically 
inactive, the formula marked (a) is the formula 
for xylose, and (6) is the formula for arabinose, 
(9) and (16) being the formula for /-gulose and 
/-glucose respectively. 

d-gulose will consequently be 

QH 9 9 9 
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H OH OH 
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As leevulose yields the same osazone as man- 
nose and glucose, 

(2- fructose 

H 9 H 

cH.(OH) — g — g — g — oc-ch,(oh) 
OH oh oh 

and 2-fructose 

QH QH QH 

CH,{OH) — g — c — g — oa-CH,(OH). 

H H H 

The alcohols will be represented as follows : 
^-mannitol 

H H H H 
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OH oh oh oh 

2-mannitol 

OH QH OH QH 
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H H 
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H H 
and the dibasic acids : 
(2-monosacchario 
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H H H OH 
The other di-basio acids known are mucio acid, 
which is optically inactive; allomuoio acid, 
formed by the action of pyridine on mucio acid, 
• which is also optically inactive ; another isomerido 
•f muoic acid, which is optically active, obtained 
by treating galaotonic acid with quinoline and 
oxidising the product; and iso-saochario acid. 
We have as yet not sufficient data to write the 
constitution of these with certainty. 

So far. we have considered the sugars in 
genenJ ; we must nowtum to a description of the 
L^ividual members of the group. 

Class L ‘Oss sugars. 

Arabiaosc It does not occur in 

INUunb , 


m 

I FormaHon.’^Bj the action of dilute acids on 
! metapectio acid, a constituent of beetroot, gum ara* 
bio, cherry-tree gum, gedda ram, gum tragaoanth, 
and many other gums (Scheibler, B. 1, 68, 108; 6, 
612 ; ClaQsson, B. 14, 1271 ; Martin, Sachsse’s 
Phytochem. Unter. p. 69 ; Bauer, [2] 84, 47 ; 
Kiliani, B. 19, 3030; v. Sandersleben, Saohsee, 
2.C., p. 90 ; O’SulUvan, 0. /. 1884. 41, 1891, 
1029; Stone a. Tollens, A, 249, 257 ; Stone, Am. 
12,435); wheat and rye bran (B. 23, 8110). Owing 
to the fact that most of the above gums yield 
galactose besides arabinose, the two were for 
some time confused (H. Kiliani, B. 13, 2304 ; 16, 

84 ; Claesson, B. 14, 1270 ; B. C. 205 ; Scheibler, 

B. 17, 1729 ; E. 0. v. Lippmann, B. 17, 2238). 
Arabinon yields on hydrolysis arabinose alone 
(O’Sullivan, 0. J. 1890. 59). 

Preparation. — A dextrorotatory gum, or one 
yielding little mucic acid when oxidised by nitric 
acid, is selected. A solution containing 30-40 
g. per 100 o.c. is heated to 100° in a water 
bath and digested at that temperature with 
2 p.o. sulphuric acid for 10-15 minutes. The 
solution is then cooled, neutralised with milk of 
lime, baryta water, or calcium or bUrium carbon- 
ate, and hot alcohol, S.G. 0*83, added as long 
as a 'precipitate is formed. The clear alcoholic 
solution is poured off the pp. which in a short 
time collects at the bottom, and evaporated in 
a vacuum to a syrup. After standing a few hours 
arabinose crystallises out in well-formed rhombic 
prisms with monoclinic terminations, and is 
purified by recrystallisation from water. 

Formula and synthesis. See general part. 

Properties. — Arabinose crystallises in fine 
rhombic prisms out of aqueous solution. The 
termination and habitat of the crystals vary 
with the source. From alcoholic solutions it 
separates in sphenoids. The crystals melt at , 
160°. Its specific rotatory power is [ajp** 

+ 104*5° for 10 p.c. solution at 20°C, ; in more 
concentrated solutions it is higher, Wo* + 110° 
being observed for nearly saturated solutions. 
Freshly-prepared solutions possess bi-rotation, 
an angle of [ei]i, = 156*7° having been observed 
(Scheibler, 2.c. ; O’Sullivan, 2.c. *, E. 0. v. Lipp- 
mann, 2.C. ; Bauer, L. V. 36, 304 ; Tollens, A. 
257, 160 ; Groth, B. 6, 615 ; Griess a. Harrow, B. 
20, 3111). The specific gravity of aqueous solu- 
tions does not increase regularly with the 
strength, being less in proportion for high con- 
centrations than for low ones. The S.G. of a 
solution containing 10 g. in 100 c.c. at 15*6° is 
1*0385-1*0384. 

Actioyi of acids. The action of boiling dilate 
mineral acids destroys much of the optioity and 
K. of arabinose in a short time (O’Sullivan, 1884', 
55). The first products of the change have not 
been studied. When, however, the action ie 
continued for a considerable time, no lievulinio 
acid is produced, but furfural is present in large 
quantities (Ganz, Stone, a. Tollens, B. 21, 2148 ; 
23. 3791). Ghalmont a. Tollens (B. 24, 694) 
obtained 62*7 p.c. furfural by precipitati^ the 
distillate from the products of action of acids 
with phenylhydrazine acetate. Formic and 
acetO'propionic acids and humus subStanoet are 
.also present (Oonrad a. Guthzeit, B, 18, 2906). 

i&dttcfion.— Treated with Bodiom-amalgam 
in acid solutions, arabinose yields airaibitol, a 
I body resembling sorbitol, m.p* 102°. This bodjr 
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does not rednoe Fehlmg*s solution, Knd is opti- 
cally inactive (Kiliani, B. 20, 12331. 

Oxidati<m.^By oxidation witn nitric acid 
arabinose yields arabonic acid (Itevorotatory 
trioxyglutaric acid), and by violent oxidation at 
an elevated temperature oxalic acid (Kiliani, B. 21, 
8006). Bromine also oxidises it to arabonic acid ' 
C,H,„Oa, m.p. 89° (Bauer, J. pr. [2] 34, 47 ; 0. C. 
1877. 732 ; Kiliani, B. 19. 3031 ; 20, 345). It is 
oxidised by alkaline solutions of metallic oxides, 
100 o.c. of Fehling’s solution being reduced by 
0'4303 g. arabinose, and 100 c.o. of Sachsse's 
solution being reduced by 0*4375 g. arabinose 
(Bauer, L. V. 36, 304). Its K- 108 110 (O’S., 
I.C.), i.e, 100 pts. of it reduce as much CuO as 
108-110 pts. dextrose. 

Fermentation. — Arabinose does not seem to 
be capable of fermentation with yeast (Stone a. 
Tollens, lx.; Scheibler, l.c.\ v. Lippmann, B. 
17, 2238) ; with Bacillus ethacdicus it ferments 
with the production of ethyl alcohol, acetic, 
formic, and carbonic acids, and hydrogen (Frank-' 
land a. MacGregor, C. J. 1892. 737). 

Compounds with cyanogen. By the nitrile 
reaction araWnose yields a mixture of i-glu- 
conic and Z-mannonic acids (Kiliani, B. 19, 
3029 ; 20, 282, 839, 2710 ; Fischer, B. 23, 2611 ; 
24, 639). The first product of the action of 
HCy on arabinose seems to bo a compound of 
both bodies. HCl con^^rts this into a crystal- 
line amide C«H,jNOg, which on treatment with 
baryta yields the acids just mentioned. 

Hydrazine compoujids. Arabinose yields 
with phenylhydrazine, just as dextrose (g.-u.*) 
does, an osazone, m.p. 157°-158° (Scheibler, B. 
17, 1729 ; Kiliani, B. 20, 345). 

Compounds with diamines. With o-diamido- 
benzene, arabinose yields arabinose-o-diamido- 
, benzene C,H4.(NH)aC5Hy04. It is a neutral 
body, not reducing Fehling’s solution, and 
is dextrorotatory, m.p. 235° with decomposi- 
tion *, it withstands boiling with dilute hydro- 
chloric acid or potash, and yields a hydro- 
chloride and hydrobromide, Arabinose-w-p- 
diamido - toluene C5H3(CH,)(NH)2:CiHsO^, m.p. 
238°, and arabino • 7 - diamido - benzoic acid 
C00H.0,N,:(Ng),:C5H30, + 2H,0, m.p. 235° 
have also been obtained (Griess a. Harrow, B. 20, 
3111). Arabinose gives colour reactions with 
orcinol and phloroglucinol (Wheeler a. Tollens, 
A. 264, 314 ; 260, 304). 

Bibose. Fischer a. Piloty, B. 24, 4214. 

'When certain carboxylic acids ^f the sugar 
group are heated with quinoline or pyridine, 
they are converted with stereo-isomeric acids. 

When arabonic acid OH.CH2(CH.OH)3.COOH 
is treated in this manner it yields a new acid 
C00H.(CH.0H);,.CH20H, which the authors name 
ribonic acid; ribonic lactone crystallises from 
solution in ethyl acetate in long prisms, m.p. 
72°-76°, does not reduce Fehling’s solution, and 
is easily soluble in water, alcohol, and acetone. 
Its specific rotatory power is [o]D2tf»" -18. Its 
phenylhydrazide forms colourless needles, m.p. 
162°-1^°. Ribonic acid may be converted into 
arabonic acid by heating with quinoline. 

By reducing ribonic lactone with sodium- 
amalgam, it yields the new sugar riboset which 
forms a phenylhydrazide crystallising from alco- 
hol in colourless crystals, m.p. 164°-156°; 
|iboS 6 * 08 azone is identical with arabinose- 


osazone. By oxidation ribonic acid yields irl« 
oxy-glutario acid, which differs from the tri-oxy- 
glutaric acid obtained by the oxidation of xylose, 
but which is also optically inactive. By the 
further reduction of ribonic lactone, a penta- 
hydrio alcohol was obtained which has been 
found to be identical with the naturally occur- 
ring adonitol, obtained from Adonis vemalis 
(Fischer, B. 26, 636). * 

Xylose. CjHioOj. It does not occur free in 
nature. 

Formation. — It is obtained by the action of 
dilute boiling acids on xylan or wood gum (Koch, 
B. 20, ref. 145 ; Wheeler a. Tollens, B. 22, 1046 ; 

A. 260, 289 ; Winterstein, H. 17, 381 ; Stone a. 
Test, Am. 15, 196), on the carbohydrate from 
the epidermis of Psyllium gallicum (Bauer, A, 
248, 140), on vegetable amyloid (Winterstein, 
Z. JP. C. 17, 353), on brewer’s grain (Stone a. 
Tollens, A. 249, 227 ; 271, 55), on jute (Wheeler 
a. Tollens, Z.c.), and other vegetable bodies 
(Voswinkel, C. C. 1891, 2, 655 ; Hebert, Ann. Ag. 
16, 358 ; 18, 261 ; Stone a. Lotz, B. 24, 1657 ; 
Allen a. Tollens, B. 23, 137 ; Bertrand, Bl. [3] 5, 
554). 

Preparation.— may be prepared by 
extracting straw or any other of the above-men- 
tioned materials by 5 p.c. soda, precipitating the 
wood gum from the solution by alcohol, and 
hydrolysing this by boiling with dilute sulphuric 
acid. The digested solution is treated in the 
same way as described in the case of arabinose, 
and the xylose may be easily purified by 
crystallisation from water. 

The formula and synthesis have already been 
discussed in the general part. 

Properties. —Xylose is easily soluble in water ; 
100 pts. of water at 20*3° dissolve 117 pts. of 
xylose; it is insoluble in absolute alcohol, 90 
p.c. alcohol will dissolve in 10 c.o. 0*4 g, 
sugar at 19° (Bertrand, Bl. [3] 7, 499). Its solu- 
tions are optically active, freshly-prepared solu- 
tions having about four times the constant 
optical activity (Parcus a. Tollens, A. 207, 160). 
For a 10 p.c. solution at 20° [a]o=+19*3° 
(Parcus a. Tollens, Z.c. ; Bertrand, Z.c.). Schulze 
a. Tollens (A. 271, 40) give the formula 
[a]o =»+ 18*095 -I- 0'06986p at 15°-20°, where 
= percentage of xylose in solution. Xylose 
frequently crystallises in prisms belonging to 
the ortho-rhombic system. Its solutions are not 
fermentable by yeast. It reduces Fehling’s 
solution, K =» 109*6, agreeing in this respect very 
closely with arabinose (Bertrand, Z.c.). Boilea 
with acids it yields about 60 p.c. furfural 
(Gunther a. Tollens, B. 23, 1751 ; Chalmont a. 
Tollens, B. 24, 694 ; Bertrand, Z.c.). 

It is reduced by sodium -amalgam to a penta- 
hydric alcohol xylitol (Bertrand, Bl. [3] 6, 664 ; 
Fischer a. Stahel, B. 24, 528). It is oxidised by 
bromine to xylonic acid (Bertrand, l.c. ; Allen a» 
Tollens, A. 260, 306) ; it is oxidised by nitric acid 
to inactive tri-oxy-glutaric acid OjHgO, (Fischer^ 

B. 24, 1836). By the nitrile reaction xylose 
yields Z-gulonio acid, the stereo-isomeride of 
^gluconic acid (Fischer a. Stahel, B. 24, 628 ; 
Fischer, B, 23, 2625 ; Fischer a. Curtis, B, 25, 
1025). 

With phenyl hydrazine it yields an osazoML 
m.p. 160°. Warmed with phloroglooiiiol ana 
hydroohlorio acid, it gives a ohany-red bolauni^ 
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Iibii itist ^ ata^inosb does under the same oon« 
ditions (ToUens a. Mayer, B, 21, 3608 ; Wheeler 
a. ToUens, B. 22, 1046). 

Bhamnose. IsodulcitCt rhamnodulcite 

OtB.lfiyB.fi. 

Preparation. — Ehamnoso is obtained, to- 
gether >Yith other bodies, by the action of hot 
dUute acids on quercitrin, hesperidin, xantho- 
rhamnin, naringin, and frangulin (Rayman a. 
Kruis, Dh [2] 48, 632 ; 0. 0. 1888, 6 ; Hlasiwetz 
a. Pfaundler, A. 127, 362 ; Liebermann a. Her- 
mann, A. 196, 323 ; Kruis, A. 196, 333 ; Borend, 
A. 196, 328 ; Rigaund, A. 90, 292 ; Will, B. 18, 
1316 ; 20, 297 and 1186 ; Dehn, Zeit. d. Ver. 
15, 562; Rayman, Bl. [2] 47, 668; Tanret,Bi. 
49, 20 ; Thorpe a. Miller, 0. J. 1892. 8). 

Properties. — Rhamnose forms fine crystals, 
which have a sweet taste, and a composition 
corresponding to the formula OaHj.Pj.HP; by 
careful drying it loses water and then melts 
at 90°-110° (Websky, B. 18, 1318 ; Hirsohwald, 
A. 196, 330). It is easily soluble water, and its 
solutions are dextrorotatory, [a] o=» +9°. Freshly- 
prepared solutions show bi-rotation (Schnelle a. 
ToUens, A. 271, 61). In alcoholic solutions the 
optical activity decreases as the proportion of 
alcohol to water increases, until the solution be- 
comes laavorotatory (Rayman a. Kruis, G.C. 1888. 
6). It reduces Fehling’s solution, 1 c.o. being 
reduced by 0'0052-0*0055 g. rhamnose (K = 91-96) 
(Rayman a. Kruis, l.c.). Its solution does not 
ferment with yeast. 

Action of acids. Boiled with moderately 
strong acids furfural is evolved (Maquenne, 0. It. 
109, 603). Concentrated nitric acid converts it 
into a nitrate. 

—Nitric acid oxidises rhamnose 
to tri-oxy-glutaric acid (Will a. Peters, B. 22, 
1697). Malin {A. 146, 197) obtained an acid 
CJIioOg. Bromine water oxidises it*to rham- 
nonic acid OuH,oOu, which is obtained in the 
form of the lactone CaHmOj, m.p. 148° (Will a. 
Peters, B. 21, 1813 ; Rayman, B. 21, 2046). 
With bromine and silver oxide it is oxidised to 
acetaldehyde and acetic acid (Herrig, Chem. Zeit. 
1887, Rep. 145 ; M. 8, 227). 

Sodium-amalgam reduces rham- 
nose to rhamnitol CH 3 (CH.OH) 4 .CHpH, which 
crystallises from alcohol or acetone in triclinio 
prisms, m.p. 121°, and has a sweet taste (Fischer 
a. Piloty, B. 23, 3102). 

Compounds. — With phenylhydrazine rham- 
nose yields a hydrazide OaHioO^-.N^HCsHj, m.p. 
169°, and an osazone C,„H;f 3 N 40 .i, m.p. 180° (Will, 
B. 20, 1186; Fischer a.Tafel, B. 20, 1089, 1091 a. 
2566). With aniline it forms a compound 
C^H.^O^NOA, m.p. 118° (Rayman a. Kruis, i.c.). 
With ammonia and othylacoto-acetate it forms 
rhamnodiasine CigHiPs^j, m.p. 186° (Rayman a. 
Chodounsky, B. 22, 304 and 3247). 

Rhamnose combines with hydrocyanic acid to 
produce rhamnonamide. The lactone C 7 H,.jOg 
crystallises in needles, melting-point 168° ; this 
is reduced by, hydriodio acid and phosphorus to 
normal heptoic acid (Fischer a. Tafel, B. 21, 
1667 a. 2173). Rhamnose hexoic acid lactone 
is reduced by sodium-amalgam to a sugar 
(Fischer, B. 22, 2204; Fischer a. Tafel, B. 23, 
8102). Sodium riiamnose P^®’ 

oipitated by adding sodium ethylate to an alco- 
lialii rhamnose ^ebermann a. 


Hamburger, S. 12, 1186). With benzOyl chloride 
tri- and tetra- rhamno-benzoates are formed; 
with acetic anhydride rhamno-tetracetate (Ray- 
man, B. [2] 47, 668). From thermo-chemical 
considerations rhamnose appears to be methyl- 
xylose (Stohraann a.Langbein, J. pr. [2] 46, 306), 

• Pucose ObHi-Ps is obtained by the hydrolysis 
of fuc^ls. The sugar forms microscopic needles. 
Its solution has a sweet taste and is leevorotatory, 
[«]©= -77°. With phenyl-hydrazine it forms a 
hydrazide, melting-point 170°, and an osazone, 
melting-point 159° (Bieler a. Tollena, A. 258, 
110; Giinther a. ToUens, B. 23, 2585). Fuoose 
appears to bo methyl-arabinoso (Stohmann a. 
Langbein, l.c,). 

Dextrose, d-glucose, glucose^ starch-^ corn-, 
grapC’^ honey-^ diabetic-sugar. (Ger. Krilm* 
melzucker, Traubenzucker ; Fr. Sucre de raisin.) 

CAAandCA20« + HA 

Occurrence. — Dextrose is widely distributed 
throughout the vegetable kingdom, being usually 
accompanied by Itovulose and cane sugar. The 
most important sources are honey, most fruits, 
the sap of plants, seeds. It occurs in the animal 
kingdom in 4he hver, blood, and other parts of 
the body, and in diabetic urine (S. Sachsse, 
Die Ch. und Phys. der Farbst. Kohlenhydrate 
u. Protein subsL, Leipzig, 1877 ; F. Mack, J. 
1869, 892 ; Girard, B. 17, 17c ; Neubauer, Ft, 

12, 39 ; Gorup-Besanez, B. 4, 906 ; Petit. B. 6, 
1313 ; V. Schneider, A. 162, 235 ; Report on 
Sorghum and Cornstalks^ Dep. of Agr., Report 
No. 35, Washington, 1881 ; Hermann a. ToUens, 
A. *230, 50; Vogel, B. 15, 2271; Fischer a. 
Bodccke, A. 117, 111 ; Do Bary, Hoppe- Seyler'e 
Medic. Ch. Unt. p. 72 ; Hoppe-Seyler, Uandb. 
d. phys. Ch. Ana., 1883, 301 ; Klason, B. 
10, 2541 ; Wehmer, Inaug. Diss., Gottingen, 
1886, 40 ; O’Sullivan, C. J. 1886, 58; Wehmer a. 
ToUens, B. 19, 707 ; Seegen a. Kratzschmer, Pf. 
22, 206 ; Kiitz, Pf. 24, 52 ; Boussingault, C. R. 
91, 639 ; J. Siobon, B. C. 1885. 134 ; Hermann a. 
ToUens, A. 230, 50; Miiller, Aim. Agronom. 

13, 88 ; Seegen, Pf. 37, 348 ; 39, 121 ; 40, 48 ; 
'Cuisinier, C. C. 1886, 614; H. Thoms, B. 21, 

1916a ; Reali, 0. 17, 325 ; Maquenne, A. Ch. 
[6J 17,495). 

Formation. — By the action of acids and fer- 
ments on the following glucosides : amygdalin 
(Schmidt, A. 119, 92 ; Hesse, l.c., 176, 112) ; 
populin (y. Lippmann, B. 12, 1648 b ) ; rubery thrio 
acid (Liebermann a. Bergami, B. 20, 2247) ; 
salicin (Schmidt, A. 119, 97 ; Hesse, f.c., 176, 
112) ; lupininm. 11, 2200 6) ; hesperidin (Tanret, 
Bl. 49, 20); phlorizin (Rennie, C. J. 1887, 636). 
Other glucosides yield dextrorotatory, reducingj 
fermentable, and orystallisable sugars, but there 
is not sufficient evidence to prove with ogrtainty 
that they are dextrose. These are; flBSCulin 
(Rochleder a. Schwarz, A. 87, 186 ; Zwenger, 
Ic., 90, 76); arbutin (Hlasiwetz a. Grabowski, 
Ar. Ph. 141, 329) ; coniferin (Tiemann a. Har- 
mann, B. 7, 608). . 

By the action of dilute acids the xollowing 
carbohydrates yield dextrose, alone or with other 
glucoses. Some of them are also hydrolysed to 
dextrose by ferments : 

a- and jS- amylan yield dextrose. 

OeUulose yields dextrose (Fleohsig, H. ?• 528 ; 
Lindsay a. ToUens, A. 267, 870). 

Glycogen yields dextrose. 
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ZHohenin yieldfa dexiros^ 

Tnnicin „ 

Starch „ 

Dextrin ,, 

Maltose „ • 

Lactose yields dextrose and galactose. 

Cane sugar yields dextrose and lasvulose. ' 

Baffinose yields dextrose, loBYulose, and 
galactose. 

Preparation . — Dextrose can be prepared from 
any of the substances above mentioned, but it is 
in many oases difficult to obtain it in any quan- 
tity in the pure state. Starch and sucrose are 
the bodies usually employed, and we find that 
lactose can also be used with advantage. 

(а) A white sacoharam (the commercial 
glucose obtained by the action of acids on starch) 
with an optical activity approaching that of 
dextrose is selected. This is scraped as fine as 
possible, and treated with boiling ethyl alcohol 
S.G. *820. On cooling, the clear saturated solu- 
tion is separated from the undissolved syrup add 
a little previously prepared dextrose added to it. 
Crystallisation soon begins and continues for 
some time f » a crop of fairly pure dextrose is thus 
obtained. Further purification can be effected 
by melting the crystals in 8-10 p.c. boiling 
water and adding dry boiling methyl alcohol 
until a slight cloud is produced. Anhydrous 
dextrose in a state of great purity separates 
abundantly from this solution. Or the saccharum 
is melted in 5 or 6 p.c. water, allowed to crystal- 
lise, the crystals pressed and further purified by 
treatment with methyl alcohol as described.^ 

(б) A 25 p.c. aqueous solution of crystallised 
sucrose is taken and heated to 50®-65® and 2-3 
p.c. pressed brewers’ yeast stirred in (Tompson, 
E. P. 8686, t884), the temperature is maintained 
for 2-3 hours, when the sucrose is completely 
inverted — that is, converted into dextrose and 
laevulose. The solution is then evaporated in 
a vacuum to a syrup, S.G. 1*5 or thereabouts. 
On standing for a short time this solidifies to 
a crystalline mass ; it is washed with cold alco-, 
hoi, S.G. ’830, and the residue dissolved to 
saturation in alcohol of the same strength.' 
Dextrose soon begins to crystallise out ; the 
crystals can be further punfied by dissolving in 
methyl alcohol and recrystallisation. 

Sucrose may also be inverted by digestion 
with sulphuric acid, the acid separated by baryta 
water, and the filtrate from the barium sulphate 
evaporated to a syrup and treated^n the way men- 
tioned. Inversion by yeast yields the best result. 
Soxhlet (J. pr. [2] 21, 242) recommends that in- 
version be effected by alcoholic hydrochloric acid. 
480 O.C. of strong hydrochloric acid are mixed 
with litres of alcohol, S.G. '810, in a glass 
vessel, the mixture heated 4 kilos, 

powdered sucrose stirred in, and the whole main- 
tained at that temperature for two hours. When 
cool a little previously prepared anhydrous dex- 
trose is added, and in a few days there is an 
abundant crystallisation of dextrose. This can 
be purified by crystallisation from methyl alco- 
hol. Should any colour be developed, the aqueous 
solution is treated with animal charcoal and 
again concentrated in a vacuum. Under such 
oircumstances it is better to begin again, for if 
proper care be taken no colour need be produced. 

An aqueous solution oontaining 25 pA 


lactose and 8 p.c. sulphurfc acid is digested lit 
a water-bath for three hours, care being taken 
by continued agitation that no colour is de- 
veloped, the sulphuric acid is separated by baryta 
water, and the filtrate concentrated to a syrup 
containinf^ 76-80 p.c. solid matter. On standing 
this solidifies, and after a few days is treated 
with boiling methyl alcohol ; this dissolves out 
the dextrose, leaving the galactose undissolved ; 
the former soon crystallises from the saturated 
methyl alcohol. A recrystallisation yields the 
pure body in moderately large, well-defined 
crystals. 

Hydrous dextrose CaH,.Ua.H20 can be ob- 
tained from any of the above preparations by 
dissolving in 12 to 20 p.c. water, and allowing to 
crystallise. If honey is used as a source of dex- 
trose, any sucrose it may contain should be 
inverted by yeast or acids, and the residue ob- 
tained by evaporation crystallised from methyl 
alcohol as in the case .of inverted sucrose. A 
pure product may be obtained in a few crystal- 
lisations. 

Formula and synthesis. See first part on the 
sugars generally. 

Properties. — Dextrose crystallises out of 93- 
95 p.c. ethyl or methyl alcohol in the anhydrous 
state. Anhydrous crystals may also be obtained 
by special treatment from concentrated aqueous 
solutions at As a rule aqueous solutions 

deposit crystals containing one molecule of 
water of crystallisation. Anhydrous dextrose 
crystallises in rhombic, hemibedrio forms ; the 
axial relationship is a:6:c = 0*704:1: '335. Hy- 
drated dextrose forms hemimorphous crys- 
tals; the elements are a:6:c = 1*7350:1:1*9080, 
B = 97° 69' (F. Bcoke, M. 10, 231). Well-defined 
crystals of both varieties are difficult to obtain ; 
usually the first separates as a powder and the 
second irr cauliflower-like masses ; both dissolve 
easily in water, the first with evolution of heat. 
Hydrated dextrose dissolves easily in strong 
ethyl and methyl alcohol, but the anhydrous 
sugar is almost insoluble in them. It is in- 
soluble in ether and hydrocarbons, slightly 
soluble in aniline, acetic acid, and acetic ether. 
Hydrated dextrose easily loses its molecule of 
water of crystallisation when exposed in a 
vacuum over sulphuric acid, or when heated 
gently. The anhydrous sugar melts at 144°- 
146° (Hesse, A. Ch. 176, 106) ; its specific gravity 
is, according to Gu6rin-Varry a. Heintz, 1'386 *, 
according to Bodecker, 1*5384 (v. Lippmann, 
Zucherarten, p. 12). Dextrose is not so sweet 
as cane sugar. Behr (B. 15, 1106) finds it | as 
sweet, and T. Schmidt {B. C, 1887, 405) that 
1*53 pts. of dextrose are as sweet as 1 part of 
cane sugar. An aqueous solution of 10 g. 
dry dextrose in 100 o.o. of solution at 17*5° has 
a specific gravity of 1*0381 (water at 17*5-1) 
(Salomon, B. 14, 2710). This is fairly accurate. 
K => 100. Its solutions rotate the plane of polar- 
isation of a ray of polarised light to the ];)ght. 
According to Hesse a. Tollens (H. 17, 2284), the 
amount of rotation 7or the D line is expressed by 
the formula [ 0 ]^ = 62*5 + *018796? + -00061C88P* 
for anhydrous dextrose; and 
Hd - 47*73 + *015684? + *0008888?? for hydrated 
dextrose, in which P is the percentage of the two 
varieties respectively in sointion. In aolntioni 
oontaining 10 p.o. d^ angar and theredbontiii thd 
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faotorf [(»]9»52'7 and [a]j -i58*8 are inffioientlj 
accurate, bat probably a shade too low. These 
values are not materially affected by the tem- 
perature. The presence of some inactive bodies 
in the solution appears to have some effect 
(Pribram, 3f. 9, 895); bodies such as potash, 
soda, lime, (!^o., which act on dextrose reduce its 
optical activity ; other bodies,- such as urea, 
do not alter it (N. Wender, B. 24, 2200). Freshly, 
prepared solutions have a greater optical activity 
than those which have stood a few hours. F. 
Urech (^. 17, 1547) has observed a rotation 2*19 
times greater thin the constant value. Parcus a. 
ToUens {A, 257, 160) observed an angle of 
[alpB 105*16 in a 10 p.c. solution 5^ min. after 
commencing solution. This phenomenon is called 
bi-rotatiem ; the optical activity quickly falls, and 
the constant value is reached in about six hours 
in the cold and immediately on boiling. The 
bi*rotation is also immediately destroyed by po- 
tash (O’Sullivan a. Tompson, C. J, 1890, 920), 
or ammonia (Schulze d. Tollens, A, 271, 49). 
Dextrose when produced by the inversion of cane 
sugar at a low temperature is set free in the bi- 
rolatory state (O’Sullivan a. Tompson, 

Only crystallised dextrose exhibits this pheno- 
menon ; fused dextrose does not show it (Hesse, 
A. 176, 113). A solution of dextrose in strong 
alcohol retains its bi-rotation (?) The dispersive 
power of dextrose solution is practically the same 
as that of quartz (Hoppe-Seylcr, Fr. 3, 1866, 412). 
The ratio between the specific rotatory power for 
the 0 and D lines respectively is 1:1*258 (Grim- 
bert, J, Ph. [5] 16; 295 and 345). The heat of 
combustion of dextrose is + 677*2 cal., and the 
heat of formation -f 300-8 cal. (Berthelot a. 
Recoura, C. R. 104, 1571). 

Action of heat. When the dry sugar is 
heated to 170°, a molecule of water is eliminated 
and dextrosan is produced, which may 

be reconverted into dextrose by the action of 
water and dilute acids. If the temperature is 
raised to 200°, gas, water, and volatile acids are 
given off, and if the heating be continued with- 
out raising the temperature, a brownish black 
mass is finally left. This substance is soluble 
in water and constitutes the colouring matter 
(caramel! ^sed in beer, wine, cooking, &g. 
Should the temperature be raised, carbon mon- 
oxide, dioxide, and methane are evolved, and 
aldehyde, furfural, acetone, metacetone, pro- 
pionic, acetic, and iformic acids distil over, and 
a black carbonaceous mass is left. If the hy- 
drate be heated for a considerable time in a 
closed tube a fluid is obtained which absorbs 
oxygen and nitrogen (?) from the air (Th6nard, 
C.R. 52, 795 ). 

Action of acids. Dextrose is dissolved by 
strong sulphuric acid without blackening, dex- 
trose-sulphuric acid being formed (P61igot, A. Ch. 
[2] 67, 170) ; from this solution alcohol preci- 
pitates a compound of diglucose with alcohol 
(Musculus a. Meyer, B, 14, 850). Similar com- 
pounds are produced by the action of chloro- 
Bulphoiiio acid (ClaSsson, Jt jpr. [2] 20, 1). A 
mixture of sulphuric and nitric acids converts 
dextrose into a nitro- compound (Carey Lea, Bl, 
[2] 10, 415). Dextrose phosphoric acid is said 
to exist (Amato, B, 4, 418). Several acetyl de- 
rivatives have been described. Dextrose di- 
4^ta)e tfftd dextsofe tvifto^tate 


0 ,H, 0 ,(CaH, 0 -), are amorphous, soluble in 
water, alcohol and ether (Schiitzenberger a. 
Kaudin, BL [2] 12, 107, 204; Liebermann a. 
Hermann, B, 11 , 1619 ; Herzfeld, J9. 13, 265). 
Dextrose pentacetate 0 aH, 0 ( 02 Hs 02)4 is prepared 
by th§ action of acetic anhydride and zinc 
chloride on dextrose, m.p. 111-112 (Erwig a. 
Koenigs, B, 22, 1464, 2207). Didextrose octo- 
acetate is prepared by the ac- 

tion of acetic anhydride and sodium acetate 
on dextrose, m.p. 134 (Herzfeld a. Erwig 

a. Koenigs, Lc.). Dextrose-monoohlorhydrin- 
tetracetate is formed by the action of acetyl 
chloride on dextrose (Gulley, C. R. 70, 401). 
Tri-, tetra-, and penta-benzyl (CgH, ( 0340 ) 40 ^ 
dextroses are obtained by the action of benzoic 
chloride and potash on dextrose (Skraup, AT. 
10, 389 ; Kueny, H, 14, 330 ; Panormoff, J. R. 
23, 375). Compounds of dextrose with other 
organic acids have been prepared (Berthelot, 
A. Ch. [3] 54, 74 ; Qm.-K. 7, 764 ; v. Lippmann, 
Zuckerarten, p. 40; Baumann, B. 19, 3218; 
Colley, C. R. 76, 436). If dextrose is boiled 
with dilute sulphuric acid the specific gravity of 
the solution, gradually increases forborne time, 
apparently from the fixation of the elements of 
water. On continued boiling the solutions be- 
come coloured, brown humus substances, aceto- 
propionic and formic acids, are produced (Ma- 
laguti, A. Ch. [2J 59, 407 ; Tollens a. Grote, A. 
175, 181 ; 206, 207 ; Wohl, B. 23, 2084). Dilute 
hydrochloric acid produces similar results, but 
more rapidly. Gummy bodies are also produced 
(Grimaux a. Lcf5vre, C. R. 103, 146). See also 
Conrad a. Guthzeit {B. 18, 439 ; 19, 2569) and 
Wehmer a. Tollens (B. 19, 707). 

Action of alkalis. Alkalis give a brownish 
colour with dextrose solution, quickly on heat- 
ing, slower in the cold, with production of 
acetal, acetone, and lactic, acetic, and formic 
acids. Other bodies of unknown composition are 
also formed, such as glucinic, saccharumic and 
japonic acids. When potash is used oxygen is ab- 
sorbed. With calcium hydroxide, saccharin or 
calcium saccharinate is also produced ; this is 
not one of the products of the action of potash 
(Emmcrling a. Logo, B. 14, 1005; 16, 838; 
Henry, B, 14, 2272 ; Breuer a. Zinoke, B. 13, 
638; Bochleder a. Kawalier, J. pr. 94, 403; 
Hoppe-Seyler, B. 4, 346 ; Kiliani, B, 15, 700 ; 
Nencki a. Sieber, J. pr, [2] 24, 498 ; P41igot, 
A. Ch. 30, 75 ; Mulder, A. Ch. 36, 260; Reich- 
ardt, Z. 1870. 404 ; v. Lippmann, Zuckerartent 
p. 22 ; P61igotr B. 13, 196 ; Scheibler, B. 13, 
212 ; Kiliani, B. 15, 701; Cuisinier, v. Lipp- 
mann, Zuckerarten^ p. 25; Scheibler, B. 16, 
2434). Th^nard (C. R. 52, 444) obtained 
bitter bodies containing 10-19 p.c. nitrogisn, by 
acting on dextrose with ammonia ; they absorb 
oxygen from the air, and resemble certain nitro- 
genous humic acids. Tanret {Bl. [2] 44, 10^ 
obtained two volatile bases: a-glucosine 

b. p, 136° and jB-glucosine 0,H,oO, b.p. 160°, by 
heating dextrose with strong ammonia. Heated 
with aniline, dextrose anilide is produced (Bohiff, 
A. 140, 123 ; Sorokin, B. 19, 298). 

Bedttcfton.~Nasoent' hydrogen reduees dex« 
trose in alkaline solutions to mannitol, but not 
in neutral or acid solutions (LinnemanOi d. 128, 
186; Dewar, Z. 1870. 418 ; Bouohardat, Bl [2] 

1 16|88;Krn8exnftzuvD.8,1466). VnderUioinQil 
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favonrable oonditions the yield does not exceed 
10 p.o. If the reduction be carried on at a high 
temperature other fatty alcohols are formed. 
Meunier (0. i2. Ill, 49) obtained sorbitol by re- 
ducing dextrose with sodium-amalgam. ^ 

Oxidation. — Gluconic acid 0^11,20, is pro- 
duced by oxidising dextrose with mercuric oxido 
(Heffter, B. 22, 1049; Herzfeld, A. 245, 27) or 
with chlorine or bromine and subsequent treat- 
ment with silver oxide (Illasiwetz a. Haber- 
mann, A. 166, 122 ; 150, 263 ; Kiliani, A. 205, 
182; Kiliani a. Kleeman, £. 17, 1298; Herz- 
feld, A. 220, 336, 358), or by the action of Bac- 
terium aceti (Brown, C. J. 1880. 179 ; Boutroux, 
C. B. 1880. 230). Oxygen has no action on 
dextrose in neutral or acid solutions, but it is 
absorbed by alkaline solutions. Ozone oxidises 
dextrose to saccharic and formic acids (llenard, 
A. C. 6, 17, 289). Platinum black acts simi- 
larly (Loew, B. 23, 865). Nitric acid oxidises 
dextrose to saccharic acid C^Hi^Oa, and finally 
to oxalic, formic, and carbonic acids (Liebig, 

A. 113, 1 ; Hcintz, P. 51, 183 ; Ilornemann, 
J. pr, 89, 304 ; Kiliani, A. 205, 172 ; Guerin- 
Varry, A. 8^ 81 ; Sohst a. Tollens, Z. 11, 99). 
Iodine when acting on alkaline solutions of dex- 
trose yields a little iodoform (Lieben, A. Suppl. 
7, 228 ; Hermann a. Tollens, B. 18, 1335 ; 
Millon, C. P. 21, 828). Alkaline solutions of 
many metallic oxides oxidise dextrose, in some 
•cases being reduced to the metal, in others to 
lower oxides. Potassium ferrocyanide, potas- 
sium permanganate, indigo, picric acid, litmus, 
d’C., oxidise dextrose also. The chief products 
are formic, oxalic, glycollic, and carbonic acids. 
Some of these reactions are employed for the 
quantitative estimation of dextrose (Tollens, B. 
16, 921 ; Herzfeld, Zeitschr, d. Ver, d. Bilhen- 
gucker-Ind. 37, 337 ; Habermann a. Honig, B. 
16, 2624 ; Worm-Miiller a. Hagen, Pf. 22, 325 ; 

B. 13, 2096 a. 2442 ; Herzfeld a. Bruhns, 
Zeitschr. d. Ver, d. RUhenzucker-Ind. 36, 110 ; 
Beichardt, A. 127, 297; Felsko, A. 149, 356; 
Beyer, A. 131, 353 ; Claus, A. 147, 115 ; Smolka, 
J3.20, 167; A/.8,l).* 

F6rmentatio7i.— Under the influence of 
▼arious species of saccharomyces and other or- 
ganisms, dextrose ferments, yielding alcohol and 
carbon dioxide as the chief products, glycerol, 
succinic acid, and small quantities of other 
bodies are formed at the same time. Bacteria 
decompose dextrose in other ways, one yielding 
chiefly lactic acid, another butyric, another cel- 
lulose, Ac. {v. Fiskmentation). ’’ 

Compounds with acids {v. Action of acids). 

C<mpounds with bases. Potassium and 
sodium dextrose CaH,,KOa and CeH,,NaOg are 
prepared by adding potassium or sodium 
ethylate to a solution of dextrose in strong alco- 
hol, A white, bulky precipitate is obtained, 
which is very hygroscopic, and decomposed by 
water (Hdnig a. Kosenfeid, B. 10, 871 ; PT'anchi- 
mont, B. 10, 994). The compounds with the 
alkaline earths are differently constituted, being 
apparently a combination of the sugar and base. 
They are formed by mixing alcoholic solutions 
of the base and sugdr, or by precipitating 
their mixed aqueous solutions with alcohol. 
Lime forms C^H„Oa.CaO.HjO, C„H,j,0„.CaO, 
2C«H„0,.8Ca0.H,0, 20.H„0,.3Ca0.2H,0, 

apd similar compounds art 


formed with baryta, strontfa, and ma^esia. 
Neither lead acetate nor subaoetate precipitate 
aqueous dextrose solutions, but lead oxide yields 
compounds similar to those with lime &Q, 
(Brendeohe, Ar. Ph. [2] 29, 84 ; v. Lippmann, 
Zuckerarteut p. 45; P61igot, J. pr. 16, 105; 
Franchimont, B. 12, 1939). Alkaline dextrose 
solutions dissolve copper hydroxide, and from 
these solutions soda or potash in proper propor- 
tions precipitates compounds of copper oxide and 
dextrose of varying composition (Guignet, C. B, 
109, 528 ; Worm-Miiller a. Hagen, Pf. 22, 325 ; 
Fileti, B. 8, 441; Salkowski, B.' 12, 704). The 
compound CaH, 265.2 Zn0.3H.^O is formed by add- 
ing an alcoholic solution of dextrose to an am- 
moniacal solution of zinc oxide (A. 0. Chapman, 
C. J. 1889. 576). Dextrose forms amorphous 
compounds with ilickel, chromium, and iron 
oxides (Chapman, C. J. 1891. 323). 

Compounds with metallic salts. Dextrose 
forms well-defined crystalline compounds with 
sodium chloride and bromide; their formulas 
are 2CuH,205.NaCl.H20, which crystallises from 
diabetic urine, Calii-Pj.NaCl, C5H,20o.2NaCl, 
2C5H,205.NaBr (Pasteur, A. C/i. [3] 31, 92; Erd- 
mann a. Lehmann, J. pr. 13, 111 ; v. Lipp- 
mann, Zuckerarten, p. 45 ; Stiideler, C. C. 1854. 
930 ; Honig a. Bosenfeld, B. 10, 872 ; Stenhouse, 
A. 129, 286). 

Compoufids with cyanogen. By digesting 
an aqueous solution of dextrose with hydro- 
cyanic acid solution, the following reaction takes 
place : C^H.^O^ HCN i 2H2O =•• C^H.ANH^ 

(Kiliani, B. 19, 767). To prepare this compound 
Kiliani gives the following directions : 100 g. 
crystalline dextrose are dissolved in 30 g. water, 
and an equivalent quantity of 60 p.o. hydro- 
cyanic acid is added and digested for six days 
at the ordinary temperature ; after twenty-four 
hours’ further digestion at 35®C. all smell of 
hydrocyanic acid had disappeared, and the liquid 
smelt of ammonia. The ammonium salt thus 
obtained is converted into a barium one by boil- 
ing with baryta, and the free acid obtained by 
removal of the barium by sulphuric acid. 
Fischer [A. 270, 64) dissolves 5 kilos, dextrose in 
25 litres 3 p.c. hydrogen cyanide solution, adds 
10 o.c. ammonia solution, and digests the solu- 
tion at 25'^C. for six days, boils with baryta 
(0'7 kilos.) dissolved in water (20 litres) until all 
the ammonia is expelled, the hot liquid 
acidified with sulphuric acid, and boiled to 
expel hydrogen cyanide, neutralised with baryta, 
and filtered. The filtrate is concentrated.^ This 
syrup contains the lactones of a-heptonic acid 
and /3-heptonio acid. After standing some weeks 
nearly the whole of the a-lactone will have crys- 
tallised out ; the mass is triturated with alcohol 
of 80 p.o. ; the filtrate yields a further crop of 
a-lactone, and the mother-liquor contains the 
jB-lactone. This may be obtained by neutralising 
with brucine ; the brucine j9-heptouate crystallises 
out, and is purified by recrystallisation; the 
brucine may be separated by precipitation with 
baryta, and the barium salt decomposed by 
sulphuric acid. 

a-Glucohepto-lactone forms rhombic crystals 
readily soluble In water, and has [a]o--66*3; 
boiled with concentrated hydriodic acid it yields 
a heptolactone, b.p. 2l6^--290^ at 717 mm., with 
partial deooxupositioii. About e^ual quantity 



SUGAR. 


A48 


of normi^ heptoio aoid is also produced (Kiliani, 
B, 19, 1128), By digestion with nitric aoid S.G. 
1*2 at 40° for 24 hours, a-glucoheptoio aoid is 
oxidised to normal penta-oxy-pimelio acid 
(Eiliani, B. 19, 1916) ; this melts at 143°, is 
easily soluble in water, difficultly in alcohol, 
and soluble in ether. a<Gluco*hep tonic acid yields 
a hydrazide m.p. 171°-179° 

(Fischer, B, 22, 2732). 

j8-Gluco-hoptonic lactone crystallises in doli- 
eate needles, m.p. 151°-162°, reduces Fehling’s 
solution, and is very soluble in water ; its sp. 
rot. power is [tt]i)2o“=» -67-7°. Its phenylhydra- 
zide OTHjjjOjNiH^Ph crystallises from alcohol in 
yellowish leaflets, and melts at 160°-152°. 
Heated with pyridine (4 lactone, 4 pyridine, and 
20 water) in a sealed tube for three hours it is 
converted into the a- acid. 

Hydrazine compounds* A concentrated 
solution of dextrose yields, with phenylhydrazine, 
dextrose phenylhydrazine CijHi^N^Os; this forms 
fine crystals, melting at 144°-145°. When heated 
with an aqueous solution of phenylhydrazine, 
hydrochloride, and sodium acetate on the water- 
bath, yellow crystals of phenylglucosazone 
are formed (Fischer, B. 20, 824). 
Phenylglucosazone can be prepared by heating 
on the water- bath Ipt. dextrose, 2 pts. phenyl- 
hydrazine hydrochloride, 3 pts. sodium acetate, 
and 20 pts. water ; after 10- 15 minutes’ heating 
the separation of osazone commences, and after 
1^ hours the precipitate amounts to about 85-90 
p.c. of the weight of dextrose taken. It is purified 
by recrystallisation from alcohol. Another method 
which gives satisfactory results is to heat a mix- 
ture containing 1 g. sugar in 100 o.c. water 
and 5 o.c. of a solution containing in 1 litre 
400 g. phenylhydrazine and 400 g. glacial 
acetic acid. According to Maquenno’s (C. ii. 
112, 799) numbers, the yield is low, but by in- 
creasing the strength of the sugar solution and 
keeping up the quantity of the phenylhydrazine 
acetate solution in proportion, it is materially 
increased. It is insoluble in water; not very 
soluble in cold, but fairly easily in boiling 
alcohol. It melts at 204°-205° with decomposi- 
tion, and so in m.p. determinations it is impor- 
tant that the heating be done as quickly as 
possible. It reduces Fehling’s solution, and is 
Ifflvorotatory (Fischer, B. 17, 579). It dis- 
solves in cold fuming hydrochloric aoid, with 
a dark-red colouration, the osazone group 
0 ,Hj.HNj:C:C:N.^HC 6H5 being thereby converted 
into the group .CO.CO. This reaction is common 
to all the osazoncs of the sugars, and Fischer 
{B, 21, 2631) has called the compounds thus ob- 
tained -osones. Doxtrosone reduces Fehling’s 
solution on boiling, and does not ferment with 
yeast; with phenylhydrazine acetate it again 
ields phenylglucosazone. The osazone is re- 
need by zinc and acetio acid to iso-glucosamine, 
which yields Itevulose by treatment with nitrous 
aoid (Fischer, B. 19, 1920 ; 20, 2569). The 
osone yields compounds with methyl phenyl- 
hydrazine and ortho-diamines (Fischer, B. 22, 
87). By proceeding in the same way o-tolyl- 
dextrosazone m.p. 201° and |7-tolyl- 

dextrosazone 02oII^N^04 have been prepared 
(Rasohen, A. 239, 229). Diphenyl-hydrazine 
combines with the sugars in alcohol solution ; 
iporingl^ soluble orystallme bydrajsouee are 


formed, which are resolved into their constituents 
by concentrated hydrochloric aoid. The dex- 
trose compound G4H,|O;N.^(G0HJ, melts at 161° 
(Stahel, A* 258, 242). Boder (A, 236, 229) has 
prepared phenyldextrosazone carboxylic aoid. 

Compounds with aromatic amines. Dex- 
trose • 0 • diamido - benzene G«H,(NH)2.GyH,oO, 
and anhydro - dextrose - o - diamido - benzene 
GttH4.N2.G,iH,o04-H2HaO are formed by the inter- 
action of dextrose and o-phenylene-diamine in 
acid solution. Di-dextrose-o-diamido-benzene is 
obtained when the reaction takes place in neu- 
tral solution. They are all crystalline bodies, 
soluble in water, and having a bitter taste. The 
first one does not reduce Fehling’s solution, the 
last two do (Griess a. Harrow, B. 20, 281 and 
2205) ; o-tolylene-diamine gives a similar com- 
pound (Eiinsberg, B. 20, 495). Dextrose-y- 
diamido-benzoio aoid is obtained by mixing boil- 
ing aqueous solutions of dextrose and y-diamido- 
benzoio acid (Griess a. Harrow, l,c.). With 
aniline dextrose forms a crystalline anilide 
m.p. 147° (Schiff, A. 154, 30 ; Sorokin, B. 19, 
513 ; J. R. 1887, 377). Dextrose forms com- 
pounds with aldehyde, acetone, benzaldehyde, 
chloral, &o. (Schiff, A. 244, 19 ; fieffter, B. 22, 
1050). 

Dextrose-oxim GgHjjO^N is formed by the 
combination of dextrose and hydroxyl amine. 

It forms colourless, microscopic crystals, m.p. 
136°-137°; very soluble in water, sparingly 
soluble in alcohol, and insoluble in ether. It 
reduces Fehling, and is linvorotatory, having 
Wdoto®* —2*2^ (Jacobi,»B. 24, 696). 

On warming an alkaline solution of dextrose 
with picric acid a blood-red colour is produced 
(Braun, Fr, 4, 185). If to crystallised diazobenz- 
cnc sulphonic acid be added soda, dextrose solu- 
tion, and a little sodium-amalgam, a red coloura- 
tion is produced in a short time (Penzold a. • 
Fischer, B. 16, 657). 

Many aromatic alcohols give a colouration 
with dextrose and other carbohydrates in the 
presence of sulphuric acid. If two drops of a 
15-20 p.c. alcoholic solution of (a)-naphthol be 
added to a dextrose solution, and one part of 
concentrated sulphuric acid, a violet colouration 
will be produced, changing to bluish violet. 

Optical isomeridcs of glucose, gluconic acid 
and saccharic acid (E. Fischer, B. 23, 2611). 

Z-Oluconic acid. /-Harmonic acid con be con- 
verted into /-gluconic acid by heating with 
quinoline, but it is most conveniently pre- 
pared from a)%binose by treatment with hydrogen 
cyanide and baryta (Kiliani, B, 19, 3029) ; 
/-maunonic and /-gluconic acids are formed 
simultaneously. The greater portion of the 
Z-mannonic acid may be separated as lactone, 
and the remainder may be separated from the 
/-gluconic acid by crystallising out the calcium 
Z-gluconate. 

i-Oluconic acid is obtained by mixing the 
Z- and d- acids, or from 4-mannonio aoid by 
quinoline. 

Z-Qlacose is formed by reducing Z-gluoonio 
lactone with sodium-amalgam; it resembles 
dextrose closely, but does not ferment with yeast,' 
[a]]>s -51*4°; its derivatives also resemble the 
corresponding ones of dextrose very closely. 

f-Glucoie is prepared by mixing Z- aitd 
d- glucose, or reduoixig i-gluoonio add. 
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{-8ae«A*no aoia in prepared by oxidising 
t-glnoonio acid with nitric acid. 

. i-Baeoharic acid is prepared Jby oxidising 
i-glnconic acid or by mixing U and d- saccharic 
acid. 

Lasynlose. d-Fructose^ hevoglucose, fruit 
sugar ; CbH,.,0,. 

OccMfre?ice.— Lffivulose is widely distributed 
in the vegetable kingdom, being found, together 
with dextrose, in many parts of plants, in honey, 
Ac. (o. Dextrose). 

Formation.— The following carbohydrates 
yield lievulose, either alone or accompanied by 
other sugars, when acted on by dilute acids : 

Oane sugar yields dextrose and laevulose. 

Baffinose yields IodvuIoso, galactose, and dex- 
trose. 

Inulin yields loQvulose. 

Irisin (0. Wallach, A. 234, 3C4), laQvulan 
(y. Lippmann, B. 14, 1500), triticin (Reide- 
meister, G. G. 1880. 808), scillin (Riche a. 
Bemont, J. Ph. [5] 2, 291), sinistrin (Schmiede- 
berg, B. 12, 704),l8Bvulin or aynanthrose (Dieck a. 
Tollens, A, 198, 228 ; Villa a. Joulie, Bl. [2] 7, 
262 ; Popp, A. 166, 185 ; Miintz, G. It. 287, 679), 
and inuloid (P()pp,i. 166, 190) also yield Itovulose. 
Loavulose is formed by the oxidation of manni- 
tol (Cotton, BL [2] 33, 546; Qorup-Besanez, 
A. 118, 273; Bodenbender, Zeit. d. Ver. 14, 
812; Benard, A. Gh. [5] 17, 316), by the fer- 
mentation of mannitol by B. aceti and B. 
xylinum (A. J. Brown, C. J, 1886, 184 ; 1887, 
641) ; from phenylglucosazone by reduction to 
isoglucosamine, and thepce by the action of 
sodium nitrite ; from glucosonc by reduction with 
sine and acetic acid (Fischer, B. 22, 87, 2566). 

Preparation.— Inulin is heated with very 
weak sulphuric acid for some hours, after which 
the sulphuric acid is carefully precipitated by 
baryta water and the filtrate decolourised by 
charcoal and evaporated on the water-bath to a 
syrup. This is treated several times with ab- 
solute alcohol, which removes the water, and 
the syrup which remains put on one side for 
some time in a closed flask, when flne needles 
make their appearance, and in time the whole 
solidifies (Jungfleisch a. Lefranc, C. B. 93, 547 ; 
also Crookewitt, A, 45, 184; Krusemann, A. 
282, 26; Wohl, B. 23, 2084). A 10 p.c. solution 
of oane sugar is carefully inverted with hydro- 
chloric acid (20 o.c. to a litre of solution) at 60°. 
The solution is cooled to ~5°, 6g. of slaked 
lime added for each 10 g. sugar, the temperature 
allowed to rise to 2°, and the lime IsBvulose 
carefully pressed from the rest of the solution 
and washed repeatedly with water. It is finally 
suE^nded in water, decomposed by oxalic acid, 
and the filtered solution evaporated in vacuo 
to a smp which, when treated with absolute 
alcohol as above described, yields crystals of 
lievulose (Girard, BL [2] 33, 154 ; Dubrunfaut, 
0. P.42, 901; 69,438). 

Formula and synthesis. See general part. 

Properties. — Lievulose forms colourless, fine, 
shining needles, belonging to the rhombic sys- 
tem, the axial ratio is a:6:cB0'80067:l:0'90674 ; 
they are slightly biaxial as regards their action on 
polarised light ; they have a composition corre- 
sponding to the formula O^HijO,, melt at 
95°, and lose water at 100°. According to 
{tfinig a. Josser (M. 9, 562), the crystals con- 
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tain water of orystallisation and have a formula 
20|,H„0c.H,0. If free from alcohol they are not 
deliquescent in the air (HOnig a. Schubert, Af« 
8, 529 ; Jungfleisch a. Lefranc, l.e,). The sugar 
is almost insoluble in cold absolute alcohol, 
and soluble in a boiling mixture of alcohol and 
ether (Diech a. Tollens, A. 198, 228). With re- 
gard to the specific rotatory power of IsBvulose 
there are many and varied statements ; all those 
based on the factors of unpurified solutions ob- 
tained by the inversion of inulin or cane sugar 
are worthless, as laavulose is extremely easily 
decomposed by acids (Jungfleisch a. Grimbert, 
G. R. 108, 144), and many apparent discre- 
pancies may be explained by the fact that the 
optical activity varies very much with the tem- 
perature. Jungfleisch a. Grimbert (0. R. 107, 
390) found for crystallised laevulose [o]d 
« - 101-38° -0*56^ + 0108 (p-10), where t is 
the temperature and p the weight of lievulose 
in 100 c.c. solution. This formula holds for 
temperature 0°-40° and for concentrations be- 
low 40 p.c. The [a]j=»~108° (c-10 g. sugar 
in 100 C.C.), calculated from [a]j=— 24-6 for 
invert sugars, and [a]j = + 68*5 for dextrose 
agree very well with the numbers of Jungfleisch 
a. Grimbert. Honig a. Jesser (M. 9, 662) give 
[a]j = — 111-38, c 10, t = 20° for a carefully crystal- 
lised preparation. Horzfeld a. Winter (B. 19, 390) 
give for 20 p.c. solution at 20° [a]D“-71-4°; 
but these determinations cannot be for the pure 
body. Freshly-prepared solutions of crystallised 
laBvulose have a greater sp. rot. power than after 
standing a short time ; Parcus a. Tollens (A. 257, 
160) found for a 10 p.c. solution at 20° observed 
in a 200 mm. tube, [a]D= -104*02° six minutes 
after commencing solution, which sank to a 
constant value [o]d= -92-25° in 35 minutes. 
This cannot have been pure lievulose. K * 100 ; 
but Soxhlct makes it 92-93 (J. O’Sullivan, 
C. J. 1892, 408). 

Action of heat and acids. Lievulose is ex- 
ceedingly easily decomposed by heat and acids. 
Its aqueous solutions colour exceedingly quickly 
if heated for any length of time. Wohd {B. 23, 
2084) found that by the action of minute quan- 
tities of acid on a hot concentrated solution of 
lievulose, a dextrin-like body was produced 
which was reconverted into Iffivulose by boiling 
with dilute acids. This instability accounts for 
the many different numoers which have been 
given for the sp. rot. power and for the fact that 
the opt. act. of invert sugar does not in all cases 
correspond with that of a mixture of pure Leevulose 
and dextrose in equal quantities. On boiling with 
dilute sulphuric or hydrochloric acids, aceto- 
propionic, formic, and other acids are produced 
(Jungfleisch a. Grimbert, G. B. 108, 144 ; Grote 
a. Tollens, A. 175, 181 ; Sieben, Zeitschr. d, 
Ver. 34, 237 ; Conrad a. Guthzeit, B. 19, 2569). 

Action of alkalis. Alkalis quickly decom- 
pose IflBvulose, especially on warming; caustic 
soda and baryta yield lactic acid among other 
products (Sorokin, J. B. 1885, 368). Sodium 
lievulose C«Hi,NaOg is produced by acting on 
an alcoholic solution of losvulose with sodium 
ethylate (Honig a. Bosenfeld, B. 12, 45). Lima 
yields a compound CgH^O^CaO.HgO, which is 
soluble in 137 parts cold water (E. Pdligot, 
O. B. 90, 153 ; Herzfeld a. Winter, 19, 890) j 
and 2(0|H„0^8Ca0| whioh (orms noodles 
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ble in 888 parts cold water (Dabranfaut, A. Ch. 
[8j 21, 169). Similar compounds are formed 
with potash, baryta, lead oxide, and bismuth 
oxide (Herzfeld a. Winter, B. 9, 390, and 
V. Lippmann, Zuckerartm^ p. 68). If a solu- 
tion of laavulose be boiled with lime, saccharin 
is formed (Scheibler, B. 13, 2212). 

iiedtwsfion.—Laavulose in alkaline solution is 
reduced by nascent hydrogen to mannitol, and 
more easily than dextrose (Scheibler, B. 16, 
8010; H. Krusemann, B. 9, 1465; Herzfeld, 
A, 244, 274). Fischer {B. 23, 3684) finds that 
equal parts of mannitol and sorbitol are pro- 
duced. 

Oxidation. — Mercuric oxide and baryta 
boiled with an aqueous solution of hovuloso 
yield formic, glycollio and normal trioxy- 
butyric acid (Bornstoin a. Herzfeld, B. 18, 3353). 
Bromine water in the same way yields normal 
trioxybutyric acid (Honig, J5. 19, 171; Herz- 
feld a. Winter, B. 19, 390 ; G. G. 1836, 271). La3vu- 
lose by oxidation always yields an acid containing 
less carbon atoms than itself (Herzfeld a. Born- 
stein, G. G. 1886, 187 ; Herzfeld a. Winter, G. G. 
1886, 271 ; B. 19, 390). Chlorine and bromine 
with silver oxide oxidise Iffivulose to glycollic 
acid (Hlasiwetz a. Habermann, A. 155, 130 ; 
Kiliani, A. 205, 175). Nitric acid yields oxalic 
acid, tartaric acid, glycollic acid, formic acid, a 
little saccharic acid, malic acid, acetic acid, and 
racemic acid (Dragcndorf, Materialien zu eincr 
Monographie des Inulins ; Kiliani, A. 205, 162 ; 
Hornemann, J.pr. 89, 283). 

Fermentation. — Lasvulose ferments easily 
with yeast, with formation of alcohol and car- 
bonic acid <&o., but rather slower than dextrose, 
so that towards the end of a fermentation of in- 
vert sugar the solution is always laavorotatory 
(Bourquelot, A. Ch. [6] 9, 245 ; G. R. 101, 958 ; 
C. R. 100, 1404 and 1466 ; Mauraen6, C. R. 100, 
1606 ; 101, 695 ; Leplay, G.R. 101, 479 ; Gourgon 
a. Dubourg, 0. R. 110, 865). 

Compounds with acids. Chlorosulphonio 
acid gives a tctra-sulphate (Claesson, J. pr. [2] 
20, 1 a. 18). Acetyl chloride yields an aceto- 
ohlorhydrin (Colley a. Wachowitsch, B. 13, 2390 ; 
Bl. [2] 34, 326). With acetic anhydride, acetic 
acid, and zinc chloride hovulose yields pent- 
acetyl lasvulose (Erwig a. Koenigs, B. 23, 672). 
Benzoyl chloride yields pcntabenzoyl lasvulose, 
m.p. 86'=' (Skraup, M. 10, 389). 

Compounds with bases. See Action of alka- 
lis above. 

Compounds with metallic salts. Compounds 
with potassium or sodium chloride have not 
been described. A compound with lead chloride 
is known (Herzfeld a. Winter, B. 19, 390). 

Compounds with cyanogen. By treatment 
with strong hydrocyanic acid, lasvulose yields a 
oyanhydrin CjHigO^N, this crystallises from 
water in tabular monoclinic crystals, m.p. 110°- 
116°, and has a slight dextrorotatory power; 
fuming hydrochloric acid converts it into the 
lactone of fructoheptonic acid CyHjaO,, and this, 
heated with hydriodic acid and phosphorus, 
yields a heptolactone C^HigO,, b.p. 220°, which 
does not solidify in a freezing mixture. When the 
lactone is further treated with hydriodio acid and 
phosphorus an acid is obtained boiling at 210°, 
which is identical with methyl-butyl-acetio 
acid as synthetically prepared (^liani. B. 18, 
Ywi. IV, ‘ 


8066; 19, 221 and 1914; Kiliani a. Dfill, B. 
23, 449). Tetra-oxy-butane-tri-carboxylic acid 
COOH.(CH.OH)g.C(OH)(COOH), is obtained by 
oxidising fructoheptonic acid by nitric acid 
(Dull, B. 24, 348). 

Hydrazine compounds. Lrovulose yields an 
osazone which appears to be identical with, and 
is prepared in the same manner as, dextrose 
osazone {g.v.). 

Anilides. By heating an aqueous solution 
of Iffivulose with aniline, an anilide is formed 
Cj-H^NOs; it is easily obtained in crystals which 
melt at 147° with partial decomposition (Soro- 
kin, B. 19, 513; J. R. 1886, 129; 1887, 877). 
With hydroxylamino lajvulose combines to form 
hevulosoxim (Wohl, B. 24, 993). It strongly 
resembles dextrosoxim in appearance, m.p. 118°, 
it is hevorotatory, and reduces ammoniacal silver 
solutions on warming, whilst dextrosoxim does 
80 in the cold. 

Galactose. Lactose. CcHjaOg. Galactose 
docs not occur in nature. 

Formation . — By the action of dilute acids on 
many carbohydrates and similar substances of 
vegetable and animal origin. Lactose yields 
dextrose and galactose (Pasteur, C. R. 42, 347 ; 
Fudakowski, B. 9, 42 ; G. G. 1877, 6). Eaffinose 
yields IfBvulose, galactose, and dextrose. o-Galac- 
tin, 8-galactin, paragalactin, lactosin, agar-agar, 
carragheen moss, plum gum, poach gum, gum 
arabic, gedda gum, and many other similar 
vegetable substances, yield galactose amongst 
other products of their hydrolysis (Miintz, Bl. 
[2] 37, 409 ; A. Ch. [6] 10, 566 ; C. R. 94, 453 ; 
102 , 624, 631 ; A. Meyer, B. 17, 690 ; Bauer, 
pr. [2] 30, 375 ; L. V. 1888, 33 a. 214 ; Hadicke, 
Bauer a. Tollens, A. 238, 302 ; Kiliani, B. 13, 
2304 ; 15, 36 ; v. Lippmann, B. 17, 2238 ; Scheib- 
Icr, B. 1, 58; 6, 612; 17, 1729; O’Sullivan, 
C. J. 1881, 41 ; 1301, 1029 ; Hiidicke a. Tollens, 
A. 238, 308 ; Schulze a. Steiger, B. 19, 827 ; 
20 , 290; L. V. 36. 391; Schulze, B. 25, 2213 ; 
iMaxwell, Am. C. J. 12, 51 a. 265 ; v. Lippmann, 
Deutsche Zuckcriiut, 1887, 455 ; B. 20, 1001 ; 
Stone, Aw. 12, 435). Galactose is also produced 
by the long-continued action of dilute sulphuric 
acid on certain nitrogenised constituents of the 
brain (Tliudiohum, Ann. of Chem. Med. [2] 209 ; 
Thiorfelder, Z. P. C. 14, 209 ; Brown a. Morris, 
C. J. 1890, 57). This sugar was called by the 
discoverer cerebrose; B. a. M. proved it to be 
galactose. 

Preparation. — A solution of lactose (milk- 
sugar) containihg in every 100 c.o. 25 g. dry 
lactose ; 2 to 3 grams H.SO,, is digested in a flask 
on the water- bath for '2 k to 3 hours, the water 
being kept boiling all the time and care being 
taken by continual shaking of the flask to avoid 
colouring. The acid is, on cooling the solution, 
carefully neutralised with baryta water and the 
BaSO, separated by filtration. On evaporating 
the filtrate to a strong syrup in a vacuum solidi- 
fication takes place in a short time. The solid 
orystallisod mass is digested several times with 
dry methyl alcohol ; this dissolves out the dex- 
trose and other products of the action of the 
acid on lactose and the hydrolysed sugars, and 
leaves galactose as a white crystalline powder. 
This is dissolved in the least possible quantity 
of boiling water, again allowed to solidify, and 
again treated with boiling methyl alcohol. H 
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ilw whole of the lactose hydro^sed, and it 
generally is under the conditions indioatedt the 
residue is white, nearly pure, gal^tose. It can 
be rendered pure by recrystallisation from water. 
11 the crystals are allowed to form slowly from 
solutions not too concentrated they are dis- 
tinct and well-defined (Hendell, N, Z, 4, 163; 
Soxhlet, J. pr. 2, 21, 269^. The sugar can also 
be prepared from certain gums of the arabin 
group. For this purpose the most suitable are 
those having a Imvorotatory power and yielding 
the larger percentage of mucic acid on oxidation 
with nitric acid. The dextro- gums also yield 
the sugar, but in less quantity (O’iSullivan, 0. J. 
1884, 41 ; 1891, 1029). A solution of the gum 
selected— gum arabic, Turkey, Levantine or 
East India gum -is made containing about equal 
weights of water and gum ; this is heated in a 
flask in a water-bath as high as the boiling 
bath will take it, and 5 grams H.^S04 diluted to 
16 c.c. added for every 100 c.c. of the gum solution 
employed. The mixture is digested for 30 to 35 
minutes, then rapidly cooled, and alcohol, S. (}. 
0*83, added as long as a pp. is produced. This 
pp. is again dissolved in water, and again ppd. 
One or two fepetitions of this process frees the pp. 
from arabinose. A solution of the same strength 
as that above described for the original gum is 
then made of the pp. and heated as high as the 
boiling water of a water-bath will take it, and then 
lor every 100 c.c. of the solution 5 grams 11^804 
diluted to 15 o.c. added. At the end of about 
8 hours’ digestion the solution is cooled, carefully 
neutralised with baryta water, and alcohol, 0*82, 
added as long as a pp. is thrown out. The alco- 
holic solution becomes clear on standing; it con- 
tains galactose, and on concentration in a vacuum 
yields crystals of the body in a fairly pure state. 
They may be completely purified by washing 
with methyl alcohol, recrystallising the residue 
from ethyl alcohol, and finally from water. 

Formula and synthesis. See general part. 

Properties. — Galactose crystallises in hexa- 
gonal plates, m.p. 163°-164° (after drying at 
100®) (E. Bourquelot, J. Ph. [5] 13, 51), or,^ 
according to v. Lippmann {B. 18, 3335), in 
microscopic six-cornered prisms and needles, 
m.p. 168°. Galactose is easily soluble in 
water, almost insoluble in methyl alcohol. 
Solutions of galactose rotate a ray of polarised 
light to the right, the specific rotatory power 
for the D line being given by the formula 
[o]d- 83*883 + 0 0785P-0*209t (Meissl, J. pr. 



solutions exhibit the phenomenon of bi-rotation 
(Pasteur, J, pr. 68, 428). Parous a. .Tollens 
(A. 267, 160) observed an angle of [a]p =» 117*48° 
in a 10 p.c. solution at 20°, 7 minutes after com- 
mencing solution. E = 100, and varies slightly 
with the conditions of determination. 

Action of acids. By prolonged heating with 
dilute acids, galactose yields aceto-propionio 
and formic acids (Kent a. Tollens, A. 227, 228 ; 
B. 17, 668 ; Conrad a. Guthzcit, B. 18, 2905) ; 
snlphnric acid and chloro-sulphuric acid yield 
galactose-sulphuric acids (Honig a. Schubert, 
M. 7, 456 ; Clagsson, J. pr. [2] 20 a. 18). 

Action of alkalis. Alkalis colour galactose 
yellow ; the action of milk of lime produces 
saccharin (Cuisinier, v. LippmanUi ZuoHcrftrtcn). 


Fusion with EHO gives rise to acetic and oialle 
acids. 

Reduction. — By reduction with sodium- 
amalgam, galactose yields dulcitol and other 
alcohols (Bouohardat, A. Ch. [4J 27, 79). 

Oxidation.— Bromine oxidises galactose to 
galactonic acid (lactonio acid) G0H,.^O„ isomeric 
with gluconic acid (Hlasiwetz a. Habermann, 
A. 122, 96 *, Kiliani, B. 13, 2307 ; 18, 1661 ; 
Bauer, J. pr. [2] 30, 379) ; which when heated 
loses 1 moL water, and is converted into the 
lactone ; it yields with phenylhydrazine a hydra- 
zide which melts at 200°-205° with decomposi- 
tion (Fischor a. Passmore, B. 22, 2731). Nitric 
acid oxidises galactose to mucic acid, isomeric 
with saccharic acid. As mucic acid is only slightly 
soluble in water, the yield of mucic acid, whicn 
is normally 75 to 78 p.c., is sometimes made use 
of for the estimation of galactose ; but the yield 
varies considerably with the condition of experi- 
ment (Pasteur, C. R. 42, 349 ; Kent a. Tollens, 

A. Ch. 227, 228). Neutral or alkaline solutions 
of cupric hydroxide are reduced by galactose ; 
carbonic, formic, glycollio, and lactic acids are 
produced (Habermann a. Honig, M. 5, 208). 

Fertncntatioii. — According to Kiliani [B. 13, 
2305) and Koch (B. 20, Bef. 145), galactose does 
not ferment withyeast, whilst v. Lippmann {B. 17, 
2238; 20, 1001), Bourquelot {C.R. 106, 283), and 
Pasteur find that it does ferment. Stone a. 
Tollens (A. 249, 267 ; B. 21, 1672) find that it 
ferments with beer yeast as well as with Mucor 
racemosus, but slower than dextrose. Certain 
bacteria yield lactic acid (Pranzmovaski a. v. 
Ticghem,B. 12, 2087). 

Conijpowwds.— Galactose yields a crystalline 
compound with sodium chloride (Fudakowsky, 
Bl. [2] 30, 433). With a solution of baryta in 
methyl alcohol, galactose yields the compound 
(C4H,,0a)*Ba.^.Ba0 (Fudakowsky, l.c.). With 
acetic anhydride, a pentacetate is produced 
CyH,0(CaH, 0,^)5, m.p. 62°-66° (FudakowskyJ. 
According to Erwig a. Koenigs (B. 22, 2207) this 
body melts at 142°, crystallises in rhombic 
prisms, reduces Fehling’s solution, is dextro- 
rotatory, and differs in all its properties from 
Fudakowsky’s galactose pentacetate. With 
aniline, galactose forms an anilide, crystallising 
in long triclinic prisms, and lasvorotatory (Soro- 
kin, J. R. 1887, 377 ; B. 19,298). With hydroxyl- 
amine, galactose yields the oxim O^HiaNO*, the 
crystals melt at 176°-170°, and are easily 
soluble in water and weak alcohol (Bischbieth, 

B. 20, 2673). With ortho-diamido-benzone, 
galactose yields gaJactose-o-diamido-benzene 
CBH^(NH)2.CaH,o05, melting at 246° with decom- 
position. GaIactose-7-diamido-benzoic acid 
COOH.CrtH3(NH).^.C,,H,oO, + Hp crystallises in 
needles (Griess a. Harrow, B. 20, 3111). With 
hydrocyanic acid, galactose yields galactohep- 
tonamideC,H,jNO„ m.p. 194°; it is converted 
into the barium salt of galactoheptonio acid 
CjHijOg by digesting with baryta. The free 
acid melts at 145° and crystallises in slender 
needles; it is reduced by hydriodio acid and 
phosphorus to the lactone of normal 7-oxyhep- 
toic acid (b.p. 231°) and a very small quanti^ 
of normal heptoic acid (Maquenne, 0. R. lOo, 
286 ; Kiliani, B. 21, 916 ; 22, 621 a. 1886). With 
phenylhydrazine, galactose forms galactose- 
phenylh^drazidei orj^stalUsing ia qQlgqileif 
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needles, m.p. 158^, and galaetose-osazone, 
m.p. 198®-194® (Fischer, B. 20, 821). Fischer’s 
first determination of the melting-point (J5. 17, 
679) was 182°, Scheibler (B, 17, 1731) gave 171°, 
and other observers have given lower numbers ; 
this may be accounted for by the fact that unless 
the osazone be heated up very quickly it decom- 
poses before it fuses. By the action of hydro- 
chloric acid it yields galactose-osone (Fischer, 

B. 22, 87). Galactose also yields a diphenyl- 
hydrazide, m.p. 167° (Stahel, A. 258, 212). Galac- 
tose forms a penta-benzoate C^H70(C,H.02)., 
m.p. 165° (Skraup, AT. 10, 389). 

Sorbose. Sorbinose Sorbose is ob- 

tained from the juice of the mountain ash after 
allowing it to stand for some time. It is doubtful 
if it exists in the fresh juice as a free sugar, but 
it is probably formed by the decomposition of a 
glucoside (Pelouze, A. Ck. [3] 35, 222 ; Bous- 
singault, 0. R. 74, 939 ; DellTs, B. 4, 709 ; 
Byschl, pr. 62, 604; Freund, M. 11, 6G0). 
The expressed juice of the unripe berries of the 
mountain ash is allowed to ferment for eight or 
ten months, the clear solution is filtered from the 
organisms by which the fermentation was 
effected, and evaporated to a syrup, when the 
sorbose crystallises out on standing. It forma 
colourless rhombic crystals easily soluble in 
water. Its solutions are laevorotatory : for 10 p.c. 
solution, [a]D= —43-4° (Wehmer a. ToUens, B. 
19, 708). it is oxidised by chlorine and silver ' 
oxide to glycollic acid ; it behaves with bromine 
water like lu3vuloso, being practically unaltered 
(Kiliani a. Scheibler, B. 21, 3276) ; nitric acid 
oxidises it to oxalic, aposorbic and tartaric 
acids. ^ By more careful oxidation with HNOg I 
Kiliani a. Scheibler (2.c.) obtained trioxy- , 
glutaric acid. Copper hydrate oxidises it to ' 
carbonic and formic acids and other bodies, | 
amongst which is possibly glyceric acid (Des- ! 
saignes, <7. pr. 89, 313; Hlasiwelz a. Habermann, 
A. 166, 129 ; Habermann a. Honig, M. 5, 208). 
Hydriodic acid reduces it to hexyl iodide (Kiliani 
a. Scheibler, Z.c.). It reduces Fehling’s solution, 
and is coloured yellow by alkalis. Sorbose 
ferments slowly with beer yeast (Stone a. Tollens, 

A. 249, 267). By prolonged heating with dilute 
acids it is decomposed, yielding, amongst other 
bodies, laevulinio acid (Wehmer a. Tollens, l.c.). 
With phenyl-hydrazine it yields an osazone 

C, gKj2N404, m.p. 164°, which is almost insol. in 

water, but fairly easily soluble in alcohol, from 
which it crystallises in fine microscopic needles 
(Fischer a. Tafel, B. 19, 1920 ; 20, 217 and 2566 ; , 
Fischer, B. 20, 828). I 

Mannose. Seminose CgHigOg. This sugar ! 
does not occur free in nature. | 

Formation . — It is obtained by the action of | 
dilute sulphuric acid on the so-called reserve 
cellulose (Reiss, B. 22, 609, 3218) and on salcp 
juice (Tollens a. Gans, A. 249, 266), and by the 
oxidation of mannitol (Fischer a. Hirschberger, 

B. 21, 1805; 22, 1155 a. 3218; Cariet, J. 1860. 
250; Gk)rup-Besanez,il.ll8, 257 ; Dafert, B. 17, 
227). 

Preparation, — Sifted ivory nut shavings 

i l pt.) are digested with 6 p.c. hydrochloric acid 
2 pts.) for six hours on the water-bath, filtered 
mt, and the residue pressed and extracted with 
water. The brown solution contains the sugar. 
U may be obtained M hydraaide by adding 


phenyl-hydrazine acetate, and this is decom- 
posed by hydrochloric acid with reproduction of 
the sugar (Fischer a. Hirschberger, B. 22, 365 a. 
3218). 

Properties , — Mannose is precipitated from 
its alcoholic solution by ether ; the syrup, on 
keeping under absolute alcohol, solidifies to a hard 
colourless mass which shows no sign of crystal- 
line structure. Its solutions are dextrorotatory, 
[o]o =»l3*0°approx.; they are reduced by Fehling’s 
solution, 1 c.c. of this solution being reduced by 
4*307 mgm. mannose, i.e. K= 110°-112°. It is 
fermented by yeast. 

Reduction . — Mannose is reduced by sodium- 
amalgam to mannitol. 

Oxidation . — Mannoso is oxidised by bromine 
to mannonic acid, the lactone of which (C«H,oOJ 
crystallises in colourless needles, readily 
soluble in water and less in alcohol ; it is dextro- 
rotatory in aqueous solutions, [a]D = 53'8°, and 
forms a phenylhydrazide m.p. 214°- 

216°. Its optical isomeridc, f-mannonic acid, is 
obtained by the nitrile reaction from arabinose. 
Oxidised with nitric acid, manno-saccharic acid 
is obtained (Easterfield, G. J. 1891, 3(16 ; Fischer, 
B. 24, 539). It crystallises in colourless needles, 
m.p. 180°-190°, and [ajn - 201*8°. With ammonia 
it yields a mouamide,andwithphenylhydrazinea 
mono- and di-phenylhydrazide. Kiliani’s meta- 
saccharic acid is its optical isomeride (f-manno- 
saccharic acid) (Fischer, l.c.). 

Action of acids. Hot hydrochloric acid has 
little action on mannose, but if the heating be 
continued for some time, humus substances are 
formed. 

Action of alkalis. Alcoholic potash pre- 
cipitates a flocculent hygroscopic substance 
from solutions of the sugar. 

Conipouiuls. —Lead acetate and ammonia pro- 
duce a precipitate which becomes yellow on 
keeping. With phenylhydrazine it yields a 
sparingly soluble hydrazide, crys- 

tallising in yellow slender prisms, m.p. 195°-200°, 
Ifflvorotatoryin dilute hydrochloric acid solution. 
By heating the hythazide with excess of phenyl- 
hydrazine hydrochloride, sodium acetate, and 
water, it yields an osazone C,„H.^^N404 crystal- 
lising in yellow needles, which is identical with 
phony Igludosazono. With di-phenyl-hydrazine 
it yields a di-phenyl hydrazide, m.p. 155°. With 
hydrocyanic acid it yields a compound which is 
easily decomposed, yielding mannose-heptonio 
acid ; its lactone C^Hi.Oy crystallises in needles, 
m.p. 148°-150° ;*by reduction with hydriodic acid 
normal heptoio acid is obtained. With hydro- 
xylamine mannose yields an oxim C„H,sO«N, 
m.p. 184° (Reiss, l.c . ; Fischer a. Hirschberger, 
B. 22, 1155). Aceto-chloro-mannose is obtained 
by the action of acetyl chloride (Fischer, l.c.). 

Phlorose This has been shown to 

bo identical with dextrose (Rennie, C, J. 887, 
636 ; Fischer, B. 21, 988). 

Crocose C„H,.Pj. Kayser (B. 17, 2232) a. 
Rochleder a. Mayer {J. pr. 74, 1) obtained a 
dextrorotatory sugar by heating saffron (from 
Crocus electus or yellow shoots of Gardema 
grandiflora) with dilute sulphuric acid. It forma 
rhombic crystals, which only reduce half as much 
copper oxide as dextrose. According to Fischer 
(B. 21, 988), it yields, with phenylhydrazine, an 
osazone identical with phenyl gluoosazone, 
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Lokaoid 0 ,H, 30 « is obtained from lokao or 
Chinese green by boiling with dilute salphurio 
acid, lokaonio acid yielding lokanio acid and 
lokaose 0^5H<80„=08,H3«0.^, + CgH,20g. Lokaose 
forms minute acicular crystals, and is distin< 
guished from dextrose by being optically in- 
active and having a lower reducing pow^r 
(K-60) {K Kayser, J5. 18, 3417). 

Tabakose is said to exist in tobacco (Att- 
field, Fh. 641). 

Digitalose €,£[^0, is obtained, together with 
dextrin, by the action of strong hydrochloric 
acid on digitalin; oxidised with bromine it 
yields digitalonic lactone hence the 

formula of the sugar (Kiliani, Jtr. Ph. 230, 250 ; 
B. 25, 2116). 

Aromatic sugar. Phcnyltetrose (Fischer a. 
Stewart, B. 25, 2555). Cinnamaldehyde cyan- 
hydrin, when dissolved in chloroform and 
bromine added, yields phenyl-dibromo-oxy- 
butyronitril CHPliBr.CnBr.CH{OH)GN ; this 
when heated with hydrochloric acid yields 
phenylbromodioxybutyrolactone 

CHPh<^^-®*^>CH.OH, from which the acid 

CHPh.CHBr.CH(OH].COOH is easily obtained; 
on reduction this yields phenyltetrose 
OH.CHPh.CH(OH).CH(OH).COH. It yields a 
phenylhydrazide, m.p. 164°. 

For Acrosct Fcn‘i7iose, Qlycerose, see SyntJusia 
of the Sugars. 

Class II. The * -on * sugars. 

(a) Dipentose. 

Arabinon, diarabinose, or arabiubiose 
A product of the partial hydrolysis 
of a series of gum acids. A 26 p.c. solution of 
any of the strongly rotating gum acids is heated 
to boiling, and 2 g. sulphuric acid for every 
100 c.c. solution, previously diluted with 4 to 6 
volumes water, added. At the end of 10 to 15 
minutes’ digestion the solution is quickly 
cooled and alcohol, sp.gr. *830, added as 
long as a precipitate forms. The clear alcoholic 
solution contains arabinon and arabinose, and 
some arabinon is taken down with the precipitate; 
and on again dissolving it in a little water and 
reprecipitating with alcohol, the arabinon often 
appears on the surface of the syrup in sphero- 
crystals, and the alcoholic supernatant liquid 
contains it in quantity. It is easily soluble in 
water and methyl alcohoL Dilute ethyl alcohol 
also dissolves it, but absolute alcohol precipitates 
it as a syrup from a strong methyl alcohol solu- 
tion. Ether also precipitates it Its solutions 
are dextrorotatory, [o]i, » + 202° (c. 6*466), there 
appears to be an increase with the concentration; 
it reduces Fehling’s solution; Ea58(Ea57’6 if 
2 mols. sugar reduce 9 mols. GuO). D»3‘95. 
It tastes sweet, and is easily diffusible. Dilute 
acids hydrolyse it, the sole product being ara- 
binose, 

OioHjhO, + H 3O = 20,H,„0. 

Arabiuon Arabinose 

(O’SuUivan, C. J. 1890, 69). 

(6) Dihexoscs. 

Cane sugar. Saccharon^ sucrose 

Occurrence. — Gane sugar is widely distri- 
buted throughout the vegetable kingdom, and is 
frequently accompanied by dextrose and Isevulose. 
The most important sources are the sugar-cane 
{S(vxiha/rum officina^-um) ; the sugar-beet {Beta \ 


vulgaris) \ the sogar-maple fiest* McchaWnum) 
and Sorghum aaccharatum (Girard, 0. B, 102, 
108 ; Centrbl. /. Agric. Ch. 1886. 683 ; Berthelot, 
0. B. 63, 683 ; A. Ch. [3] 66, 289 ; Buignet, A Ch. 
[3] 61, 233 ; Maxwell, L. V. 86, 16, Am. 12, 265 ; 
Rcpoi’ts of the Department of Agriculture^ Wash* 
ington, No. 6 ; The Sugar Industry of the United 
States^ by Wiley, 1885 ; The Literature of the 
S'ltgarSt H. L. Both, London, 1890 ; Gossmann, 

A. 104, 335 ; Hermbstadt, Gehlen's J. f. Ch. Ph. 
Min., 8, 689 (1809) ; Boier, Jahresb. /. 
Zuckerfabr. 6, 139 ; Balland, J. Ph. [4] 26, 97 ; 
Corenwinder, C. B. 83, 1238 ; A. v. Wachtel, 

B. C. 1880, 344 ; Stone, B. 23, 1406 ; Wiley, 
0. N. 61, 88 ; Ann. Agronom. 11, 392 ; Schulze 
a. Seliwanoff, L. V. 1887. 403 ; Washburn a. 
Tollens, B. 22, 1047; Stingl a. Morawski, M. 
7, 176 ; 8, 82 ; D6on, Bl. [2] 32, 125 ; Beali, Q. 
17, 325; Schulze, L. V. 1887, 403, 408 ; v. 
also the references under the heading Dextrose, 
Occurrence, and many others throughout the 
range of chemical literature). 

Formation.—lcory (A. Ch. [4] 6, 350) and 
Jackson {C. B. 46, 55) found that in the early 
period of vegetation of many plants, invert sugar 
only occurs, and that cane sugar is formed later. 
Leplay (C. B. 46, 444) confirms this observation 
in the case of sugar-cane. Barley contains from 
0*8 to 1'6 p.c. cane sugar, whereas germinated 
barley (malt) contains from 2*8 to 6*0 p.c. cane 
sugar ; the starch of the endosperm being con- 
verted into cane sugar for the use of the growing 
plant (Kuhnemann, B. 8,202, 387 ; Kjeldahl, iJtls. 
du C. B. des Travaux du Lab. de Carlsbcrg, 
1881, 189 ; O’Sullivan, 0. J. 1886, 68). Brown 
a. Morris {0. J. 1890, 516) found that the cane 
sugar of germinated barley was chiefly localised 
in the embryo, whilst maltose appears in the 
endosperm; they consider that starch is first 
converted by diastase into maltose in the endo- 
sperm, and then, being transferred to the embryo, 
is converted into cane sugar for the purpose of 
growth. Golloy a. Vakovitch {Bl. [2] 34, 326) 
may have obtained cane sugar by acting on 
barium Irovulosate with acetochlorhydrose, but 
the evidence is not satisfactory. Aubert a. 
Giraud {D. P. J. 257, 298) state that by passing 
an electric current through acidified starch-paste 
at 100°0. cane sugar may be manufactured (?). 

Preparation. — (For the commercial prepara- 
tion of cane sugar see Thorpe’s Dictionary 
OF Applied Chemistby.) The best samples of 
commercial cane sugar consist of almost the 
pure sugar. Dry, clean, glassy sugar-candy is 
sufficiently pure for most purposes. Absolutely 
pure saccharon may be obtained by careful 
crystallisation from warm aqueous solutions ; or 
a cold, clear saturated solution made with care- 
fully-purified distilled water is mixed with an 
equal volume of purified ethyl alcohol, S.G. 
*820, with continual stirring. On standing, 
saccharon crystallises out in pure glassy crystals. 

Properties.— Cane sugar forms fine large 
monoclinic hemihedral crystals, S.G. 1*68047 

(Schroder, B. 12, 662 *, Gerlach, D. P. J. 172, 31 
and 286 ; Joule a. Playfair, 0. J. 1, 130), which 
do not contain water of crystallisation. It is 
easily soluble in water ; 100 parts of a solution 
saturated at 0° contain 66*0 pts. saccharon, at 
20° 67 pts., and At 40° 76*8 pt8. (ScbeiblSTi 
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2, f,' 23, 263). A largo numW of figures have 
been given to represent the relation between the 
quantity of sugar in solution and the specific 
gravity thereof (v. Lippmann’s Zitckerarten; 
Brown a. Heron, 0. 1879, 644 ; P6rier, G. R, 

108, 1202), and much apparent contradiction 
exists on the subject ; but the bulk of this dis- 
appears when the processes by which the figures 
were obtained are inquired into. The general 
agreement is with the numbers of Balling, con- 
firmed, within the limits of error, by Scheibler 
a. Mategczek {Z. 7. 15, 586 ; 24, 827 ; 27, 32) 
and others. These are ; — 


Per cent, saccharon 

Sp. gr. soL 

17*6® 

in sol. 

17^4 

6 

1*01970 

10 

1*04014 

20 

1*08329 

40 

1*17913 


The relation is sometimes more convenient 
when expressed as weights in measure. If a 
vessel be made to hold 100 g. HjO at 15*5°, 
and such is the 100 c.c. vessel most generally 
in use, then a solution containing 
20 g. saccharon in this 100 c.c. = sp. gr. 1*07686 
10 „ „ „ 1*03857 

5 „ „ 1*01031 

1 „ „ „ 1*00386 

Hence, if tho sp.gr. of a pure cane sugar is 
known the amount of sugar in the 100 c.c. can 
be arrived at broadly by dividing the S.G. — 1*000 
by *00385. This number multiplied by 1000 has 
been called the D of the sugar. D = 3*85 for 
saccharon. The uso of the number gives too 
loAV an indication for tho higher specific gravities 
and too high a one for the lower ones, being 
almost accurate for solutions containing between 
10 and 20 g. sugar per 100 c.c. It is a useful, 
practical factor when its meaning and value 
are understood, being at most 3 per 1000 incor- 
rect. 

Concentrated sugar solutions possess a higher 
boiling-point than water, an 80 p.c. solution boils 
at 112°, a 90*8 p.o. solution at 130° (Gerlach, 
D. P. J, 172, 31 and 286). 

Solutions of pure cane sugar crystallise 
quickly, but if foreign matters are present tho 
crystallisation is very much slower, and tho 
forms of the crystals vary with the character of 
the impurity ; some impurities entirely prevent 
crystallisation. These facts play a most im- 
portant part in the refinery (see art. in Dictio- 
naby op Applied CiiEMisTity and v. Lippraann’s 
ZueJeerarten, p. 115). Solutions of cane sugar 
are highly diactinio (Hartley, C. J. 1887, 59). 
Cane sugar is soluble in methyl and ethyl 
alcohol, acetone, and glycerin in proportion to 
the amount of water they contain, being almost 
insoluble in them when they are anhydrous 
(Scheibler, Z. 7. 22, 246 ; B. 5, 343). Solu- 
tions of cane sugar and the fused sugar are 
optically active, rotating the plane of polarisa- 
tion to the right; crystallised sugar is not 
optically active. Tho oldest value given for 
specific rotatory power is [o]j = + 73*8° ssi 
Wd- -h66*6° (24:21*67: :73*8°:66*6°). 

This is only an approximate average number, 
much of the same value as the D described 

' X, dei YtrHm fJUr dU Mbewtucktr fa- 

iutrlt dm deid$dun 


above. It is the apparent specific rotatory 
power, and may be called the working value. 
Tollens {B. 17, 1767), Schmitz (J3. 10, 1419), 
Girard a. de Luynes (G. B. 80, 1355), and Calde- 
ron (0. jR. 83, 393), from numerous observations 
worked out an aosoluto value. Tollens gives 
[«]n = 66*386 + 0-015035P - 00003986P*, where 
P is the p.o. of sugar ; Schmitz’s numbers are 
Md = 64*156 + 0*051596q - 0*00028052^^ where 
2 = p.c. of water. Tho optical activity diminishes 
with the concentration of the solution, so that 
for a 100 p.o. solution (i.e. for the dry sugar, if 
tho curve follows tho samo course as the obser- 
vations) tho speciiic rotatory power is [o]o « 64® 
approximately, whilo very weak solutions, as 1 p.o. 
for example, it is [ajn = 67° (Pibram, B. 20, 1849 ; 
Nasini a. Villavccchia, Qaz. 22, 1, 97). The 
temperature of observation has but a very slight 
influence on the optical activity (Dubrunfaut, 
A, Ch, [3] 18, 99 ; Andrews, M, S. [4] 3, 1366). 
Tho specific rotatory powers of solutions of the 
sugar in mixtures of water and ethyl alcohol, 
methyl alcohol, and acetone respectively are 
slightly greater than that of aqueous solutions ; 
if tho latter be taken at [ajD = 66*6^° they are 
respectively [ojo = 66*83°, 68*63°, and 67*40° (Tol- 
lens,!?. G. 1881,570). The optical activity of fused 
sugar is less than that of its solutions, and di- 
minishesaccording to thelength of time it has been 
kept fused. This is, no doubt, duo to the presence 
of decomposition products. The specific rotatory 
power of aqueous solutions is altered by the 
presence of most foreign substances; alkalis 
and alkaline earths diminish it (Thomsen, B, 
14, 1649 ; V. Lippmann, Ztickcrarten^ p. 157 ; 
Farnstciner, D, 23, 3570). Lead acetate does 
not appear to have any influence, while ammonia 
increases the rotation (Ost, N.Zcitsch.f.Rilbenz,- 
Ind. 9, 42). Tho dispersion of cane-sugar solu- 
tions is almost the same as that of quartz, so 
that the rotation of the plane of polarisation 
caused by a sugar solution may be almost 
completely neutralised by a plate of left-handed 
quartz of the correct thickness. Grimbert 
{J. Ph, [5] 16, 295) gives [a]o = 66*45° and 
[tt]o =» 52*85°, BO that the dispersive power for 
these two wave-lengths is 1*257. The refractive 
index for sugar solutions has been determined 
for seven lines of the spectrum (Obermeyer, 
Landolt-Bdrnstein, Phi/sikalisch-chem. Tabellmt 
Berlin, 1883, p. 213 ; Kanonnikoff, B. 16, 3047). 
Gladstone {C. J. 1891, 589) finds the molecular 
refraction of cane-sugar solutions to be 118*7 
for the A line, and tho molecular dispersion be- 
tween A and H lines 4*73. 

Action of heat. Dry cane sugar melts at 
160°, and solidifies on cooling, if care be taken 
and the temperature does not exceed 160°, to a 
colourless, glassy mass *, but if the temperature 
be maintained the fused mass becomes slightly 
coloured, and on cooling yields the substance 
known as barley-sugar, this of ter a time becomes 
crystalline ; but even with the greatest care it 
seems impossible to fuse the sugar without pro- 
ducing some decomposition. With the appearance 
of the colour dextrose and Isevulosan are probably 
the chief products ; but although much work has 
been done on the subject, the exact nature of 
the alteration is not settled. A little furfural is 
formed at times (G61is, A, Gh. [8] 67,234 ; 0. B, 
61, 831; Sohiff, B. 20, 540). Wlien the tempe* 
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ratnre is raised to 200^ distinoi decomposition 
sets in, caramel is formed, gases are evolved, and 
finally a residue of charcoal remains. Among 
the gases are carbon dioxide, carbon monoxide, 
marsh gas, ethylene, acetylene ; among the vola- 
tile products are water, acetone, formic, acetic, 
and propionic acids, aldehyde, furfural, acrolein, 
benzoic aldehyde, and a bitter substance assa- 
mur (VOlckel, A. 85, 59 ; 86, 63 ; 87, 303 ; Fremy, 
A. 16, 278; Schifl, B, 20. 640; A. 238, 380; 
Beichenbach, A. 49, 3). Caramel has the same 
composition as cane sugar, less one or more 
molecules of water. It is soluble in water and 
partly soluble in alcohol, and probably consists 
of a mixture of several bodies. Baryta and basic 
lead acetate give precipitates with it. It com- 
bines with aniline, reduces some metallic salts, 
and yields an acid with chlorine. It is largely 
used as a colouring matter in cookery, brewing, 
&c. (G6lis, A. Ch. [3] 62, 386 ; 66, 190 a. 490 ; 
Graham, A. Ch, C5, 190 ; Pt'digot, A. Ch. [2] 07, 
172 ; Volckel, A. 75, 59 ; 85, 74 ; Pohl, J, pr. 
82, 148 ; Schiff, B. 4, 008 ; Wachtel, Org, d. 
C«ntr.-Fer. 17, 930). 

It seem^ proved that when dry saccharon is 
heated at 100°, even for a long time, no change 
takes place, and, as has been said, the sugar can 
be heated to the melting-point, 100°, without pro- 
ducing any marked decomposition, but it would 
appear that rapid heating to this temperature 
can produce a mixture of dextrose and Isavulosan, 
without any change in weight. If, however, a 
mixture of 100 pts. of the sugar and about 5 
pts. water is heated at 150° for some time, a 
mixture is produced which contains little or no 
unaltered saccharon, but which consists, in part 
at least, of a sugar said to be optically inactive, 
and to be a compound of bi-rotating dextrose and 
Iffivulose. Other bodies must also be present, 
probably dextrose and leevulose. The compound 
sugar is, no doubt, present, but inasmuch as it 
has never been isolated it cannot be said with 
certainty that it is inactive (Morin, C. li. 
86, 1033 ; Berzelius a. Mitscherlich, J, Ph. 3, 4, 
216). The so-called inactive sugar is easily con- 
verted by boiling with water into dextrose and 
Itevulpse. Neutral aqueous solutions of saccha- 
ron are slowly inverted on boiling. They are, 
however, stable in the cold, if sterilised, and can 
be concentrated under diminished pressure 
at 50°-60° without undergoing much change 
(Kreuster, Z. V. 25, 521 ; B6champ, A. Ch. [3] 54, 
28 ; Morin, C. li, 86, 1,083 ; Horsin-D6on, Bl. [2] 
82,121; Gunning, Z. 7.27, 895). By heating to 
150°*200° in a sealed tube, humus substances, 
formic acid, pyrocatechin, and other bodies are 
formed (L6w, Z. 1867, 610 ; Hoppe-Seyler, B. 
4, 16). 

AcUon of acids. All dilute acids, even car- 
bonic acid, hydrolyse (invert) cane sugar, 
causing the assimilation of one molecule of 
water and the production of equal quantities of 
dextrose and Issvulose, 

SaoebaroD Dextrose Laavulose 

+ H,0 = O.H, A + C«H, A 
This mixture is called invert sugar. The ex- 
periments made on this phenomenon may be 
classified under two headings : (a) the action of 
different acids acting under the same conditions 
on the sugar solutions ; (b) the action of the 
iMWls acids under varying conditions. With 


regard to those doining under the first heading, 
Ostwald’s experiments are the most complete 
{J. pr. [2] 29 386 ; 30, 98 a. 226 ; 81, 807 ; Koral. 
J. pr. [2] 84, 109). He examined the action of 
thirty-two acids, and finds that there is a close 
relation between the constants of inversion and 
the afl&nities of the acids. See also Fleury 
(B. P. J. 219, 436 ; J. Ph. [4] 22, 423). With 
regard to reactions coming under the second 
heading, it is found that inversion proceeds more 
rapidly in hot solutions than in cold ones 
(several formulaa have been given to express this 
relation, v. Arrhenius, Zeit. phys. Ch. 4, 226 ; 
Urech, B. 20, 1836) ; that increase in the percen- 
tage of acid increases the rapidity of inversion ; 
that, the percentage of acid to water being con- 
stant, increase of volume decreases the time ; and 
that the percentage of acid to sugar being con- 
stant, increase of volume (dilution) increases the 
time (Lowenthal a. Lenssen, d.pr. 85, 321 a. 401 ; 
Urech, B. 13, 1696 ; 15, 2130 ; B. C, 1881, 670 ; 
1883. 501). The presence of neutral salts some- 
times increases and sometimes diminishes the 
rapidity of inversion ; for a detailed account see 
Spohr (/. pr. [2] 32, 32 and 33, 265). If the 
heating be long continued, or if too strong acids 
be used, most of the lajvulose and part of the 
dextrose is destroyed, and humus substances, 
acetopropionic and formic acids are produced 
(Mulder, J. pr. 21, 219; Malaguti, A. 17, 52; 
Stein, A. 30, 82 ; Conrad, B. 11, 2178 ; Tollens, 
B. 14, 1951 ; Sestini, L. V. 26, 285 ; 27, 163 ; 
Conrad a. Guthzeit, B. 18, 439 ; 19, 2569 a. 
2844 ; Tollens a. Grote, A. 175, 181, 206, 237 
a. 233. The inversion of cane sugar cannot bo 
carried out by heating with acids without de- 
stroying some lasvulose {q. v.), unless the tempe- 
rature and quantity of acid be kept within well- 
defined limits (Jungfleisch a. Grimbert, 0. B. 
108, 144; Wohl, B. 23, 2084). Nicol (Pr. 14, 
180) and Clerget [A. Ch. [3] 26, 175) give in- 
structions for the preparation of pure invert sugar. 
According to the latter, 5 o.c. of strong hydro- 
chloric acid is added to 50 c.c. sugar solution, 
containing 8T75 g. saccharon, and heated 
for ten minutes at 68°. Under these conditions 
the sugar is completely inverted, and the pro- 
ducts are unacted upon. They are identical in 
optical activity and cupric reducing power with 
the sugar obtained by the action of invertase 
(see Action of ferments) under the most favour- 
able conditions. There is no doubt that invert 
sugar is a mixture of Ijevulose and dextrose in 
equal quantities (Jungfleisch a. Grimbert, C. JB. 
108, 144 ; 107, 390), as its properties agree in 
every particular with that of a mixture of these 
two sugars in molecular proportions. Concen- 
trated sulphuric acid dissolves cane sugar at the 
freezing temperature, without the production of 
colour, but slight heating causes it to swell up 
to a black, frothy mass ; a blue fluorescent body 
is formed (Simmler, 0. 0. 1862, 378). Other 
acids act in a similar way (Gmelin-Kraut, Hand 
hitch d. Ch. ; van Kerckhoff, J. pr. 69, 48). 

Action of alkalis. Dilute alkalis do not act 
on cane sugar in the cold, and but slowly on 
heating (Michaelis, J, pr, 66, 430). By heating 
with potassium hydroxide and but Uttle water, 
decomposition takes place, carbon dioxide, acet- 
one, and formic, acetic, propionic, and oxalic 
acids are formed (Gottlieb, A, 62, 122). PotMll 
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dr twUTta tincler certain conditions yield a large 
quantity ol lactic acid (Sohiitzenberger, Bl. [2] 
25t 289). Milk of lime and strontia also decom- 
pose cane sugar by prolonged heating (Fremy, 
A. 15, 278 ; Benedict, A. 162, 303 ; Niedschlag, 
Deutsche Zucherind, 1887. 169 ; Pinner, B. 16, 
1728). 

Oxidation, Cane sugar is easily oxidised 
by almost all the common oxidising agents. Free 
oxygen does not act on it, but in the presence of 
platinum black it does; ozone also oxidises 
it (Gorup-Besanez, A, 110, 103). Chlorine or 
bromine yields gluconic acid, glucose, and other 
substances (Keichardt, B. C. 1880, 669 ; Gries- 
hammer, A, Ph, [3] 16, 193) ; the same reaction 
takes place in the presence of lead or silver 
oxide (Hlasiwetz a. Habormann, A, 165, 128; 
Herzfpld, A. 220, 353). Iodine and potassium 
carbonate yield a little iodoform (Millon, C. R, 
21, 828) . The more powerful oxidising reagents — 
such as strong chromic acid, chlorate of potash, 
strong sulphuric acid, &c.— act so violently as to 
cause explosions. Strong nitric acid acts very 
energetically ; dilute nitric acid yields saccharic 
and oxalio acids ; anhydrous nitric acid, or a 
mixture of strong nitric and sulphuric acids, yields 
a nitrate (Sobero, C. R. 24, 247 ; SchOnbein, P. 
70, 104 ; Carey.Lea, Bl [2] 10, 416; Tollena, B. 
16, 1828 ; Salkowski, B. 16, 1738 ; Heintz, A, 51, 
185 ; P. 61, 315 ; Reinsoh, Jahrb. /. Pharm. 18, 
337 ; Hornemann, J.pr. 89, 304 ; Tollens, Chem. 
Zeit, 11,1178). Fehling’s solution is not reduced 
by cane-sugar solution, neither are alkaline solu- 
tions of other oxides, except ammoniacal silver 
solutions, which are reduced slowly in the cold 
and quicker on warming; but many neutral or 
acid metallic solutions are reduced (Tollens, 
Z. V, 82, 712 ; B. 16, 1828 ; Salkowski, B, 
16, 1738). Dilute chromic acid oxidises cane 
sugar to oxalic, formic, and carbonic acids; 
potassium permanganate yields carbonic acid 
and water; by careful oxidation in the cold, 
oxalio and formic acids are also produced (Hoycr, 
Ar, Ph. [3] 20, 336 a. 430 ; Brunner, B. 12, 649). 
Maumend {Bl [2] 22, 2 ; 30, 99) says that 
three acids, di-, tri-, and hexa-pinio acids 
OjHbO,, and are formed under certain 

conditions. 

Action of ferments. Cane sugar is not 
directly fermentable by organised ferments, with 
the exception of Manila Candida] it requires 
first to be hydrolysed (inverted), and for this 
purpose every organism which has the power of 
assimilating cane sugar produces an organised | 
ferment or enzyme called invertase^ which first j 
inverts it (Bernard, Lefojw de Physiologic ExpCv.^ 
Paris, 1866; Hansen, Meddelelser, 1888, 2, 143; 
Brown, 0, J, 1886. 173). The action of in- 
vertase was first studied by Kjeldahl {Medde- 
lelser, 1881, 3, 186) ; O’Sullivan and Tompson 
{0,J, 1890, 834) have exhaustively investigated 
the subject. They find the change follows the 
same time curve as a catalytic reaction; the 
time necessary to perform a given percentage of 
hydrolysis varies directly with the amount of 
inverts e ; the most favourable concentration of 
the sugar solution is 20>26 p.c., and the most 
favourable temperature 66°. Hydrolysis pro- 
ceeds slowly at the freezing-point ; it ceases at 
about 65 ° ; alkalis immediately stop the reac- 
tioiii whereas very minute quantities of acid 


md it. Invertase is uninjured by the reaction, and 
is capable of inverting about twenty-two times its 
weight of cane sugar per minute for an unlimited 
period- The dextrose formed is in the bi-rota- 
tory state ; on standing, the invert’sugar has the 
same optical activity as that obtained by the 
Careful action of dilute acids. See also Barth 
(B. 11, 474), Mayer (B. C, 1881, 784 ; 1882, 860), 
Muller {Ajm. Agronom. 12, *481), Tamman {Zeit* 
phys. Gh. 3, 25). Invertase acts at a tempera- 
ture higher than is sufficient to kill the yeast 
whence it is derived. For production of alcohol, 
acids, <fec., under the influence of organised fer- 
ments, see Feiimentation. 

Compounds with acids, Nitrosaccharon 
Ci 2 H,b(N 02)40„ is prepared by treating the 
powdered sugar with a mixture of strong H5,S04 
and fuming HNOj in the cold (Schonbein, P. 

70, 167; Sobero, C. R, 24, 247). It is a white 
doughy mass, insoluble in water, soluble in alco- 
hol and ether. Boiling water decomposes it; 
lii.p. 20°. It is explosive. 

With arsenious acid a compound 
0,2H2,p,,.ASjj03 is said to bo produced. The 
composition is improbable. • 

By the action of acetic anhydride and glacial 
acetic acid, or acetic anhydride and sodium 
acetate, a series of acetates have been obtained. 

In these the group CjH^O takes the place of H. 

Wo have the monoacetate C,2H2,(C2H30j0„ 
(Schiitzenberger a. Naudin, Bl, 12, 206) ; the 
tetracetate C,2H,8(C2H30)40,, ; the hexacetate 
(Herzfeld, N. Z, 3, 155) ; the heptacetate 
(Schiitzenberger, Bl. 12, 204 ; C, R, 61, 486) ; 
and the octacetate (Herzfeld, B. 13, 267; D6mole, 

C, R. 89, 481), all more or loss resinous sub- 
stances. diminishing in solubility in water in 
proportion to the number of acetyl groups they 
contain, and increasing in solubility in alcohol ^ 
and ether with the same change in composition. 

I The octacetate is said to crystallise in needles, 
m.p. 67°. They are all decomposed by the action 
I of acids and alkalis into acetic acid and the 
j products of the inversion of saccharon. It is 
j probable that by careful treatment with alkalis 
I in equivalent quantities (sufficient to neutralise 
the acetic acid formed) saccharon is again pro- 
duced. Benzoyl chloride yields with saccharon 
a hexabenzoate C,2.H,o(C,H30)jO,|, m.p. 109° 
(Baumann, B. 19, 3220 ; Skraup, M. 10, 889). 

Gompou?ids with bases. By mixing sodium 
ethylate with a solution of cane sugar and pre- 
cipitating with alcohol, a compound OjjH^jNaO,, 
is obtained (PieiiTer a. Tollens, A. 211, 286). 

A similar potassium compound has been pre- 
pared (Soubeyran, A. 43, 223 ; Brendeohe, An, 

Ph. [2] 29, 73). Cano sugar combines with 
many bases, forming saocharates which are de- 
composed into the sugar and carbonate by car- 
bon dioxide, and are but slightly soluble in 
water. The most important of these are barium 
saccharate G,2H220i,.Ba0, strontium saocharate 
CiaHcjOji.SrO, and 0,3H22O,i.2SrO, the former 
produced by mixing solutions of its consti- 
tuents; it crystallises with fiBLO, the latter 
obtained by bringing together its constituents 
in boiling solution. Calcium saccharates : . 
0„H220„.8Ca0 3aq is but slightly soluble in 
water ; 0,2H220„.2Ca0 2aq and 0,2HaO.|OaO 
are soluble in water and decomposed partly by 
boiling into the tri-saccharate and fim fugar» 
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(0„^0„)a8Ca0 have also been described. 
Lead acetate alone does not precipitate cane 
sugar; lead acetate and ammonia 3ri6ld 
OjjjHjjPbjO,, and OjjHjaPh.O,! ; iron and copper 
yield saccharates ; it is doubtful if magnesia 
forms one (Soubeyran, A. 43, 223 ; Stromeyer, 
Ar. Ph. [3] 25, 229 ; Brendeche, Ar, Ph. [2J 29, 
73; P61igot, pr. 13,379; 15, 76; A, [3] 54, 
377; Landolt a. Degener, Z. V. 32, 325; Scheibler, 

B. 16, 2945 ; 16, 985 ; v. Lippmann, Organ d. 
Centr. Ver. 18, 37 ; B. 16, 2764 ; Benedict, B. 
6,413; Harperath,G/iew. Zeit. 1886. 323; Boivin 
a. Loiseau, C. R. 68, 60 ; also old editions of 
Watts’ Diet.). Ammonia gas at 150° forms 
brown amorphous bodies ; solutions of ammonia 
yield similar bodies (Th6nard, 0. B. 62, 444 ; 
Payen a. Schiilzenberger, Jahresber. f. Zucker- 
fabr. 1861-62, p. 191, 192 ; Laborde, J. 1874,883). 

C<nnpou7i^ with vietallic salts. Several 
compounds of saccharon with sodium chloride, 
bromide, and iodide have been prepared 
(PMigot, A. 30, 71 ; Maumen6, Bl 15, 1 ; 
Gill, C. J. 1871, 209). Such compounds are 

C, aH2jO„.NaC1.2H..O ; 2C,,H.>0„.3NaC1.4H.,0 ; 
Cp,H220„.Na'6r.liH20;and26,Jl2,0,,.3NaI.3H,0; 
the latter is avery stable and detinite compound, 
and is, like the others, easily prepared by boil- 
ing a mixture of the sodium salt and saccharon 
in equivalent quantities, and allowing the solution 
to stand in a quiet place over sulphuric acid. 
These bodies form distinct and definite crystals. 
No definite compounds of the halogen salts of 
potassium and ammonium with saccharon have 
been described, but there can be little doubt, 
from the work of Gill, that such are obtainable. 
Lithium salts seem to give lithium compounds. 
Compounds of saccharon with sodium-acetate, 
nitrate, iodate, and phosphate aro not obtain- 
able (Gill, I.C.). A double salt of copper sul- 
phate and saccharon, C,._.H2P,,.CuS0^.2aq 
crystallises from a saturated solution of the 
constituents (Barreswil^. J. Ph. [3J 7, 29). 
The sodium mercury chloride compound 
20„H2aO„.NaCl.IIgCl2 crystallises in minute 
crystals on the slow ovai)oration of a solu- 
tion of its constituents in weak alcohol 
(Boullay, Bl. 12, 292). A borax compound 
30,2H;2’Pu*Na2B^0,.4Hp has also been described 
(Sturenberg, Ar.Ph. 18, 279). Many other com- 
pounds have been described, but they present 
no material interest. 

Saccharon, like many other organic sub- 
stances, prevents the precipita‘jion of many 
metals from their solutions by ammonium, 
sodium, and potassium hydroxide ; in some cases 
the prevention is complete, in others only a 
portion of the metal is retained in solution (Lus- 
saigne, C. B. 14, 691 ; Groth, J. pr. [1] 92, 175 ; 
^jeeUetwI.Fabr,' 18,22). 

7. ihe assihAlahon nffx‘»accharon yields only 

'o“B known. 

I* and also 

(Bnn^u of the maJ ^^oseconsUtutea 

f^ouohardat, Biro^^PotiliUr /%heep, goats, and 
of women.^'fc 


cows, 6 p.o. of asses* milk, and a slightly greatet 
proportion of mare’s milk ^leischmann, Dm 
M olkereiwesent Braunschweig, 1876; Eilhne, 
Lehrb. d. physiol. Ch. p. 673). 

Preparation.— BkimmiWL, or, better, milk from 
which the fat has been separated by mechanical 
means, is coagulated with rennet and the whey 
digested for some time with calcium carbonate 
(chalk) and aluminium hydroxide. The insoluble 
matter is then filtered out and the filtrate con- 
centrated in a vacuum to a syrup ; this, on 
standing, yields crystals of lactose. During con- 
centration some matter becomes insoluble ; this 
should be filtered out before final concentration. 
The crystals are purified by repeated re-crystalli- 
sation from solutions concentrated at the tempe- 
rature of boiling water ; on cooling C,2H220,,.H20 
crystallises. This is lactose a. If the saturated 
Solution is evaporated rapidly on the water‘-bath 
with continual stirring, small crystals of 
are obtained ; lactose y. These are not hygro- 
scopic. If the o modification is dried at 130° 
a hygroscopic mass is left, which is known as 
the j8 modification. There arc said to bo other 
modifications, but in solution after boiling they 
all have the same optical activity and are iden- 
tical (Enling a. lliif, B. C. 1882, 340 ; Cmtbl, 
f. Ag.Ch. 1885, 130; J. Kunz, Ph. [3] 15,443). 

Properties. — Ordinary lactose forms large, 
rhombic, hemihedral crystals, having a sp.gr, 
1*53- 1-54 (Schroder, B. i2, 562) and containing 
1 mol. H-P, which is lost by drying at 130°. It 
is soluble in six parts of cold water and in two 
and a-half or loss of boiling water, from which 
on cooling it slowly crystallises. Its solutions 
: rotate the plane of polarisation to the right, 
and its spejcifio rotatory power for the D line is 
^ Md = 52-53° + (20 -OxO'055 (Schmogor, B. 13, 

1 1927; Hesse, A. 176, 98; Erdmann, J. 1856, 

; 661 ;Denig^!sa.Bounans, J.p;i.[5]17,363 a.411). 

; The variation with the concentration is very 
j little, and, as is obvious from the above formula, 
the effect of temperature is slight. These 
' numbers for the [aj^ are calculated for the crys- 
• talsCjaH^-^OipIip. For the dry sugar Cp^HjjO,, 

I I have found [aji, •= 55'rp witli a Jellet-Cornu 
, instrument (Schmidt a. Hans, G/i.), sodium flame, 

‘ aud absolutely the same number [a]j = 61*6° with 
^ a Soleil-Scheibler, taking 100 divs. = 38-4°, 

i «J “D 

, (24:21-67 : : 61-6°:55-6°). 55-6°-5-25 p.o. = 62-69 : 

I my observations were made at 15-5°, SohmSger’s 
at 20°. Freshly-prepared solutions of crystallised 
j lactose exhibit the phenomenon of bi-rotation, the 
! angle immediately after solution being in the pro- 
' portion of 8:5 to the constant value (Urech, B.IO, 

: 2270 ; Dubruiifaut, G. R. 42, 228 ; Sohmogor, Z.c.; 
i Parcus a. ToUens, A. 257, 160).. The rotatory 
j power does not vary with the concentration. The 
I dispersive power— that is, the ratio between the 
specifio rotatory powers for the 0 and D lines— is 
1:1-259 ([ajo =41-58) (Grimbcrt, J. Ph. [6] 16, 295 
a. 345) . The modification y when freshly dissolved 
in water exhibits the phenomenon of semi-rota- 
tion— that is, the specific rotatory power is only 
about I of the normal, to which it attains on 
standing a few hours (E. 0. Erdmann, 
Fortschritte der Physikf 1855, 13 ; B, 18, 3180 ; 
Schmoger, B. 13, 1915). The modification jS on 
solution has immediately the normal optical 
activity; the presence of alkali flowers the 
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tethitr (SolunOger, U.i Vieeh, B. 17, 1643). 
Bobmeger give the epewfio gravity ol solutions, 
containing given percentages ot the raystals 
from which by calculation we get 0 = 3*956 fora 
Bolution containing 2*6 g. dry sugar in 
100 C.O. at 20°, 3*921 for a 10 g. solution 

and 3*913 for a 15 g. one. My observations are, 
temperature 15*5° ; — 


1 gram in 100 c.o. sp.gr. 1*0040; D^l'OO 
6 grams,, „ 1*0199 ; D = 3*98 

10 1*0397 ; 0 = 3-97 

20 „ » 1*0785; 0 = 3-93 


D = 3*99 for solution below 10 g. per 100 c.c. at 
15*6°. The K = 79-2 for dry sugar, i.e. 0*5723 
anhydrous lactose reduce 1 g. CuO from Fehling’a 
solution (Jones, Analyst, 1889, 81). According 
to Soxhlct 0-5 g. sugar = 74 c.c. Fchling’s solu- 
tion, hence K =» 74 ; in this case 1 g. CuO = -G127 
lactose: by weighing the precipitated CuO as 
Cu by Allihn’s method, 1 g. sugar = 1*736 CuO, 
or 1 g. CuO = 0-5760 g. sugar, K = 78-8, agreeing 
with the number given by Jones. According to 
lloderwald a. Tollens {B. 11, 2076) the working 
number 1 g. CuO = *5795 g. anhydrous sugar. I 
am inclined, when the conditions hereafter to be 
described are followed, to place the K at 78*9, 
i.fi. 1 g. CuO = 0-5758 g. sugar. In this case 7*5 
mols. CuO are reduced by 1 mol. sugar. 

Action of Ivcat. Ilydrous crystallised lactose 
(a) remains constant at 100°; above this water is 
slowly given off, and at 130° the dehydration is 
complete without decomposition if the water 
is eliminated slowly. Anhydrous lactose com- 
mences to colour at 170° -180°, loses water, 
and forms the so-called lactocaramel CulIioO^, 
which is easily soluble in water but insoluble in 
alcohol, and yields compounds with lead and 
copper oxide. Lactose melts at 203*5° to a brown 
liquid, and by further heating it is decomposed 
with separation of carbon (Liebcn, J. pr, 68, 
409). Heated in a sealed tube with water to 
90°-100° it is coloured, and more so at 180°- 
200°, when a glucose is produced which may be 
precipitated by alcohol, and, by further heating, 
carbonic acid, a little pyrocatechin, and other 
bodies are formed (Vohl, A. 105, 334; Hofipo- 
Seyler, B. 4, 16 ; Munk, U. 1, 357). 

Action of acids. By heating with dilute 
acids lactose is hydrolysed (inverted), yielding 
galactose and dextrose 

C,,H.„0„ + H,0 = + C„H,A 

lijioLuse Dextrose Galactose 


one molecule of water being taken up. The re- 
action takes some hours to complete ; during 
the hydrolysis the reducing power and optical 
activity increase (Pasteur, C. B. 42, 223 ; Fuda- 
kowski, J3.8, 559; 9, 42 ; 278 and 160*2 ; 11, 1069 ; 
Bourquelot, N. ZiscUr. f, Buhenz-ind. 16, 71 ; 
Kent a. Tollens, A. 227, 221 ; Rindell, N. Ztschr. 
f. Buhem-ind. 4, 163). The chief products of 
the reaction are as stated, but the^ conditions 
have not yet been described by which the op- 
tical activity and K of the resulting substances 
will exactly correspond with those of a mixture 
of equal parts of galactose and dextrose. Other 
bodies are undoubtedly produced. By the con- 
tinued action of acids for several days, aceto-pro- 
.pionio and formic acids are produced (Tollens 
fL Boderwald, A, 206, 231; Conrad a. Guthzeit, 


B. 19, 2575). Concentrated sulphuric acid does 
not blacken lactose in the cold. 

Compounds with acids. A mixture of sul- 
phuric and nitric acids give lactose pentanitrate 

C, 2H„(N02)50,,, insoluble in water but soluble in 
alcohol and ether, m.p. 139*2° and exploding 
.when struck by a hammer on an anvil ; lactose 
tri-nitrate C,2H,5(N02)30,,, very slightly soluble 
in water, but easily in alcohol and ether, m.p. 
37°; and lactose tetranitvato C,2H,g(N02)40,i, 
m.p. 80°-81° (G6, J. B. 1882, 263 ; B. 16,2238). 
Withchlorosulphonic acid lactose yields dextrose- 
tetra-sulphonic acid chloride (Claesson, J. pr. [2] 

20, 1 and 18). Organic acids act very slowly on 
lactose, but by prolonged action they yield ethers 
of lactose or of dextrose and galactose (Berthelot, 
Chilli, org. 2, 279, 295). A series of acetates, 
beginning with the mono- body and ending with the 
octo- one, have been described. C,.!!, ,(C2H30)s0„ 
is obtained by boiling lactose with an excess of 
acetic anhydride or by heating a mixture in the 
^proper proportions of the sugar, acetic anhydride, 
and fused sodium acetate at 100° (Herzfeld, B. 
13, 265). This body is insoluble in water and in 
ether, soluble in benzene, acetic acid, and in al- 
cohol. It crystallises from a mixthre of alcohol 
and acetic ether. [a]i> = + 31° in alcoholic solu- 
tion. The mono- and di- aicetate are obtained 
by incompletely decomposing the octo-acetate by 
alkalis (B^mole, C. B. 89, 481). Tetracetate is 
formed at the same time as the octo- acetate, 
when lactose is boiled with acetic anhydride 
(SchUtzenberger a. Naudin, Bl. 12, 208), It is 
easily soluble in water, [a]^ =» -i- 50°. Ilexaoetate 
C,2H,6(C2n,0)rtO„ crystallises from a mixture of 
alcohol and acetic ether in white needles, m.p. 
86° (Herzfeld, N. Z. B. 3, 156). It is doubtful 
whether or not lactose is reproduced when these 
bodies are saponified by treatment with alkalis. 
There seems to bo no reason why it should not • 
bo so, if the alkali is carefully employed. 

Action of alkalis. Hot alkalis colour solu- 
tions of lactose yellow to brown, and form lactic 
acid, pyrocatechin, and other products (Hoppe- 
Seyler, B. 4, 347 ; Neucki a. Sieber, J. pr. [2] 
34, 503 ; Urech, B. 17, 1543). Fused with KHO 
it yields carbonic, oxalic, and a little Buccinic 
acids (Hlasiwetz a. Barth, A. 138, 76). 

Compounds luith alkalis. Lactoseates are 
formed by the action of potash or soda on lactose 
in alcoholio solutions, or by adding alcohol to the 
mixed aqueous solutions. They are amorphous, 
easily decomposed precipitates having a composi- 
tion expressed by the formules CjjHjiNaO,! and 
C,.,H.2,K0„ (Fromy, A. 15, 278 ; Honig a. Rosen- 
feld, B. 12, 45). Calcium, barium, and lead 
lactoseates are obtained by dissolving the base 
in lactose solution and precipitating with alcohol. 
The long-continued action of lime produces iso- 
saccharin and metasaccharin (Cuisinior, Af. 8» 
[3] 12, 520 ; Kiliani, B. 16, 2625). By heating 
with ammonia, brown, amorphous, nitrogenous 
products are obtained (Tji6nard, 0. B* 52, 444). 
Aniline yields two crystalline compounds, 
C,„H„N02, and OaeH^N^O^o, which reduce 
Fehling’s solution (Sachsse, B. 4, 836 ( L* r* 16, 
441). 

Oxidation, — Oxygen and ozone have no ac- 
tion on lactose in the cold ; hot solutions are 
oxidised by oxygen in the presence of platinum 
black (Qorup-Besanez, A. 110, 86 a. 103 ; Beiset 
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a. Millon, A. Ch. fd] d, 235). Alkaline perman- 
nuoiate solutions oxidise lactose easily (Lauben- 
heimer, A. 164, 288). Chromic acid yields alde- 
hyde (Guckelberger, A. 64, 98j. ^tric acid 
first inverts lactose and then yields mnoic and 
saccharic acids ; from 86 to 40 p.c. of mnoic 
acid is produced ; by long-continued heating tar- 
taric and oxalic acids, &o., are obtained (Liebig, 
A. 118, 1 ; Dubrunfaut, G. R. 42, 228 ; Kent a. 
Tollens, A, 227, 227). Alkaline solutions of 
copper oxide are reduced by lactose, and from 
amongst the products of the reaction Bodecker 
a. Struckmann {A. 100, .2G4) isolated gallactinio 
acid ; pectolactinio acid 

lactic and glycollio acids are also produced 
(Habermann a. Hdnig, B, 17, 351). Silver oxide 
oxidises lactose solutions with production of 
oxalic, glycollic, and lactonic (galactonio) acids 
(Kiliani, B, 13, 2307). Chlorine or bromine in 
the presence of silver oxide yield lactonic 
(galactonio) acid CgHj^O, (Barth a. Hlasiwetz, 
A. 119, 281 ; 122, 96). IBy very careful oxida- 
tion with bromine water Fischer a. Meyer (B. 22, 
861) have obtained lactobionic acid 0, ; 

it is a colourless, strongly acid syrup, easily 
soluble in water, but only sparingly in alcohol. 
It does not reduce Fehling’s solution ; it decom- 
poses metallic carbbnates, forming salts. The 
calcium (C,2H.^,0,J.^Ca, barium (C,2H.^,0,a).jBa, 
lead (C,2H2,0,2)Pb, and other salts may be pre- 
pared in this way ; they are insoluble in alcohol, 
but soluble in water. When heated with dilute 
mineral acids, lactobionic acid is decomposed 
into galactose and gluconic acid. With iodine 
and sodium bicarbonate lactose yields a little 
iodoform (Millon, C. B. 21, 828). 

Fermentation, — There is no known enzyme 
capable of inverting lactose ; it does not ferment 
with yeast (Berthelot, A. Ch. [3] 50, 332 a. 362 ; 
Fits, B, 11, 42). It easily undergoes lactic acid 
fermentation, especially in milk (Fitz, l.c. ; 
Richet, C. B, 86, 650 ; Schmidt-Miilheim, B. 16, 
2631). It undergoes alcoholic fermentation in 
kumys or kefir fermentation (Struve, B. 17, 314 ; 
Vieth, A, 12, 2), and also under the agency of 
certain bacteria (Botondi a. Zechini, see v. Lipp- 
mann, Deutsche Zuckerind. 1887, 1091). 

Phenyihydrazine yields lactose phenylhydra- 
side G,*HH2aOio^3i soluble in water and alcohol, 
insoluble in ether and lievorotatory, and lac- 
tose osazone C24H,2N40„ crystallising in yellow 
needles; soluble to some extent in hot water, 
and m.p. 200° (Fischer, B. 17, 583; 20,830; 
20, 2566). By the action of hydrb'chloric acid 
it yields lactose osone (Fischer, B. 21, 2631). 

Maltose. MaltohiosCt Amy Ion, ; 

0,2H220n.H20. Be Saussure {Bibl. Britanniquet 
56, 1814, 333; P. 1819, 29, 68) may have ob- 
tained this sugar when studying the products of 
the spontaneous decomposition of starch-paste 
when exposed to the air at 20°-25°. Gu5rin- 
Varry (A. Ch. 60, 32 ; 61, 66) described accurately 
how the body could be prepared in the crystal- 
lised state tod some of its properties, but failed 
to recognise it as a distinct substance ; Jacque- 
lain (A. Ch, 68, 167) added nothing to Yarry’s 
work; Dubrunfaut (A. Ch. [3] 21, 78) prepared 
the body according to Varry’s method, observed 
that it was less soluble in aJcohol than dextrose, 
BStd had an optical activity three times as great, 
MWj 58 X 8 » 174, a figure so high as to lead 


one to believe that he ha5 not a pure bo^y fil 
Ms hands. ^ He recognised it as a distinct body, 
and called it maltose ; he, however, looked upon 
it as a glucose, triglucose ; O’Sullivan (0. J, 
1872, 576 ; 1876, 478) showed that it was not an 
* ose * but an ‘ on ’ sugar, and from this and a 
fuller description of its characters gave it a place 
among chemical entities. 

Occurrence. — It is present in some commer- 
cial glucoses and in beer (Valentin, J. S. A. 24, 
404) ; probably in bread ; in am4, a rice-extract 
prepared in Japan (Yoshida, C. N. 43, 29), and 
in germinated cereals to the extent of 1 to 2 p.c. 
(O’Sullivan, C. J. 49, 68). After feeding with 
amylaceous substances it is found in the intes- 
tinal canal, but the blood of the mesenteries 
contains only dextrose. If injected into a vein 
it is found in the urine; if injected subcuta- 
neously, it is partially converted into dextrose 
(Phillips, B. C. 1882, 127). Some of the re- 
ducing sugars of blood may be maltose. 

PorwwtiioH.— Diastase converts starch and 
the dextrins into maltose (O’Sullivan, Z.c.). The 
ferment of saliva, ptyalin, of the pancreas, and 
of the liver, act in the same way (Nasse, J. Th. 
1877, 62; Musculusa. v. Mering, Z. 2, 403). The 
same ferments act on glycogen, maltose being 
amongst the products ; dextrose is present when 
saliva is employed (Kiitz, Pf. 24, 8). All mineral 
acids and many organic acids act on starch and 
glycogen ; maltose is amongst the products. 

Preparation. — 100 g. purified starch are 
mixed as completely as possible with 300 c.c. 
water at 40°, and then poured with continuous 
stirring into 2 litres of boiling water. The paste 
is cooled to 60° and the extract from 20 g. 
pale malt added to it ; the mixture is kept at 
60°-63° for four or five hours, and the solution 
may be allowed to cool and stand for a few days. 
At the end of that time it is evaporated, best 
in a vacuum, to 200 c.c., and then boiled with 
2 litres alcohol, sp.gr. *820. On cooling and 
standing, the clear liquid is decanted off the un- 
dissolved syrup and put aside in a corked flask ; 
al; the end of six days the sides of the flask will 
be found to be covered with a crystalline crust 
of maltose. Or the undissolved syrup may be 
treated with strong alcohol as long as any matter 
is taken up, the whole of the clear alcoholic 
solutions are mixed, the alcohol distilled off and 
the residue concentrated to a syrup; this on 
standing in a cool place becomes filled with 
crystals of maltose, especially if a few crystals 
from a previous preparation be stirred in. These 
may be washed with dry methyl alcohol ; if this 
is used hot, a portion of the crystals dissolves 
and the solution soon yields much sugar. The 
crystallisation is hastened by adding half a 
volume of ethyl alcohol (*810 sp.gr.) or a little 
ether with some crystals of a previous prepara- 
tion (O’Sullivan, Z.c.; Schulze, B, 7, 1047; 
Soxhlet, J. pr. [2] 21, 277 ; Herzfeld, A. Ch. 220, 
209 ; Guisinier, J, 1884, 1803). The body may 
be purified by recrystallisation from methyl 
alcohol or water. 

Projjerties.—MaMoee on^stallises out of water 
in plates which contain ; out of 

alcohol (sp. gr. *810) it crystallises in crusts and 
at times in cauliflower-llke or warty aggrega- 
tions which contain OisHsiOi,. The l^droua 
body easily parts with its water at 10(r In • 
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pd front of dry air. The anhydrona body is bat 
slightly soluble in strong ethyl alcohol; it is 
more soluble in methyl alcohol. The hydrous 
body dissolves more freely in both solvents. 
Both bodies are very soluble in water, but less 
so than dextrose. The solution is optically 
active, and the activity for a solution containing 
10 g. in 100 c.c. is 15°-20° less when freshly 
prepared than after standing. The activity be- 
comes constant in ten to twelve hours in the cold 
or immediately on boiling (Meissel, J. or. [2] 
26, 120). 

The specific rotatory power for dry maltose 
is [a]j = 164°~165°, = 13U°-.140® at 16-6° in 

solutions containing 10 g. per 100 c.c. and 
under (O’Sullivan, C. J, 36, 771 ; 46, 6) ; 
Meissel {J. pr. [2] 25, 114) gives the formula 
[a]i> = 140-736 --01837 P--095 T to represent 
the specific rotatory power of dry maltose at 0®, 
in which P percentage of maltose in solution 
and T the temperature of observation. On cal- 
culating the value of the sugar in a 10-g. solu- 
tion at 16*6° from this formula we get [a]i> =» 
138*9 (v. also Soxhlet, Z.c., and Herzfeld, A. 220, 
206). The dispersive power, i.e. the ratio of 
Wd : Wo. is 1-262 (Orimbert, J. Ph. [6] 16,295). 
A solution of maltose containing 10 g. dry sub- 
stance in 100 0 . 0 . at 16-6° has a sp. gr. 

1-0396. Maltose reduces alkaline copper solu- 
tion. O’Sullivan (C. J. 35, 771) gives its re- 
ducing power K»62’5, i.e. 62*5 parts dextrose 
reduce as much copper oxide as 100 parts of 
maltose. Soxhlet (J. pr. 21, 227-317) says 
0-5 g. maltose in 1 p.o. solution -= 64*2 c.c. un- 
diluted Fehling solution (1 c.c. = -005 g. dex- 
trose), i.e. .K = 64-2, and 67*6 c.c. if the solution 
is diluted with four times its volume of water, 
i.e, K = 67-5. He further states that 100 parts 
of dry maltose ^113 parts Cu, hence 141 parts 
CuO ; from this, we have K = 63-94. There ap- 
pears to be fair evidence that the K varies 
within certain limits according to the mode of 
manipulation, but when we see that the K should 
be 63-17 if it be supposed that 1 molecule malt*- 
ose reduces 6 molecules CuO, and that the ob- 
served numbers closely approach this, wo may 
take it that this is the true number when errors 
of manipulation are avoided. If the Cu^O be 
separated, the filtrate treated with acid gives a 
further reduction with Fehling’s solution which, 
if added to the first, equals the reduction of 
dextrose (Herzfeld, A. B. 589, 220). Alkaline 
mercuric cyanide solutions are also reduced by 
maltose. Copper acetate is not reduced by it 
(Barfoed, Org. Analysis, 214) -, dextrose reduces 
this reagent. When maltose reduces copper 
oxide, glycoUic and a mixture of acids of un- 
known composition are produced (Habermann 
a. Hdnig, M. 6, 208). 

Maltose is hydrolysed to dextrose according 
to the equation 0 ,.^ 2 aO„-f H^O = 20«H,.p, by 
the following reagents: the mineral acids and 
many organic ones; pancreatic secretion and 
portions of the small intestine (Brown a. 
Heron, C. N. 42, 68 ; Bourquelot, 0. tt. 97. 1000 
and 1822) ; a ferment developed in Aspergillus 
niget ana in Mucor mucedo ; the former con- 
tains also a ferment capable of inverting sucrose, 
the latter yields only the one (Bourquelot, lc,\. 
Under the action of ordinary beer yeasts malt- 


ose ferments, t.e. is broken down into carbonie 
acid, alcohol, <&c., apparently without being pre- 
viously iyerted. Other organisms yield laotio 
acid and other products ; v. Febmbntation. 

Maltose withstands the hydrolytic action of 
sulphuric acid with five times the power of 
sucrose ; 3 hours’ digestion with a 3 p.o. solution 
gives complete inversion (Meissel, f.c.). 0*6 p.o. 
solution of lactic acid does not hydrolyse it, even 
at 110° ; 1 p.c. oxalic acid acts at that tempera- 
ture ; carbonic acid at 100°, and under a pressure 
of six atmospheres, is without action (Bourque- 
lot, J. de VAnat. et de la Physiol. 22, 161-204 ; 
Urech, B. 18, 3074). 

Nitric acid converts maltose into sacchario 
acid and finally oxalic acid. Chlorine does not 
act on it as energetically as it does on dextrose 
or sucrose ; the product is neither gluconic nor 
glycoliic acids (Meissel, l.c ). Herzfeld (B. C. 
1883) obtained an acid whicn he called maltonio 
acid, by the action of bromine on maltose *, this 
is probably identical with Fischer and Meyer’s 
(B. 22, 194) maltobionic acid C, 2 H,.p, 2 , which 
they prepared by acting on maltose in aqueous 
solution with bromine in the cold fpr two or three 
days. This acid is broken down into dextrose 
and gluconic acid by digestion with sulphuric 
acid. Treated at 110° with acetic anhydride 
and acetic acid, maltose yields monacetyl maltose 
C, 2 Hj,(C 2 H 30 ) 0 ,, (Yoshida, Z.c., a. Steiner, G. 

43, 52) ; with sodium acetate and acetic anhy- 
dride the ociacetyl derivative 0 , 2 H, 4 ( 05 jHsOkOii 
is produced, the optical activity of which is 
[alo = 81*18° (Herzfeld, A. 200, 206). With ben- 
zyl chloride it yields penta-benzyl maltose, m.p. 
110°-116° (Skraup, M. 16, 359). 

Sodium C,.^H 2 ,NaO,,, calcium 
C,jTI.^CaO„.H.O, strontium CpH^oSTOjiHgO, and 
barium Cj JIjnBaOji.H.^O maltose are prepared 
as easily decomposable amorphous precipitates • 
when alcoholic solutions of maltose and the 
corresponding bases are mixed (Herzfeld, l.c.). 
Compounds with the alkaline chlorides or 
bromides have not been prepared. 

When 1 part maltose, 2 parts phenylhy- 
drazine hydrochloride, 3 parts sodium acetate, 
and 16 parts of water are heated together for 
1.J hours, phenyhnaltosazone crystallises out 
on cooling in fine yellow needles, m.p.* 190°- 
191°. The equation + 2 NgH 3 .C„H 5 «» 

0.34n3.^N,0, + 2H.p + H, represents the reaction. 
Only 30 p.o. of the maltose employed is ob- 
tained as osazone (Fischer, B. 17, 683). With 
7 -diamido-bbnzoic acid, maltose yields malto-y 
diatnido- benzoic acid according to the equation 
✓COOH 

C,H,^NH2 + C.2H.,,0„ 

Xnh, 

yCOOn 

“ + h,o + h, 

The body crystallises in white microscopic 
needles or narrow plates ; its barium salt is a 
gummy moss (Griess a. Harrow, B. 20, 2212). 

Isomaltoie. Fischer {B. 23, 8687) prep ared 
a saccharon by the polymerisation of dextrose. 
Previous attempts in this direction had been 
made by Musoulus {Bl. 18, 66), Mnsonui at 
Meyer (G. B. 92, 628), H5nig a. Behnber M, 
465), and the^ obtained by the action of strong 
Bulphozio amd a dextrin-like body 
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which slightlj I'educed Fehling’a solution, did not 
ferment with beer yeast, and was reconverted 
into dextrose by the action of dilate ^uiphurio 
acid. Grimaux a. Lefdvre (0. JR. 103, 146) ob- 
tained a like result by evaporating in vacuo 
dextrose with dilute hydrochloric acid. Gautier 
{Bl. 22, 146) obtained a body CjaHjaO,, by the 
action of hydrochloric acid on an alcoholic 
solution of dextrose ; this body reduces Fehling’s 
solution but slightly, does not ferment with 
beer yeast, and could not be reconverted into 
dextrose. Grimaux and Lefdvre considered 
that in their product they could detect maltose 
by the osazone. Scheibler a. Mittelmeier {B. 
23, 8076; 24, 301) isolated an unfermentable 
syrup from commercial glucose which reduces 
Fehling’s solution and yields an osazone 
m.p. 1 62°-163°. They find it is only 
produced when the heating with acid has been 
prolonged, and that it may be prepared by the 
action of acids on dextrose. This body has been 
previously named gallisin (Cobenzl, Roseneck a. 
Schmitt, B. 17, 1000 and 2456 ; Anthon, D,P. J. 
161, 213 ; Mehring, Deutsche Viertcljahrs- 
achrift/Ur Hjfe^tl. OesundheitspfiegCt 14, Heft 2). 
Fischer’s substance also yielded the same osa- 
xone, m.p. 150°-153° ; he calls the body isomalt- 
ose, and prepares it as follows : One hundred g. 
glucose (commercial dextrose) are digested with 
400 g. hydrochloric acid solution sp. gr. 1*19 at 
10®-16® for 16 hours. Alcohol throws out of the 
solution a small precipitate, which is not formed 
if the temperature of the reaction is kept be- 
low 10°. To the clear solution an excess of ether 
is added, when a colourless amorphous precipi- 
tate is obtained which is filtered out and washed 
with a mixture of alcohol and ether. This body 
is dissolved in water, neutralised, boiled to expel 
alcohol and ether, and fresh beer yeast added. 
After 18 hours all the dextrose is destroyed (?) ; 
the solution has still a high reducing power, 
and contains isoinaltose and other bodies. 

The isomaltose is separated as osazone ; the 
solution is heated with phenylhydrazine acetate in 
the water-bath for 1;^ hours. A little glucosazone 
separates and is filtered out, and on cooling the 
filtrate deposits a yellow precipitate consisting 
of a mixture of glucosazone and isomaltosazono ; 
the molher-liquor, by further heating and similar 
after-treatment, yields more osazone. The whole 
of the osazone obtainable is boiled with 100 
O.O. water and the solution filtered, the filtrate 
contains isomaltosazone, wdiich is deposited on 
cooling in needles ; 2 k g. of this are obtained from 
100 g. glucose, the actual yield is, no doubt, con- 
siderably higher than this. By the action of 
hydrochloric acid the osazone is converted into 
the osone, which, when boiled with 4 p.c. hydro- 
chloric acid, yields glucosone and glucose. 

Lintner claims to have found isomaltose 
amongst the transformation products of starch 
by diastase {Woch. Brauerei^ 9, 246), and in 
wort and beer {Zeit. ges. Brauw. 1891, 281), but 
it is very doubtful if this is the same body as 
that above described. Schiffer fO. C. 1892, 2, 
826) has also isolated isoraaltose from the dias- 
tase transformation products of starch. But 
the whole evidence is unsatisfactory, as the fac- 
tors upon which the identity of the bodies can 
be recognised are not stated. Lintner and Diill 
{ZHtM ge$, Brauw. 1892, 145) prepare it as fol- 


lows : 250 g. potato starch are mixed with 500 
0 . 0 . diastase solution at 66° containing 0*6 g. 
diastase {J. pr. 84, 378) and 2 litres water at 
76°0. After complete solution another O'd g. 
diastase is added, and the reaction allowed to 
proceed for three hours at 65°-09°. [tt]D •“ 170°. 
for matter in solution. The solution is 
evaporated to a syrup, saturated with 80 p.c. 
alcohol, and poured into hot alcohol. Sufllcient 
alcohol must be used so that every 100 parts 
of 80 p.c. alcohol do not contain more than 
10 pts. dry substance. After cooling, the clear 
solution is decanted and the alcohol distilled 
off. The residue is diluted to a 20 p.c. solution 
and yeast added in order to destroy the maltose ; 
this is found to take place in about 20 hours. 
The fermented solution is filtered, decolourised 
with animal charcoal, evaporated to a syrup, 
and precipitated with 85 p.c. alcohol ; there must 
be 100 c.c. of 85 p.c. alcohol for every 6 g. of 
dry substance. The solution is evaporated and 
the syrup treated in the same way, but with 
99 p.c. alcohol and so that 100 c.c. of alcohol are 
present for every 3 g. dry substance. The clear 
alcoholic solution contains isomaltose and but a 
trace of dextrin, which may be removed by frac- 
tionating with alcohol. In this way 20 p.c. of 
the starch is obtained as isomaltose. 

Lintner {Zeit. ges, Brauw. 1892, 6) finds the 
reducing power of iso-maltose to be 84 p.c. of that 
of maltose, i.e. K = 53'l, and its optical activity 
to be [a]D“139°. He has not been able to 
crystallise it, and finds it under certain condi- 
tions fermentable by yeast and converted by 
diastase into maltose {Zeit. ang. Ch. 1892, 
263). 

Trehalose. Mycose 

Occurre'ftce , — It has been isolated from ergot 
of rye (Wiggers, A. 1, 173 ; Mitscherlich, 66, 15); 
trchala-manna, the hollow cocoons of the larvae 
of an insect {Larinus viaculatus) (Berthelot 
A. Ch. [3] 53, 232 ; 65, 272 and 291) ; and from 
various fungi (Miintz, C. B. 76, 649). Berthe- 
lot at first considered it a new sugar and called 
it trehalose^ but afterwards found it was iden- 
tical with the mycose of Mitscherlich, and the 
Saccharum spermodice of Wiggers. 

Preparation. — knj one of the materials 
mentioned is extracted with boiling alcohol of 
moderate strength ; the alcohol is distilled off 
the clear solution. The residue is taken up with 
water and precipitated with basic lead acetate. 
The precipitate is washed with water and pressed; 
it is then suspended in water and submitted to a 
current of H.^S. The clear filtrate from the lead 
sulphide is evaporated to a syrup, when the sugar 
crystallises and can be purified by recrystal- 
lisation. I may say that I do not find this mode 
of treatment answer very well; the filtrate from 
the PbS is, no doubt, clear, but the precipitate 
with the lead salt is bulky and unwieldy. I much 
prefer in this case, as in others of the same 
kind, fractional precipitation with alcohol; a 
few experiments will show the strength of alco- 
hol best suited to holding or precipitating the 
sugar. (See also Apping.) 

Properties. — The sugar oiystaUises in rhombf 
(OisHjs&ii.HsO) ; it gives up its water at 100°# 
m.p. 109° ; it is sweet, easily soluble in 
water and boiling alcohol, insoluble in ether« 
Bpecifio rotatory power in aqueous solutions 
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[a], - 190“ (Berthelot); [a], - 192-6» (Mi'tsoherUoh); 
[a]i)« 197*28° (Apping). These factors are un- 
satisfactory, and cannot be relied on to identify 
the sugar. It does not reduce Fehling’s solution. 
Acids convert it very slowly into dextrose (Berthe- 
lot), there being no other product ; but consider- 
ing that five hours are required for complete 
hydrolysis, it is not possible that only pure* 
dextrose could be formed. With strong nitric 
acid it yields a nitro- compound ; with weaker 
acid no mucic acid is formed, but saccharic acid 
and finally oxalic acid. With acetic and butyric 
anhydrides it yields compounds identical with 
those produced from dextrose. Maquenne 
(C. JB. 112, 947) says acetic anhydride yields 

G, .^Hi 4(C.JEI30 )h 0,,. Alkalis do not act on it. 
On adding basic lead acetate, or an ammoniacal 
solution of the acetate, to its solutions a lead 
compound is precipitated. It appears to slowly 
undergo alcoholic fermentation in contact with 
beer yeast, but this has not been established 
with certainty. Phenylhydrazine does not form 
a compound with trehalose (Fischer, B. 17, 583). 

Agavose (?) is obtained from the 

juice of Agava americana ; it is crystalline, 
soluble in water, and optically inactive (?). It is 
hydrolysed to a sugar or mixture of sugars 
[a]j =» - 14*4°. It reduces Fehling’s solution ; 
K = C2*6, agreeing nearly with maltose in this 
respect. It does not yield mucic acid on treat- 
ment with nitric acid. It is probably ferment- 
able under the influence of some saccharomyces 
and yields alcohol, &c. (Michaud a. Tristan, Am. 
14, 648). 

Cyclamose CijHjaOn. A sugar obtained from 
Cyclamen europceum^ having a lajvorotation 
[aJo- -16*16° or -11*4°; it is hydrolysed by 
dilute acids, when the lajvorotation increases to 
[a]D= -66*64° (Michaud, C.N. 53, 232). 

Parasaccharose This, together 

with another uncrystallisable sugar, is said to 
be obtained from cane sugar by the action of a 
yeast (Jodin, C. 11. 63, 1252). It crystallises 
easily, and is easily soluble in water and dif- 
ficultly in alcohol. It is dextrorotatory, having 
[ojj»=108°, and it reduces Fehling’s solution; 
K = 60 (about). Hot dilute sulphuric acid does not 
act on it, whilst hot dilute hydrochloric acid 
diminishes the optical activity and increases 
the K. On long digestion the solution becomes 
brown, and finally complete decomposition takes 
place. 

Melibiose is obtained by the care- 

ful hydrolysis of raflinose by acids or invertase 
(see Baffinose). Its specific rotatory power is 
Wd ■■ 126*8°. It forms a hydrazide CisHosOioN 

as yellow microscopic crystals, m.p. 145°, and 
an octacetyl derivative C,2H,,0,,ACg (Scheibler 
a. Mittelmeier, B. 23, 1438). Invertase converts 
it into galactose and dextrose. 

Tewflkose occurs in the milk of 

the gamoose {Bos Bubalus). It is prepared by 
precipitating the milk by 4 p.c. acid mercuric 
nitrate (Wiley, Am. 6, No. 6(?), neutralising 
the filtrate with NaHO, filtering out the pre- 
cipitate, separating the mercury from filtrate by 

H. ^S, and concentrating the slightly acid solution 
to the crystallising point. A slight precipitate 
formed during evaporation must be separated. 
It is purified by two or three recrystallisations. 
7he solutionf ^re dextrorotatory, (a]p «48’0^ ; it 


reduces Eehling’s solution ; K a 73*6, hence 
less than lactose; if 7 molecules GuO were 
reduced by 1 molecule of sugar, the K would be 
73*4, a near approximation; and D = 3*94 for 
the crystals, hence they are anhydrous. Acids 
hydrolyse it very easily, the only product being 
dextrose (Pappel a. Bichmond, C. J. 1890, 768), 
The substance is, no doubt, an *-on’ sugar 
Gi^HsPii, and is, like amylon, di-dextrose, and 
should not therefore yield mucic acid on treat- 
ment with nitric acid. 

(c) Trihexoscs. 

Eaffinose GiHHajOigSH^O, first obtained from 
a Tasmanian Eucalyptus manna by Johnston 
(C. J. 1, 159). This was the melitose of Berthe- 
lot {A. Ch. [3] 46, 66), who now says (O. B, 
103, 533) that this term should bo applied only 
to a loose combination of raflinose with eucalin, 
which is decomposed by re-crystallisation. From 
the evidence it would appear that the body first 
described as melitose was impure raflinose, and 
that the impurity even was not eucalin. It occurs 
also in cotton seed (Berthelot, l.c, ; Ritthausen, 
J. pr. [2] 29, 357 ; Bohn, J. pr. [2] 30, 87) ; 
in beetroot (Loiseau, 0. B. 82, 1058 ; Tollens, 
A. 232, 169 ; B. 18, 26 ; Rischbilth a. Tollens, 
A. 232, 172 ; B. 18, 2611) ; in beet juice (v. 
Lippmann, B. 18, 3087) ; in barley (O’Sullivan, 
C. J. 1886, 70) ; in young wheat-buds (Richard- 
son a. Grampton {B. 19, 1180) ; and again in 
Ezccalyptus manna (Tollens, A. 232, 201) ; pro- 
bably also in Soja beans. Loiseau considered 
it a product of the refining process, but v. Lipp- 
mann that it was ready formed in beet juice. 

Pr(i!2?nmfion.— A molasses containing a fair 
quantity of raflinose is selected, and the chief 
part of the cane sugar removed as monostron- 
tium sacebarate ; on heating the solution raflin- 
ose and cane sugar bistrontium saccharates are 
precipitated. . The compounds are decomposed • 
by CO2 and the sugar solution obtained again 
precipitated with strontia, when the cane sugar 
is precipitated as monostrontium sacebarate, 
and raflinose remains in solution and may be 
purified by crystallisation (Scheibler, B. 18, 
1409). Raflinose may be extracted from cotton- 
seed cake n,nAEucahjptus manna by alcohol, and 
purified by crystallisation. See also Tollens (Z.c.) ; 
Tenne {Zeit. d. Ver. 31, 795) ; Schaaf {Z. V. 33, 
699) ; Wolff {Deutsche Zzickerind., 1887. 1413) ; 
Berthelot (Z.c.) ; Lindet {G. B. 110, 795); Gun- 
ning {G. C. 1891, ii. 798). 

Properties. — Raflinose crystallises in cauli- 
flower - like* segregations consisting of thin 
microscopic rhombic prisms, which contain 
G,gH3,p,8.6HjjO. The H^O is in greater part 
eliminated in a vacuum over sulphuric acid, and 
the remainder easily at 100° (O’Sullivan). II 
heated too quickly it melts, and then cannot be 
dried without decomposition. Berthelot obtained 
crystals containing OH^O {C, B. 109, 648; 
Scheibler, B. 18, 1779; Rinne in Bisekbieth 
Dissert. Uher Eaffinose, Gottingen, 1886). It is 
easily soluble in water, very slightly in strong 
alcohol, and slightly in methyl alcohol, being 
much more soluble than cane sugar in this 
solvent. The dry sugar melts at 118°-119^ 
(Scheibler, B. 19, 2868). Its Bolutlona are 
optically active, the specific rotatory power 
crystallised raffinose for the D line being [ajo » 
104*6® in 10 p.c. solution ; [a]j » lli*7® or [ajj 
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185'!^ for the dry ffogar. O^Snllivaii obiorrod 
[«]j » 188*8°. No bi*rotAtion has been observed. 
It does not reduce Fehling’s solution. D « 8*712 
(Tollens, B. 18, 2616), but this is due to some 
misunderstanding; D- 8*956 (O’Sullivan, 0. /. 
1886, 70). 

Action of adds. Hot dilute aoids hydrolyse 
raffinose ; galactose, Issvulose, and probably dex- 
trose are formed (Hadicke a. Tollens, Z» V, 
87, 17 ; A. 238, 808 ; Beythien a. Tollens, A, 
266, 214 ; Maquenne, 0. B. 112, 799). By very 
careful hydrolysis, Scheibler a. Mittelmeier (B. 
22,1678) have obtained a saccharose and leevulose 
as the products of the reaction; the saccharose 
is a new body, which they have called melibiose 
{q. V.). The mixture of saccharose and laavulose 
has a specific rotatory power [a]^ « 60°. Complete 
inversion of raffinose takes some hours. In- 
vertase also hydrolyses raffinose (O’Sullivan). 
The products of hydrolysis are at first leevulose 
and melibiose (Scheibler a. Mittelmeier, B. 22, 
8118), and melibiose is slowly acted on. When 
heated for some time with sulphuric acid, 
hevulinic acid is a product (lUschbieth a. Tol- 
lens, A, 232, 196). 

Action of alkalis. By boiling aqueous solu- 
tions of strontia and raffinose, di-strontia raffin- 
ose ,a(SrO) 2 .H^O is produced. Other 

compounds with baryta CigHajOja.BaO, lime 
0,8H*,0,a.3Ca0.2H20, lead oxide 0,8H2.p,u.3Pb0, 
and soda, CisHajNaO,, and CisHaiNaOjj.NaOH, 
have been prepared (Beythien a. Tollens, B, 22, 
1047 ; A» 266, 196 ; Bischbieth a. Tollens, A, 
232, 172). 

Oscidation. — Nitric acid oxidises raffinose, 
producing 30 p.o. mucic acid, also saccharic and 
oxalic acids. 

Fermentation, — Baffinose is slowly fermented 
by beer yeast (Bischbieth a. Tollens, A, 232, 
, 242; Tollens, A, 232, 169 ; O’Sullivan, C. J. 
’1886. 73). Weak yeast only partially ferments it 
(Tollens, Z.c.; Berthelot, C. li. 109, 648) ; the 
melibiose being with difficulty hydrolysed and 
fermented. 

With phenylhydrazine a compound is formed, 
m'.p. 187°-189° (Bischbieth a. Tollens, l.c.). 

Heleiitose C| 8 Ha 20 , 8 . 2 H 20 is obtained from 
Persian manna, a product of AUmgi viaurorum 
(DO.), it crystallises in rhombic prisms, m.p. 
147 -148° (when anhydrous) ; the specific 
rotatory power of the anhydrous body is [ajn * 
87*7°. On inversion it yields turanose and dex- 
trose. Turanose Ci^Ha-Pn Wd = 65°-68°, yields 
dextrose by the further action of ac'/l (Alekhin, 
J. B, 21, 407). 

g l) Hexahexoses, 

entiaaose Obtained by A. Meyer 

(H. 6, 186), from the root of Gentiana lutea^ 
by extraction with alcohol, precipitation with 
ether and re-crystallisation from alcohol. It 
has a sweet taste, dissolves easily in water, m.p. 
210°, does not reduce Fehling’s solution, and 
ferments with preast. It is hydrolysed by dilute 
adds; before inversion the optical activity is 
[a]o * 88*6° ; after, it is 20*2°, and has a redu- 
cing power equal to that of dextrose. Strong 
sulphuric acid chars it, like cane sugar. 

Staohyose is obtained from the root of 
Stoehye tuber if era. It has a sweet taste, is 
dextrorotatory, having [a]i> « 148*1° in 9 p.c. solu- 
tiOQ* U forxns trlolinic crystal#, When hn* 


verted u yieias gaiaotose, aextrose, ana issvuiose* 
Its formula appears to be 
(Planta a. Schulze, B. 23, 1692 ; 24, 2706), the 
products of the hydrolysis being the same as 
those of raffinose. 

QuAUTATZVB and QUANTITATIVS nSTBBMlNATIOSr 
‘ or SUOABS. 

If the material to be examined is a solution, 
it must be made neutral, clear, and colourless 
if it is not already so. 

If the material is a dry substance, it must be 
ground fine. If not sufficiently dry to admit of 
grinding, it must, if possible, be dried in vacuum 
over sulphuric acid, or, where this is not possible, 
in the open, at a low, gradually increasing tem- 
perature. 

The finely-ground substance is extracted 
with alcohol sp. gr. *8G0-*880. The solution is 
neutralised and the alcohol distilled off. The 
residue is taken up with water. The examina- 
tion then comes under the head of a solution^ 
‘and the treatment is the same. 

TJte solution is turbid and coloured after 
neutralisation. The turbidity may be removed 
by simple filtration ; if not, a little aluminium 
hydroxide (prepared by precipitating a solu- 
tion of alum with excess of ammonia and wash- 
ing free from ammonia and sulphuric acid) may 
be employed. A little (well washed) Swedish 
filter paper-pulp is at times found useful. The 
turbidity and colour may be removed together 
by animal charcoal, lead sulphide, barium sul- 
phate, Ac. Animal charcoal, either prepared 
from blood or bones, the former by preference, 
thoroughly extracted with hydrochloric acid and 
washed free therefrom, is best employed in all 
cases of investigation. The crude substances are 
employed to remove the colour, Ac., from sugar 
syrups in the manufacture of refined cane sugar. 
These decolouring agents must always be used 
in the least possible quantity, and with the un- 
derstanding that the charcoal especially is 
capable of taking up some sugar as well as 
colouring matter. Dried, freshly-made bone 
charcoal does not take up more than *006 p.o. of 
its own weight from pure cane-sugar solution 
(Casamajor, C, N. 41, 66). In quantitative work, 
when the decolourising agents have to be used it 
is well to have a knowledge of the influence of 
the agent on the sugar or sugars under exami- 
nation. Charcoal retains sugar, other sub- 
stances influence the optical activity. Part of 
the sugar is again given up on washing the 
agent with water, or the agent is placed on a filter 
and a portion of the solution to be examined 
passed through it and rejected before the por- 
tion intended for examination is collected. This 
is done on the supposition that the charcoal is 
sooner saturated with sugar than with colour- 
ing matter. 

Having thus the sugars in clear solution, the 
means at our disposal lor identification are : — 

1. Taste of solution. 

2. Form of crystals and melting-point thereof. 

8. Depression of the freezing-point (Baoult’s 

method of determining molecular weights). 

4 . Bpecifio rotatory power. 

6. Beduoing power. 

6. Action of unorganised ferments • ens^e#,* 

7. Action of organised 





Aetioti of ae!dli« 

9. Action of alkalis. 

10. Action of phenylhydrazine, and melting- 
points of the resulting osazones and 
uydrazides. 

1. The solution tastes sweet if a sugar is 
present. It must not be forgotten, however, 
that some other bodies are also more or less 
sweet. 

2. On evaporating this solution (beat in a 
vacuum) to a syrup, if there is no preventive 
material present, crystallisation takes place. 
The microscopic appearance of the crystals will 
often be sufficient to identify the sugar ; indeed, 
the habit of crystallisation will often suffice. A 
substance or substances may be present which 
altogether prevent the crystallisation of the 
syrup, although it may contain a crystallisable 
sugar. This substance may be an inorganic or 
organic salt, or another body, or, indeed, another 
sugar. Treatment with strong or absolute cthylic 
or methylic alcohols may at times eliminate 
some or the whole of the substances preventing 
the crystallisation, and dissolve the sugar in so 
clean a state as to admit of the formation of 
crystals on concentration. 

3. Depression of tlie freezing-point (Baoult's 

method). For references to liaoult’s work see 
Victor Meyer, B. 21, 636 ; Auwers, id. 701 ; 
Tollens a. Meyer, id. 1566 ; and Brown a. Morris, 
C. J. 1888, 610. When crystals are obtainable 
from the solution as described above, a deter- 
mination of the molecular weight by this 
method will decide to which group it belongs : 
a hexose or a pentose, a dihexose or dipontose, a 
trlhexose. In the recorded observations water of 
crystallisation appears not to have receivedproper 
attention. ToUens a. Meyer record observations 
for dextrose 0«H,.jOu, so do Brown a. Morris. 
Water of crystallisation is not taken into ac- 
count; the former treat of for 

lactose, the latter omit the H.,0, while both em- 
ploy crystallised raffinose mol. 

= 694, with the result that T. a. M. find the 
observed molecular weight between 644 and 644, • 
and B. a. M. between 518 and 533. In these 
experiments with rafiinose and lactose, it is not 
possible to say whether it is intended that the 
crystallisation water functions with the solid 
sugar or with the water ; the calculations mako 
it function with the sugar, but the results, as 
might have been expected, are unsatisfactory — it 
does not function with the sugar. It is perfectly 
clear that water of crystallisation of a sugar must 
be looked upon as water in observations with this 
method — that the quantity of dry sugar should 
be the factor dealt with. If the crystals contain 
water pf crystallisation it should be deter- 
mined and allowed for. A determination of 
the D will give some information as to whether 
a dry sugar or one containing water of crys- 
tallisation is being dealt with. The D of the 
different sugars in the dry state is given under 
each sugar. Between 8 and 16 g. dry sub- 
stance is dissolved in water and the solution 
made up to 100 c.c. at 15-5°. A determina- 
tion of the specific gravity of this will give a 
means of calculating the D, and the number 
of g. of water to substance employed in the 
solution. About 60 c.c. of this solution are in- 
troluood into 9 tbin glass (120 o.o.) beaker* Tbo 
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month of the beaker is loosely closed with an 
indiarubber plug, in which three holes are bored. 
One of these, in the middle, admits of the intro- 
duction of a thermometer ; the second, at the 
side, carries a stirrer, of very thin glass rod or 
platinum, best in the form of a flat coil, so that 
when the stirrer is moved up and down in the 
' liquid the thermometer will be in the middle of 
the coil ; and the third, also at the side, to admit 
of the introduction of a small solid particle of 
the frozen solution or of ice. The thermometer 
must be graduated for 2° or 3° above and below 
0° to the 20th of a degree. By means of a tele- 
scope, if the divisions are open, and they should 
be so, readings to *005'^ can be made with a fair 
amount of accuracy. The beaker thus charged 
and fitted is placed in a freezing mixture of ice 
and salt — which should not be at too low a tem- 
perature, — 4° to - 6°, not more than 2®_8® below 
the freezing-point of the solution -contained in 
a strong beaker of 500-600 c.c. capacity. In a 
short time the temperature in the inner beaker 
'will be observed to sink below 0°, and, on rapidly 
moving the stirring rod up and down, to go 
gradually lower and lower until a point is 
reached when the solution begins tc freeze. This 
may be accelerated by adding a particle of the 
solution previously frozen; when freezing be- 
gins the mercury of the thermometer rapidly 
rises and soon becomes stationary. This is the 
freezing-point of the solution c, and is the ob- 
servation upon which the molecular weight of 
the substance employed is calculated. 

M = ^?, 

A ajxlOO’ 


oj = g. substance ; y-g. water, and 19 is a number 
calculated by Baoult for water as a solvent from 
observations with well-defined compounds. As 
examples. Brown a. Morris (l.c.) with a solution 
containing 8'258 g. sucrose and 94’93 g. water 
observed a freezing-point c = 0*490'’, thence 
19 


M = *49x94*93 = -337*5. C„H2,0„*842. 
8*258 X 100 

Hence, if an unknown sugar were under obser- 
vation there would be no doubt loft as to the 
molecular weight. O’Sullivan (0. J. 1890, 69) 
observed for arabinon : sp.gr. sol. 1*02664, 
y ^ 96*088 g., x 6*466 g., c ^ 0*636° ; thence 
96*088 X -535 


19 H 


6*466 X 100 


= 239-2, 


the molecular weight of the new sugar. A 
dipentose reguires 282. The indications agreed 
with further confirmatory observations. When 
the solution contains more than 12 g. per 100 0.0. 
the results are low ; with most sugars a solution 
containing from 6 to 8 g. substance per 100 o.O. 
gives the best results, and with more dilate solu- 
tions the results are again low. Baoult’s latest 
observations (G. R. 114, 264) for sucrose, made 
with apparatus constructed to meet the exact re- 
quirements of the case, tlie concentration of the 
solution being 6*839 g. sucrose in 100 g. water, 
work out M = 323, against 342, the true moleoular 
weight. The results are, even under the best 
conditions, low ; but the indication is sufficiently 
good to enable us to decide to which group the 
sugar we are dealing with belongs. If, instead 
of the factor 19, 19*8 were substituted, the re- 
sults would agree with the accepted molecular 
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weight of morose, and it is probable that this 
number or 20 will be finally decided upon as the 
constant. 

4 . Specific rotatory f^er. If the form of 
the crystals or their habitat does not indicate 
the sugar present, a determination of the specific 
rotatory power may give the desired informa- 
tion. This is the quantitative expression of a 
property possessed by the sugars in common with 
many other substances. When light from any 
source is examined through a Nicol prism — i.e, 
polarised— no change is evident; but if the 
light, after passing through one prism (the 
polariser) is examined by another, it is found 
that in certain positions of the examining prism 
—or analyser^ as it is called — no light passes. If 
the analyser is made to carry an index, and is 
so mounted as to rotate with its axis at right 
angles to a disc graduated to degrees, it will be 
found that, if the position of the two prisms is so 
arranged that the index is at 0° on the graduated 
circle when no light passes, light will pass on 
the least rotation of the analyser to the right or 
left, and if the movement is continued another 
position is found on the disc in which the light 
is again cut bfi. This is at 180^ so that the 
circle should be graduated to 180^^ right and 
180° left. Now, if a cell or tube with flat glass 
caps be filled with a solution of, say, sucrose and 
introduced between the two Nicols, and the 
source of light be a Bunsen burner flame 
coloured yellow with sodium chloride, when the 
index of the analyser is at 0° it will bo observed 
that the light passes, and that on rotating the 
analyser a certain number of degrees to the right 
a point is found (which is not 180°) at which the 
light is cut ofi ; and if note be taken of the exact 
number of degrees, and the analyser rotated 
further, it is found that the light is not again 
cut off at 180°, but the same number of degrees 
beyond 180° as the first extinction was beyond 
0°. This is the optical activity of the sugar 
solution. It is the power of rotating the plane 
of polarisation of the ray passing through the 
polariser so as to admit of its passing through 
the analyser when it would not pass had the 
sugar solution not been introduced. The amount 
of rotation of the analyser to again find the 
direction of the plane of polarisation, as indi- 
cated by the index on the graduated disc, is the 
measure of the activity of the sugar solution, 
and the direction of the movement of the index 
is the direction in which the rotation has taken 
place ; in the present case (z.e. wheto the index 
is moved on the disc in the direction of the 
hands of a watch) right or +, If the sugar 
Bflution be now hydrolysed by dilute acids or 
invertase, and again introduced between the 
Nicols, it is found that the analyser must 
be rotated to the left in order to find the posi- 
tion of extinction — i.e. the direction of the 
plane of polarisation of the rotated ray. This 
is left rotation, and is indicated by the sign — . 
On further rotation of the analyser light again 
passes, and finally there is a second extinction 
as far beyond 1^° as the first extinction was 
beyond 0°. From this it is clear that the second 
reading may indicate right-handed rotation as 
well as left. Say the tot extinction was 10° 
left of 0° ( - 10°), the second would be + 170°, 
10° less than IW° ; then the activity might be 


^ 10° or + 170°. On diluting the solution say 
one-half, if the activity is — the readings will 
be —6° and +176°, if + they will be +86° and 
—96°. The exact measurement of this activity 
has been the subject of much investigation, and 
many plans have been devised to facilitate 
the operation. It is, however, beyond the scope 
of this article to deal more fully with the subject 
(for details see Das optische DrehungsvermOgen 
organischer Suhstamen, Landolt, Braunschweig, 
1879, Eiigl. Trans , ; Handbook of the PolarU 
scope^ Macmillan & Clo., 1882; Watts’ Dic- 
tionary^ Suppl. 3, art. Light). In the experi- 
ments above described the light of a sodium 
flame was employed ; it was observed early in 
the investigation of the phenomena that readings 
sufliciently accurate, especially if the amount of 
activity was small, could not be obtained. 
Hence other devices were introduced. In the 
literature we find the activity expressed 
[«]r» [«j]. or [ajn and [o]b, [a]o, [aju, &Q. 

Mb values are not now used. They were 
obtained by employing white light, and in- 
terposing between the polariser and the source 
of light a plate of red glass. They are of no 
value for our purpose, and may be neglected. 

[a]j values are frequently used, but unless 
they are referred to a definite standard they, too, 
are of no value. If any ordinary source of white 
light be substituted for the sodium flame in the 
experiments above described, it will be observed 
that on rotating the analyser to find the effect 
produced by the sucrose solution no position of 
the analyser can be found in which all the light 
is cut off, but at one stage marked blue light 
passes, and, on further rotation of the analyser, 
red. This is due to the fact that the sugar solu- 
tion acts unequally on the different rays of which 
the beam of white light is composed, the rod 
rays being rotated least and the violet most, so 
that when the analyser is rotated the ray the 
plane of polarisation of which is rotated least is 
tot cut off. The first cut off rays are the red, 
the complement of those cut off passing, the 
dominant being blue ; on further rotation the 
dominant becomes red. On rotating the analyser 
carefully it is found that the transition from the 
blue to the red is well marked; this is the 
oj value ; it is the, so-called, transition tint, the 
ray complementary to the median yellow, yazme 
ntoyen ; hence aj. For the same strength of 
sugar solution the position of the analyser is not 
the same for every source of white light. The 
stage at which the transition appears with 
candle-light is different from that at which it 
appears with gas-light ; the stage in this case 
differs again from that obtained with the electric 
light, and even the position for direct sunlight 
differs from that of the light reflected from a 
cloud. Hence, when a pair of Nicols are em- 
ployed as described above, even when the source 
of light is given, aj cannot be looked upon as a 
standard value. This value has, however, been 
given to it by the French instrument makers. 

Soleil invented an instrument with which 
lamp- or gas- light is employed (afterwards im- 
proved by Duboscq, and known as the Soleil- 
Duboseq (see Watts* Dictionary, 1st od. 8, 
674, a. Syppl. 8, 1199), by which the activity of 
a solution is measured by division of a s^e 
Instead of degrees ; IQO qI tbes9 divisiQllf wer« 
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nittide Mual to tbo ai&onnt of rotation pro^ 
duoed by 1 mm. quarts lor the o,; this was 
eonstdtf'ed %o be 24®. Of course, if thieJb 
taken as a standard it is of fuU value ; it mly 
not bo truly oj even for the quartz, but it 
is ^ ^ referred to a definite measure, the 100 
divisions of the instrument being 24°. This was 
complicated by the fact, since pointed out by 
Soheibler, thak quartz from different sources has 
not the same optical activity; hence we have 
various observers giving different values for the 
amount of sucrose in 100 c.o. solution, which 
when observed with the Soleil-Duboscq instru- 
ment, in a tube 200 mm. long, equals the 
qctivity of 1 mm. quartz. If, however, we look 
upon the 100 divisions of the instrument as 
= 24° Oj, we have a standard value for the ex- 
pression. I believe this is the value given to it 
by the French observers. The writer employed 
it in the same way. Another instrument of 
much the same construction is the Soleil- 
Ventzke-Scheiblor (u. Watts, Z.c.). In this the 
100 divisions of the scale are made to repre- 
sent the activity of 26*048 g. saccharon in 
100 o.c. solution ; we have only to inquire as 
to the [o]j and [o]i, of cane sugar to arrive at 
a valisi in degrees of the 100 divisions for these 
tv 4 ) expressions. From these two factors we 
get 100 divisions, Soleil-Duboscq =24® a* and 
21*67®ax), and 100 divs. S.V.S. = 38*84° aj and 
34*66°aD. The angular value^for any other 
instrument in use in which the scale is given in 
divisions can be calculated for aj or ajQ by ascer- 
taining the number of divisions required to com- 
pensate a solution of sucrose xsoutaining 10 g. 
in 100 c.e. at 15*6®, and taking the apparent 
specific rotatory power of the sugar for the con- 
centration to be [a]j = •+• 73*8® and [a]D = 60*6®, the 
value of the divisions in degrees for both rays 
can be calculated. The direction of the rotation 
is indicated in these Astruments by the direc- 
tion of the movement of the 0 point to find the 
compensation necessary ; if from loft to right it is 
right or + , if in a contrary direction left or — . 
With the other instruments in use sodium fiame 
is the source of light employed ; the readings 
are therefore cd. The scale is a circle graduated to 
degrees on a disc, beginning with 0 at the top and 
graduated in half degrees and degrees to 180® 
to the right, and in the same way to. the left. 
The analyser rotates in the axis of this disc, and 
carries an index with vernier, which admits of 
readings being made to minutes. The arrange- 
ment is such that the polarised ray before en- 
tering the active solution has the appearance 
of a circular disc divided into halves by a per- ‘ 
pendicular diameter. The position of the plane 
of polarisation is not the same in both semi- 
discaf so that Tfhen the light is completely out 
off at one side it passes at the other, and 
vice verad. To find these positions the analyser 
has to be rotated several degrees, but between 
the two positions of complete out off there is a 
position of the analyser in which the two semi- 
discs are equally illuminated; this is a well- 
marked position distinctly ascertainable. The 
0 point of the index and of the graduated scale 
are made to correspond exactly with it. It can 
always be found to within less than a minute. 
When the active substance is introduced the 
equality of the illumination of the semi-discs is 
Voii. IV. 


dea^yed; Che analyserje rotated until it ia 
again restored. The amount of rotation as 
shown by the graduatioju gives the activity in 
degrees and minutes, or degrees and decimals, 
according to the make of the vernier. These 
Me the "half-shadow instruments, of which 
othe Jellet-Comu and Laurent are examples 
(see Waits, l.c.). Other devices have been em- 
ployed to facilitate an accurate determination 
of the position of the plane of polarisation of the 
ray before and after rotation ; a description will 
be found in Landolt and in Watts (f.c.). Recently 
an instrument has been introduced in which the 
half-shadow contrivance is adopted, white light 
(a strong gas-flame) being employed. The scale 
ia the same as that of the Soleil-Ventzke- 
Scheibler instrument ; readings with it can be 
made with great accuracy. It is manufactured 
by Schmidt & Haensch, Berlin. 

When it ia necessary to determine the activity 
for rays of other refrangibility, say for the 
lithium or the thallium flame, it is only neces- 
sary to colour the Bunsen flame with these 
metals in the same way as in the case of sodium 
above. Thff readings are then au and orh- 
The tta, oo, Ac. for any active substance 
can be found by employing a pair of ordinary 
Nicols as described above — white light, best a 
ray of sunlight, being employed — and examining 
the light after passing the analyser, with a 
spectroscope. If the positions of the lines of 
the solar spectrum are marked, the amount of 
rotation for the active substance introduced 
between the polariser and the analyser is found, 
when on rotating the analyser the thickest part 
of the black band is on the marked position of 
the lino of the spectrum. This is read off on the 
scale connected with the analyser. 

With any of these instruments we can de- 
termine the optical activity of a sugar and thfts 
identify it. The sugar is crystallised; it iz 
dried, and 10 g. or thereabouts carefully weighed 
out. This is dissolved in water, and the solu- 
tion made up to 100 c.o.' at 15*5®. A portion of 
this is introduced into a tube of definite le]f|th, 
and an observation made with any of the instru- 
ments mentioned above. The formula 
gives the apparent specific rotatory power for the 
concentration, a = the angular Asturbanoe ob- 
served, Z = length in decimetres of tube employed, 
aiH c = grams substances in 100 o.o. Let us 
take an example, 10 g. sucrose, dissolved and 
made up to 100 o.o. Disturbance observed in a 
200 mm. tube,#vith a Soleil-Duboscq instrument, 

= 61*6 divs. ; now for af 100 div. = 24®. Then, 
substituting the values m tiie above formula wa 
have 


61*5 X *24 X 100 

2 X 10 


[«],-+73*8® 


100 divs. = 21*67® a^; then 


61‘gx *2167 xlOO 

2 X 10' 


r«]i>* 4 66-e». 


The scale of the Soleil-Ventzke-Scheibler insim- 
ment is so graduated that 100 divisions = the 
activity of a solution of sucrose containing 

* This is practically the luraal 100 o.o. of » volumet^ 
analysis. 7or more accurate manipulation tM LMidoH 
This is, however, unnecessary for the identifioation of thd 
sugar— our purpose. ^ * 

GO 
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S6 048 g. in 100 o.o.Jn 200 xnnK tnl)e. The 
jtpparent speoiho rotatory power of sucrose in a 
aolution of this oonoenixation is [a]o «■ 66*33^ and 
ra]js»78*61®. Sabstitutmg these values in the 
formula we get * 

2 x 26 048“^®®^* 

0 the value of 100 divisions in degrees 
- 34-66®. and 

*'•100 
2 X 26-048 

the value of 100 divisions oj ^ 88-34®. 

It is of importance, that the values in degrees 
of the scales of these two instruments should 
be clearly understood. We find it stated that a 
quantity of sugar varying from 16*49 to 16-36 g. 
in 100 O.O. require, in a 200 mm. tube, a compensa* 
tion with a Soleil-Duboscq instrument = 100 
divisions ; 16*36 g. is the best-recognised factor ; 
from my observations it is still too high. 

100 X *24 X 100 ^ . 

— Vie s WJ- 73-39“, and 

100 X *2167x100 


^ X 16-35 " 1^“^® “ 66*27®, 

figures slightly too low for the apparent specific 
rotatory power of sucrose for the c, hence 
16*35 g. is too high. The number, no doubt, 
should be 16*28, and this gives factors agreeing 
well with the observed [a]© and [a]j for the c. 

A solution containing 10 g. sucrose in 100 
O.c. requires a compensation in a 200 mm. tube 
of 38-6 divisions f a Soleil-Ventzke-Scheibler 
instrument. 


38-6 X -3834 x 100 
2x10 

88*6 X *3466 x 100 
2x10 


Ca]j«73-8® and 
--[a]^ = 66-6®. 


numbers agreeing accurately with the specific 
rotatory power for the c. The optical arrange- 
ments of these instruments admH of the em- 
ployment of white light. 

If either of the sodium-flame instruments is 
employed the angular disturbance is introduced 
directly into the formula. With the 10 g. in lOOc.c. 
solmtion of sucrose, the reading in a 200 mm. tube is 

•,-+18-8'‘,then i^^^-[a]o = 66-6'>. She 

use of this factor is obvious. We have a solu- 
tion of a known sugar of unknown strength, 
and want to find the c (g. in 100 o.c.). An 
observation is made in a tube of known length. 
tt.lOO 

^aporaj; then ^ « the determined value of 

[a]o or [a]j. a the ray for which the observation 
IB made, and [a] the specific rotatory power for 
that ray. according to the light employed and 
a. 100. 

concentration, c - 

It has been shown that if a solution contains 
two or more active substances, the observed 
activity is the algebraic sum of the activities of 
the constituents. The specific rotatory power of 
each individual sugar is given in the description 
of it. 

6. The redttdnff As has been stated, 

vibst' of the sugars possess the power of redu- 


cing the oxides of the higher metals and some 
organic colouring msftters. Various propositions 
h§ve been made to employ this property as a 
means of qualitatively ahd quantitatively deter- 
mining the sugars, apd various solutions have 
been proposed for that purpose; but speaking 
with many years* experience I may say that 
they may all be discarded in favour of alkaline 
copper solution, Fehling^a solution'^ and even 
with regard to the value of this a great diversity 
of opinion exists. But there is a general a^e^ 
ment that if the conditions under which it is 
used are constant the results are constant. 
For literature see Becquerel, A. Ch. [2] 47, 16 ; 
Trommer, A. 38, 360 ; Miiller a. Hagen, Pf. 23, 
221 ; Neubauer, Ft. 1, 378 ; Maly, Fr. 10, 383 ; 
Seegen, C. C. 1876, 223 ; Fehling, A. 72, 106 ; 
Claus, J. pr, [2] 4, 63 *, Neubauer, Ar, Ph. [2] 71, 
278 ; Patterson, O. N. 25, 149 ; Loisoau, C. H. 
1873. 26 ; Soxhlet, J, pr. [2] 21, 227 *, Krause a. 
Stadoler, O. C. 1854. 936 ; Grager, Fr. 7, 490 ; 
Buswitz, B. 11, 1446 ; O’Sullivan, G. J. 1876, 2, 
125 *, Marcker, O.' 7, 699 *, Brunner, Fr. 11, 32 ; 
Bayley, C. N. 37, 211 *, Allihn, J.pr:\2'] 22, 65 ; 
Salomon, D. 14, 2711; Digenor, 31,349; 
Schwarz, A. 84, 84 ; Mohr, Fr. 12, 296 *, Perrot, 
B.B, 19 ; Ulbricht, B. 10, 128 ; Jean, 0*B. 73, 
1397; Scheiblor, 9, 820; Weil, Fr. 11, 284; 
Arnold, P*/. 20, 331; Volhard, A. 190, 1; Sol- 
daini, B. 9, 1126; Possoz, O. B. 1874, 721; 
Pellet. J. FabrS 19, 22 ; Pavy, C. N. 39, 1004 ; 
L6we, Fr. 9, 20 -, Vogel, J. Ph. [2] 1, 246 ; and 
others of less value. As a result of a study of 
all this literature, I may say that I have come 
to the conolu 3 i(Jn that if the Feliling’s solution 
is carefully made with pure materials, and em- 
ployed as described below, the reducing power 
of any sugar can bo determined with constancy 
and accuracy, and when the conditions are ful- 
filled the reduction is nmlecular-^.e. a definite 
number of copper oxid *molecules are reduced 
by a definite number of molecules of the sugar. 

Fehling’s solution is made as follows : 
34*61 g. pure recrystallised copper sulphate 
are dissolved in 400 o.c. H^O or thereabouts, 173 
g. sodium potassium tartrate (Rochelle salt), 
and 74* grams freshly-prepared sodium hy- 
droxide (commercial stick soda) are dissolved 
to 450 H^O; when the solution is cold it is 
gradually added to the copper solution in small 
portions at a time, so that the pp. at first formed 
is re-dissolved, ViHien both solutions are mixed 
the volume is made up to 1 litre. It is verj 
generally stated that this solution does not kebj 
very weU. I found it constant in its properties 
for more than twelve months when kept ir 
carefully-stoppered bottles, sealed with paraffin 
in a cool, dark place. Some recommend thai 
both the solutions bo made up to 500 c.o.T kepi 
separately and mixed in equal volumes when re 
quired for use. This is probably the better plan 
but unless the solutions are kept in well-stop 
pered bottles sealed they will deteriorate at 
badly as if mixed. This solution is used as {a 
a qualitative test for the reducing sugars. 1 

• O. ■» Organ det CentreUvereins fUr RUbtnmcier/dbriea 
tion in der etterreiehUch-ungaritchen MonarehU. 

• Journal de» Fabrieani$ do Sucre. 

• Bedewald a. ToUena (5. 11, 8076) employ 60 g 
and they say the increase of alkali to 70 g. diminishe 
the redaoing power of lactose about 1 p.o. 
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is ftlBO ttSQd (6) (jtiantit&tively, to deteniiine the 
reducing power and the quantity of a sugar. 

(a) Qualitatively, A portion of the solution 
supposed to contain sugar, prepared as described, 
is heated to boiling in a small beaker or test-tube, 
and is added to 5 c.c. of the alkaline copper solu- 
tion previously diluted with its own bulk of water, 
and heated to boiling. Tl(| production of a red 
pp. of Gu,^0 indicates tl^ presence of a reducing 
sugar. There are substances besides the sugars 
capable of reducing Fehling’s solution. The ab- 
sence of these must be established before it can 
be inferred that the reduction is due to sugar. 

{h) Quantitatively. The reducing power of a 
sugar, or of • a solution containing reducing 
sugars, can bo determined voluinctrically or 
gravimetricallyt with Fchling’s solution. It is 
now very generally admitted that the gravimetric 
method gives the only reliable resufts. 

Volumetrically. The sugar solution, pre- 
pared as described, should be diluted ^0‘5 to 10 
g. reducing sugar in 100 c.c.). This is in- 
troduced into a burette, and the Fehling’s solu- 
tion into a second one. Of the latter a definite 
quantity, say 10 c.c., is measured into a poi*- 
celain dish of about 00 to 100 c.c. capacity, and 
diluted with four times its own bulk of water. 
The dish is then placed over a small Bunsen, 
and the contents heated to boiling. The sugar 
solution is then run in a c.c. at a time until 
the blue colour of the copper solution has nearly 
all disappeared, then drop by drop until it has 
quite gone. The first experiment may only give 
approximate results; in a second a quantity of 
sugar slightly less than was found necessary 
in the first experiment is measured into a small 
beaker, heated to boiiing, and mixed rapidly 
with the boiling dilute copper solution. If the 
whole of the copper is reduced, a few drops more 
of the Fehling’s solution are added from the 
burette. A few experiments of this kind will 
give fairly approximately the amount of copper 
solution a certain quantity of the sugar solution 
is capable of reducing. That the Fehling’s solu- 
tion is notin excess is seen by the absence of blue 
on subsidence of the Cu.^O, and may be con- 
firmed by filtering a little and testing for copper 
with a dilute solution of potassium ferrocyanide 
in acetic acid. The absence of a brown coloura- 
tion indicates the absence of CuO. If the sugar 
is in. excess, more CuO solution is decolourised, 
but after boiling the sugar in the alkaline solu- 
tion the amount reduced is not a measure of the 
quantity of sugar. The final experiment must be 
performed after two or more observations, when 
the relative value of the two solutions has been 
approximately ascertained, as described above, 
by adding the whole, or nearly the whole, of the 
sugar at a boiling temperature to the copper 
solution at once. If only a few drops of the sugar 
solution are required to remove the last traces 
of CuO, the error is not great ; 10 c.c. of the 
Fehling’s solution, made as directed, contain 
•1100 g. CuO ; 396 CuO = 180 dextrose, i.e. 6 mols. 
CuO (79-2-1-6 = 396) are reduced by 1 mol. dex- 
trose 180, then 396:110 = 180:050 grams 
dextrose = 10 c.c. Fehling’s solution. Soxhlet 
({.c.) states that the value of the CuO solu- 
tion in dextrose varies with the way in which 
the experiment is performed ; that 10 o.o. 
undiluted Fehling’s solution are reduced by 


m 

0‘04753 g. dextrose,- while it takes 0-0494 to 
reduce the same bulk diluted with four measures 
of water. The same applies to the other re- 
ducing sugars, only in the case of Ifttose 
dilution has no effect, while in that of maltose 
dilution diminishes the amount of sugar re- 
quired. This is, no doubt, correct under the con- 
ditions stated, but it is not necessary in dealing 
with a reaction of this kind to deviate from re- 
cognised conditions such, as those laid down 
above. When these are adhered to it is found 
that the reducing power of the sugar very 
closely approaches molecular interaction ; in fact, 
so much so that the molecular relation most 
closely approximated to by the experimental 
data may be taken as the normal reducing 
power of a sugar. These normals for the better- 
known sugars afe : — 

10 c.c. Fehling’s solution = 0 0500 g. dextrose.* 

If „ 0-0500 galactose. 

» • w *• 0 0500 g. Itfivulose. 

• i» M 0 06331 g. lactose.f 

n I* 0-07190 g. maltose.f 

tt » 0 04630 g. arabinose, 

„ „ 0 08701 g. arabinon. 

• Sexhlet says the reducing power of Irovulose is 
dilTcrcut from that of dextrose. Tin's is uot supported ; hie 
error is duo to his mode of preparing invert sugar. * ■ 

t Sugar free from water of crystaUisation. ^ 

Oravimetrically. The Fehling’s solution is 
prepared • as described ; 25-30 c.c. of it are 
measured into a beaker of 130-140 c.c. capacity, 
and about 50 c.c. well boiled water added. 
The beaker is then placed in a boiling-water 
bath, consisting of a larger beaker in which water 
is kept boiling. At the end of five or six minutes, 
when the dilute copper solution has acquired 
the temperature of the bath, a known weight 
-or measure of the sugar solution is heated 
to boiling, and added. If at the end of a few 
minutes the blue colour is completely destroyed, 
it can bo restored by adding more Fehling’s 
solution, but it is much better to so arrange 
matters by a few experiments that the amount of 
» sugar solution employed will reduce the Fehling's 
as nearly as possible, leaving only sufficieirt 
blue, on subsidence of the Cu^O, to make it evi- 
dent that the ^pper solution is in slight excess. 
After twelve w fourteen minutes’ boiling the 
clear supernatant liquid is decanted on to a filter, 
the Cu^O is washed by decantation, and filially 
on the filter. If the Fehling’s solution is in 
large excess it is difficult to wash the filter free 
from unreduced copper oxide (blue colouration), 
but if the excess is only slight there is no indica- * 
tion that the filter retains copper compounds other 
than Cu.p. Ignitiqp for four or five minutes in^ 
an open porcelain crucible converts the red pre- 
cipitate into black copper oxide CuO, in which 
form it is weighed. From this tHe sugar is col- 
oulated by multiplying by the constants (see next 
page). It may be again pointed out that the faotora 
given by various authorities differ more or less 
from these (see the K of individual sugars), but 
1 brieve these ^e the constants, the differences 
amongst the a^ors being due to manipulation, 
to the state of dilution and alkalinity of tbs 
solutions, and to the temperature of the mixe^ 
sugar and CuO solution. An imperfect knowled^ 
of the composition of the matecisl Is a source ot 
error. In dealing with some solutions, othes 



1 mor sugar to 5 inols. Cub : 1 g. OnO»0*454l( g. dextrose : K» 10(1 
M » 6 „ II !«• H *0*4545 g. galactose : K»100 

II M 6 H „ 1 g. „ *0*4545 g. lieyulose : E«100 

II it 7*6 j| II ^ g* 11 *0*6758 g. lactose s K* 77*67 

If 11 6 H 11 Ig* If *0*7196 g. maltose : E=r 68*16 

II I, 4*5,1 ,1 1 g. *0*4209 g. arabinose : K» 108*8 

It I, 4*6 „ 11 I g. -0*7910 g. arabinon_ :£» 67*6 


Sfbstances may be precipitated with the CUj,0. 
These sboald be ascertained, determined, and 
allowed for. In dealing with solutions in which 
ammonia is found, or liberated by the alkali, 
.Cu^O is retained in solution. Sundry propositions 
have begn made to avoid the disturbing influence 
of the alkali in Fehling's solution, but they seem 
to have mot with no favour. Sold mi {B. 9, 
1126) proposed copper carbonate in potassium 
bicarbonate; Possoz {C. li. 1874| 721) and 
Pellet {J. fb, 19, 22) other solutions of copper 
in alkaline Carbonates. Ldwe (Fr. 9, 20) re< 
commends the use of a solution of GuO in 
glycerol, but so far little can be sUd of the valua 
of the solution. In cases where the sugar solution 
contains other substances than reducing sugars 
capable of gipngaprecipitatewithFehling’s solu- 
tion without reduction, the whole precipitatg may 
be^issolved in hydrochloric acid, made strongly 
« {Dkaline, and added to an excess of ammoniacal 
Bolntion of silver nitrate. The copper suboxide 
reduces an equivalent quantity of silver oxide. 
The silver in the precipitate may be estimated 
as chloride (Jean, C, R. 73, 1397). As has been 
stated above, many other solutions and mod^- 
cations of Fehling’s solution, have been proposed 
for employment in determining the sugars, but 
they appear*to be of no value. 

Pavy (lx.) recommends the addition of suffi- 
cient ammonia to the Fehling's solution to hold 
the Ou^O in solution ; the disappearance m the 
blue is then, the indicator of the reaction. The 
reducing powers for sugars other than dextrose 
lor this solution have not been ascertained; even 
for dextrose it is doubtful (v. Hehner, An. 
6,218). 

Three solutions of mercury salts have been 
piroposed as agents by which sugars can be 
determined by their reducing power — the one 
' known as solution, ^le other as 

Saxhsse's solution, and the thTC as Hager^s 
solution. Neither of them are of high value, 
except in certain circumstances, but Hager’s 
least of all. 

Knapp's solution is made by dissolving 
10 g. ^Cy, in about 600 o.c. w«ter, then add- 
*ing gradually 100 o.c. sodium hydroxide solu- 
tion, specific gravity 1*146, and diluting the clear 
solution to 1 litre ; 10 c.c. of this solution equal 
0*026 g. dextrose ; but according to Soxhlet 
( 2 . 0 .) tl^ is not true, and the quantity varies 
with the conMons under which the reducing 
solution and reducible one are brought in 
contact, and even with the indicator used in 
determining the absence of mercury. The solu- 
iion is used as follows : — 40 o.c. of it are 
heated to boiling in a flask, ^d the si^ar 
solution, which should not coimin more than 
0*5 p.o. reducing sugar calculated as dextrose, 
run in as quickly as possible until the whole of 
the mercury is ppd. as such, the mixed liquids be- 
ing kept continually boiling. The complete pre- 
cipitation of the Hg is ascertained bytesting for 


it with ammonium si^li^e, or alkaline tin solu- 
tion. Less mercury is reduced by adding the 
sugar gradually than when the addition is made 
all at one time (Brunner, J.pr. [2] 21 ; Soxhlet 
lx.). ^ According to the latter, when the reducing 
solution is added all at one time, and alkaline 
tin solution employed as a test for the absence 
of Hg from the solution, 0*200-*202 g. dextrose 
reduce 100 o.c. of Knapp's solution. 

Sachsse's solution is made to contain in 1 
litre 18 g. &erourio iodide, 25 g. potassium 
iodide, and 80 g. potassium, hydroxide. The 
mercury salt is dissolved in a- solution of the 
potassium iodide, the solution of the potassium 
hydroxide added, and the mixture made up to 
the litre. A measured quantity, 40 c.c., of the 
solution is boiled in a porcelain dish, and the 
sugar solution, containing not more than 0*6 g. 
per 100 c.c., run in until a drop of the super- 
natant liquid ceases to give a brown colour with 
I an alkaline solution of tin chloride. It is said 
! that in using this reagent more mercury is 
I reduced by adding the sugar slowly than by 
I adding it all at one time, the reverse being the 
case with Knapp's solution. Soxhlet {l.c.) com- 
I pares* the value of these solutions for the re- 
ducing sugars as follows ; — 

Taking the reducing power of dextrose » 100, 
the reducing powers (K) oAthe other sugars are : 


Pehling 

(undilut^) 

Knapp 

Sachsse 

Dextrose . • • 

100 

100 

100 

Invert sugar • • 

96*2 

99 

124*6 

Ltevulose • • 

92-4 

102*2 

148*6 

Galactose . • 

93*2 

. 83*0 

74*8 

Lactose (hydrated?) 

70*3 

64*9 

70*9 

Maltose (dry ?) . 

61*0 

63*8 

. 66*0 


These relations for the K of the sugars for 
Fehling's solution do not agree at all with the 
generally recorded numbers (v. K of individual 
sugars) ; there are no data to enable one to form 
an opinion on the value of the K for the other 
solutions. 

Potassium ferricyanide has been proposed as 
an agent for determining the reducing power of 
the sugars by Gentele {Fr. 9, 463), but although 
Stahlschmidt {B. 1, 141), Stammer (D. P. J. 168, 
40), and Sostmann ( V. Z. 22, 170) have worked 
with it, we know nothing very definite about its 
value. It should yield definite results, as the 
complete reduction is definitely recognisable. 

6. Thx action of unorganised ferments, 
Ensymes. Sucrose is converted by invertase 
into leevulose and dextrose; the only other 
sugar acted upon by this enzyme is raffinose 
(Kjeldahl, Fr. 22, 688 ; O’Sullivan, 0. J. 1886. 
70 ; and O’Sullivan a. Tompson, C. J. 1890. 834), 
and, as it has been shown, the invertiye action 
is most active at a temperature at which yeast, 
from which the invertase is prepared, has no fer- 

yeast be employed^ instead of prepared in* 
vertase. The products of the action of invertaM 
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OB rftffUui# lire Ifevcilose and melibiose, ibJ^ 
latitr yielding finally dextrose and galactose. 
Baffinose is but very sparely distribnted. It may 
be considered that sucrose is present if the optical 
activity of a solution is materially altered by treat* 
mentwith invertase and the copper oxide reducing 
pow^at the same time increased. The absence 
of r^nose can be determined by the non>pro* 
duction of mucic acid on treatment with nitric 
acid. Before applying the invertase test the solu- 
tion to be tested must be boiled. If this is not 
done, and active diastase and any of the high- 
starch transformation products are present, the 
latter would be acted upon by the ^astase, the 
opticity lowered, and the cupric reducing power 
ipcrcased. 'Diastase does not appear to act on 
any of the sugars, except isomaltose (?) 

Other organisms, such as the moulds which 
grow on steamed rice, contain an enzyme 
capable of acting on maltose, but this substance 
has not been employed in the detection or esti- 
mation of maltose. There is no doubt, however, 
it is available for the purpose. 

7. Organised Ferments (see Fermentation). 
The hyphomyceteSf saccharomyceUSt and schizo- 
m^rc^act on the sugars and yield various pro- 
ducts, and, no doubt, can be made available for the 
detection and estimation of them ; but wo have 
only to concern ourselves here with the action 
of ordinary beer yeast {saccharomyces cerevisics ) ; 
the changes effected by the other organisms come 
under art. Fermentation. On adding pressed 
yeast to a very slightly acid solution, and keeping 
the mixture at a temperature of 20° or there- 
abouts, if a fermentable sugar be present, a frothy 
head will form on the surface of the liquid, carbon 
dioxide will bo evolved, and alcohol formed. The 
specific gravity and optical activity of the solu- 
tion diminishes. Certain substances known arf 
antiseptics prevent this reaction — they must be 
proved to be absent. The fermentable sugars, 
in this sense, are described as such under the re- 
spective heads. 

The quantitative value of this phenomenon 
has been studied by many workers, but it is still 
nosatisfactory. It has been made available with 
approximate accuracy iii determining the total 
fermentable sugars in presence of other sub- 
stances from which they cannot otherwise be 
conveniently separated. The solution should be 
of about sp.gr. 1*050-1'060, slightly acid, and 
should not contain much foreign matter. A 
measured quantity of this is taken, best 100 o.o. 
if available, introduced into a 160 c.c. flask, and 
0*6 to'l g. freshly-pressed yeast added. If neces- 
sary, a little yeast ash dissolved in the least pos- 
sible quantity of hydrochloric acid, together with 
a little ammonium tartrate, should be added. A 
temperature of frgpi 20° to 22° is best suited for 
the process. ff?he gas evolved is washed b^ being 
made to pass through a lew c.c. water in two 
successive Wash-bottles. In some cases the fer- 
mentation is very slow and takes many days to 
oomplete itself, in others it is rapid and is 
finished in a few days ; but in all oases it should 
be continued as long as gas bubbles through the 
wash-bqttles on shaking the flask in which the 
fermentation is going on. As soon as this point 
is arrived at, the contents of the flask are washed 
with the water of the wash-bottles into a distilling 
flask, and submitted to distillation. Dilute alco- 


hol distils Over and is oolleoted in a 100 o.o. 
flask. If Only 20-25 o.o. wasMater were osed^ 
the distillate, when it amounts to 80-86 o.o., 
will contain all the alcohol produced. This is 
then made up to 100 o.o. and its specific mvity 
taken. On referring to the alcohol tables, the 
weight of alcohol in the 100 o.o. is ascertained. 
From this a knowledge of the amount of ferment- 
able sugars is arrived at. Sucrose yields 51 p.o, 
alcohol, dextrose 48-49 p.c. (Pasteur, A. Oh, 

58, 330), maltose 50*4-51*8 p.c. (O’SuUivan, C. J* 
1876, 479). Hofmann, Graham, and Redwood 
(C. J. 5, 229) gave expression to the value of the 
specific gravity of distillate, in points or degrees 
of specifio^avitylost by the saccharine solution 
fermented mr various sugars. These factors gre 
still employed in determining the original specific 
gravity of beer, from the alcohol it contains and 
the specific gravity of the residue after distilla- 
tion. The* residue left in the distilling flask 
mentioned above is with the washings made up * 
to 100 c.c., the specific gravity of this solution 
subtracted from that of the solution before the 
yeast was added + 1 — or 1000 if water be taken 
at 1000 instead of 1 — will give approximately 
the specific gravity of a solution containing the 
amount of sugars or sugar fermented in 100 c.c. 
The average D of the sugars being known, the 
quantity fermented within 2 or 3 p.c. can 'be 
calculated from this. Inasmuch, however, as the 
value in specific gravity of the non-volatile pro- 
ducts of the fermentation of the sugars has not 
been accurately determined, this mode of estima- 
tion can only be approximate. • 

4Blt has been proposed to estimate the amount 
of sugar or sugars by determining the amount of 
carbon dioxide evolved during fermentation. 
Pasteur (Z.c.)*gives 0*4665 g. CO 2 as the product 
of 1 g. doalrose. Jodlbauer {Z. V. 26, 308) states 
that dry maltose yields 49*64 p.c. 00.^ and dex- 
trose 46*64 p.c. These figures are, no doubt, 
true also for all the fermentable ‘-on ’ and ‘-ose * 
sugars. 

Some of the sugars when in the pure state 
are not , fermented by yeast, but the presence of 
a small quantity of an easily fermentable sugar 
sets up the action. Pure galactose is not fer- 
mented by yeast *, the presence of a little dex- 
trose, Uevulose, or maltose sets up the process 
(Bourquelot, C. R. 106, 283 ; Tollensa. Stone, B, 
21, 1672 ; Stone a. ToUens, A. 249, 267), the 
fermentation of galactose being as complete as 
that of dextrose if the suitable nourisllment is 
present. Under the same condition sorbose 
ferments more slowly and less completely, ata- 
binose and laStose very slowly and incompletely. 
Pure arabinose behaves like pure galactose. * 
Sucrose is inverted by yeast, dextrose ferments 
easily, Isevulose less so, maltose still less, and 
raffinose less stilL The other sugus ferment 
only when these are present; hence it should be 
possible to detect the presence of mdividuak 
sugars from, the specific rotatory power and Kby 
fractional fermentation. With some varieties pi 
yeast Issvulose ferments be lore dextrose (Dubourg, 
G. jR. 110, 868). Again, some organisms ary 
found to ferment the ‘ -ose ’ sfigars and td be ktv 
capable of fermenting the * -on ‘ ones. A study 
of the action of these organisms will yield retnlie. 
valuable in the identification and estimtion ot 
thesugara.^ 
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.6,^ Action of c^ids. AlUhe di> and tri- sagtira 
are converted in# mono- sugars by th% action of 
dilute mineral acids ; this is accompanied by an 
alteration in the* E and [a] of the Bolu|ion. If 
this took place only with the high sugarst the 
reaction would be applicable in distinguishing 
the *-on ’ and *-ose -on ’ sugars from the *-ose ; ’ 
but the E and [a] of these sugars are also affected 
by digestion with mineral acids, but much more 
slowly, so that the reaction is only available 
when carefully performed. If the sugar solution 
increase in K, and there is a material alteration 
in [a] on ten or twelve minutes’ boiling with 2-3 
p.c. sulphuric acid or hydrochloric acid, it may 
safelybe inferred that a high sugar^i- or tri-) 
is present. Some organic acids act differently 
on the high sugars. Dilute citric acid inverts 
sucrose; it is without action, at least material 
action, in a short time on lactose (Jones, f.c.). . 

The invertive action of acids — except under 
well-defined conditions, such as the employment 
of hydrochloiic acid by Clerget in hydrolysing 
sucrose— cannot, for the reason mentioned above^ 
be employed in estimating these sugars. * 

Dextrose and substances capable of yielding 
it can be detected by acting on the material with 
nitric acid (1 pt. mat. 1 pt. H.^0 and 5 pts. 
nitric acid, sp.gr. l-lo). Saccharic acid, recog- 
nisable by the microscopic appearance of its acid 
potassium salt, is produced (Sohst a. Tollens, A, 
245, 1). Lffivulose, galactose, sorbose, and arabin- 
ose do not yield this acid (Gans, Stone, a. Tollens, 
B. 21, 2148). Galactose, lactose, and raflinose, 
on treatment with nitric acid in the same way, 
yield mncic acid. This reaction has some quanti- 
tative value. Pasteur (C. B. 42, 349) obtained 
75 to 78 p.c. mucio acid from galactose. The 
yield, however, varies very considerably with the 
quantity and strength of the acid Employed. 
Kent a. Tollens {A. 227, 221) find on employing 
1 pt. sugar, 12 pts. nitric acid, sp.gr. 1*15, al- 
lowing to crystallise in 1*5 to 2 0 pts. solution, 
and washing with 5 pts. water that galactose 
gives 77*4 p.c. mucic acid. Lactose treated in 
the same way gives 40 p.c., and raffinose (Bisch- 
bieth a. Tollens, A. 232, 172) 22-23 p.c. By 
using 1 g. dry sugar, or a quantity equal thereto, 
in a* concentrated syrup, 4 g. nitric acid sp.gr, 
1*26-1*24, heating gently until red fumes began 
to be evolved, then allowing the reaction to pro- 
ceed until the violence was over, heating on a 
water-bath until red fumes ceased to bo evolved, 
allowing to stand fdT 24 hours to crystallise, I 
obtained 73 p.c. mucic acid from galactose, 30*9 
p.c. from dry lactose, and 28-30 o.c. from dry 
raffinose (O’Sullivan, O. J. 18»u, 73). The 
' mucio acia was collected on a tared filter, washed 
carefully with 50 c.c. water, dried in a vacuum 
over sulphuric acid, then at 1*00°, and weighed. 
By treating 0*5 g. mucic acid in the same way, 
the loss was 0 04-0 05 g. Corrected for this the 
above numbers become 80-81 p.c. for galactose 
Imd 40*5-41*6 p.c. for lactose. The number for 
raffinose was corrected. 

The pentoses, and bodies from which they can 
beobt^ned, yield on digestion with strong hydro- 
chloric acid, furfural, the detection of which is 
simple and definite. This reaction has been em- 
ployed in the estimation of these sugars. It must 
not, however, be forgotten that the hexoses also 
jrield furfural, although, no doubt, in very small 


quantities (Gilnther a. T^ollcfts, A 2$, 1751; de 
Chahnota. Tollens, B, 24, 694; Stone, B. 24, 
8019). The first difficulty to overcome was to 
determine the conditions under which the great- 
est yield of furfural was obtainable, the next to 
accurately determine the furfural. 2 to 5 g. of 
the material are digested with 100 c.c. l^dro- 
chloric acid, sp.gr. 1*06, and then distilling, re- 
turning the distillate until the reaction is com- 
plete ; or the mixture of material and acid is sub- 
mitted to distillation in a fiask over a small 
flame, so that not more than 10 c.c. distillate pass 
over in five minutes, fresh acid being regularly 
added until a sample of the distillate ceases to 
give the reaction for furfural. The^distillate is 
then jueutralised with soda, acidified* with a few 
drops of acetic acid, and made up to a definito 
volume. In this the furfural is estimated by a 
standard solution of phenylhydrazine, made by 
dissolving 2 g. phenylhydrazine chloride with 
6 g. sodium acetate in 1 litre water. . This is 
standardised with a solution of furfural of known 
strength (1 g. pure furfuramide in a little acetic 
acid to 1 Itr. water). Standardisation must be 
made before each set of determinations, as the 
phenylhydrazine solution loses its val4l in a 
short time. The titration is performed as fol- 
lows : 25 c.c. of the distillate are mixed with a 
measured quantity of the phenylhydrazine solu- 
tion, the mixture rapidly boiled and cooled ; a 
little of the solution is filtered and boiled with 
twice its volume of Fehling’s solution ; if the 
phenylhydrazine is in excess reduction takes 
place, but if furfural is in excess there is no re- 
daction. Trials are made until the equivalent 
amount of phenylhydrazine solution is found 
(Stone, l.c,). The ffilute acidified solution is 
precipitated with phenylhydrazine acetate, the 
nydrazide collected on an asbestos filter and 
dried in a vacuum in a specially-constructed 
apparatus at 50°-G0° until the weight becomes 
constant. The precipitation is always effected 
in the same volume of solution, ^o that allow- 
ance can be made for th^ solubility of the hydra- 
zide. Arabinose yields on an average 48*'^^ p.c. 
,and zylose 56*25 p.c. furfural (de Chalmot*a. 
Tollens). 

9. The action of alkalis. This can only be 
applied as a rough qualitative test. All the 
hexoses yield a brown colouration when boiled 
for a few minutes with a 3 - 4 p.c. solution sodium 
hydroxide. The ‘ -on ’ sugars are not affected. 

10. The action of phenylhydrazine. The melt- 

ing-point of the osazones and hydrazides and 
composition thereof give good indication of the 
nature of the sugar whence they are prepared. 
For preparation and melting-point see individual 
sugars. Maquenne (G. R. 112, 799) finds that dif- 
ferent sugars yield, with excess of phenylbydra;* 
zine, very different quantities of osazones. By 
heating 1 g. each sugar for one hour at lOO'* with 
100 c.c. water, and 5 c.c. of a solution of phenyl- 
hydrazine acetate, containing in 1 litre 400 g. 
phenylhydrazine and 400 g. glacial acetic acid, 
cooling, collecting the precipitate, washing with 
100 c.c. water and drying at 110^, ho found 
sorbose gave 0*82 g., Itevulose 0*70, xylose 0*40, 
dry dextrose 0*32, arabinose 0*27, galactose *0*23, 
rhaiflnose 0*15, lactose 0*11, maltose 0*11. There 
must, however, be some error or misunderstand- 
inff here, as there is ff^tting 120 
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):o.os&zpnd{rom arabinose and morethanlSO p.d. 
!romlaBvnlaBe. • 0. O’S. 

SULPSULCETIC acid V. SuLPHOAOBTio Acn>. 

SDIFKAMIC ACID and SDLPHAMATES 

302. KH3.OH and S02.NH;2.0M*. [Amidosulphonic 
acid and Amidosulph(mafes,) By passing dry 
NHj over SO3, Eose (P. 33, 81 ; 47, 471 ; 49, 
183) obtained a compound SO3.2NH3. This com- 
pound, called by Eose ‘ sulphatammon,* is gene- 
rally described as ammonium sulphamate 

303. NH2.0NH^, but Divers a. Haga {G. J. 61, 
348) have shownj^ fairly conclusively, that the 
compound is tn-ammonium imidosulphonate 
(N(NHJ(S03.0NH,), [ = 2S03.4NH3]; this salt 
is described under ImidosulpJwnic acid and its 
salts (v, SULPHON^ ACIDS AND DF.TIIVATIVES, p.600). 

Saviutn sulphiatnatc gQ** seems 

to have been obtained by Berglund {B. 9, 1896) 
by boiling an aqueous solution of barium imido- 

sulplionate HN<^gQ‘'’Q^Ba (i>. Imidosulphonic 

acid under Sulphonio acids and derivatives, 
p. 600) till the solution reacted strongly acid, 
adding excess BaOAq, boiling so long as NH3 
camff off, filtering, removing excess of Ba by 
passing in CO2, filtering, evaporating the filtrate 
to a small bulk, and allowing to stand. The salt 
crystallises in long, lustrous needles ; it is not 
changed by heating to 200°, nor by boiling in 
solution, even in presence of HClAq. 

Berglund (Z.c.) says that a solution of potas- 
sium sulphamate is obtained by the reaction of 
nascent hydrogen with potassium oxyamidosul- 
pj^onato (v. Oxyamidosulphonio acid under 
Sulphonio acids and dbeivatives, p. 602), thus : 
NHOH.SO3.OKAq 4- 2H = NH2.SO3.OKAq + HA 
B. was unable to isolate the salt. Easohig 
{A, 241, 176) obtained the potassium salt 
SO3.NH2.OK by boiling potassium imidosul- 
pbonate NH(S03.0K)3 with a little water for 
some time, removing the H3SO4 that was pro- 
duced by CaCO.„ filtering from CaSO^, evapora- 
ting, pouring off from K2SO4 that separated, and 
allowing the syrupy mother-liquor to crystallise. 
The salt separated in ,large colourless, rhombm 
crystals. In 1878 Berglund prepared several 
Bulphamates, viz. the salts of NH^, Cd, Ca, Co, 
Cu, Pb, Li, Mn, Ni, Ag, Na, Sr, Tl, and Zn 
{Lunds Universitets ArsskrifU 13 ; abstract in 
Bl [2] 29, 422). 

SuLPHAMio acid SOj.NHg.OH. This acid was 
obtained by Berglund (i.c.) by passing H3S into 
a solution of the silver salt, filtering from Ag.^S, 
and evaporating over H3SO4. It forms large, 
translucent, rhombic crystals; the ratio a:6:c 
-•9945:1:1*056 (Raschig, A. 241, 178). Easily 
sol. water, less sol. alcohol; aqueous solution 
only slowly decomposed to NH4.H.SO4 on boiling ; 
more rapidly decomposed if HClAq is added; 
not decomposed by heating to 190° (B., I.c.), A 
solution of the acid gives no pp. with BaOAq ; 
on boiling with HClAq and BaCL^Aq a pp. of 
BaS04 gradually forms. Easchig {l.c, p. 209) 
obtained sulphamic acid by saturating a solution 
,o£ hydrbxylamine hydrochloride with SOj, aEow- 
ing to stand for a little, and then evaporating 
on a water-bath (NH30H.H01Aq + HSO^OHAq 
-NH2.SO3.OHAq + HOlAl -»■ H3O). 

SULPHAMIDE S^NI^a. {Sulphonamide. 
Sviphitrylamide*) iff neutral amide of sol- 


phurio acid is obtained^ bv passing dry NH, into 
cooled SO3OI2, diluted with 16 to 20 vols. 0HC1« 
to complete saturation, dissolving the pp. so 
produced in water, making atrongly acid by 
HNOaAq, ppg. Cl as AgQ by addition of 
AgNOjAq, filtering, neutralising by KOHAq, and 
again ppg. by AgN03Aq, filtering from SOjNAg 
*{v. SuLPHiMiDB, p. 687), adding more AgNO.Aq 
and then KOHAq, warming and then cooling 
quickly, and collecting {he pp. that forms. This 
pp. consists chiefly of S03(NHAg)2, but there is 
a small quantity of another Ag salt which must 
be removed. This is done by washing well, 
adding exactly enough HClAq to convert all Ag 
into AgCl, neutralising by NH^Aq, adding 
AgNOjAq, filtering from the pp. of the foreign 
Ag salt, adding more AgNO^Aq and then excess 
of NHgAq, when pure S02(NHAg)2 is ppd. The 
Halt is decomposed by exactly the proper quan- 
tity of HClAq, AgCl is*filtered off, the filtrate is 
evaporated in vacuo at a temperature not above 
40°, and the liquid i^ allowed to remain iryvacuo 
over H2SO4, when S02(NH2)3 separates in large, 
colourless crystals (W. Traube, B. 26, 607). 
Sulphamide is very sol. water, less sol. dilute 
alcohol, insol. alcohol, ether, and other ordinary 
organic solvents ; it softens at 7%° and melts 
at 81°, begins to give off NH3 below 100°, no 
further decomposition occurring to 250° ; above 
250° gives off acid vapours, and is completely 
decomposed. An aqueous solution of sulphamide 
is neutral ; boiled with acids it gives H2S04Aq 
and NH,. Solutions of alkalis split off NH, and 
form alkali salts of SO2.OH.NH2. Small quan- 
tities of H2S04Aq are formed after prolonged 
boiling. By adding AgNOjAq to solutions of 
sulphamide, and then NHjAq, a pp. of 
S02(NnAg)2 is formed ; other metallic deriva- 
tives of S02(NH2)2 exist, but have n^ yet been 
isolated satisfactorily. 

Imido-sulphamidb NH(S03.NH2)3 v. Sulph- 
IMIDO-AMIDS (p. 587). M. M. P. M. 

SULPHAMINE-BENZOIC AqjLD v. Amide of 

O-BULPHO-BENZOIO AWD. 

SDLPHAHMONIC acids and BALTS v. 

SuiiPHDB 0XYAC1D3, NITBOOBN DBRIVATIVES OF, 

p. 619. 

SULPHANILIC ACID v. vol. i. p. 164. 

SULPHANTIMONATES, &o. For such salts 

as sulphantimonatcs^ sulphar senates ^ sulpho- 
phosphates v. Thio-antimonates Ac., under 
Antimonates &o. 

SULPHATAMl^ON and PAEASULPHATAH- 
HON u. Tri-ammonium imidosulphonate and 
Di-ammoni^m imidosulphonate under Imido^ 
sulphonic acid and saltSf a sec^on of 
SULPUONIO ACIDS AND DBiq|rATIVB8, p. 600. 

SULPHATES and allied salts. Salts of 
sulphuric acid Bf^SO,. The compositions of the- 
normal sulphates are expressed by the gdberal 
formulas M2*S04, M“S04, M*“2(SOJ„ andi 

M*^(S04)2 ; the greater number of the acid sul* 
phates come under such iormulsa as M^H^Oa 
M«H2(S04)2, Mi«H(S04>„M*^H2(S04).. AU Bul. 
phates, whether normal, acid, or basic, may be; 
represented by the formula nMO.mSO,.a;H/), 
where MO stands for a basic oxide. The iral^: 
phates are prepared (1) by the interaction of 
H2S04Aq with metals, metallic oxides, ox liy*; 
dioxides ; some metals react with dilute 
giving sulphates end H, others feaot oi^ iriw 





ugi QODQ. giving sulpha^ aniSO» ^ fb. (^*aii i. ^ lOQF^ n^^uA tA-a 

SOf and £^S| and eometimes E also ; ^bytbo I fisS^O is off 'and ALfSOj .(HB )^o ^ ’ 

interaction of E^SO^Aq with salts of voiatiiisable I remains ; ^gins to oome offTt 0 . 

or decomposable acids, ag. with chlorides, ni- / (Lnpton, C* J, [2] 13, 201}. ^ 

trates, or carbonates ; (3) bj the direct oombina- 1 Potash alnm A1«(S04),.E2S04, 24afl, pre. 
.tion of SO, with metallic ^ides I {i) by oxidising j pared by mixing solutions of the two sulphates 
aolphides, bj boiling with HNO^q, or by reacting ( — — ’ * 


with Cl in presence of water, or sometimes by 
beating in air, e.g. FeSO^, CuSO^, and ZnS04 ; 
(6) by doable decomposition from other atd- 
pnates, e.g. BaS04, PbS04. Most of the metals 
lie normal sulphates are soluble in water; 
BaS04 is insol. water, PbSO^ and SrSO* nearly 
insol., and GaS04 slightly soluble. The 
basic sulphates are generally insoluble in water. 
Sulphates of metals whose oxides are strong 
bases — the alkali And alkaline earth metals— are 
not decomposed by heat alone; the sulphates 
of metals whose oxides j^e weak bases are deAl^ 
composed by heating, gmng off SO,, or SO, and 
O, and leaving oxides, or metals if the oxides 
are reducible by heat. SulpHates are reduced by 
heating with charcoal, either to sulphides or 
oxides, with evolution of CO and CO„ and also 
SO, from the sulphates of weak bases. Many 
sulphates are decomposed completely by heating 
with HGl gal, giving chlorides [v. Hensgen, P. 
9, 1671 ; 10, 259). Fusion with excess of alkali 
oarbenate produces alkali sulphate and carbonate 
pf the metal of the origin^ sulphate. Many 
sulphates are reduced by strongly heating in a 
stream of NH„ yielding sulphides, oxides, metal, 
or mixtures of these {v. Hodgkinson a. Trench, 

^ C* N» 66, 223). Several sulphates occur as 
minerals; e.g, BaSO^ {heavy spar), CaS04 {gyp- 
Svm\,St^O^{celestine), MgSO^ {Epsom salts), &Q. 

Aluminium sulphates. The normal salt 
A1,(S04)3. 18aq occurs native as feather alum ; it 
is prepare^y beating clay with cone. H,S04Aq 
and boiling down the solution ; also, according 
, to Persoz (A. Ch, [3] 66, 102), by adding solu- 
tion of alum or AlOl, to a large excess of cone, 
boiling H,SOH,yvhen anhydrous Al-ASO^), sepa- 
rates as a white powder. Oawalovski (C. O. 

* 1885. 721) says that perfect octahedral crystals 
of Al,(SO,),. 17aq are obtained by saturating 
H,S04Aq with freshly ppd. AlO^H, and allowing 
tOaStimd for some months. Crystallises with 
^ffioulty from water ; crystallisation hastened 
by adding alcohol in which the salt is insol. 
fP.,*f.c.). Concerning ppn, of AL,(S0J,.a;H,0 
from aqueous solutions by H,S04 v. Eremin, 
J, B. 20, 468 (abstract in C. 66, 347). When 
heated gives off all water; heated to redness 
gives off SO, and leaves Al.O,. Various basic 
salts ase known ; they are obtained by heating 
nlution of Ala(S04), mth AlO^H,, or by partially 
PPg. solution of the normal salt^by I^H^Aq, or by 
partijd reduction of the normal salt by Zn {v. 
MausTP. 11,80 ; Bebray, Bl [2J 7, 1 ; Athanasesoo, 
C, B, 103, 271 ; Crum, A. 89, 156 ; Marguerite, 
C. B, 90, 1864; LOwe, /. pr. 79, 428; Bley, /.pr. 

89,4 

The double salts Al,(SO 24a^, where 

Na, K, Eb, Cs, Ag, or Tl, are alums. 
For expansions of alums v. Spring, B. 16, 1254, 
1739 • 17 408. 

Ammonia alum A1,(S04),.(NH J,S04. 24aq, 
prepared by adding (NHJ,S04 or NH,C1 to 
AMB04),Aq, so that the salts are in.equivalent 
luantities, d^staHises in octohedra ; S.G. 1*56 ; 


and evaporating, oxystailises in regular oota* 
hedra; S.G. 1*7; S. 3*29 at 0®, 9*62 at 10®, 
22 at 30®, 31 at 60®, 90 at 70®, 367 at 100®. The 
e^stals effloresce in air. At 190®, 23H3O is 
given off (L., l.c.). Also obtained in cubical 
crystals {v. Polis,'B. 18, 860).« Solution in water 
has an acid reaction, and dissolves Zn and Fe, 
giving off H. 

Cffisium and rubidium alums v, Bun- 
sen, P. 119, 1 ; Godeffroy, B. ^1, 176 ; Bedtes- 
bacher, J*. pr. 95, 148. Sette^rg (A. 211, 100) 
gives S. in wdter from 0® to 80® (cf. CiSSiuM, 
vol. i. p. 668). 

Silver alum v. Church a. Northoote, 0. N. 
9, 155. 

Sodium alum v. Pouisin, Poly tech. Cen- 
tralbl. 1852.774; Zellner, 1^. 36, 183; and espe- 
cially Aug5, C. B. 110, 1139 (abstract in O. J, 
68, 1069). 

Thallium alum v. Lamy, Bh [2] 11,^10. 
The doable salts of Al3(S04), with FeSO^, MgS04, 
MnS04, and ZnSO. also crystallise with 24H,,0. 
For double salts with Fe^(S04)3, Mn2(S04)3, and 
Cr-ASOJ, V. Etard {Bl. [2] 31, 200). For a double 
salt with PbS04 v. Bailey {C. S. I. 6, 416). 

Ammonium sulphates. The normal salt 
(NH4)2S04 is found in certain volcanic districts ; 
it is prepared by neutralising H2S04Aq by NH^Aq 
or (NH^^COjAq and evaporating. Crystallisis 
in clear rhombic forms, is isomorphous with 
K2SO4 (MitscherUch, P. 18, 168). S.G. 1*761 
(Playfair a. Joule, C. 8. Mem. 2, 401) ; for S.G. 
from 10® to 100° v. Spring {B. 16, 1940). Melts 
at 0. 140® (Marchand, P. 42) ; decomposes abovp 
280® ; according to Johnson a. Chittenden {Am.S. 
[3] 16, 131), gives NH4HSO4 and (NHJ^SaO^.and 
at incipient redness gives SO,, H^O, and NH,. 
Absorbs dry HCl, forming some N H4CI {v. Thomas, 
C. J. 33, 372). S. 71 at 0®, 73 65 at 10°, 76*3 at 
99°, 78*95 at 30®, 81*6 at 40®, 84*25 at 60®, 86*9 
at 60°, 89*55 at 70®, 92*2 at 80®, 94*85 at 90°, 97*6 
at 100° (AUuard, 0. B. 69, 600). Insol. absolute 
alcohol. For S.G. of (NH^l^SO^Aq from 1 to 
60 p.o. (NH4)2S04 V. Schiff (A. 108, 338 ; 11S>, 
74). H.F. 284,800 (Thomsen, 

J. pr. 21, 477). The acid salt NH4HSO4 crys- 
tallises from solution of (NH4)2S04 in hot 
cone. H2SO4 in long rhombic prisms, S.G. 
1*787 (Schiff, A. 107, 83). S. 100 in cold water. 
Two other acid salts have been •isolated j 
(1) (NH4),H(S04), [=3(NH4),S04.S0,.H20 or 
3(NH4)20.4S0,.H20] by adding the proper quan- 
tity of H2SO4 to (NH4)2S04Aq (Marignac,Ann. Af. 
[6] 12,88); (2) (NH,)2S04.7S0, [ - (NH4)20.8S0,] 
by heating dry (NH4)2S04 with SO, to 100° in a 
closed tube and distilling off excess of SO, at 
0. 60® (Weber, B. 17. 2501). 

Antimony sulphatei. The normal salt 
862(804), is obtained by dissolving Sh,0, in 
boiling oono. H.2S04Aq (0. 98 p.o. H2SO^, reoryg-» 
tallising from oono. H2SO4, and drying on a 
porous tile over £[,804. (Adie, G. . J. 67, 640 ; 
where an account of the action of H,S04Aq of. 
different concentrations, jnd of SO,, on Sb,Oa, 
will be found, with refermes to older papers). 




tiilpliatat. Thti normal Balt BaSO^ 
ooouri tia^ve as heai>y ^ar. Prepared by add- 
ing dilate xI«S04Aq or mlute solution of a sul- 
phate to solution of a salt of Ba, washing, and 
drying. A white solid; S.G. 4'526 (G. Bose, 

р. 75, 409 ; v. also SchrOder, P. 106, 226 ; a. 

Wiedemann, P. Af. [5] 16, 371). Obtained as a ^ 
crystalline powder by fusing 1 part with 

4| partf dry BaCl, in a closed crucible, and 
washing with water (Manross, A. 82, 348) ; also 
^ heating dilute BaCljAq with slight exqess of 
HgSO.Aq to 246® (Scheerer a. Dreohsel, J. pr. 
[2] 7, 68). H.F. [Ba,0\S] = o. 338,000 {Th. 3, 
516). Insol. water ; 1 part dissolves in c. 23,000 
parts cold, and in o. 4,900 parts hot, HGlAq 
S.G. 1*03, and in o. 9,200 parts HNO^Aq S.G. 
1*02. Struve {Fr. 9, 34) gives S. of BaS04 in 
cone. HaS04 as 6*69, and 15-89 in Nordhausen 
acid. BaS04 is partly decomposed by boiling 
with cone, solution of an alkali carbonate, or 
by fusion with alkali carbonate ; Spring {DL [2] 
44, 166) found that some BaCO, was formed by 
compressing BaS04 and at a pressure of 

с. 6,000 atmospheres. 

An acid salt BaS04.HjS04 is formed by dis- 
solving BaS04 in hot cone. H2SO4 S.G. 1*843, 
and heating to 100® {v. Garside, G, N. 31, 246). 

' Beryllium sulphates. The normal salt 
BeSO^aq is formed by dissolving BeCOa in 
dilat^l^S04Aq and concentrating the slightly 
acid liquid. For crystalline form v. Topsoe 
A. B. 66 [2nd part], 5). According to Klatzo 
{J. pr. 106, 233) the salt crystallises with 7HaO. 
Various basic salts are obtained by the action of 
BeCOa or Zn on solution of the normal salt. 

Bismuth sulphates. The normal salt ^ 
612(804)3 is best prepared by dissolving Bi^Sj in 
cone. H2SO4 heated to commencing vaporisation; 
on cooling the salt separates in lustrous, very 
deliquescent, needles (Hensgen, P. T, C. 4, 401 ; 
cf. Sohultz-Sellack, B. 4, 13). For the action of 
heat on 612(904)3 v. BaUey (0. /. 51, 680). An 
acid salt BiH(S04)2.3aq was obtained by Leist 
{A. 160, 29) by dissolving BL^Oj in dil. H2S04Aq 
under definite conditions. -Basic salts are also 
formed by the reaction of dilute H2S04Aq witlf 
BijO, (u. Heintz, P. 63, 66, 667), and by the 
action of KjO on the normal salt {c/, Hensgen, 
lx.). 

According to R. H. Adie (priv. comm.)^ acid 
Balts BiH(S04)2.a:aq (aj = probably 1^ &nd 3) 
crystallise from solutions of BiaO, or 612(804)3 ' 
in H2S04Aq of concentrations varying from 
H2SO4.H2O to 0. H2SO4.6H3O ; from acid of the 
ooncentration H2S04.6H20, a basic salt crystal- 
lises, probably Bi.OH.SO4.H2O. 

Cadmium sulphates. The normal salt 
OdS04. aq is obtained by dissolving Cd in dilute 
£[280. Aq, and concentrating, by boiling, the acid 
solution (von Hauer, J, nr. 72, 372), Various 
other hydrates have been isolated. H.F. 
[Od,S,0<]» 221,650 {Th. 8, 616). OdS04 oom- 
bii^s with NH3 to form various compounds (o. 
H. Rose, P. 20, 162 ; Malagutia. Sarzeau, A.OA. 
[8] 0, 481 ; Isambert, O. B. 70, 466 ; Muller, A. 
149, 70). Forms double salts with (KH4)2S04, 
MgSO«, and Na2S04 ; these salts crystallise with 
6aq> (von H., l.e.) The double salt with 
41^804)2 is an alum. 

Ctosium sulphates^ JTormal '•alt O82SP4: 
hj neutralising H2S04Aq by CsjCO, and evapo- 


rating. #dhort needles, not hygroscopic; insoL 
alcohol |tf. 158'7 at — 2®. The add salt CBHSO4, 
formed Ty reacting mi CsaSO* with excess of 
H2SO4, crystallises in small rhombic prisms 
(Bunsen a. EirchoiK, P. 113, d42)» 

Calcium sulphates. The normal salt OaSOf* 
occurs native as anhydrite, and the dihydrate 
CaS04.2aq as gypsum, alabaster, and selenite, 
GaS04 Is obtained in crystals by fusing E2SO4 
with excess of GaGL^ and washing (Mam;oss, Ai 
82, 348 ; cf. Mitscherlioh, P. 21, 321). GaS04. 2i^ 
is formed by ppg. fairly cone. GaGlaAq by dil. 
£[2^0 ,Aq or solution of a sulphate, evaporating, 
and washing the solid that separates. CaS04. 2aq ' 
is said to be formed by the interaction of GaGO^ 
and S moistened with water (Polacci, O. 1874. 
177, 215). GaS04 has S.G. 2-964, and GaS04. 2aq 
has S.G. 2*31 {v. also McCaleb, Arn.. 11, 35). 8. for 
GaS04,-19 atO®, -208iit)®, *214 at 40°. -208 at 
60°, -195 at 80°, *174 at loli° (Marignac, A. Ch. [5] 

1, 274) ; 8. for GaS04.2aq -2119 at 16*6°, *2352 
at 22° (Gossa, 0. 1873. 135) ; S. for GaS04.2aq 
in glycerin, -957 at ordinary temperature, 8. in- 
creases as temperature rises (Assclin, 0. B. 76, 
884). According to Raupenstauch {0. 0. 1888. 
821) the solubility in water of gypsum increases 
to 82°, is constant from 32° to 38°, and decreases 
above SS**. Gypsum loses 2HjO when heated to 
80° 'm a stream of dry air ; when the GaS04 
thus produced is moistened it takes up 2Hp, be- 
comes crystalline, and expands. The dehydrated 
GaS04 obtained by heating gypsum to 160° takes 
up water very slowly ; if the gypsUIBi is heated 
to 0. 300° the GaS04 formed combines with 
water with extreme slowness {v. Schott,*!). P. J. 
202, 52, 355, 513 ; cf. Plaster of Paris, under 
Gbments, in Dictionaby o» Applied Ghkmisthy, 
vol. i. p. 468). 

According to Potilitzin (/. B. 1898 [1] 201, 
207) GaS04. 2aq sjpwly gives off water at 62®-66° 
till the hydr&te 2CaS04. aq is formed; OaS04 
prepared by heating GaS04. 2aq to 180°-170° 
absorbs HjO from ordinary air until 2GaS04. ^q 
is formed when absorption of water ceases. The *1 
hydrate 2CaS04. aq absorbs Water from air 
saturated with moisture, forming GaSOt. 2aq. 
The water # crystallisation of gypsum is not 
equally firmly retained ; P. writes the fonnula 
2GaS04. 4aq ; three-quarters of the HjO is much 
more readily given off than the other^ fouith. 
The hydrate 2CaS04. aq is more soluble in water 
than the dibydrate CaSO*. 2aq. 

An acid salt GaH^(S04), is said by Berzelius 
to be formed by digesting CaSO, with H2S04Aq 
at 80°-100° ,• it is decomposed by moist air to 
the normal salt and H2SO4. For double Salts 
with alkali and alkaline ear^h sulphates v. Fass- 
bender {D. 9, 1358 ; 11, 1968) ; Struve {Bl [2] 
12, 348) ; Ditte (C. B. 84, 86) ; Popp (A. SuppU 
8, 1) ; Hannay {0. J. 32. 399). 

* Cerium sulphates. The normal eerous sul^ 
phate, Ge2(S04)3.a;H30 (® being probably 6, 8|^9, 
and 12) is obtained. in oolourless orystadB by. 
evaporating a solution of Oe^fOO^)! in dihlto 
H3S04Aq, or a solution of GeO, m H^04Aq 
saturated with SO2. The normal ‘Csna taU .. 
00(804)2. 4aq forms, in yellow* crystalB, from A 
solution of CeOg in dilute H2S04Aq. CsitQ^. 
eerie sulphates, ®Ge2(804)|.pOe(30^ 2aiq,; M 
obtained by dissolving OeO, in cono. 

OTi^porating. Basic salts are fermed by tibe 
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interaction of water with the norm^ salts. 
DoubU salts of Ce^iSOJ, with K,S04, 

. and NoaSO^ are known (v. Marignac, ZT Ch. [4] 
80, 67 ; Czudnowioz, J, pr. 30, 19 ; Hermann, 
V. pr, 92, 126 ; Zschiesche, J. pr. 107, 65 ; 
^ianunelsberg, JB. 6, 85 ; Jolin, Bl, [2] 21, 623 ; 
Wyrouboflf, BL [8J 2, 746 ; Wing, Am, S. [2] 40, 
866 ). 

Chromium sulphates. The normal chromotts 
salt Gj:S04. 7aq was obtained by Moissan {BL 
[2] 87, 296) by dissolving the acetate in warm 
dilute HaS04Aq, crystallising, and drying be- 
^ tween p^er, all operations being conducted in 
an atmo^here of COj (for directions for making 
Cr(CaHa0.j2 '0- Nitkooen, Preparation^ 'vo\. iii. 
p. 657). Blue crystals; isomorphous with 
reS04.7aq.S. 12-35 at 0°; si. sol. alcohol. Ab- 
sorbs 0 rapidly from air. and acts as a strong 
reducer. A monohydrqJpPrS04. aq was obtained 
as a white crystalliqp powder by ad^ng the 
acetate to excess of cone. H ,S04 (M., Lc.), Forms 
a double salt, CrS04.K4S04.‘6aq (P61igot, A, Ch, 
[8] 12, 639). 

The normal chromic salt Cr2(S04)3.xH.^0 
exists in two forms. (1) Violet, a; = 15 (Schrot- 
ter, P. 53, 6'^ 6), = 18 (Siewert, A. 126, 97); by 
digesting 1 pt. CrOaHg dried at 100® with 1 to 

pts. cone. KjS04, in a closed vessel, till a mass 
of greenish-blue crystals is formed, dissolving 
these c^stals in water, ppg. by absolute alcohol, 
dissolving again in water, adding alcohol till ppn. 
just begins, covering the vessel with moist 
parchment-^per, and allowing to crystallise 
sloiifly.^ Regular octahedra ; red-violet in* re- 
flected *light, garnet-red in transmitted light ; 
S. 120 in cold water (Schrotter, P. 63, 616; 
L6wel, A. Ch, [3] *40, 42). (2) Green, « = 6. 
By heating the violet salt to 100®; the salt 
melts, gives off water, and then solidifies to a 
green amorphous mass. Alsc^ormed by dissolv- 
ing GrOgHj in cone. H.,S04 50®-60®, and eva- 

porating quickly. Easily sol. alcohol ; whereas 
the violet salt is insol. alcohol. 

* Addition of a cold solution of a Ba salt ppts. 
oU SO4 from a solution of the violet form, but 
boiling is needed to complete the ppn. from the 
green variety. According to Etffd (C. R. 84, 
*1089), the difference between the t^o forms is 
one of hydration only (but v. Chromium salts, vol. 

167 ; and v. also Recoura, C. R. 113, 857). 

Basic salts are obtained by adding a little 
NHgAq to solution of the normal salt, also by 
digesting the normal salt with CrOjH,, or excess 
of CrOjHjWith H2S04Aq (v. Schrotter, P. 63, 616; 
Siewert, A. 126,97; Schiff, A. 1£4, 167, 172; 
Recoura, C. R. 112, 1439). According to Traube 
(A. 66, 87), an acid salt, Cr3(S04)3.H3S04, is 
formed by heating either varfety of the normal 
salt with excess of H2SO4 till vaporisation of the 
acid begins, and allowing to cool (Schrotter 
[2.e.] regarded this as an insoluble variety of tlfb 
normal salt) ; insol. water, not acted on by cold 
KOBLAq, heated strongly gives CrjO,, SOj, and O. 

CrASO.h forms many double salts ; those 
with the alkali sulphates have the composition 
0r.4(S04),.M2S04.24aq, and are alums. 

Ammonia chrome-alum is ppd. by 
adding fNH4)2S04 to a saturated solution of violet 
^**2(804), ; also formed by mixing (NH4)2S04Aq 
^d Cr2(S04)2Aq, and evaporating ; also by mix- 

Ct,(SOJ.Aq (violet) with (NHJ,CrO,Aq, 


adding alittle — ,„.o ~ 

Crystallises in ruby-red octahedra; S.G. 1*738. 
Etfloresces slowly • in air. Solution in water is 
violet ; at 75® it becomes green, but slowly returns 
to violet on standing for some weeks (regarding 
this change v. Chbomidm salts, vol. ii. p. 167). 

Polash chrome-alum is produced simi- 
larly to the ammonia salt; also by heating 
K^CtjO, with cone. H^SOq, more quickly in pre- 
sence of a reducer, e.g. SOj. Crystallises in large 
dark-purple octahedra ; S. 14*5 in cold water. 
Solution in water is grey-blue with tinge of red ; 
heated to 70°-:80° it becomes green and non- 
crystallisable, but returns to violet after stand- 
ing for some weeks. For Soda chrome-alum 
V, SchrStter (P. 63, 613). For double salts of 
Cr2(S04), with Al2(S04)3, Fe.,(S04)„ and 

Mn2(S04), V, Etard {BL [2] 31, 200) ; for double 
'salts of the form Cr2(S04)3.3M,,S04, where Mi^Li,. 
K, or Na, v. Warnicke (P. 169", 672). 

For description of 'other double salts of 
Crj(S04)8 with alkali sulphates, v. Klobb, 0. R. 
117, 311 (Abstract in O. 64 [ii.], 573). 

Cobalt sulphates. — Thcnor;/wiZ cobaltous salt 
CoS04.7aq occurs native as biberite; prepared 
by dissolving Co, CoO, or C0CO3 in dilute 
HjSOqAq, and evaporating. Forms carmine-red 
crystaJs, isomorphous with FeSOq. 7aq ; S.G. 
1*918 at 15® (Thorpe a. Watts, O. J. i?, 102). 
Unchanged in air ; loses all water by creating, 
and gives C0SO4 as a red powder, not decomposed 
easily by heat ; S.G. 3*472 at 15® (T.a.W., Lc.}. 
Klobb (C. R. 114, 836) obtained the anhydrous 
salt in crystals by rnixing CoS04.7aq with excess 
of (NHqJaSOq and heating in a partly-closed 
crucible, out of contact with the gases of the 
flame, till (NH4)2S04 was all volatilised. The 
hexahydrate C0SO4. 6aq separates from solutions 
of Co or CoCO, in HjSOqAq at 40®-60° ; it is 
isomoi^hous with the corresponding salts of 
Mg, Ni, and Zn (Marignac). For other hydrates, 
with 4aq and aq, v. Frohde (/. 1866. 244) ; 
Vortmann {B. 15, 1888). QoSO,. 7aq is insol. 
alcohol ; S. water 30-6 at 10°, 36*4 at 20®, 40 at 
29®, 46-3 at 35°, 65*2 at 50°, 60*4 at 60®, 65*7 
*at 70® (stated as part? C0SO4 dissolved by 100 
parts water ; Tobler, A. 95, 193). Thomsen {Th, 
3, 616) gives H.F. [Co, S,0',7H20] = 234,000. 
By electrolysing CoSOqAq in presence of K^SOq 
and H2SO4, under special conditions, Marshall 
obtained 003(804), along with KaSjO, (O. J. 69, 
760). 

Basic salts are formed by addition of a 
little NH,Aq to hot CoSO,Aq, also by digesting 
CoS04Aq with C0CO3 {v. Habermann, M 6, 442 ; 
Athanascsco, O. R. 103, 271). 

For double salts with FeS04, MgS04, M!nS04, 
and ZnS04 v. Vohl (A. 94, 67). 

Normal cobaltic sulphate 003(804), was ob- 
tained by Marshall (C. J. 69, 767) by electro- 
lysipg CoSOqAq in presence of H^SOq, under 
special conditions. A blue crystalline powder, 
unchanged in a stoppered bottle in ordinary 
air, hut decomposes rapidly in dry air; sox. 
water, with evolution of 0 ; sol. cone. H3SO4 ; in 
HClAq forms CoOl, and gives off Cl. 

Copper sulphates. Only salts corresponding 
with the oxide OuO have been isolated. The 
normal salt CuSOq is obtained by dissolving Cd 
in hot coho. H2SO4, decanting ’the hot solution, 
ana allowing to cool; also by Adding oona» 
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Di^stals of OUSO4. 5aq to 0. 230® aa long as they 
lose weight. Klobb (C. B, 114, 836) obtained 
OUSO4 in crystals by heating a mixture of the 
hydrated salt and excess of (NH4)2S04 in a 
partly closed crucible till all (^114)2804 had 
volatilised. A white crystalline powder; S.G, 
8*606 at 16® (Thorpe a. Watts, O. J. 37, 102). 
Partly decomposed at red heat, wholly at white 
heat, to SO2, 0, and OuO. Beduced by heating to 
redness with charcoal, giving Cu, SOj, and CO.^ 
At a higher temperature some GuS is said to bo 
formed ; also reduced to Cu by heating in H ; 
heated in PHj, gives off H^O, and leaves a mix- 
ture of sulphide and phosphide of Cu. HCl gas 
forms CuClj and H-jSO^. CUSO4 acts as a 
powerful dehydrating agent ; it rapidly absorbs 
water, forming CuS04.6aq. HJB’.[Cu,S,0^] = 
18^0 (Th. 3, 516). 

^fte pentahydrate CuSOi. 6aq {blm vitriol) is 
prepared by dissolving Cu in hot npnc. H2SO4, 
evaporating, and recrystallising from water the 
solid that separates. At. 0. 20® there is a very 
slight reaction, with formation of GuoS and 
CUSO4; at 0. 270® the reaction is CU + 2H2SO4 
= CUSO4 + SO2 + 2H2O (Pickering, O. J. 33. 112). 
According to Anthion {ti. P. 81, 314), CuS04.5aq 
free from nitrate, is obtained by dissolving Cu 
in a warm mixture of dilute H2S04Aq and 
HN OgAq^’ and crystallising. (For preparatipn of 
commercial blue vitriol v. Dictionaut op Appijed 
Ohbmistby, vol. i. p. 608.) Large blue, triclinio 
crystals ; S.G. 2-284 at 16® (Thorpe a. Watts, 
0. J. 37, 102). Solubility in water is given by 
Poggiale (A. Ch. [3] 8, 463) aa follows ; — 



Temp. OuSO.. 5aa 

OUSO4 

Temp, 

OUSO 4 . 5aq 

OUSO4 

0° 

31-61 

18-20 

1 60° 

77*39 

38-83 

10 

36-96 

20-92 

70 

94*40 

45-06 

20 

42-31 

23-56 

80 

118-03 

63-16 

30 

48-81 

26-63 

90 

166-44 

64-23 

40 

66-90. 

30-29 

100 

203-32 

76-25 

50 

65*83 

34*14 

1 




Gerlach (D. P. J, 181, 129) gives the following 
table : — 


'Percentage 

S.G. 

Percentage 

S.O. 

OUSO 4 . fiaq 

of solution 

OUSO4. fiaq 

of solution 

2 . 

1*0126 

14 . 

1-0933 

4 . 

1*0264 

16 , 

1-1063 

6 . 

1*0384 

18 . 

1-1208 

8 . 

1*0516 

20 . 

1-1354 

10 . 

1*0649 

22 . 

1*1601 

12 . 

1-0786 

24 . 

1*1669 


Insol. absolute alcohol; S. in 40 p.o. alcohol 
at 16° = *25 (Schiff). • Fairly sol. glycerin. 
Effloresces in dry air, giving off 2H2O ; heated 
for some time to 100° loses 4H2O, the last Rp 
is removed at 0. 230®. For dissociation-pressures 
of water given off at various temperatures v, 
LescoBur {C. B. 102, 1466). Solution in HClAq 
gives OUOI2.2R2O on evaporation. The dry sal^t 
in powder, absorbs HCl, the water of crystallisa- 
tion being set free (Kane, A. 19, 1); several 
compounds of GUSO4, HCl, and HjO are formed 
according to Latschinoff {J. P. 1888 [1] 686, 
667, 707 ; abstract in B, 22 Bef. 192). Combines 
with NH„ forming CUSO4.6NHJ, . all water of 
orystallisation beii)g removed (L., Lc,). 

. Other hydrated co^ppet eulphaUe are (1) 


0uS04.6aq and (2) 0aS04.7aq, obtained by 
Lecoq de^ Idplsbaudran {C*B. 66, 1240), the 
former by placing a crystal of NiS04.4aq in a 
warm supersaturated solution of CUSO4. 6aq, to 
which a few drops of H2S04Aq ha^ been added, 
and the latter by placing a crystal of F0SO4. 7aq 
in the nfother-liquor from the first-named 
hydrate ; (3) CUSO4. 3aq, by keeping GUSO4. 6aq 
in dry air at 25°-30° (Magnier de la Source, O. B. 
83, 899) ; also by pouring cold cone. OuS04Aq 
into H2S04Aq, S.G. 1*7, and washing the pp. 
with small quantities of absolute alcohol (Thorpe 
a. Watts, C. J. 37, 104) ; (4) CuS04.2aq by keepfng 
the pentahydrate in vacuo at 20° for some days, 
or by pouring cone. CuS04Aq into cold cone. 
H2SO4, and washing the pp. with absolute 
alcohol (T. a. W., l.c .) ; (5) CUSO4. by heating 
powdered pentahydrate at 110® till it ceases to 
lose weight (T. a. W., I.Q,). T. a. W. {l.c.) give 
the S.G. of these hydrates, at 16°, as : mono- 
hydrate, 3-289 ; dihydrate, 2 953 ; trihydrate, 
2*663. Lescceur (C. B. 102, 1466) obtained only 
the penta-, tri-, and monohydrates. 

Double salts with the alkali sulphates, of the 
form CUSO4.M2SO4. 6aq, are obtained by crystal- 
lising mixtures of the constituents ^ the proper 
proportions (u. Graham, P. M, 1835. 327, 417 ; 
Brunner, P. 15, 476 ; 32, 221 ; Pickering, C. J. 
49, 1). Vohl (a. 94, 67) has described several 
triple salts of the form CUSO4.MSO4.2X2SO4. 12aq, 
where M = Fe, Zn, &c., and X = an alkali metal ; and 
also quadruple salts CuSO4.2MSO4.3X2SO4.l8aq. 
Double salts of the form CuS04.MS04.a;aq^ x 
being 5 and 7, and M being Co, Fe, Mg, Nmv 
Z n, are described (v. Bammelsberg, P. 91, 321 ; 
also Lefort, A. Ch. [3] 23, 96 ; von Hauer, P. 
126, 638). Several basic salts of the form 
CuS04.a:CuO. aq are known :—x =» 1, v. Boucher 
{j:Ph, [3J 37, 249); a; = 2, v. Bcindel (J. pr. 
100, 1 ; 102, 204), Persoz (A. Ch, [3] 26, 267), 
Shenstono {C.J. 47,376); a; = 3, u. Smith (/. 26, 
280), Pickering (0. J. 43, 336 ; 49, 1), Grimbert 
a. Barr6 (J. Ph. [6] 21, 414), Kuhn {Ph. C. 1847. 
696), Kane (A. 19, 1); a; = 4, v. Smith (i.c.) ; 
a; = 7, v. Pickering (Z.c.). For other basic sul- 
phates V. Steinmann {B. 16, 1411), Brunner 
(P. 16, 476 ; 32, 221), Becquerel (C. B. 67, 1081),^ 
Casselmann {Fr. 4, 24). . 

• Did3aniani sulphates {v. Marignao, A. Ch“ 
[3] 68, 148; Clove, BL [2] 21, 246; 39, 151; 
Hermann, J. pr. 82, 385 ; Frerichs a. Smith*, A. 
191, 348). The normal salt 012(804),. 8aq crys- 
tallises in red, lustrous, monoolinio crystals 
from a solution of DijO, or Dl^(CO,), in excess 
of H2S04Aq ; ^.G. 2*878 ; S.H. -1948 ^ilson a. 
Pettersson, B. 13, 1469). Heated to TOO® loses 
all water of crystallisation, leaving 014(804), as 
a red powder ; S.G, 3*735 ; S.H. *1187 (N. • P., . 
f.c.) ; S. 43-1 at 12®, 11 at 60°, 2 at 100° (Marig- 
nac). For effect of heat at various temperatures 
V. Bailey (C. J. 61, 682). Hydrates with 6aq 
and aq crystallise from cold saturated solutions 
of 04(804), ; Marignao (Z.c.) also obtained a 
hydrate with 9aq. Double salts of the form 
04(S04)3.M2S04. 8aq, where M is an alkali metal, 
are known. Basic salts are formed by heating 
the normal salt, also by adding a little .HfL^Aq 
to solutions of the normal salt. 

Gold sulphates. The normal awro-awrie 
sulphate AuSO, was obtained by Sdhottliitidea 
(A. 2l7, 312) by evaporating idlatioii o| 







AUO.H.DU4 ^v. znjrpj uetaij to oITBesS ftt 1250^4 
and drying m a desiccator over lixn^ liU8troti8» 
scarlet prisms, that rapidly absorb moisture 
from the air, with partial decomposition. A 
basic salt Avfi.HSOt (auryl sulphate) was ob- 
tained (S., as a yellow crystalline powder, 
by heating AuO.NO, with cone. H^SO!; at 0. 200° 
{AuO.NOt was. formed by dissolving AuOaH, in 
HNOgAq S.G. 1*4, filtering through asbestos, 
and evaporating under reduced pressure over 
lime and soda). A double salt AuE(S0^^2 was 
formed by dissolving KHSO4 in solution of 
Ai( 0.H.S04, and evaporating at 200° (v. also 
Allen, C. N. 26, 86). 

Indium sulphates {v. Winkler, J.pr. 94, 1 ; 95, 
414 ; 98, 344*; 102, 273 ; ^ Meyer, A. 160, 429). 
The normal salt In^(S04), is obtained by dissolv- 
ing In or InOsH, in excess of HjSO^Aq, evapora- 
ting to dryness, and heating till excess of acid is 
removed ; a white, very hygroscopic powder ; 
S.H. *129 (Nilson a. Pettersson, B. 13, 1459). 
S.G. 3*438 (N. a. P.. C. B. 91, 232). By dissolv- 
ing in water and evaporating, a hydrate with 9aq 
is obtained as a gummy solid. The solution 
of In or InO^Hj in excess of H.B04Aq yields a 
syrupy liquid on evaporation which probably 
contains an acid salt (? In,^(S04)3.H2S04l. By 
adding' (NH4).^S04Aq to solution of and 

evaporating, the double salt with the composition 
In3(S04),.(NH4)^S04.24aq is obtained; this salt 
is an alum ; it is sol. in ^ part water at 16°, and 
• in 1 part water at 30°. On evaporating the 
mower-liquor, the salt In2(S04)s.(NH4),S04. 8aq 
, id||ibtained (Bossier, J, pr. [2] 7, 13). ^ Double 
salts with K3SO4 and N%S04, ciystallising with 
' 8aq, have also been obtained. 

Iridium sulphates. By treating IrS2 with 
cone. HNOjAq, Bimbaum (A. 136, 179) obtained 
an ' amorphous, brownish-yellow solid, easily 
sol. water, probably a sulphate of Ir. The double 
- saZf Irj(S04),.3K2S04 was obtained by Lecoq de 
Boisbaudran (O, B. 96, 1406, 1551) by fusing 
KHSO4 with ir compounds, treating with water 
containing KHSO4, dissolving the residue in hot 
water, and crystallising; green, translucent 
crystals, probably r^ular octahedra; almost 
insol. saturated KHSC^Aq. 

Iron sulphates. 1. Ferrous salts. The 
\&rmal salt, FeS04, is obtained by heating pow- 
dered FeS04. 7aq very carefully to 300° till it 
oea^s to lose weight (the heating is best done 
in a stream of H) ; at a slightly higher tempera- 
ture SOj and 0 begin to be given off, and finally 
FejO, remains. FeS04 is a white powder;. 
S.G. 8*346 (Thorpe a. Watts, Q, J. 37, 102). 
Several ^drates of FeS04 arc known, ordinary 
preen vitriol being the most common and 
. examined of these ; ^this heptahydrate, 
FeS04. 7aqf is best prepared by adding iron 
filings-to warm dilute RtS04Aq until the acid 
is saturated and a little iron remains undis- 
solved, boiling for a little, filtering into h vessel 
that has been rinsed with a very little cone. 
^^04, allowing to crystallise, washing the crys- 
ifds two or three times with very small quantities 
of cold water, and then with alcohol till all acid 
is removed, drying at c. 30°, powdering the dry 
crystals, and strongly pressing between paper or 
linen. As thus prepared Ihe salt does not 
readily oxidise in the air. If alcohol is added 
to the hot solution, filtered from un^solved 


iron, FeSu4.7iu] is in minute crystals ; il 
this pp. is washed with alcohol till* acid is 
moved and then spread on filter paper, in d^ 
air, till the alcohol has evaporated, the salt is 
obtained as a Jbluish white powder, which does 
not oxidise except in very moist air* Blue-green, 
nmnoclinio crystals ; S.G. 1*8889 at 4° (Playfair 
a. Joule, 0. J. 1, 138), 1*9854 at 16° (Pape, P, 
120. 872). HF. [Fe.S,0\ 7H*0] -? 240,100 (Th, 
8, 516). Heated to 100° gives off 6H2O, and at 
c. 300° leaves FeSO, {v. supra). S. 60*9 at 10°, 
70 at 16°, 114*96 at 26°, 227*27 at 46°, 263*16 at 


60°, 270*27 at 84°, 

370*37 at 90°. 333*33 at 100°^ 

Gerlach 

(D. P. J. 

181, 129) 

1 gives 

the following 

data (v. a 

Iso Schiff 

, D. P. J. 

1868. 

38);— 

S.G. FeSO.Aq . Potge. PcSO- 

7aq 

Potgo. PeS 04 

1*0267 


5 


2*811 

1*0537 


10 


6*784 

1*0823 


16 


8*9|4 

1*1124 


20 


12*11 

1*1430 

A 

26 


16*834 

1*1738 

• 

80 


19*622 

1*2063 


36 


23*672 

1*2391 


40 


27*996 


Insol. glacial acetic acid and absolute alcohoL 
FeSO,. 7aq is fairly easily oxidised ; exposure 
to air produces basic ferric sulphates. FeS04 Aq 
absorbs NO, forming FeS04.a;NO (x probably 
= 1 or ^ ; V. Gay, A. Ch. [6] 6, 145, and c/. 
Nitric oxide, vol. iii. p. 563). Other hydrates 
of fehrous sulphate are (1) FeSO,. 4aq, formed by 
crystallising FeS04Aq at 80° (Begnault, A. Ch. . 
[3] 1, 201), also by exposing finely-powdered 
FeS04.7aq over in an atmosphere of . 

OOj, until it ceases to lose weight (Thorpe a. 
Watts, C. J. 37, 102);. S.G. 2*227 (T. a. W.); 
(2) FeSOj. 3aq, by evaporating FeS04Aq made 
strongly acid by H3S04.(Kuhn, 8. 61, 235), also 
by dissolving FeS04. 7aq in hot HClAq and crys- 
tallising (Kane, A. 19, 7) ; (3) FeS04. 2aq by boil- 
ing the heptahydrate with successive quantities 
of alcohol; S.G. 2*773 (T. a. W., lc.)i (4) 
FeSO,. aq, by heating powdered FeSO,. 7aq to 
120° in H ; S.G. 2*994 (T. a. W. ; v. also Mit- 
scherlich, P. 18, 162). Several double salts of 
ferrous sulphate are known ; they are generally 
prepared by crystallising a mixture of the con- 
stituent sulphates in the proper proportions. 
The salts FeSO4.M2SO4.6aq, where M -= NH4, K, 
Na, or Tl, form blue-green monoclinic crystals 
(v. Marignac, Ann, M. [5] 9, 19 ; Schiff, A. 108, 
326 ; Tobler, A. 96, 193 ; Wilm, A. Ch. [4] 6, 
66). For the salts FeSO4.MSO4.i4aq, whero 
M = Mg or Zn, v. Schiff (Lc.), and Murmanh 
{W. A. B. 27, 172), For various triple and 
quadruple salts containing FeSO,, alkali sul- 
phates, and sulphates of Mn, Mg, Zn, d^c., v. 
Bette {a. 14, 278) and Vohl (A. 94, 67). 

11. Ferric salts. The normal salt * 
Fe3(S04), is obtained by adding 1 part cone. 
H-SO4 to 6 parts FeS04. 7aq dissolved in water, 
warming, and adding HNO,Aq little by little till 
i^idation is complete, evaporating to a syrup, 
and then heating very cautiously so long as acid 
fumes are given off ; on cooling Fe2(S04)j re- 
mains as a white amorphous solid ; S.G. 3*097 
at 18° (Pettersson, Upsala, Nova acta, 1874). 
Fairly large quantities of FeS04.7aq should bo 
used, as evaporation of a dilute solution contain- 
ing Fe2(SO«)2 produces ppn. of basic sulphates. 
The hydrate Fe2(S04)«. 9aq occurs native as 



sujjriiAXjeM9* 


*ju *viuuji. vu vw wwc««iijm B6tt6ls 

obtained rhombio leaflets of a hydrate with lOaq 
(J* 1874. 268). Fe,(S04),i8 slowly sol. fe water ; 
the presence of a very small quantity of FeSO^ 
causes Fea(S04), to dissolve rapidly in water 
(Barreswil, O. 1645. 604). Fcj^SOJ, is 
insol. in oono. ; it is reduced to FeS04 ^7 
most metals, more quickly if a little K^SO* is pre- 
sent. Fea(S04), forma several double salts. The 
compoundsF^(S04)y.M.jS04. 24aq, where M - NH4 
or K, are alums. Potash iron alum 
Fe2(S04),.KiS04. 24aq is prepared by dissolving 
488 parts FeS04. 7aq in water, adding 5 parts 
cone. H2SO4, oxidising by HNOaAq, adding 8*76 
parts E2304> crystallising; or by mixing 
10 parts powdered FeS04. 7aq with ‘4 .parts 
KNO„ slowly adding 6 parts cone. H2SO4, warm- 
ing so long as JlOa is given off, ^solving the 
resmue in 4 times its weight of ^ter at 80°, 
and allowing to stand at 0° for some time 
(Heintz, A, 44, 271). The salt slowly decom- 
poses in the air ; heated to 80° it gives Fe2(S04)„ 
basic ferric sulphate, and H2SO4 ; a similar de- 
composition occurs when an aqueous solution .of 
the salt is heated (Bose, P. 94, 459). Addition of 
KOHAqdto a cone, solution of theHalt till a slight 
permanent pp. is formed^ followed by evapora- 
tion, produces a double salt of K2SO4 with a 
basic ferric sulphate (v. Bichter a. Scheerer, P. 
87, 73). Ammonia iron alum ia formed 
similarly to the K salt ; loses 23H2O at 160° (v. 
Lupton, C. J. 28, 201). For double salts with 
A1.4(S0,)3, Cr2(S04)3, Mn2{S04)j and MnSQ*, v. 
Etard {BL [2] 31, 200). Some double compounds 
of FeaiSOJj with (NH,)2S04, and with FeSO* 
and (N 114)2804, are described by Laohaud a. Le- 
pierre (0. P. 114, 916). 

A great many basic salts have been described ; 
.generally pr^ared by the action of air on solu- 
tions of FeS64.7aq, or by heating Fe2(S04)3Aq in 
scaled tubes (v. Athanasesco, C. P. 103, 271). 
Pickering fC. J. 37, 807) gives very full refe- 
.rences to all the memoirs on those basic salts, 
and comes to the conclusion that only one exists, 
viz. 2Fe20,.S0, ; in a later paper (0. J. 43, 182) 
heTgives reasons for writing the formula rather aw 
6Fe20s.3S03.a;H20, or Fe2(S04).,.6Fc203,a:H20. 

Lanthanum sulphates. The normal salt 
La2(S04)j is obtained by dissolving La^O, in 
excess of H3S04Aq, evaporating, drying the 
crystals of Lajj(S04)3. 9aq that separate,* and 
heating to dull redness; a white powder, S.G. 
8*6 (Nilson a. Pettersson, O. P. 91, 232) ; S.H. 
•1182 (N. a. P., P. 13, 1469). Much ni0re sol. 
cold than hot water ; Mosander (P. 11, 406) 
gives S. 16‘6 at 2°-3°, 2*35 at 26°, *87 at 100°. 
The hydrate with 9aq, formed by the slow eva- 
poration of La^O, in excess of H2S04Aq, crystal- 
lises in large, lustrous, hexagonal prisms 
(TopsoS) ; S.G. 2-863 (N. a. P., C. P. 91, 232). 
A hydrate with 6aq was obtained by Freriohs a. 
Smith {A, 191, 331). Several double salts with 
the alkali sulphates have been obtained ; the 
principal are M,(NH4)2S04. «aq, M.8K2SO4, and 
M.4K2SO4, where M*»La2(S04), (v. Cleve, Bl. [2] 
89, 161 ; 43, 66)% A basic salt was obtained by 
F. a. S. (Z.C. p. 360). 

Lead sulphates^ The normal salt PbSO^ 
occurs in various lead ores.’ It is obtained as a 
white, heavy powder, by heating Pb with cone. 
^804, by the interaction of warm H2804Aq 


and PbO, or j>f PbO, and SO,, and by ppg. solu- 
tions of lead salts by dilute H2S04Aq or solution 
of a sulphate. PbS04 is prepared in small 
rhombio crystals by melting PbCl, with K4SO4, 
and washing with water. S.G. 6*2 (Sohr5der, P. 
Ergdnz, Bd. 6, 622) ; 6*96 at 17° (Pettersson, 
Upsala, Nova Acta^ 1874). H.F.[Pb,S,0*] » 
*216,200 {Th. 8, 616). Nearly insol. . water ; 
Bodwell (0. N, 11, 60) says that 81,062 parts 
water at 16° dissolves 1 part PbS04. Struve 
{Fr. 9, 34) gives S. in eonc. H2SO4 as *18, and S. 
in Nordhausen acid as 4*19 (o^lso Kolb, D. P. J, 
2Q9, 268). For solubility in dilute HGlAq and 
HNOjAq V. Bodwell (C..J. 15, 59); for 
various salt solutions v. L3we (J, 1869. Qwfi 
Staedel {J, 1863. 245) ; Storer (c. N 21, 17) ; 
Dibbits {Fr. 1874. 137). Heated to redness, 
PbS04 melts without decomposition, but at a 
white heat it gives PbO, SO.^, and O (Boussin- 
gault, O. P. 64, 1159). Heated in a stream of 
H, it is reduced to Pb with evolution of SO*, 
H.2S, and steam ; heated with charcoal, PbO, 
•P6S, or Pb is formed according to the propor- 
tions of the reacting substances. Beduced by 
Fe or Zn in contact with water. Bubbed with 
K2Cr04 produces PbCrO, ; with ^lAq yields 
Pbl*, and with NaCl is partly decomposed to 
PbClj (v. Matthey, Ar. Ph. [3] 13, 23^. For 
reaction when heated in NH* v. Bodwell 
(C. N. 16, 137). A double salt PbS04.(NH4)2S04- 
is formed by adding excess of H2S04Aq to 
Pb(C2H302)2Aq, neutralising excess of acid by 
NH^Aq, boiling, and allowmg to cool. An acid 
salt PbS04.H2S04. aq was obtained by Schaltz 
(P. 133, 137) by dissolving PbSO, in cono. 
H2SO4 and setting aside. A basic salt 
PbS04.PbO is formed by digesting PbS04 with 
NH,Aq (Kilhn, Ar. Ph. [2] 60, 281). 

Lithium sulphates. The normal salt Ll^SO* 
is obtained by dissolving LijCOg in H^S04Aq, 
evaporating, drying the crystals of Li2S04. aq 
that separate, and heating them to 0. 136°. 
S.G. 2*21 at 16° (Brauner, P. M. [5] 11, 67). 
Melts at 818° (Carnclley, C. J. 38, 280). 8. 86*34 
at 0°, 34*36 at 20°, 32*8 at 45°, 30*3 at 65°, 29*24 
at 100° (Kremers, A. 99, 47). Easily sol. alcohol ; 
insol. SO, (Weber). H.F.[Li‘,S,0«] = 833,200 
{Th. 3, 616). Heated in HCl gas below redness 
gives ^^1 (Hensgen, B. 8, 126). The mono- 
hydraf^L\.^0^. aq crystallises in monoclinio 
forms (Bammelsberg, P. 128', 311). S.G. 2*062 
at 21° (Pettersson, Upsala, Nova Acta, 1874). 
Effloresces a little in air, gives up water at a 
little above 130°. An acid salt LiHSO, is ob- 
tained by dissolving Li2S04 in H2S04Aq S.G. 1*6 
to 1*7 (Schultz, P. 130, 149) ; prismatic crystals* 
melting at 0. 120° (Lescoeur, Bl. [2] 24, 616). 
Double salts with^2S04 are obtained by evapo- 
rating mixed solutions of the constituent salts 
{ft. Bammelsberg, A. 128, 311 ; Sohabus, J. 1864. 
323). For double salts with Bb2S04 and 
V. Wyrouboff {Bull. soc. mineral, de Wance^ 
1882. part 2). Wernicke (P. 169, 676) describes 
a salt 3Li2S04.0r2(S04), formed, in green needles, 
by adding Cr^Og to molten LiHS04. Li^SO* 
does not form alums, nor does it combine with 
the magnesian sulphates (Bammelsberg, 
Soheibler, J. pr. 67, 485). 

Magnesium sulphates. The normal fiati 
MgS04 is obtained by dissolving MgO or MgOO, 
in HaS04Aq (or by heating dolomite tUl js 
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removed, treating witfa^HCIAq, whiph dissolves 
CaO, and dissolving the residual MgO in 
H2S04Aq), evaporating, orystalliiAng out 
MgSiih. 7aq, drying this salt, and heating it 
gradually to o. 800^ till it ceases to lose 
weight A white solid; S.G. 2*709 at 16® 
(Thorpe a. Watts, C. J. 37, 102) ; 2*77 to 2*796 
at 14® (Pettersson, Upsala^ Nova Acta , ' 
1876). H.F. [Mg,S,0^] = 802,300 (TA. 3, 616). 
[MgSO^Aq] « 20,765 (Pickering, 0. J. 47, 100). 
Decomposed to MgO, 80^, and 0 at c. 360° (v. 
Bailey, C. J. 61, 6^). Not acted on by HCl gas 
below incipient red heat (Hensgen, B. 9, 1671 ; 
lQ||fi69). The heptdhydratc MgSO^. 7aq {Epsom 
sJRI) occurs in many mineral springs, in sea 
water, and in some rocks. It crystallises at the 
ordinary temperature from solutions of MgO or 
MgCO, in HjSOjAq. Translucent, rhombic 
prisms; from supersaturated solutions crystal* 
lises in hexagonal forms, and from solutions 
containing some FeS04 in monoclinic forms {v. 
Marignac, Ann, M, [6] 12, 60). S.G. 1*678 at 
16° (Thorpe a. Watts, C. J, 37, 102); 1*683' 
at 4° (Playfair a. Joule, G. J. 1, 138). 
H.F. [Mg,S,0^7H20] = 326,400 (T/4.3,616). Melts 
at 70° (Tilder, G. J. 45, 267) ; gives up 6H,0 by 
prolonged heating at 150°-160°, and all water 
of crystallisation at c. 280° (v. Pickering, G, J, 
47, 100). The following data for solubility in 
water are calculated by Mulder from observa- 
tions by Gay-Lussac, Tobler, and others : — 


Temp. 

0° 

s. 

Temp. 

S. 

25*76 

60° 

65*0 

6 

29*3 

65 

67*3 

10 

31*6 

70 

69*6 

16 

33*8 

75 

61*9 

20 

36*2 

80 

64*2 

26 

38*6 

85 

60*5 

30 

40*9 

90 

68*9 

35 

43*3 

95 

* 71*4 

40 

45*6 

100 

73*8 

46 

48*0 

105 

76*2 

60 

60*3 

108*4 

77*9 

65 

62*7 



Gerlach {Fr, 8, 287) gives the following 


S.(J. MgSO^Aq 

p.c. MgSO« 

S.(}. MgSO^Aq 

1 

1*01031 

14 

1*15083 

a 

1*02062 

15 

1*10222 

i*rwo 

8 

1*03092 

16 

4 

1*04123 

17 

1*18018 

6 

1*05154 

18 

1*19816 

6 

1*06229 

19 

1*21014 

7 

1*07304 

20 

1*22212 

8 

1*08379 

21 

^ 1*23465 

9 

1*09454 

22 

1*24718 

10 

1*10529 

23 

1*25972 

11 

1*11668 


1*27225 

12 

1*12806 

2^ 

1*28478 

13 

1*;3946 



6. aU16° in 10 p.c. alcohol 39*3, 20 p.c. alcohol 


21*3, 40 p.c. alcohol 1*62 (SchilT, A. 118, 365). 
Heated with NaCl gives off HCl, leaving Na^^SO^, 
MgClj and some MgSO^ (Bamon de Luna, J. pr. 
66, 266). Decomposed, almost qptirely, by heat- 
ing in steam, giving off H.4SO4 and leaving MgO 
(Clemm, J, 1864. 764). Strongly heated with 
ehaxcoal gives off SO, and COj (or CO), and 
leaves MgO. Mixed with NaCl and heated in 
•team gives NaaS04, MgO, and HCL 

Other hydrates of magnesium sulphate, (1) 


MgS04.aq occurs native as hiesetile, S.G. 2*281 > 
at 16® (Pape, P. 120, 869) ; dissolves slowly in 
cold wafer, easily in boiling water, forming 
MgS04.7aq; prepared by heating the hepta- 
hydrate for a long time at 160°-160° (Pickering,' 

G, J, 47, 100) ; S.G. 2*446 ('Omrpe a. Watts, 

O. «r. 87, 102). (2) MgS04.6aq^y crystallising 
a solution of the hept^ydrate above 40° ; S.G. 
1*734 (T. a. W.,Z.c.). (3) MgSO^.daq, by irying 
the heptahydrate over cone. HjSO, ; S.G. 1*869 
(T. a. W., Z.C.). (4) MgS04. 2aq, by boiling pow- 
dered MgS04. 7aq with absolute alcohol ; S.G, 
2*373 (T. a. W., Z.c.). (5) According to JacquelaiiMS 
{A. Gh, [3] 32, fiOI), the hydrates 4M.7aq, 
4M.9aq, and 2M.6aq exist (M^MgSOi). 

salts, Schiff (A, 106, 116) obtained 
deliquescent, hexagonal plates, MgS04.H.^S04, 
-from a solution of MgS04 in hot cone. H2SO4 ; 
according ta Schultz (P. 130, 149), the crysfhla 
are MgS04.3H2S04. 

Double salts. With K2SO4, or (NH,)2S04, to 
form compounds MgSO4.M2SO4.6aq; by crys- 
tallising mixtures of the compovient salts in 
proper proportion. For solubility and S.G. of 
solution of the K2S04 compound, v. Tobler {A. 
95, 193), Schiff (A, 113, 183), Gerlacl> (Fr. 8, 
287). The compound of MgS04 ^J^d Na2S04 con- 
tains 4aq (c/. van’t Hoff a. Deventer, B. 19, 
2144). The compound MgSO4.KCl.3aq occurs 
native as kainite {v, Keichardt, Ar. Ph. 169, 
204; Erlenmeyer, B. 2, 289). A double salt 
MgS04.Al2(S04)3.a;H20 occurs as feather alum, 
and pickeringite. Some triple salts of MgS04 
with CaS04 and K2SO4 occur as minerals (v. 
Beichardt, Ar, Ph, 159, 204; Precht, B. 14, 
2138). 

Manganese sulphates. 1. Manganous 
salts. The 7tormal salt MnS04 is obtained by 
dissolving MnCO,or Mn in warm dilute H.4S04Aq, 
crystallising out MnS04.6aq, dryfhg this salt, 
and heating to c. 280° until it ceases to lose 
weight. A white salt, with very faint rose tint ; 
S.G. 3*282 (Thorpo a. Watts, G. J. 37, 113). 

H. F. [Mn,S,0‘] = 249,900 (TA. 3, 516). S. 66*5 
at 6*3°, 00 at 18-7°, 08*7 at 37*5°, 67 at 75° 
'(Brandes, P. 20, 575). Decomposed by heating 
to full redness, giving off SO2 and 0, and 
leaving Mn304 ; heated in steam is said to give 
an oxysulphide Mn-^OS (Arfvedson, P. 1, 60). 

Hydrates of manganous sulphate. (1) 
MnS04.7aq separates from solutions of Mn or 
MnCOj in H.,S04Aq below 6° (Mitscherlich, 

P. 25, 287 ; Claassen, Ar. Ph. [3] 25, 310). Very 
pale 4to5e-coloured, monoclinic crystals; iso- 
morphous with FeS04.7aq. Very sol. water; 

S. at 18*5° 0. 200 (Jahn, A. 28, 110). According 
to £tard {C. B. 86, 1399), solubility increases 
from 0°-65°, and decreases from 55°-146° ; the 
changes are probably due to the formation of 
different hydrates. (2) MnSO,.5aq, obtained by 
crystallising between 7° and. 20°, or by treating 
a cone, solution of MnS04 with 95 p.c. alcohol 
and allowing to crystallise slowly (Claassen, 
Ar. Ph. [3] 26, 310). S.G. 2*103 (Thorpe a. 
Watts, 0. J. 87, 113). H.F. [Mn,S,0\6H^O] 

- 263,600 {Th. 3, 616). (3) MnS04. 4aq, obtained 
by ciystallising between 20° and 30° (C., l.c.; 
Mitscherlich, P. 25, 287). * S.G. 2*261 (TopsoS, 
C, C. 4, 76). This is the main constituent of 
ordinary manganese sulphate. Mulder gives 
solubilities as follows 



6 

10 

20 

25 

30 

85 

40 

.45 


8.MnS0..4aq 

65- 4 
68-2 
63-8 

66- 3 
68-5 

70- 4 

71- 9 
731 
74-0 


SO** 

54 

63-6 

64 

85 

90 

95 

100 


^LPHATES. 


m 


8. iriiS0«.4a4 
74-8 
75*3 
61-3 
61-5 

61- 3 
60-3 
67-9 

62- 9 


Insol. absolute alcohol (c/. Schifip, ^.118, 365). 

(4) MnSO^. 2aq^ obtained by boiling the powdered 

pentahydrate with absolute alcohol ; also by 
pouring a saturated solution of the pentahydrate 
into cone. ; S.G. 2*526 (T. a. W., l.c.), 

(5) MnS04. aq, obtained by heating the penta- 
hydrate at 100° till it ceases to lose weight ; 
S.G. 2*846 (T. a. W., l.c.). 

Linobarger (Am. 15, 225) has obtained hy- 
drates of MnSO^ with 1, 2, 3, 4, 5, 6, and 7 H^jO. 
Below — 10° mixtures of the heptahydrate and 
ice separate from MnS04^; above 117° only 
MnS04 separates. The solumlities of the various 
hydrates are discussed ; the more water in the 
hydrate, the more soluble it is. 

Acid salts MnS04.H..,S04 and MnS04.3HoS04 
were obtained by Schultz (P. 130, 149) by 
dissolving the normal salt in hot cone. H2SO4. 

Basic salts are formed byaddinga little warm 
EOHAq to a large excess of boiling MnS04Aq 
(v. Gorgeu, G. It. 94, 1425). 

Double salts', (1) with sulphates of Cu,Fe,Mg, 
and Zn to form salts MnS04.MS04.a;H,0 
(v. Rammelsberg, P. 91. 321 ; Vohl, A. 94, 73). 

(2) With AVSO4),, Fe:(S04)s, and Cr^SOJ, v. 
l^tard (C. B. 86, 1399 ; 87, 602). (3) With alkali 
sulphates to form MnSO4.MaSO4.4aq or Caq 
(v* Marignao, Ann. M. [5] 9, 1 ; Pierre, A. Ch. 

[3] 16, 239; von Hauer, J. pr. 74, 431). For 
various triple salts of MnS04 with alkali ‘sul- 
phates and CUSO4, MgS04, Ac. ; v. Vohl (A. 94, 
57). 

IL Manganic salts. — The normal salt 
Mn2(S04), is obtained by the action of hot cone. 
HaS04 on MnOj. Carius (A. 98, 63) recommends 
to prepare pure MnOj by passing Cl iiitoi 
, NaOHAq containing MnCOj in suspension, to 
wash and dry the MnO^, to rub up to a paste 
With cono. H4SO4, and heat gradually to 110° 
till 0 is given off and the mass becomes grey- 
violet, then to heat to 0. 135°- 140° till the 
whole is liquid, to pour the solid that forms as 
the liquid partially cools on to.warm unglazed 
porcelain, after H.^S04 has become absorbed to 
mix with a little cono. HNO^Aq and allow to 
drain on the porcelain, to repeat this treatment 
with HNOa six or eight times, and finally to 
heat at 160° till all fli^Oa is removed. Franke 
(J. pr. [2] 36, 461) gained Mn2(S04), by heat- 
ing 8 g. KMn04 with 100 0.0. cono. H.^S04 at 
100° for some tii®e. A dark-green powder; 
Franke describes it as green crystals. Decom- 
posed above 160°, giving Mnfi04. Disol. cono. 
H2S04*or cono. HNOjAg. Sol. ^no. HClAq to 
a brown liquid, which gives off Cl when warmed. 
Mn,(S04)3 is very hygroscopic ; quickly decom* 
posed by water, with separation of Ma03.a;H.40 
(Carius, l.c.). 

Forms double salts with 804)3, Fe2(SO,)3, 
and 0r3(S04), (v. Etard, 0. B. 86, 1399). The 
doable compounds of Mn3(S04)3 with alkali bu 1« 


phates—Mn3(S04),.M3S0«24aq— -are alums. Ac- 
cording to Fremy (0.^. 82, 1231), the salt 
Mn (804)2, manganese disulpliate, corresponding 
with MnOa, is formed by decomposing ^n04 
by a considerable excess of cold cono. (c/. 

Franke, J. pr. [2] 36, 463). 

Mercury sulphates. 1. Mtrpurous salts, 
*The normal salt Hg2S04 is obtained by gently 
warming equal weights of Hg and cono. H2SO4, 
removing the white solid so produced before the 
whole of the Hg is changed, washing with cold 
water, and drying at a low temperattire. Divers 
a. Shimidzu (C. J. 47, 639) recommend to mix 
Hg with fuming sulphuric acid rich in SO, in 
a covered dish, in a cool place, adding a little 
more Hg from time to time till there is sufficient 
to saturate the SO3 in the acid, but avoiding ex- 
cess, and when the Hg is all converted into 
HgiSO, to set the dish in a warm place to expel 
SO,. Hg2S04 is also obtained by adding 6 pts, 
water to 18 pts. HgSO, and rubbing with 11 pts. 
Hg (Planche, A. 66, 168). Also by ppg. HgNOjAq 
«by dilute H2S04Aq or solution of a sulphate ;• or 
by rubbing together HgNO, and Na4804 and 
washing with cold water (H. Rose ; Stoedeler, A. 
87, 129). A white powder, consisting of mono- 
cUnic prisms (S., l.c.) ; S. G. 7*66 (Playfair a. 
Joule, G. S. Mem. 2, 401). SI. sol. water ; S. in 
cold water *2, in boiling water *33 ; more sol. 
dilute HNOgAq ; sol. (jpne. hot H2SO4, crystal- 
lising out on cooling. Hg2S04 becomes grey on 
exposure to light (v. Buchner, Chem. Zeitung, 

10, 759) : hence the salt should be kept in the 
dark. Hg2S04 melts to a reddish liquid, and 
decomposes at a higher temperature, giving off 
SO2 and 0, and also partially subliming. Slowly 
changed by boiling water to an acid salt, and a 
yellow powder #hioh is probably a basic salt (v. 
Kane, P. 42, 367). An acid salt Hg2S04.H4S04 
is said to be formed by the prolonged reaction of 
cone. H2SO4 containing a drop of HNO^Aq on • 
Hg (Braham, G. N. 42, 163). A double salt 
Hg2S04.2HgS04 was obtained by Brooks (P. 66, 
63) by gently warming mercuro-mercuric nitrate 
(formed by warming 2 pts.. Hg with 3 pts. 
HNOaAq S.G. 1*2) with Na2S04Aq. 

II. Mercuric salts. The normal salt 
HgS04 is obtained by the reaction* of 6 pts. 
boiling cone. H2SO4 with 6 pts. Hg, till 
ceases to be evolved, and a little of the white 
solid produced gives no pp. of HgOl when 
dropped into dilute HClAq ; the white mass is 
gently warmed till acid fumes cease to bo given 
off. A white powder; S.G. 6*466 (Playfair a. 
Joule, G. S.stMem. 2, 401). Becomes yellqw, 
then red when heated ; decomposes at red heat to 
Hg, O, and SO^, a little HgS04 subliming (Mohr, 

A. 31, 180). Decomposed by water to a yellow 
basic salt and n2S04Aq. Hot HgS04 absorbs 
HCl and HBr gases ; according JjkDitte (A. Gh. 
[5] 17, 120) the compounds HgS04.2H0l anct 
HgS04.2HBr are formed ; these bodies are said ^ 
to be sol. water without formation of basic salts, 
and HgS04.2HCl is said to sublime unchanged 
when heated. Solution of HgS04 in H2S04Aq 
is said to reactiflith FH3 to form the compound 
2(3Hg0.S03).Hg,P (H. Rose, P. 40, 76). Mono- 
hydrated mercuric sulphate HgS043,aq was ob- 
tained by Eisfeldt (Ar. Ph, [2] 76, 16) by cover- 
ing a thin layer of HgS04 the calculated 
quantity of water. The basic salt HgSOv2H^ 



(»BHg|b.80|) Is obtained by the aoCion of hd 
water oo HgSOit alsoMby adding Na||S04Aq to 
bot Hg(NOJ^q ; a citron-yellow powder, 
3.0^44 ; nearly insol. water (v. Cameron, An, 
:88m44). Decomposed by Cl at the ordin^ 
emperatnre. Absorbs HOI and Hfir, forming 
i:gS04.2Hg0.6HOI(or 6HBr) (Ditto, l.e.). This 
{^0 salt was formerly known as minerale* 
trpethum or twbith mineral (from its resem- 
Ifmce to a coloured gum obtained from an 
Oriental creeping plant [Ipof}tcea turpethum']), 
Hopkins {Am. S., 18, 364) described another 
basic salt 3HgS0,.Hg0 = 4Hg0.3S0«. Double 
salts. — (1) * HgSO,.(NH,),SO^.a;HD and 
HgS0vE3S04.a;H20 (v. Hirzel, J. 1860. 322). 

(2) HgSO,.HgI, (V. Souville, J. Ph. 26, 474). 

(3) 2HgS04.HgS (o. Jacobsen, P. 68, 411). 

Molybdenum sulphates. By evaporating a 

solution of MoOj in cone. H^SOi, Schultz-Sel- 
lack (B. 4, 14) obtained white lustrous crystals 
of MoO,.SO,; the compound MoO:,.3SOa.2aq,de- 
Icribed by Anderson (B. J. 22, 161), could not be 
obtained by 8-8. 

Nickel sulphates. The normal salt NiS04' 
is fooned, as a clear yellow powder, by heating 
powdered N^O^. rcag (v. infra) to c. 300®. The 
salt is obtained in crystals, regular octahedra, 
by heating NiSO^, NiO, or NiOO, with five 
or six times its weight of fused (NH4)2S04, 
separating the yellow crystals of the aouble salt 
8NiS04.2^H4)3S04 thatTorm, and heating these 
in pMsence of some (NH4).^S04 in a partly closed 
crucible out of contact with the gases of the 
flame till all the ammonium salt is removed ; 
8.G. of crystals 3*67 at 20® (Lepierre a. Lachaud, 


(3> Co50„ 


(A. 95; 193) gives solubilities of NiS04 as 
lows : — # 

Temp. 

S. 

Temp. 

S. 

2® 

30*4 

41® 

49a 

16 

87*4 

60 

62*0 

20 

89*4 

63 

64*4 

23 

41-0 

60 

67*2 

81 

45*8 

70 

61-9 


The 'fiexdhydrate NiSO^. 6aq is obtained by dis- 
solving Ni, NiO, or NiCO., in excess of H^SO^Aq, 
evaporating, and crystallising. At the ordi- 
^nary temperature,* bluish tetragonal pyramids 
^ separate ^rooke a. Phillips, P. 6, 193) ; greenish 
monoclinic crystals separate from warm solu- 
tions (Pierre, A. Ch. [3] 16, 262). The salt is, 
therefore, dimorphous (Marignac, A, 97, 294; 
ef. Mitscherlich, P. 12, 144; also Lecoq de 
^isbaudran, A. Ch. [4J 9, 173). By dissolving 
tlus hydrate in water, and crystallising at 15®- 
20®, emerald-green rhombic prisms of the hepta^ 
hydrate Ni804.7aq are obtained, isomorphous 
with MgSK)4.7aq; melts at 98®-100® (Tilden, 
C. iT. 46, 26*1^111^ When this hydrate is heated to 
•103® it loses and ieaves the mnnohydrate 
Ni80., aq. . By passing NH, into NiSO,Aq, com- 
pounds of the form NiS04.a:NH,.j/H30 are ob- 
tained (a;»4, 6, and 6; v. F. Itose, Ammon. 
Kohalicerbind. [Heidelberg, 1871] 27 ; also P. 

20, 166). W 

DoubU salts. (1) With (NH,)aS04, K^SO^, 
and TljSO^^to form NiSO^.M^SO^. 6aq (r. F. Rose, 
U.\ Link, Crcirs Ann. 1796 [1] 32; Werther, 
J. pr. 92, 132). (2) With BeSO* to form various 
.pompounds (Klatzo, XJher die Constant, dcr 


of these and also alkali solpnatbs (v, Pierre 

A, Oh.m 16 , 263; Leooq de S^baad^^OD: 

66, 497), • 

BaAs salts are formed by the gradual re- 
lation of Ni804Aq with NiOO^, and by adding a 
little NHgAq to boiling NiSO^Aq (Habermann, 
M. 6, 440). * . . ' 

Palladium sulphates. The riorrnalpalladptis 
salt Pd804.2aq is obtained in brown crystals 
by evaporating a solution of P^ in H^SO.Aq 
containing HNQ,. - Addition of a little KOHAq 
to a cone, solution in water of the normal salt 
ppts. a basic saftPd8O4.7PdO.6aq {v. Kane, B. /. 
24,236). 

Platinum sulphates. By dissolving PtO^Hj 
in dilute H.4S04Aq, Berzelius {Lehrbuch [6th ed.] 
3, 987) obtained a dark syrup which probably 
contained platinous sulphate PtS04. Platinic 
sulphate Pt(S04)2 obtained by Berzelius 
(f.c., p. 969) by evjjorating PtCl4 with cone. 
H.BO4 (1 part acidm 1 part Pt), as an almost 
black solid. E. Davy (T. 1820) obtained the salt 
by oxidising PtSj by fuming HNO3. Prost (Bf. 
[2] 46, 166) obtained a basic salt by allowing an 
acid solution of Pt(804)2 stand for some days ; 
Prost also describes several double salts of 
Pt(S04)2 with alkali sulphates. 

Potassium sulphates. The normal salt 
K28O4 is found in the lava from Vesuvius, in 
small quantities in sea water, and in some 
mineral springs, in combination with MgS04 and 
MgOl, as kainite (K‘2S04.MgS04.MgGl2. 6aq), in 
combination with Mg804 and CaSO^ as poly* 
halite ^K2S04.MgS04.20aS04. 2aq), and as alum. 
K2SO4 IS prepared by decomposing KCl by 8^48044 
by neutralising H^SO^Aq by KOH or K.4OO,, imd 
evaporating (for the preparation of K2SO4 on the 
large scale v. Diction aby of Applied Chemistky, 
vol. iii. p. 279). K2SO4 forms in white, hard, 
four-sided, trimetrio prisms, unchanged in air. 
8.G. 2*656 at 4® (Playfair a. Joule, G. J. 1, 132) ; 
for S.G. at various temperatures from 0® to 100® 

V. Spring, B. 15, 1940. Melts above 861® (Car- 
nelley, Melting- and Boiling-Point Tables, 1, 33); 
melts at 1973® according to V. Meyer a*. Riddle 
(B. 26, 2443). H.F. [K^S,0•] = 344,600 {Th. 3, * 
616); [K»SO‘,Aq]=-6167 (Pickering, C. J. 47, 
98). Mulder {Scheikund. Verhandg. 1864. 49) 
gives solubilities in water as follows : — 


Temp. 

s. 

Temp. 

a 

6® 

0*1 

65® 

16*8 

10 

9*7 

GO 

17*8 

16 

10*3 

65 

18*8 

20 

109 

70 

19-8 

26 

11*6 

75 

20*8 

80 

123 

^ 80 

21*8 

86 

13*1 

• 85 

22*8 

40 

14*0 

90 

23*9 

46 

149 

#95 

25*0 

60 

15*8 

100 

26*2 

Gerlach (FV. 8, sS?) gives S.G. of K^SQ^Aq as 
follows • • 


S.O. K,SO,Aq 

Pcfcge.K,S 04 

S.Q-. EaSO^Aq 

1 

1*00829 

6 

1*04947 

2 

1*01636 

7 . 

1*05790 

8 

1*02460 

6 

1*06644 • 

4 

1*03277 

9 

1*07499 

6 

1*04106 

9 92 (satd.) 10880$ ' 
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Insol. abs 9 ltite alcohol ; sol. aqueous alcohol in 
proportion to amount ol water present (p. Sohiff, 
2. 118, 362). Insol. KOHAq 1*32 S.G.; si. sol. 
KOHAq 20p.o. S. in saturated NHaAq^ oseS 
(Giraud, BL [2] 43, 652). 8. in glycerin (S.G. 

1*226) at ordinary temperature - 1*32 (Vogel, 
N. B. P. 16, 667). More sol. in solution of 
CUSO4, MgS04, or Na^S04 than in water. Ileacts 
with strong acids to give KHS04 (for thermal 
measurements v. Berthelot, Essai de m&c, 
chimiqmt 1, 389). Dissolves in hot cone. 
HNOjAq, KHSO4 separates on cooling, then 
KNO3, and then a compound of K2SO4 with 
HNO, ; H 3 P 04 Aq reacts similarly {v. Jacquelain, 
Biedermann’s Techn. Ghem. J. 4, 62). Absorbs 
HCl gas when heated, forming KCl and KHSO4 
(Thomas, 0. J. 33, 372 ; Hensgen, B. 9, 1671 ; 
10, 259). Decomposed by heating with NH^Cl, 
giving KCl (H. Bose, P. 64, 668). Heated to 
redness with iron filings gives KOH mixed with 
Fe^OjandPeS (d’Heureuse, P. 75, 255). Kediiced 
to sulphide (or KSH) by heating in CO ; to KSH 
and KOH by heating in H {v. Berthelot, C. B. 
110, 1106). Sulphur reacts at full red heat, 
giving SO2 and polysulphidos of K (Berthelot, 
G. P. 96, 303). SO2 is without action at a red 
heat. 

Double salts. (1) With Al2(S04)a, Cr2(SO,)3, 
and Fe2(S04)3 to form K2S04.M2(S04)3. 24aq ; v. 
potash alum, 'potash chronie-akcm and potash 
irori-alum, under Aluminium auLPH.\TES (p. 568), 
Chromium sulphates (p. 570), and Iron sul- 
phates (p. 672). (2) With sulphates of Ce and 
Di respectively, to form 3K2S04.M2(S04)3 (v. 
Qleve, Bl. [2] 43, 359 ; Czudnowitz, J. pr. 82, 
129 ; Hermann, J. pr, 82, 385) ; also the salt 
2K2S04.Ce(S04)2. 2aq (Marignac, Ann. M. [5] 15, 
275). (3) With sulphates of Cd, Co, Cu, Fe, Mg, 
Mn, Ni, Zn to form K3SO4.MSO4. 6aq {v. Graham, 
P. M. 1835. 327, 417; Brunner, P. 15, 476; 32, 
221 ; Pickering, C. J. 49, 1 ; Tobler, A. 95, 193 ; 
Schiff, A. 108, 326 ; 113, 183 ; Gerlach, Fr. 8, 
287 ; Marignac, Ann. M. [6] 9, 19 ; Wilm, A. Ch. 
[4] 5, 66; Pierre, A. Gh. [3] 16, 239; von 
Hauer, J". pr. 74, 431; Werther, J. ^r. 92, 132). 
(4) K2SO4.BeSO4.2aq (Awdojeff, P. 66, 101). 
(6) K3S04.NaB04 (Penny, P. M. [4] 10, 401; 
Mitscherlioh, P. 68, 468 ; von Hauer, J. pr. 83, 
856). 

The acid salt KHSO4 occurs in some volcanic 
districts as misenite ; it is formed by heating 
13 parts K2SO4 with 8 parts cono. H3SO4, or by 
heating KNOj and cono. H2SO4 in the ratio 
KNOatHBO,. Crystallises in white rhombic 
forms, S”G. 2-273 ; also in monoclinio forms, S.G. 
2-245 (v. Wyroubofi ; abstract in G. J. 60, 666). 
Molts at c. 200°. Easily sol. water ; Kremers 
gives S. 33-9 at 0°, 48 at 20°, 62-9 at 40°, 114 at 
100°. An aqueous solution is said to deposit, first 
K3SO4, then KHSO4.K3SO4, and then KHSO4; 
by evaporating KHS04Aq at a low temperature 
until a solid mass formed on removing the flame, 
arborescent and very deliquescent crystals 
formed on the surface of the solid, which were 
2 KHSO 4 .IIH 2 O according to Senderens {Bl. [3] 
2, 728). 

Other acid salts. ( 1 ) KHSO4.K3SO4, obtained 
by evaporating KHS04Aq. ( 2 ) 2KHSO4.K.3SO4, 
crystallising from K3SO4 in H3S04Aq (Phillips, 
J. pr. [ 2 ] 1 , 429 ; Marignac, Ann. M. [6] 9 , 7 ). 
(8) KHS04.H:2804, formed by heating 
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less than 6 parts wno. 5*804 (Schultz, P. 183 , 

Rhodium sulphates. The normal rhodic 
sulphate Bh.3(S04)5 is obtained by dissedving 
BhjOj.icaq in H.,S04Aq, evaporating, and heating 
to 400° till excess of acid is removed; a red 
nowder, decomposed by hot water to the yelloV 
basic salt Rh3(SO,)3.Kh,03 (Leidi6, G. R. 107, 
234). Claus {Beitrdge zur Chemie der Platin- 
metalle [Dorpat, 1854]) obtained the hydrate 
Rh3(S04)3. 12aq, as a pale-yellow crystalline salt, 
by crystallising a solution of Rh.O,,. araq in 
iLSOiAq, and washing with alcohol. Thb double 
salt lih^(S04).,.3K,B04 was obtained by Claus. 
{l.c.) by evaporating a solution of the constituent 
salts in the ratio Rh ,(804)3:51^,80,. The double 
salt Ilh3(S04)3.Na2S64 was obtained by Bunsen 
{A. 146, 205 ; v. also Seubert a. Kobb6, B. 23, 
2556) by the action of hot cono. HjSO. on 
BhSOa.GNa^SOs. 9aq (formed by heating BhClsAq 
for some time with NaHSOj). 

Rubidium sulphates. The normal salt 
Rb3S04 is obtained by neutralising H.^SO ,Aq by 
Rh^GOa and evaporating ; it crystallises in trans- 
parent, hexagonal forms, unchanged in air. 8. 
42-4 at 70°. S.G. 3-6438 at 0° ; 3-5266 at 60° ; 
3-6030 at 100° (Spring, B. 16. 1940). If excess 
of H3S04Aq is used, the acid salt RbHS04 sepa- 
rates in rhombic prisms (Kirchofl a. Bunsen, P. 
115, 684). 

Double salts. (1) With Li2S04 to form 
RbLiS04 (Wyrouboll, Bl. [2] 48, 134, 630). 

(2) With CaSO, and PbS04 to form the compounds 
Rb.2SO4.2MSO4.araq (Ditte, G. R. 89, 641). 

(3) With Al, (804)3 to form rubidium alum 
AL(S04)3.Rb.2Sb4. 24aq (Bunsen, P. 119, 1 ; 
Godeffroy, A. 181, 176 ; Redtenbacher, J. pr. 
95, 148). 

Ruthenium sulphate. Normal ruthenic sul- 
phate Ru(S 04).2 is obtained by oxidising RuS* 
(formed by prolonged action of H^S on RuClsAq) 
by cone. HNOaAq, and evaporating off excess of 
acid. An amorphous, brownish-yellow, very 
hygroscopic solid. Strongly heated gives RuO* 
KClaus, J. pr. 42, 364). 

Silver sulphates. The normal salt Ag^SO, is 
obtained by heating finely divided Ag with ex- 
cess of cono. H2SO4, by neutralising HjS04Aq by 
Ag-^O or Ag-^COa and evaporating, by evaporating 
AgNOg with H^SO.Aq, or by ppg. AgNOsAq by 
Na2S04Aq. Small, white, lustrous, rhombic 
crystals, isomorphous with Na,S04 (Mitsoherlich, 
P. 12, 138 ; 25, 301). S. 1-15' cold water, 1-45 
at 100° (Wenzoi, P. 82, 136). .S.G. 6-322 (Play- 
fair a. Joule, C. S. Mem. 2, 401), 6-426 when 
fused (SchrSder, P, 106, 226). Decrepitates 
when heated to 300*); melts at 645° (Carnelloy, 
G. J. 33, 279). Decomposed at very high tem- 
perature, giving Ag, SO.2, and 0. "Reduced to 
Ag by heating in H, with 0, or in CO (Stam- 
mer, J. pr. 11, 70). Absorbs 2NH, (H. Rose, P. 
20, 163). 

Acid salts are obtained by dissolving AgjSO^ 
in different quantities of H.2S04Aq and crys- 
tallising ; Schultz (P. 133, 187) desoriMS 
(1) AgHS04, (2) 2Ag.2SO4.3H3SO4.2aq, (8) 

Ag.2SO4.3H.2SO4. 2aq. Carey Lea {Am. 8. [8] 44, 
822) describes a hemisulphate Ag.2SO4.Ag4804. aq, 
but this salt was not obtained free from AgaP04« 

Forms a double salt Ag.2S04.Al3(S04)3. 24 aq ; 
this salt is an Qhm (v. Church a; Rorthcot^ 
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O. N, 9f 155). Also eombines with Ag,B 
and with K^SO^ (Berzelius; H. Rose, P. 63, 
408). 

S dinm sulphates. The normal salt Na2S04 
occurs native as thenardite, in combination with 
CaS04 as glauberite^ and with MgSO, as Uiweite ; 
the salt alsd occurs in sea water and in many 
mineral springs. It is prepared by adding H2SO4 
to NaCl in the ratio NaChHaSO,, and strongly 
heating the NaHSO, thus produced; also 
by the reaction between NaOl, SO^, steam 
and O at 400^-450°; 2NaCl + SOj + 0 + H.4O 
*»NaaS04 + ‘2HGl (for the application of these 
processes on the largo scale v. Dictionary op 
Applied Ciiemistiiy, vol. iii. p. 439). NaoS04 is 
also obtained in the decomposition of NH,C1, 
or NaNOj, by 11^804; it is formed by neutrali- 
sing H.^S04Aq by NaOHAq or NaXO,, evapora- 
ting, and heating to redness the crystals of 
Na^S04. sraq that separate. NajS04 is a white 
amorphous powder; S.G. 2-597 (Playfair a. 
Joule, C. S. Mem. 2, 401) ; 2-G31 (Karsten, S. 65, 
894). Obtained in rhombic crystals, isoinorphoub 
with AgaSO^ (Mitschorlich, P. 12, 138 ; 26, 301), 
by heating to 40° a solution saturated at 33° ; 
'S.G. 2‘6G18ror 2'GC37 crystallised at 110° (Nicol, 

P. M. [6] 16, 94). Dissolves in water with pro- 
duction of heat ; according to Berthelot (0. R. 
78, 1722) [Na*SO‘,Aq] = 780 at 21-2°, but -100 
at 8°; Pickering (C. J. 45, G8G) thinks that two 
modifications of NaXO, exist ; the salt dried at 
100° or 160° gave [Na^SO‘,Aq]-*67 at 20*4°, but 
after heating to temperatures varying from 250° 
to the melting-point the heat of solution was 
[Na‘*’SO\Aq] = 7G0. Thomson {Th. 3, 516) gives 
H.F. [Na\S,0‘] = 328,600. Tilden (Pr. 35, 345) 
gives solubilities as follows : 5 at 0°, 78-8 at 34°, 
42-7 at 100 % 41*95 at 120°, 42 at 140°, 42*9 at 
160°, 44*25 at 180°, 46*4 at 230°. Etard (0. R. 
113, 854) says that S. increases from 33° to 80°, 
remains constant to 230°, and then decreases to 
820° (v. also Lowcl, A. Ch. [3] 33, 334 ; 49, 32 ; 
Gernez, C. R. 60, 833 ; do Coppet, Bl. [2] 17, 
146). For S.H. and expansion of NaaS04Aq v, 
Thomsen (P. 142, 837) and Marignao {A. Ch^ 
[4] 22, 415). NaaS04 melts at 861° (Carnelley, 
C. J. 33, 280) ; at 843° (V. Meyer a. Riddle, B. 
26, 2443). S.G. at melting-point = 2*104 (Bcaun, 

B. 7, 958). 

Heated with charcoal out of air Na.^S04 is 
reduced to Na-^S; Gay-Lussac (A. Ch. [2] 11, 
812) says polysulphidos are also formed; CO, 
is evolved, but no CO (Unger, A, 63, 240; 
Bcheurer-Kestner, A, Oh, [4] 1,412; Stromeyer, 
A, 107, 361) ; heated to bright redness with 0 in 
a vessel containing air, NojS is formed and CO 
evolved (Berthelot, C. R. lilO, 1106). Reduced 
to sulphide by heating to bright redness in 
carbon monoxide (B., Z.c.) ; reduction by hydrogejt 
begins at c. 600°, the products are NugS, NaSH, 
HaOH, H.p, and H^S (B., Z.c.). Heated with 
hydrogen chloride^ NaCl is formed (Bpusingault, 

C. P. 78, 593) ; boiling HClAq produces NaCl 
and NaHS04 (Thomas, C. J. 33, 373). A little 
NaCl is formed by heating with ammonium 
chUmide (Nicholson, C. N. 26, 47). Boiled with 
barium carbonate some Na^CO, and BaS04 are 
formed ; after a time a condition of equilibrium 
is attained. A very little NaOHAq is produced 
by boiling for some time with milk of lime; 
nnder increased pressure NaOEAq is funned 


(v. Sohenrei -Eestner, A. Ch, [4] 1» 413). Kot 
aecomposed by heating stron^y with calcium 
carbonate (S.-K., l.c.). When a mixture of Na^SCL 
and alumina is heated in eteam^ SO^ is given on 
and sodium . aluminate remains ; presence of 
charcoal hastens the -reaction (Wagner). Ac- 
cording to Stromeyer {A. 107, 361) fusion with 
iron produces Fe-^O,, Na.O, and Na2S.2FeS. The 
final products of heating with silica and carbon 
in a closed crucible are Nap.2Si02, S, CO, and 
CO (S.-K., 0. R. 114, 117). 

Hydrates of Na^S04. (1) The hepta- 

hydrate Na^S04.7aq is obtained by melting 
Glauber* 8 salt Na^8O4.10aq in its water of 
crystallisation, heating to boiling, at once closing 
the vessel, and shaking repeatedly as the liquid 
cools till 18° is reached ; Na^SOf separates at 
first but dissolves again, and below 18° Na^SO*. 7aq 
separates (Ldwel, A. Ch. [3] 33, 334 ; 49, 82). 
The following method gives better results 
(L., U.) : 2*2 parts Na^SOf.lOaq are dissolved 
in 10 parts water, the solution is heated to 
boiling, and the flask is then closed with a cork 
carrying two narrow tubes bent at right angles ; 
when the liquid is cold the outer end of one of 
the tubes is dipped into 30 p.c. alcohol at 40°, 
and the alcohol is caused to run into and fill the 
flask by sucking at the outer end of the other 
tube. As the alcohol withdraws water, large, 
translucent, rhombic or tetragonal crystals of 
Na2S04.7aq gradually separate. The crystals 
must be quickly pressed between filter paper. 
They rapidly absorb water from the air, changing 
to Na^,S04. lOaq ; exposed to air, even under 
dilute alcohol, they soon change to the dec^- 
hydrate. According to Lowel (l.c.) the hepta- 
hydrate is much more soluble in water between 
0° and 26° than the decahydrate. The tempera- 
ture of maximum solubility is 27° ; the solution 
then contains 56 p.c. Na2S04, which is the same 
quantity as is present in solution of Na^S04. 19aq 
saturated at 34°-36°. If a crystal of Na2S04.7aq 
is added to the saturated solution of this salt at 
27° U does not dissolve, but crystals of Na2S04 
separate until a concentration is reached corre- 
sponding with a saturated solution of Na^SO, at 
the temperature. The heptahydrate is able to 
form supersaturated solutions, but less readily 
than the decahydrate ; addition of a crystal of 
Na^SO,. 7aq causes separation of the hepta- 
hydrate. These results were confirmed by 
de Coppet {Bl. [2] 17, 146). 

(2) The decahydratelHa.SOt. lOaq crystallises 
from a hot saturated solution of Na^S04 cooled 
to at least 32° ; a supersaturated solution may be 
I cooled in a closed vessel to 0°. If a crystal of 
Na,S04. lOaq is dropped in, a mass of crystals of 
the decahydrate is formed, and the temperature 
rises to 0. 18°. Large, white, striated, monoclinio 
prisms; isomorphous with Na.4Gr04. lOaq and 
Na-^SeO,. lOaq. S.G. 1*469 (Playfair a. Joule, 
C, S. Mem. 2, 401); 1*485 at 19°, 1*492 at 
20° (Pettersson, Upsala, Nova Acta, 1874). 
[Na ,S,OM0HX]= 347,800 (Th. 3, 616). Melts 
at 34° (Tilden, C. J, 45, 267). Effloresces in air. 
When melted in the water of crystallisation, 
boiled, and allowed to cool in a closed vessel, 
Na^SO, separates, but on shaking, this salt dis- 
solves till 18° is reached, after which crystals of 
Na^SO,. 7aq separate (v. supm), NOgSO,. lOaq is 
UHK>l.«b9Qlute ftloohql; Of 8.G. *376 dk* 
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golvM 14‘85 p^M of S.G. *97S diasolTeB 6*6 p.o^ 
and of *S.G. *939 d^solves 1*8 p.o. Solubilitj 
in water inoreases with temperature to 83°-34^, 
whereat the solution contains 55 parts Na,SO« 
in 100 of water; a crystal of Na^SO^. lOaq 
dropped into the solution dissolves, and Na.^S04 
separates till 49*53 parts Na^S04 are in solution 
in 100 parts water, which is the same quantity 
of Na^S04 as is present in a solution made by 
saturating water with Na.^S04 at 34® (L3wol, 
A. Ch. [3] 33, 334 ; 49, 32). As temperature is 
increased above 34® Na.jS04 seems to be formed, 
and the solubility of this salt decreases as tem- 
perature rises to the b.p. of saturated Na.^SOiAq. 
There appear to be three temperatures of 
maximum solubility for Na.4S04 and its hydrates: 

(1) at 34®, which is the maximum for Na-,S04. lOaq, 

(2) at 26®-27® for Na,S04. 7aq, (3) at 17®-18°for 
Na^SO.. The quantity of salt in solution, cal- 
culated as ^Na2S04, is about the same at these 
temperatures. LOwel (Z.c.) gives the following 
table 


8.O. 



1*1016 

11*026 

26 

1*1057 

11*466 

26 

1*1100 

11*907 

27 

1*1142 

12*348 

28 

1*1184 

12*789 

29 

, 1*1226 

13*230 

• 80 

Acid salts. 

(1) NaHSO.; 

by adding 7 parts 

H,S04Aq S.G. 

1*85, to 10 parts Na3S04, and 


heating gently till the mass melts and water- 
vapour ceases to be given off. By dissolving in 
water, or by evaporating Na.S04 in H2S04Aq 
at 50®, crystals of NaliSO^. aq are obtained 
(Mitscherlich, P. 12, 138 ; H. Hose, P. 82, 546). 

(2) Na,S04.NaHS04 ( = Na3H(SOj2); by crystal- 
lising Na2S04 from luilf as much II2SO4 in water 
as is required to formNaHSO, (M., l.c . ; B., l.c.)* 

(3) NaliSO, .11,80, (NaHs(SO,)2) ; by crystal- 
lising Na-^SO, from solution in almost 7 parts 
H2SO4 (Schultz-Scllack, J, pr. [2] 2, 459 ; 
Lescoeur, O. R. 78, 1044). 

. Double salts. (1) Na2S04.K2S04 (Penny, P. If. 


100 parts water contain^ when solution is saturated^ 


Tamp. 


Nft.S 04 Nti,SO.. lOaq Na^SO^ Na^SO*. lOaq 
Sol. made with Na^SO* Sol. made with NBaSO*. lOaq 


Na,S 04 Na,804.7aq NaJSO^.lOaq 
Sol. mode witlf NaJSO.. 7aq 






0® 

— 


6-02 

10 

_ 


9*00 

16 



13*20 

18 

58*26 

871*97 

16*80 

20 

62*76 

361*61 

19*40 

25 

61*53 

837*16 

28 

26 

61*31 

333*06 

30 

80 

60*37 

816*19 

40 

33 

49*71 

805*06 

60*76 

84 

49*63 

802*07 

66 

40*16 

48*78 

290*00 


45*04 

47*81 

276*34 


50*4 

46*82 

261*36 


69*79 

45*42 

242*89 


70*61 

44*35 

229*87 


84*42 

42*96 

213*98 


103*17 

42-65 

210*67 



12*16 

19*62 

44*84 

59*28 

23-04 

30*49 . 

78*90 

112*73 

35-96 

37*43 

105*79 

161*67 

48*41 

41*63 

124*59 

200 

58*35 

44*78 

14001 

234*4 

98*48 

52*94 

188*46 

865*28 

109*81 

54*97 

202*61 

411*45 


18409 

823*13 

412*22 


The following table gives S.G. of Na3S04Aq* 
at 19°;— 


s.a. 

P.a Na,SO. 

PwO. Na.SO, 

1-0040 

1*441 

1 

1-0079 

1*881 

2 

1*0118 

1*323 

8 

1*0158 

1*764 

4 

1-0198 

2*205 ' 

6 

1-0238 

2*646 

6 

1-0278 

3*087 

7 

1-0318 

8*528 

8 

1*0368 

8*969 

9 

1*0398 

4*410 

10 

1-0439 

4-851 

11 

1-0479 

6-292 

12 

1-0520 

6*373 

18 

1-0560 

6*174 

14 

1-0601 

6*616 

16 

1-0642 

7*066 

16 

1-0683 . 

7-497 

17 

1*0726 

7*938 

18 

1-0766 

8-379 

19 

1-0807 

8-820 

20 

1-0849. 

9-261 

81 

1*0890 ^ 

9-702 

• 82 

1*0981 ^ 

10-148 

88 


10*694 



[4] 10, 401; Mitscherlich, P. 68, 468; von 
Hauer, J. pr. 83, 366). (2) NaaS04.(NH4)2S04 ; 
by the interaction of (NH4)2S04 and WaCl with a 
little water (Schiff). (3) Various double salts 
with Li^SO, (Kammelsberg, P. 128, 811 ; Wyrou- 
bofif, Bl. [2] 9, 35. (4) With sulphates of Od, 

Ca, Cu, Di, In, Fc, La, Mn, and Mg; references 
under Cadmium suLriiATES, Calcium sulpbatbs, 
&c. (5) The compounds Na2S04.M3(B04)|.24aq, 

where M = Al*or Cr, are alufns (references under 
Aluminium suliuiates and Chromium sulphatis). 

Strontium sulphates. The nopnal salt 
SrSO, occurs native as celestine. It is obtained 
by adding HBO,Aq or solution of an alk al i 
sulphate to solution of a strontium salt ; large 
crystals are formed by dissolving ppd. SrSO^ in 
cone. H2SO4, adding dilute HClAq, heating to 
150®, allowing to cool, again heating to 160° 
with HClAq, and repeating this treatment three 
or four times (Bourgeois, C. R. 105, 1072). SrSO^ 
is also obtained crystalline by fusing 
with excess of SrCl^ (Manross, A» 82, 860). A 
white solid ; S.G. 3*927 to 8*956 crystalline (M., 
Z.C.; Neumann, P, 23, 1); 8*7 ppd. (SohrOder, 
P. 106, 226 ; v. also Clarke's Tabls of Spec, 
Grav*. [New Ed.] 82). H.F. [Sr.S.O^ - 880>00 
{Th, 8, 516). Almost insoL water; S. *0146 
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ordinary temperature, •0104 at lOO** (Presenius) : 
ineol. dilute H,SO^Aq ; S. oono. H,SOi at tO® - 14 
(Garside, 0. N. 81, 245) ; for S. in solutions of 
MaOl, KOI, MgCl^, and CaCl, v. Virck (O. G, 
1862. 402). Melts when strongly heated ; is de- 
composed to SrO, SO^, and O at full white heat 
(Bousingault, J. 1867. 161). Reduced by heat- 
ing strongly with 0, Fe, or Zn (d’Heureuse, P. 
75, 277), or in a steam of H or moist CO (Jac- 
quemin, C. R. 46, 1164). Loses SO, when heated 
with A8,0, (Moretti, S, 9, 169), or when heated 
continuously to redness in HCl (Bousingault, 
C. R, 78, 693). Decomposed by heating with 
solutions of alkali carbonates. Forms double 
adits, SrSO^.M-^SO^, with alkali sulphates (H. 
Rose, P. 93, 604; 110, 296). An acid mlt 
BrH2(S04)2 ( =3 SrSO,.H.^SO,) is formed by digest- 
ing SrSO, in cone. H.^SO< with excess of SrSO. 
(Schultz, P. 113, 147). - 

Thallium sulphates. The norvml thallous 
adit TL^SO^ is obtained by dissolving T1 in hot y 
H^SO^, or by neutralising H.^SO^Aq by TlOH or J 
TljCOs, and evaporating (Crookes, C. N. 24, 38). 
Forms white rhombic prisms, isoinorphous with 
KaSO^ (von Lang, P. M. [4] 25, 348) ; S.G. 6*77 
(Lamy, Pf. [2J 11, 210; v. also Clarke’s Table 
of Spec. Gravs. [now ed.] 79). H.F. fTl'.S OB = 
221,000 (PA. 3, 516). S. 474 at 15^ 18*5 at 
100° (Lamy, l.c.). Not decomposed by heating 
to full redness in absence of air ; heated more 
strongly in air gives T1,0„ SO,, and 0 (Carstan- 
jen, J. 1867. 279). Reduced to T1,S by heating 
with KCN. The acid thallous salt TlHSO,.3aq 
separates from a solution of the normal salt in 
H,SO,Aq after some months. When strongly 
heated yields Tl,SO, and H,SO, (Carstanjen. 
2.C.). Double salts, Tl,SO,.MSO,. 6aq, are formed 
when M = Cu, Fe, Mg, Ni, or Zn ( Willm, A. Ch. 
y] 9, 5 ; Werthcr, Bl. [2] 2, 272). The salt 
Tl,SO,.Al,(SO,)s. 24aq is an ahtm (v. Lamy, 
Bl. [2] 11, 210). Normal thallic sulphate 
TL,(^804),. 7aq is obtained as thin, white leaflets 
by dissolving T1,0,.H,0 in fairly cone. n,SO,Aq 
and evaporating. Loses 6aq when heated to 
200°, at higher temperatures SO, and 0 are given 
off and TljSO^ remains (Strecker, A. 135, 207 ' 
Crookes, C. N. 8, 243). The double salti 
T1 j,(S 04 )s.M,SO^ [ = TlM(SOJJ, where M = K or 
Na, are described by Strecker (l.c.). 

Thorium sulphates. The hydrated normal 
^Iphate Th(SO^),. a:aq is obtained by dissolving 
ThO, in slight excess of H,SO,Aq, and crystal- 
lising at 10°-16^. The anhydrous salt is ob- 
tained by heating the hydrated sSlt to c. 400° i 
(v. Chydenius, P. 119, 43 ; Delafontaine, A. 131. ! 
100 ; Cleve, Bl. [2] 21, 115 ; Demarpay, C. R. j 
96, 1860). ^ For a full discussien of the conditions 
of formation, relations, and solubilities of the 
various hydrates of Th(SO^), v. Roozeboom 
S.G. 4-053 at 22*8° 
(Clarke, Am. 2, 176) ; 4-2252 at 17° (Kruss a. 
NUson, B. 20, 1676). The S.G. of Th(SO,),. 9aq is 
2767 according to Tops6e (Bl. [2] 21, 120). The 


* taking care that Sn is in excess, dissolving the 
white solid so formed in water, and allowing to 
crystallise out of contact with air (Marignao.* 
^nn. ilf. [5J 15, 221). SnS04 is very sol. water ; 
the solution soon deposits basic salts. The nor- 
nml stannic salt Sn(SOJ,. 2aq was obtained by 
Ditle (0. iJ Wl. 178) by dissolving SnO^aaq 
(ppd.^from SnCljAq by alkali) in dilute HjSO.Aq 
and evaporating (v. also Eraskowitz, P. 36, 618). 
It forms white rhombic leaflets ; very sol. water ; 
decomposed by much water with separation of 
bnO,. A basic salt SnO(SOq), aq is said to bo 
formed (Ditto, l.c.) by dissolving the normal salt 
in H,SO,Aq, warming, adding excess of Sn, and 
then ether. 

Titanium sulphates. Normal titanous suU 
phate Ti,(SOJ,,. 8aq is obtained, as violet crys- 
ta s, by evaporating a solution of Ti in 11,80, Aq ; 
sol. water, solution gives a black pp. when 
warmed (Glatzel, B. 9, 1833 ; Ebelmen, J. pr. 
42, 76). Norjnal titanic suljjhate Ti(SO.),.3aq 
was obtained by Glatzel (l.c.) by oxidising the 
Uta^us salt by HNO^ adding a drop or two 
H,bO^Aq, and evaporating ; a white, translucent 
mass. K double salt Ti(SOJ,.K,SO,.3aq was 
obtained by Warren (P. 102, 449), by fusing 
liO, with KHSO4, treating with cone. H,SO,, 
evaporating, and washing the residue with cold 
water (v. also Glatzel, l.c.). By dissolving TiO, 


hydrate Th(SOJ,. 9aq is isomorphous (mono- 
clinic) with U(SOJy 9aq (Rammelsberg, B. B 
1886. 603). Double salts Th(SOJ,.M,.SO.. icaq 
are known, where M =» an alkali metal (Cieve, I c.; 
Chydenius, l.c.). x 1 t 

normal stannous salt 
TOSO4 IS obtained, in very small white crystals, 
bj dissolving Sn in warm fairly cone. H,SO*a!J 


. , ' 

in notll,bU,Aq, evaporating, drying the residue 
on a porous tile at 180°, and then heating to 0 
1®'^) Obtained the acid 
salt TiO.SOq as a hard white solid. 

Uranium sulphates. Normal uranic suU 
plmU 11(804),,. 9aq is obtained, as green mono- 
clinic crystals isomorphous with ThlSOJ,,. 9aq 
(Rammelsberg, B. B. 1886. 603), by evaporating 
a solution of UO, in excess 'of H-.SO.Aq (R., l.c.\ 
Ebelmen, J.pr. 27, 385). Unchanged in air; 
slowly loses water of crystallisation when heated; 
at higher temperatures gives yellow (UO..)80 , 
and when strongly heated leaves Uj,0,. IlWted 
m H gives UO,. Easily sol. dilute H,S04Aq or 
I Decomposed by water, giving basic 

j'safte (v. R., l.c.; Athanasesco, C. R. 103, 271). 
Forms dotible salts with alkali sulphates (R., l.c.). 
The uranyl salt (UOJSO4. a:aq is obtained, in 
?T crystals, by dissolving U-O, in 

HNO3 ; or by decomposing 
UOJNOa)^ cy cone. H^SO^, evaporating nearly 
to dryness, dissolving in water, evaporating to 
a syrup, and allowing to crystallise slowly (Ebel- 
evaporating a solution of 
the hydrated salt in cone. H.BO4, Schultz-SeU 
lack obtained the anhydrous salt (UO.JSO. (B 
with alkali sulphates 
(UOJSO4.M2SO4.2aq (Rammelsberg, B. 6, 1006). 

sulphates. Vanadyl sulphate 
(y0)S04.a;aq is obtained by heating a solution 
of Vj04 in cone. H.SO*. Gerlach (B. 11, 98) 
prepared several compounds of Yf). and SO, by 
dissolving VgOjin H2SO4. For more details and 
descriptions of various salts v. ViNADiuif txtrox- 
IDE and PENTOXiuE (infra). 

Zinc sulphates. The normal salt ZnS04 
18 obtained by dissolving Zn, ZnO, or ZnCO, in 
dilute H2S04Aq, evaporating, drying the crys- 
tals of ZnS04. 7aq, and gradually. heating to c. 
280° till water ceases to be given off ; it is difli. 
cult to drive off every trace of water without 
decompoaing some of the ^04 and. forminn 





tMtftfi folpbates. Elobb (0. B, 114, 83C) ob- 
tained ZDSO4 in crystals by heating ZnSO^-Taq 
luized with excess of (NH4)2S04 in a partly- 
closed crucible, protected from the gases of the 
flame, till all volatilised. A white 

solid; S.G. ,3-435 at 16° (Pape, P. 120, 367); 
3*6236 at 16° (Thorpe a. Watts, G. J. 37, 108). 
HP. [Zn,S,0'] = 230,100 {Th. 3, 516). Decom- 
posed to ZnO, SO.,, and O at c. 400° (Bailey, 
C. J. 61, 681). Heated with charcoal, SO^ and 
CO2 are evolved and ZnO remains ; if the tem- 
perature is rapidly raised to a white heat, SO^ and 
CO are given off and ZnS is formed. Heating 
in H produces an oxysulphide of Zn. For solu- 
bility in water v. infra. [ZnS04,Aq] = 9,950 (Th. 
3, 616). For compounds of ZnSO, with NH, v. 
Schindler {Mag. Pharm. 31, 167 ; 36, 43), Kane 
{A. Ch. [2] 72, 290), Muller (Z. [2] 5. 250 ; 6, 96). 
Hydrated zinc sulphate. Several hydrates are 
known. The heptahydrate ZnS04.7aq crystal- 
lises, at ordinary temperatures, in white, right' 
rhombic, prisms, isomorphous with MgSO^. 7aq. 
S.G. 1*964 (Thorpe a. Watts, C. J. 37,. 110). 
H.F. [Zn,S,0',71£0] = 252,700 {Th. 3, 616). 
Molts at 50° (Tilden, C. J. 45, 267). At 100° 
loses 6H.p. Poggiale {A. Ch. [3] 8, 467) gives 
solubility in water as follows:— 


s. 


Temp. 

ZnSO*. 7ivi 

ZnSO^ 

0° 

115*22 

43*02 

10 

138*21 

48*36 

20 

161*49 

53*13 

30 

190*90 

58*40 

40 

224*05 

63*52 

60 

263*84 

68*75 

60 

313*48 

74*20 

70 

369*36 

79*25 

80 

442*02 

81*60 

90 

632*02 

89*78 

100 

653*69 

95*03 


Gerlach {Fr. 8, 260) and SchilT {A. 110, 72) 
give the following data for ZnSO^Aq: — 


s.a. 


Qerloch, at 15° 

Schifl?, at 20-6° 

Potge. ZnSO«. 7u(i 

1*0288 

1*0289 

5 

1*0593 

1*0588 

10 

1*0905 

1*0899 

16 

1*1236 

1*1222 

20 

1*1574 

1*1500 

25 

1*1933 

1*1914 

30 

1*2316 

1*2285 

35 

1*2709 

1*2674 

40 

1-3100 

1*3083 

45 

1*3532 

1*3511 

60 

1-3986 

1*3964 

55 

1-4451 

1*4439 

60 


Almost insol. absolute alcohol ; 100 parts of a 
saturated solution in alcohol of 40 p.c. contain 
8*48 parts ZnS04.7aq (Sohiff, J. 1861. 87). 

Hexahydrate, ZUSO4. 6aq ; obtained by 
crystallising ZnS04Aq at 40° ; S.G, 2*07 (T. a. 
W., l.c . ; V. also Marignac, J. 1855. 889). Penta» 
hydrate^ ZnS04.6aq; obtained by boiling the 
finely-powdered heptahydrate with alcohol of 
S.G. *826 ; S.G. 2*206 (T. a. W., l.c. ; v. also 
Eflhu, J. 1830. 800; Schindler, Mag. Pharm. 
81, 167 ; 86, 43 ; Pierre, A, Ch. [3j 16, 242). 
DthydraUf ZnS04.2aq ; formed by pouring cold 
ifttarated ZnSO^ into cone. H^SO^ and wash- 


ing the pp. with absoloto alcohol; S.G. 2*958 
(T. a. \V., •l.eX Monohydrate, ZnS04. aq ; ob- 
tained by heating ZnS04. 7aq to 100°-.110° till it 
ceases to lose weight ; S.G. 8*28 (T. a. W., l.o . ; 

V. also Graham, P. M. [3] 6, 827, 417). 

An acid salt ZnS04.H2S04. 8aq is described 
,by von Kobell {J. pr. 28, 492). Several basic 
salts are formed by boiling solutions of 
ZnS04. 7aq with ZnO or ZnOyHa {v. Schindler, 
Z.C. ; Kiihn, Z.c. ; Kane, A. Ch. [2J 72, 290; 
Beindcl, Z. [2] 5, 508 *, Habcrmann, M, 6, 432 ; 
Athanasesco, C. P. 103, 271). 

Double salts are numerous : (1) With alkali 
sulphates, ZnSO,.MoSO,. a-aq (u. Pierre, Ph. 0» 
1846. 410 ; Tobler, A. 95, 193 ; Graham, P. M, 
L3] 6, 827, 417 ; Karston, D. B. 1841). (2) With 
CoSOj, FeSO^, MgS04, NiS04, to form 
ZnS04.MS04.a:aq (v. Baramelsberg, P. 91, 321; 
Pierre, l.c. ; Ktard, G. B. 86, 1399 ; 87, 602). 

Zirconium sulphates. The norvtal salt 
Zr(S04)2 is obtained by dissolving ZrO, in 
^slightly diluted H.^SO^, evaporating, and driving 
*off excess of acid at a temperature below red 
heat. Zr(SO,)2 is decomposed by heating to 
redness, giving ZrO,. By concentrating a solu- 
tion of Zr(SOj2 containing some free H^SO,, 
Paykull {B. 6, 1467) obtained crystals of the 
tetrahijdrate Zr(S04)2.4aq (confirmed by Weibull, 
B. 20,' 1394). 

Basic salts are obtained by digesting a 
solution .of a salt of Zr with saturated K.^SO^Aq 
(u. Berzelius, P. 4, 117 ; Warren, J.pr. 76, 861). 

Double salts with K,S04 aro formed by 
fusing KHSO, and ZiO,. (B., l.c. ; W., l.c.). 

DITIIIOPEBSULPHATES. Under the name 
of sodium dithiopersulphatc, Villiers {C. B, 106, 
651, 1351) described a salt Na^S^O^. 5aq. This 
salt was said to be obtained by adding to sodium 
thiosulphate insufficient water to dissolve all the 
salt, saturating with SO,j, adding a little more * 
water, again saturating with SO.,, keeping the 
yellow solution at tho ordinary temperature for 
two or three days, passing in SO.^ as long as it 
was absorbed, and, after standing a day or two, 
evaporating m vacuo over H-jSO,. A mixture of 
Na.^S,0„ and Na^S^jOg was thus obtained; on ex- 
posure to air the crystals of Na.^S30„ effloresced, 
and the Na B40g was then picked out. The salt 
Na.S40g was described as white, lustrous, rhombic 
prisms ; unchanged in air ; melting at 0. 125°, 
and giving off SO.^ at c. 140°, leaving NaaS04 
mixed with S. In a later paper {C. B. 108, 402) 

V, announced that tho salt supposed by him to 
be Na.^S^Og IVas only hydrated sodium tetra- 
thionate Na.^S40,i.H.,0. * 

NITltOSOSULPHATES. In 1800 Davy (Pc- 
searches, chiefly cencerning Nitrous Oxyde) no- 
ticed that NO was absorbed by a mixture of 
NaaSOgAq and NaOIlAq, a compound being 
formed which, on addition of an acid, gave off 
N^O while Na^SOi remained in solution; he 
supposed that the NO was reduced to N,0, the 
Na^SO, being oxidised ^0 Na,S04, and that the 
N4O combined with the NaOH. Pelouze {A. Ch. 
[2] 60, 151) found that a salt containing N, S, 
and 0 was formed in the reaction examined by 
Davy; to this salt he gave the oompoeitlon 
Na,SOg(NO)j. 

A mixture of 1 vol. SO, and f Tols. NO is 
gradually absorbed by cone. KOHAqovNaOHAo, 
forming E,(NO),SO, or Nas(KO)aSOr 
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Ammomwn mimosutphate (NH4)x(K0)xS0a 
18 best prepared by passing NO for some hours 
into cold oono. (NHJjSOjAq mixed with 5 to 6 
limes its volume of NH,Aq. White crystals of 
the salt gradually form ; they are washed with 
ioe>oold NHjAq, dried in vacttOf and kept in a 
well'Stoppered bottle (Pelouze, lx.^» Potassium 
nitrososulphate and sodium mirososulphate^ 
are prepared similarly to the am- 
monium salt. Barium and lead nitrososul- 
phates are obtained by ppg. aqueous solutions of 
the E salt by cone. BaOAq and solution of basic 
acetate of lead, respectively (Divers a. Haga, 
0. J. 47, 864). The nitrososulphates readily de- 
compose; they are stable in solution only in 
presence of excess of alkali. Heated moist they 
give off N^O, leaving pure sulphate ; heated dry 
they give NO and sulphite (v. D. a. H., C. J. 47, 
203). With acids, and also with most metallic 
salts in solution, also in contact with spongy Pt, 
charcoal, Ag.p, MnO^, <&o., they give NjO and 
sulphates. Solution of an alkali nitrososulphate 
has no reaction with KMnO^Aq (D. a. H., Lc, p. 
208). An alkaline solution of the E or Na salt 
is slowly reduced by Na amalgam, giving 
EjSOgAq and EjN^O-^q, or the corresponding 
Na salts (D. a. H., Lc. p. 203). 

PERSULPHATES. Persulphuric anhy- 
dride S.p, is formed at the anode daring the 
electrolysis of fairly cone. K^SO^Aq (v. Sulphu- 
ric peroxide^ under Sulpudu oxides, p. 616). 
The acid corresponding with this oxide would 
be H^S-Pa Or HSO4 ; this acid has not been iso- 
lated, but some of its salts have been prepared 
by Marshall (C. J. 69, 771 [1891]). 

Potassium persulphate is obtained by 

passing a current of 3 to 31 amp6rcs, for some 
days, through saturated EHSO^Aq contained in 
a Pt dish, wherein is suspended a porous cell 
containing dilute HjjSO^Aq ; the Pt dish stands 
in a vessel of copper, through which runs a 
stream of cold water, and which is connected 
with the battery so that the Pt dish becomes the 
anode ; the cathode consists of a stout wire of Pt 
dipping into the dilute HjBO^Aq in the porous 
cell (for description, and diagram, of the appa- 
ratus V. Marshall, C. J. 69, 705-6). The granu- 
lar salt that slowly separates during electrolysis 
is collected by filtering through Pt foil, dried on 
a porous plate, treated with hot water so as to 
obtain a nearly saturated solution, which is at 
once rapidly cooled (the mother-liquor yields 
more E^SaOg when again electrolysed). EjS^O* 
forms small, white, prismatic crystfals ; by spon- 
taneous evaporation of a solution, large, flat 
tables are obtained, probably asymmetric. 
Slightly sol. cold water ; S. at 0^ = 1’77 ; insol. 
absolute alcohol, hot or cold. Measurements of 
the electrical conductivities of solutions of the 
■alt indicated the formula KSO^, and not E^S^Oh; 
but Bredig [Z. P, C. 12, 230) showed that 
Marshall’s results were based on data, given by 
Ostwald, which were not quite accurate (the data 
were afterwards corrected in Ostwald’s Lehr- 
buck [2nd ed.] 2, 730). Bredig’s measurements 
established the formula K.^S,04; and this was 
confirmed byLdwenberg’s determinations of the 
freezing-points and conductivities of solutions of 
the salt {Chem. Zeitung^ 1892. 838). E;,S,OaAq 
very slowly decomposes at the ordinary tempera- 
Iq^ giving KHSO^Aq and 0 ; in contact with 


sine, decompdsitfon li still vei;y slow; with i' 
Cu-Zn couple the rate of change is hastened ; 
heating also hastens the reaction. After keeping * 
for some tkne in a closed bottle a peculiar smeU 
is noticed on opening the bottle, perhaps due to 
or Ss,0, ; ozone is sometimes also given 
off. Heat decomposes ; E^S04 remains 

and SO, and 0 are given off-; decomposition is 
marked at a little above 100°, but is not complete 
at 260°. When gently warmed with cone. HNO,Aq 
or H,S04, much ozone is given off ; Cl is evolved 
when cone. HGlAq is used. E2S.40gAq does not 
yield pps. of persulphates with solutions of me- 
tallic salts ; when pps. are formed they are due 
to reactions with E2S04Aq formed by the decom- 
position of the E^S^O^Aq. Solution of a salt of 
Ba slowly throws down BaS04 ; the reaction is 
very slow, even when the solution is boiled. 
Solution of a salt of Pb also slowly forms PbSO, 
when heated with E B^O^Aq ; if alkali is added, 
-PbO^ is ppd. AgNOjAq produces no pp. at once, 
but after a time black AgO, the solution be- 
coming acid ; several other metallic salts in 
presence of alkali yield pps. of peroxides with 
K^SjOgAq, e.g. salts of Co, Gu, Mn, and Ni. EIAq 
is slowly decomposed by EgSaOgAq, with separa- 
tion of 1 ; litmus and turmeric solutions are 
gradually bleached;* paper and cloth become 
rotten when dipped in EjS^O^Aq. E4FeCy4Aq is 
oxidised to EaEeCygAq, and alcohol yields alde- 
hyde, by warming with KgS^OgAq. 

Ammonium persulphate (NH4)2S,Og. Pre- 
pared, similarly to K^SaO,, by electrolysing dilute 
H2S04Aq (0. 1 to 6 by volume) with (NH4)2S04 ; 
the salt is purified by cooling by ice a solution 
saturated at a little above the ordinary tem- 
perature. Crystallises in transparent lozenge- 
shaped, apparently mono-symmetric tables. Very 
sol. water; S. at 0^a68'2. Reacts similarly to 
K-AOg (c/. Elbe, /. pr. [2] 48, 185). 

Barium persulphate Ba2(S04)4. 8aq. Prepared 
by rubbing in a mortar saturated (NH,)2S,0,Aq 
with excess of pure BaO.^H,— Ba2(S04)4 goes into 
solution, and BaS04 also forms— passing a rapid 
stream of air till most of the NH, set free in the 
reaction is removed, placing in vacuo over 
H2SO4 till no free NH, remains, passing in CO, 
to remove excess of BaO.^H^, keeping in vacuo 
for a short time (to decompose Ba bicarbonate 
to BaCO,), filtering from BaSO^ and BaSO„ 
evaporating in vacuo till crystallisation begins 
(with addition from time to time of a little 
BaOAq to neutralise H^S^Og that is set free during 
evaporation), dissolving the crystals that first 
separate in as little water as possible, filtering, 
cooling by ice, and drying the small prismatio 
crystals that form on a porous plate. The 
crystals of Ba2(S04)4. 8aq gradually become milky 
from formation of BaSOg, the change soon 
spreads, and the crystals crumble to a moist, 
powdery mass of BaS04. Ba2(SOj4.8aq is very 
sol. cold water ; S. at 0° -* 52*2. Sol. absolute 
alcohol; on standing white crystals are deposited, 
probably BogtSOJf. 2aq. 

Lead persulphate Pb,(S04)4. fl;aq ; a;3ai4 or6, 
probably 6. Obtained by adding a slight excess 
of H^SO^Aq to oono. Bag(S04)4Aq, neutralising 
with PbCOg, filtering after some time, evaporating 
in vacuo over H,S04 (removing PbS04 from time 
to time by filtration) till a solid mast is obtained, 
which is at once dried between filter paper and 
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llkoed in fHietio* nt^ai not obtained 

quite free from PhSO^; it decomposes very 
readily, giving off pungent fumes, that separate 
1 from EIAq on paper. 

Zinc persulphate was obtained, but not pure, 
by adding ZnS04Aq to Baj(SOf)4Aq in the proper 
proportions, filtering, and evaporating in vacwo 
over H2SO4. The copper salt was also obtained, 
but not free from GUSO4. For thermal data oon- 
oerning the formation and solution of the per- 
Bulphates of NH^, Ba, K, and Ka v. Berthelot 
(Ct R- 114, 875 ; abstract in C. J, 62, 931). 

PYBOSULPHATES. {DisulpJiates. Anhy- 
drosulphates.) Salts of the acid (o. Pyro- 

sulphuric acidy under Sulphuric acid, p. 620). 
These salts bear to the sulphates a relation 
similar to that of the dichromates to the chro* 
mates. The sulphates may be written SO,(OM)2, 
and the pyrosulphatos OM.SO2.O.SO2.OM. The 
sulphates and pyrosulphates may also be regarded 
as compounds of the acidio radicle SO, with 
basic radicles MO ; thus sulphates MO.SO,, 
pyrosulphates M0.2S0,. Inasmuch as H^S^O, 
may be regarded as a partial anhydride of 
H2S04(2H2S04-H20 = H2S.A), the acid HjS^O, 
is sometimes called anhydrosulphuric {cf. Acids, 
▼ol. i. p. 60). 

Potassium pyrosulphate E2S2O, ia formed 
by heating K2S04 with half its weight of H2SO4 
tUl acid ceases to confe off at an Incipient red 
heat. Prismatic needles; S.G. 2-277 (Jacquelain, 

A. Ch. [2] 70, 311). Melts at 300°, according to 

Schultz -Sellack {BA, 109). Cannot be crystallised 
from 'water. Solution in fuming H2SO4 gives 
crystals of the acid salt EHS2O,, melting at 
168° (S.-S., Lc.). Heated with alcoholic solution 
of KSH gives K2SO4, KjSjOa, and HjS ; boiled 
with OaHjONa in alcohol gives KNaS04 and 
KEtSO, (brechsel, J, pr, [2] 3, 367). The pyro- 
sulphates of NH4, Ba, Ag, and Na are prepared 
similarly to K2S2O, (v. Schulze, B. 17, 2707 ; J., 
lx. ; S.-S., l.c,). M. M. P. M. 

8BLPHAZIDES X.NH.NH.SOa-Y. 

Formation. — 1. By the action of alcoholic 
SO, upon diazo- compoonds.->2. By the action, 
of hydrazines upon sulphonio chlorides Y.SO.Cl. 
8. By the action of hydrazine hydrochlorides 
upon sulphinio acids Y.SOaH* — 4. By reduction 
of the compounds X.N2.SO2.Y. 

Reaction.— By heating with aqueous alkalis 
{e.g. baryta-water) they are decomposed into a 
sulphinio acid, a hydrocarbon, and nitrogen : 
X.N2H2.8O2.Y - XH -f Y.SOjH -h N,. 

References : Koenigs, B. 10, 1531 ; Wiesinger, 

B. 10, 1716 ; Fischer, A. 190, 132 ; Escales, B. 
18, 893 ; Limpricht, B. 20, 1238. 

8ULPHAZOTISEB ACIDS v. Sulphur ozy> 
ACIDS, NITBOOEN DERIVATIVES OP (p. 619). 

SULPHIDES. Binary compounds of sulphur. 
The . name is generally applied only to binary 
compounds of S with elements less negative than 
itself — that is, to compounds with elements other 
than Br, Cl, F, I, or O ; thus SO, and SO, are called 
oxides of sulphur rather than sulphides of oxy- 
gen. Compounds of S with organic radicles, 
which compounds react similarly to sulphides of 
metals, must be regarded as binary compounds 
if the definition of the term sulphide is to be 
made as wide as possible. In the present article, 
however, OQly binary compounds of S with less 
Dilative elements are inoluded. Sulphides of 


all the metals, and also of the non-metals H, B, 
C, N, Si, P„Se, and Te, are known. 

Many sulphides of metals occur native. Sul- 
phides are frequently prepared by the direct 
union of the elements; sometimes by heating 
metallic oxides with excess of S, e.g. Ab,S,— in 
many cases a mixture of sulphide and oxide is 
'formed in this way ; addition of alkali carbonate 
to the mixture of metallic oxide and S some- 
times brings about formation of sulphides, e.g, 
formation of sulphides of Cr and tJ ; polysul-* 
phides mixed with sulphates are produced by 
heating the hydroxides or carbonates of alkali 
metals with S. Most heavy metals give sulphides 
when their oxides are heated in gas, also 
when HjS is passed into solutions of their salts. 
Heating metals in H2S gas often produces sul- 
phides. Sulphides are also formed by heating 
one metal with the sulphide of another, more 
negative, metal. Beduction of sulphates, generally 
by heating in H or with C, frequently yields sul- 
phides. Some metallic oxides yield sulphides 
•when strongly heated in vapour of CS,. Sul- 
phides of many heavy metals are formed by im- 
mersing the metals in (NH4).2SAq containing 
excess of 8 {v. Priwoznik, A. IGk, 40). Many 
metallic oxides yield sulphides by heating with 
dry NojS-A (v* Landauer, Fr. 1872. 427). 

The sulphides of the alkali and alkalihe earth 
metals are soluble in water ; other sulphides are 
insoluble, or only very slightly soluble, in water. 

Very dilute aqueous solutions of several 
metallic sulphides, in the colloidal form, were 
obtained by Winssinger {Bl. [2] 49, 47)2) by the 
following methods : (1) ppg. the sulphide by 
IPS from an extremely dilute solution, and dia- 
lysing ; (2) washing the ppd. sulphide for a long 
time with cold water, or with dilute ASAq ; (8) 
forming the sulphide in a solution free from all 
substances capable of causing coagulation. In 
these ways VV. obtained colloidal soluble sul- 
phides of Bi, Co, Au, Fe, In, Pb, Hg, Mo, Ni, 
Pd, Pt, Ag, Tl, W, and Zn. For preparation of 
colloidal soluble CdS v. Prost (0. C. 1888. 32), 
and of colloidal soluble CuS v. Spring a. de 
Boeck {Dl. [2] 48, 105). 

Metallic sulphides are decomposed by strong 
acids, giving salts and H^S; secondary reac- 
tions frequently occur, S almost Invariabl/ 
separating. Several sulphides, e.g. As^Sj and 
HgS, arc sublimable out of contact with air ; all 
sulphides are oxidised by heating to redness in 
air. The sulphides of the very positive metals 
yield sulphates, and the sulphides of the heavy 
metals generally form oxides (the sulphides of 
Au, Hg, Pt, and Ag form metal) and give off 
SO.j. All Bulphhlcs of metals yield metallio 
chlorides and S.4CI2 when heated in a stream of 
Cl. Many metallic sulphides are decomposed by 
water, at different temperatures, giving oxides 
or hydroxides and II.^S {cf . do Clermont a. From- 
mel, C. R. 87, 330). Sulphides of non-metals 
are decomposed by water, generally to oxyaoids 
and AS; NS gives NH4 salts of HjSjO, and 
H2S3O,. Many sulphides of heavy metals MO 
decomposed by heating with water and I, giv^ 
iodides, S, and a little sulphate {v. Filnol a. 
Mellies, A. Ch. [4] 22, 68). 

The double sulphides, formed by the union 
of sulphides of more positive element with sul- 
phides of less positive elemonto, are comparable 





with the double oxides or oxysalts; most of 
these double sulphides are probably best re- 
garded as salts of thio>acids corresponding with 
salts of oxyacids, but it is customary to apply 
this conception generally only to those com- 
pounds which contain sulphides of non-metals 
or of Sb, As, or Sn. The double sulphides, or^ 
thio- salts, are generally decomposed by water,* 
forming oxides and HjS. Many double sul- 
phides, containing E.S or Na^S as one consti- 
.tuent, are formed by fusing metals or metallic 
sulphates with KjCOj, or Na-.COg, and S {v. 
Schneider, J. pr. [2] 7, 214 ; 9, 209 ; 10, 65). 
The sulphides may be classified, like the oxides, 
as monosulphides, disulphides, &c. It is better, 
however, to divide them into basic, acidic, in- 
different, and persulphides this classification i 
has been less developed and applied than in the 
case of the oxides. Basie sulphides react with 
acids to form salts and H^S, just as basic oxides 
react with acids to form salts and H-^O. Acidic 
sulphides react with the basic sulphides to form 
thio- salts, as acidic oxides react with basic* 
oxides to form oxy- salts ; but few compounds 
have been isolated of acidic sulphides with H.S, 
corresponding with the compounds of acidic 
oxides with water which are oxyacids. The more 
strongly acidic sulphides —that is, the sulphides of 
non-metals — are decomposed by water, generally 
giving and oxyacids. The persulphides have 
not been much studied ; any sulphide of an 
element containing more S than the basic or 
acidic sulphide of the same element may be 
placed provisionally among the persulphides. A 
sulphide which does not react as basic or acidic, 
and which from its composition cannot well be 
called a persulphide, may be classed as an in- 
different sulphide. The sulphides of 0 and P 
combine with several metallic sulphides to form 
thio- salts ; double sulphides (or thio- salts) have 
not been isolated containing sulphides of B, N, 
Si, Se, or Te ; the sulphides of Sb, As, and Sn 
combine with the sulphides of the alkali metals, 
and with some other sulphides of positive metals, 
to form thio- salts. The greater number of the 
double sulphides are formed by the union of 
two sulphides, both of which are metallic. The 
sulphide of that metal which, on the whole, is 
the more positive is regarded as the basic 
radicle ; and the sulphide of the metal which, on 
the whole, is the less positive is regarded as the 
acidic radicle of the double sulphide. Some 
metallic sulphides must be classed both as basic 
and acidic; Cu.^S, for example, combines with 
AsjS), and is therefore basic towards the dis- 
tinctly acidic sulphide of As, but it also combines 
with K^S, and is tlierefore afidic towards the 
distinctly basic sulphide of E. It is impossible 
to divide the metallic sulphides into two dis- 
tinctly-marked classes; the relativity of the 
terms ' basic ’ and * acidic ’ becomes even more ap- 
parent in dealing with sulphides than in dealing 
with oxides. The sulphides BaS„ BaS^, GaS^, and 
CaS, may be taken as examples of those which 
are loosely put together under the name persul- 
phides. As examples of indifferent sulphides NS 
and CrtS^ may be mentioned. Many metallic sul- 
phides which have been little studied — and which 
must, therefore, for a time be called indifferent — 
ire very probably basic in their reactions ; such 
ITS AlyS. and OdS. M. M. P. M. 


STJLPHIDO-BIACETIO AOlS i4, 

S(CH,.C 02 .H),. Thiodiglycollic add. [129^]. S. 
42 at 18^ Formed from chloro-aoetio acid and 
alcoholic ammonium sulphide, aqueous Ca(SH)^ 
or Na^S (Schulze, Z. 1866, 73 ; 1866, 184 ; 
Schreiber, J. pr. [2] 13, 472; Lov 6 n, B. 17, 
2818). Formed also by heating bromo-acetio 
acid with benzyl sulphide, ally! sulphide, or 
ethylene sulphide (Letts, Tr. E. 28, 612). Tri- 
metric tables, V. sol. alcohol. Oxidised by 
EMnO^ to S 02 (CH^.S 0 sH)i. The Na salt is con- 
verted by treatment with sodium chloro-acetate 

into C 02 H.CR,SMe<;^jj >CO [150®] (Delisle, 
B. 25, 2450). The analogous compound 
(C 02 H.CH 2 ),S<^g >00 [168°] is formed from 

chloro-acetic acid, Na^COg, and Na,S (Delisle), 
and yields Na.A" 3aq. 

Salts. — E.A."aq: deliquescent prisms.— 
EHA".— CaA< S. 2 at 21°.-BaA".— BaA"5aq. 
— ZnA" 4aq. — PbA". — Pb,A"0. - CuA’ ' aq.— 

AggA". 

Methyl ether Me^A". (135° at 11mm.). 
Ethyl ether EtA". (268° cor.). Formed 
from chloroacetio ether and alcoholic ESH 
(Wislicenus, A. 146, 153). 

Amide SfCHLj.CO.NH,).. Formed from 
chloro-acetic acid and alcoholic (NH^j-S, 

Amic acid S{CH,.CO,H).CH 2 .CO.NH 2 . 
[125°]. Prisms, m. sol. cold water.— BaA'^ aq. — 
CaA'gaq. — AgA': needles (from hot water). 

Imide cq>NH. [128°]. Formed 

by heating the ammonium salt at 200°. Crystals. 

'4nft!/dri<i«S<c|-;oo>0- ( 1 ®®° 

at 10 mm.). Formed by boiling the acid with AcCl 
(Anschutz, A. 273, 68 ). Needles (from CHCl,). 
Chloride S(CH,.COCl),. 

Mono-anilide S(CH,.CO,n).CH,.CONHPh. 
[103°]. 

Di-anilide S(CH..CO.NHPh).^ [168°]. 
p-Toluide S(CHg.bOgH).CH 2 .CO.NHC,H,. 
£95^. Needles. 

Di-sulphido-di-acetic acid {di-thio-di-glycoUic 
acid) S 2 ( 0 H 2 .C 0 .^H )2 [100° uncor.]. Formed from 
thio-glycollic acid CH;,(SII).COgH by Fe„Clg or 
by atmospheric oxidation of the alkaline solution 
(Claesson, B. 14, 410 ; Ginsburg a. Bondzynski, 
B. 19, 114). White plates or prisms. V. sol. 
water, alcohol, and ether, si. sol. benzene. Gives 
with AgNO, a white pp. AgHA". By tin and 
HCl it is reduced to thio-glycollic acid. — 
EjA" Ijaq: easily soluble crystals.— EHA" aq. — 
BaA" 4aq ; amorphous pp. 

Ethyl ether (o. 280°). 

Amide [156°]. Crystalline. 
SULPHIBO-DI-ACETOACETIC ETHER 
0„H„SO, t.c. S(CHAo.CO^t)y [90°] (S.); 
[84°] (D.) ; [76°] (B.). Formed by the action of 
8201,(2 mols.) or of SCI, on sodium acetoacetic 
ether (1 mol.) suspended in benzene (Buchka, 
B. 18, 2092; 22, 2545, 2555; Delisle, B. 22, 
306). Formed also from cupric acetoacetic ether 
and S in benzene (Schfinbrodt, A. 253, 197). 
Needles, ▼. e. sol. benzene. Converted by KOH 
into sulphido-diaoetio acid. Yields a crystalline 
phenyl-hydrazide Cl 2 oH,^,S 04 , converted by 
warming with an alcoholic solution of phenyl* 
hydrazine into oxy-phenyl-methyl-pyrazole-axo* 



8tIiPatl)0-W-M*!NtL^Al:BAMlC AOm. m 


benaene (Michaelia a. 

PhillipS} B. 23, 560). Phenyl-hydrazine (2 mols.) 
added to sulphido-di-acetoacetio ether dissolved 
in cooled HO Ac forms C.^„H„N^SO.., which 
yields B'HOAo [161°] and B'HOEt ^liohaelis, 
B. 23, 2476 ; Sprague, C. J. 69, 332). 

SULPHIBO-ANILINE v. Di-AmDO-Di-PHENYi. 
SULPHIDE. 

DISULPHIDO-DI-BENZOIC ACID 

S2(04H^.C0aH).^. [244°]. Formed by oxidation of 
0,H4(SH).C0.H by moist air or by bromine 
water (Frericiis, B. 7, 794 ; Hubner a. Upmann, 
Z. 1870, 294). Formed also from ?»-diazo-benzoio 
acid and H.S (Griess, J. pr. [2] 1, 102) and, in 
small quantity, by fusing sodium sulphobenzoate 
with sodium formate (Ador, B. 4, 622 ; Meyer, 
B. 6, 1150). Needles, nearly insol. hot water, 
si. sol. alcohol. —(NHJ., A" 2aq. — CaA"3aq. — 
BaA"3aq. — PbA"aq. — Cu,(OH)2A" 6aq. — 
Ag.A" IJaq : yellowish- white pp. 

V-SULPHIDO-DIBUTYEIC ACID 
S(C^.CH,.CH^C0,H),. [9»°J. Formed by warm- 
ing its nitrile with fuming HOlAq (Gabriel, B. 
23, 2492). Flat crystals. 

Nitrile S(CH,.CH,.CH,.CN),. (above 300°). 
Formed by boiling 7-chloro-butyronitriIe with 
alcoholic K^S. Thick liquid. 

a-Solphido-dibutyrio acid S(CHEt.CO.H).„ 
[105°]. Formed by heating a-bromo-butyric 
ether (2 mols.) with an alcoholic solution of 
KSH (1 mol.) and KOH (1 rnol,), and saponifying 
the product (Lov6n, J. pr. [2] 33, 102). Tufts 
of needles (from water). — BaA". 

a-Sulphido-di-isobutyrio acid S(CMcj.C02H).i. 
Formed from a-bromo-isobutyric ether and alco- 
holic K^S, the product being saponified. Tablets 
(from water), insol. dilute — BaA"2aq. 

Di-7-salphido-dibatyric acid 
S2(CH,.CH2.CH2.C02H)2. [109°]. Formed by boil- 
ing the amide with cone. HClAq (Gabriel). Flat 
plates, V. sol. alkalis. ; 

Amide S2(C,H«.CO.NH2),,. [167°]. Formed 
by dissolving Cy.OaH^j.S.Cy in cold cone. H^SO,. 

SULPHIDO-DICINNAMIC ACID C,»H,,S04 
i.e. (PhCH;C(C02H))2S. Formed by boiling 
8uli)hido-diacetio acid with Ac./) and NaOAc 
(Lov4d, B. 18, 3242). Small needles (from alco- 
hol), insol. water. Yields CjjjHuBr^SO*. — 
Na2A"2.^aq ; silvery plates. , 

Di-a-sulphldo di-cinnamio acid 022H„..S204 
t.e. (Ph.CHiO.CO.H),,^., [170°]. Formed by 
the oxidation of sulphydro - cinnamic acid 1 
Ph.CH:C(SH).C 02 H by iodine in alcoholic solu- 
tion. Long yellowish needles, v. sol. alcohol, less 
in benzene (Ginsburg a. Bondzynski, B. 19, 123). 

DI - SULPHIDO-DI-M BTHENYL-DI-AMIDO- 
DI-NAPHTHYL MEBCAPTAN 

82(0 Formed by oxidation of 

with alkaline EgFeOy, (Jacob- 
son a. Frankenbacher, B. 24, 1408). The (a).com- 
pound melts at 194°, the {$)• isomeride at 180°. 

DISTft PHIDO - DI . METHEN YL-DI-AMIDO- 

DI-PHENYl MEBCAPTAN S2(0<g>04H4),. 

[186°]. Formed by oxidising sulphydro-methenyl- 
unido* phenyl mercaptan with and 

BOAo (Jacobson a. Fzankitpbacher, B, 24, 


1404 ; cf. Hofmann, B. 20, 1780). Plates (from 
benzene). • 

DI . SULPHIDO . DI . METHENYL • DI . 
BENZENYL - DI - AMIDOSDLPHIM 

S.(C<g^>CPh), [120°]. Fonnod by oxida. 

*tion of g^O.SH (Crayen, B.24, 889). 

Stellate groups of needles, insol. water, si. sol. 
alcohol. Beduced by sodium -amalgam to the 
parent substance. 

DI - SULPHIDO . DI - METHENYL - DI - « - 
TOLENYL-DI-AMIDOSULPHIM 

S4(C<^g^^O.O,jn4Mo)2. [169°]. Formed by 

oxidation of C,H,.C<^jj^y^C.SH with HNO, 

free from nitrous acid (Crayen, B. 24, 392). 
Needles, insol. alcohol and ether, sol. hot CJlg. 

DI - SULPHIDO -DI- METHYL -ANILINE v. 
TETaA-METHYL-Dl-AMID0-DI-PHENYL-DI-8ULl»niDB. 

• DI - SULPHID0-DI.NAPHTHALEN£-DI-(j3)- 
SULPHONIC ACID S2(0,„H,.S0,H)2. Formed 
from the product of the action of potassium 
xanthate on diazotised (/8)-naphtlfylaminG (6)- 
aulphonic acid by treatment with alcoholio 
potash (Lcuckart, J. pr. [2] 41, 223). Colourless 
plates, V. sol. water and alcohol. Bcduced by 
zinc-dust and dilute H, SO, to C,oII,(SII).S03H.— 
K^A". — PbA": amorphous pp., si. sol. water. 

I 8ULPHmO-DI.()3)-NAPHTHYL-CABBAMIC 
ACID. Phenyl ether . 

S<Q'«^“>N.CO.OPh. [216°]. S. (96 p.o, alco- 
hol) *20 at 16° ; S. (benzene) 1*20 at 1 6°. 
Formed from the chloride and alcoholio NaOPh 
(Paschkowezky, B. 24, 2916). Needles. 

Chloride S:(C,„H„).,:N.COCl. [266°]. 

Formed by heating )8-imido-di-naphthyl sulphide 
with COClj in toluene at 170°. Needles (from 
benzene-alcohol), v. si. sol. ether. Converted by 
aniline into SiiCiJIJ.rN.CO.NHPh, which is 
cryatallino, S. (96 p.c. alcohol) -04 ; S. (benzene) 
•18 at 17*6°, converted by boiling aniline into 
S(C,„H,NH2)2 and CO(NHPh),,. The chloride is 
converted by alcoholic NH, at 146° into 

S<^q'® 2®^N.C0.NH2, crystallising in needles, 

S (96 p.c. alcohol) *06 ; S. (benzene) -10 at 17*6°. 
The chloride S<^0"’^“^N.COC1 is converted 
by i8-imido-di-naphthyl sulphide in xylene at 
280° into (s<^q'"^“^n).^CO, crystallising in 

yellowish plates and tables [over 350°]. 

SULPHIDO-DI-CHENYL-AMINE v. Imxdo- 

DI-PHENYL SULPHIDE. 

SULPHIOO-DI-PHENYL-CABBAMIO ACID. 
Ethyl ether S<Q-2*>N.CO,Et. [110°]. 

Formed from imido-di- phenyl -sulphide and 
ClCO..Et (Franckel, B. 13, 1845). Silky plates. 

Phenyl ether S:(C4H4)2:N.C02Ph. [164°]. 

S. (96 p.c. alcohol) *24 at 16° ; S. (benzene) 
1'9 at 16°. Formed by heating the chloride 
with NaOPh in alcohol on the , water-bath 
(Paschkowezky, B. 24, 2908). Needles. 

Chloride SifO.HJjrN.COCl. [172^. Formed 
from S:( 04 H,) 2 ;NH and COCl, at 100°. OoloiUf 
less prisms, soL chloroform, and hot HOAc. 



m 


j>.mrail>O.DI.PHSinn.SI-HTl>BAZIKE 
Sf<W.NH.NH^^ [115°]. Focmed from 
by diazotisation, treatment with 
KaHSO,, and redaction with zino-dust (Buhl, B. 
28, 8482; A. 270, 149). Yellowish leaflets, 
decomposing at 130°, si. sol. cold water and 
ether, v. sol. alcohol. Beduces Fehling*[||, 
solution in the cold. Benzoic aldehyde yields 
S(0,H<.NjH:CHPh),. ~ B"2HC1. [209°]. — 

[219°].-~B"H,CA. 

SOLPHIDO - PHENYI - NAPHTHYLAMINE 

Bnido-phenyl-naphthylamine. 
Formed \)y heating phenyl-naphthyl-amine with 
8 at 240° (Kym, B. 23. 2404). The (a), com- 
pound melts at 138^, the (8)- isomeride at 178'', 
Both form yellow crystals, m. sol. hot alcohol, 
and give a deep blue solution in cone. H.^SO^. 
SVLPHIDO . DI - PHENYL - DI - (/8) - NAPH 




THY1.BBBA N(0,.H,),.CO.N<°A>S. [225“]. 

s. (96 p.o. alcohol) -12 ; S. (benzene) -56 at 16°, 
Formed from S:(C,HJ,:N.COCl and (C,„H,)..NH 
at 260° (Paschkowezky, B. 24, 2914). White 
nodules, si. gol. hot alcohol, sol. hot benzene. 

- {^) ■ naphthyl - urea 

NPh(C,ja[,).CO.N:(C,H,),;S. [170°]. S. (96 p.c. 
alcohol) -62; S. (benzene) 3-38 at 15°. Formed 
bj^ heating sulphido-di-phcnyl-carbamic chloride 
With phenyl-(i9)-naphthylamine at 250° (P.). 

8ULPHIDO - DI . PHENYL - DI -TOLYL-DI- 
GUANIDINE (NHPh.C(NH).NH.05H,),S. [153°]. 
Formed from the corresponding thio-urea, UgO, 
and alcoholic NH,, (Truhlar, B. 20, 675). Needles 
(from ether ligroin).-C28H,«SNeH.,PtCl«. 

Sulphide- tetra-pheny l-di- tolyl-di- guanidine 
(NHPh.C(NPh).NH.C,HJ,S. [106°]. 

Formed by warming an alcoholic solution of 
(NH^h.CS.NHC^HgjjS with aniline and HgO. 
Grey amorphous powder, v. e. sol. alcohol. 

Disulphldo -di - phenyl - tetra - tolyl-di-guani- 

[119°]. Formed by heating the corresponding 
raio-urea with excess of aniline and HgO. 
Besinous mass, v. e. sol. alcohol. 

8DLPHID0 - DI - PHENYL - DI . TOLYL - DI- 
THIO-DI-DBEA (NHPh.CS.Nn.C,HJ,S. [134°]. 
Formed from S(C,H«.NH..), and phenyl-thio- 
oarbimide (Truhlar, B, 20, 670). Needles. 
SDLPHIDO-DI-PHENYL-UREA C.jH.^R.SO 

P02“]. S.j9Cp.c.aloohol 
at 17*6°) *8 ; S. (benzene) 2*7 at 17*5°. Formed 
from S:(0„H J.mN.COCI and alcoholic NH. 
(Paschkowezky, B, 24, 2908), Plates. 
Sulphido-tri-phenyl-urea 

®<o'^>N-CO-NHPh. [169“]. S. (96 p.e. alco- 

hol) *26 at 17*6°; S. (benzene) 3*74 at 17*6°. 
Formed from S(C,H J.NCOCl and aniUne. Bluish 
needles, sol. alcohol. 

8nlphido-tetra-phenyl-urea 
8(0^4)jjN.CO.NPhj, Formed in like manner, 
using NPhB. Hexagonal plates. 

Di-snlpnido- tetra-pheny l-urea 

^(*’<O^P>S)- [226’] (F.)J [281«] (P.). 
8. (96 p.o. alcohol) *048 at 17° ; 4*16 at 78°. 
Foraiad by heating NH:(O^^S with 


S:(OA),;N.OOCl {Pritnokel, B. IS. ISdSh ftkim 
(from HOAc), v. si. sol. ether and*hot alcohol^ 
DI-SULPHIDO-DI - PROPYL - DI - PH TOa r , 
AMIC ACID 0«H,,N,S A t.e. ^ 

S,(C,H,NH.COOH,CO,H)^ [186°]. Formed 
by boilmg^(7).phthalimido-propyl sulphocyanide 
with a 10 p.c. solution of KOH (Gabriel a 
Lauer, B. 23, 89). Plates (from HOAc), v. soL 
alkalis. — KA" : crystalline pp. 

(a).SULPHIDO.DIPROPIONIC ACID 
S(CHMe.C02H)2. Thiodilactylic acid. [125°], 
Formed, together with CH3.CH(SH).COaH, by 
boiling potassium a-chloro-propionate with KSH 
(Schacht, A. 129, 4 ; Bottinger, A. 196, 106). 
Formed also by passing H^S into a solution of 
potassium pyruvate (Bottinger, B. 12, 1425) and 
by the action of CH3.CH(SK).CO,K on 
CH3.CHCl.COjK (Lov6n, J. pr. [2] 29, 373). 
Monoclinic prisms, v. e. sol. water, alcohol, and 
ether. Not affected by nascent hydrogen. 
Oxidised by dilute HNO3 to SOACHMe.CO.^H)*. 
'—KA": deliquescent. — BaA" : amorphous, v, 
sol. water (S.). Its solution on boiling deposits a 
crystalline salt, S. *1 (Li,). — Ag^A^' : amorphous 

pp. 

Pi-(«)-8ulphido-dipropionic acid 
S3(CHMe.CO.JI).^. [142°]. Formed by oxidation 
of Cf I.,.CH(SH).C03H by I or FeCla (S. ; Bottinger, 
A. 196, 103 ; B. 16, 1047 ; Lov6n, J. pr. [2] 29, 
372). Needles, si. sol. cold water, v. sol. alcohol 
and ether. Reduced by zinc and HClAq to 
Cfl3.0H(SH).COH. - (NHJ^A''. - K^A" 2aq. — 
Ag^A" : amorphous pp. 

Di-iS-sulphido dipropionio acid 
S2(CH3 .CH^.CO.jH) 3. Formed by oxidation of 
CII.(SH).CH2.C0.H (L.). Thin silvery plates. 

Tri-sulphido-di-propionic acid 
^^(CHMe.CO^H).^. [95°]. Formed from 

CH3.CO.CO2H and HB (Lov^n, J. pr. [2] 47, 
173). Plates, v. sol. hot water. Yields a-sulpho- 
propionic acid on oxidation. 

SDLPHIDO-TOLUIDINE v. Di-amido-di- 

TOLYL SULPUIUE, 

SULPHIDO - DI - TOLYL - DI - CARBAMIC 
ETHER S(C3H3Me.NH.C02Et)2. [113°]. Formed 
from imido - di - tolyl sulphide and CICO Et 
(Truhlar, B. 20, 668). Needles, v. sol. alcohol. 

DI - SULPHIDO . TETRA- TOLYL-DI-GUANI- 
DINE 

[196°]. Formed by boiling the corresponding 
thio-urea with alcoholic NH, and HgO (Truhlar, 

B. 20, 673). White amorphous powder, v. sol. 
benzene and hot alcohol. -B'^H^PtOl,: brown 
amorphous powder. 

SU LP H IDO-DI-TOLYL-THIO-URBA 


g^OyHj.NHs. pa 


Formed from 


[235°]. 

S(CjH 3.NHJ2 and alcoholio CSj. 

Sulphido-di-tolyl-di-thio-di.urea 
S(C,H,.NH.CB.NH,)3. [121°]. Formed by eva- 
porating the hydrochloride of di-amido-di-tolyl- 
sulphide with ammonium sulphooyanido 
(Truhlar, B. 20, 669). Amorphous powder, si. soL 
ether. 

Di-snlphido-tetra-tolyl-di-thio-di-nrea 

fjg^NH.CjHj.S.OjHj.NH'v root 01 -o i 

®®\NH.C,H,.S.C,H3.NH^^^* ^231°]. Formed 
by boiling an alcoholic solution of di-^-emido« 
di-tolyl sulphide with OS, (Truhlar, B. 20, 672^' 
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wjuw amorpapus powaer, neorij inBoi^ordlnarj 
solvents. 

8trLPHIl>0.DI.T0LYL.BI.trBSA 

Formed from di- 
amido-di-tolyl salphide, hydroohloride and 
potassium oyanate (Truhlar, B. 20, 669). Crys- 
tallises from benzene in needles [151°] contain- 
ing 0,H«. 

Di-sulphido-tetra-tolyl-di-urea 


Formed from 


S(0:H,.NH,)2 and COCl^ (Truhlar, B. 20. 671). 
White amorphous powder, sol. hot alcohol. 

8irLFHID04)I-IS0VAL£BIG ACID 
S(C4Hg.OO.JEI)2. Formed from bromo-isovalerio 
acid and KjS (Lov5n, J. pr, [2] 33, 102). Crystals. 
— BaA" : in soluble powder. 

SULPHIMIDE S02.NHAq. Obtained only in 
aqueous solution, which is prepared by decom- 
posing the Ag derivative, SO^-NAg, with the 
proper quantity of dilute HClAq, and filtering. 
The compound SO.^-NAg is prepared by saturating 
well-cooled SOaCl, in 16-20 vols. CHClg, with 
dry NHs, dissolving the pp.‘ in water, acidifying 
with HNQ„ ppg. all Cl by AgNO^Aq, filtering, 
neutralising with KOHAq, and adding more 
AgNOjAq; the pp. thus obtained is piAitied 
by recrystallisation from water. The com- 
pound SO^.NAg is also obtained by heating 
S02(NH,)2 (v. Sulpuamidb, p. 667) to 200°-210°, 
dissolving in Tyater, ppg. by AgNO:,Aq, and re- 
orystallising the pp. from water. The solution 
in water of SO.j.NH is strongly acid ; when dilute 
it may be boifcd for a short time without de- 
composition NII^.HSO^ is formed on evapora- 
tion, even below 40° ; the solution is decomposed 
by warming with acids, giving H-^SO^Aq and 
NH,Aq ; excess of alkali reacts slowly even on 
boiling (W. Traube, B. 26, 2472; 26, 607). 
Metallic derivatives of SO2.NH wherein H is re- 
placed by NH4, Ba, Ca, Pb, K, Ag, and Na are 
described by T. (c/. Imido-sulphonic acid and 
salts, under Sulphonio acids and deuivatives, 
p. 600). M. M. P. M. 

SULPHIMIDO-AMIDE SO2NH2.NH.NH.2SO2. 
{Imido-sulphamide, Imido-sulphonami^, 

Imido-sulphurylamide). Prepared by adding 
ammonium carbamate very slowly to SaO^Cl, 
well cooled in a small closed fiask, allowing to 
stand for some time with a CaCl^ tube fitted 
through the cork, then heating ^o 60° for some 
hours, washing outNH^Cl by repeated treatment 
with ^y alcohol saturated with NHj, dissolving 
the residue in a little NHjAq, and placing the 
solution in ice. Forms white lustrous crystals ; 
boiling NHgAq transforms it wholly to ammonium 
imidosulphonate ; with boiling cone. HClAq is 
completely changed to (NH4)3S04; when boiled 
with NaOBLAq gives off two-tmrds of its N as NH, 
and forms s<^um imidosulphonate (Mente, A. 
248, 268). M. M. P. M. 

8UI1FHIHDIOOTIO AOID V, Indxoo Di-suii- 

raONIO A CID. 

8XTLFHIHES. Alkyl iodides combine with 
di-alkyl sulphides forming compounds 
from which moist AgjO produces strong bases 
B3SB\0H. In these bases the group (SR^RO 
may be looked upon as a monovalent basylous 
ladicle derived from the hypothetical sulpnine 
(SH.). Thus Me,S£tl may be called di-methyl- 
Irth/l-sulphine ic^de, but in this dictionary it 


is described as the eih^iodide of Dt-vsTHiii 
suLPHiDx. ^ the same manner Me^SCl may be 
called tri-methyl-sulphine chloride, but in this 
dictionary it is described as the metbylo-ohloride 
of Di-hbthil-sulphidk. 

SULPHINIC ACIDS. Organic acids contain- 
ing the group SO(OH) where S is united to 
5arbon. They may be obtained by reducing the 
chlorides of the sulphonio acids, in alooholio or 
ethereal solution, with zinc-dust (Otto, B. 9f 
1684). Fatty sulphinio acids are formed by the 
action of SOjOr of SO^ oft zinc alkyls (Hofmann, 
A, 102, 72 ; 106, 287). They are readily oxidised 
to sulphonio acids. The aromatic sulphinio 
ethers are readily oxidised by KMnO, andHOAo 
to sulphonio ethers (Otto a. Rossing, B. 19, 1224). 
By zinc and dilute H2SO, sulphinio acids are re- 
duced to mercaptans. The aromatic sulphinio 
acids yield K2SO3 and hydrocarbons when fused 
with potash. The alkyl ethers of sulphinio 
acids X.SO.OR are formed by passing HCl into 
I a solution of the acid in the corresponding 
I frlcohol, and also by the action of chloro- 
. carbonic ethers Cl.COJt upon the sodium sul- 
! phinate X.SO.ONa in cold alcohol, CO2 being 
! evolved. The ethers are not formed by the action 
j of alkyl halogenides upon sulphinates, for by 
j this reaction the isomeric sulphones X.SO2.R 
are produced instead (Otto a. llossiug, B. 18, 

I 2493). H2S passing through benzcuic sulphinio 
I ether at 50° forms mercaptim, benzene sulphinio 
acid, benzene sulphonio acid, and other products- 
(Otto a. Rossing, B. 20, 2276). COCh converts 
j sodium benzene snlphinate into the anhydride 
■ (Ph.SO)20, which is v. sol. ether and benzene, and 
decomposed by water and alcohol into benzene 
i sulphinic acid and ether respectively (Otto, B. 
i 20, 3337). 

bULPHITES AND HYPOSULPHITES. 

Sulphites are salts of sulphurous acid formed 
hy replacing H hi by metals. All sulphites 

may be represented by the formula ajMO.j/SO,, 
where MO stands for an equivalent of a metal- 
lic oxide; the normal sulphites belong to the 
forms M^jSOa, M^'SOa, and M'y(S02)2; 

the greater number of the acidic sulphites are 
of the forms M'HSOa and M"(HS02)2, a few 
which contain more than one equivalent of 
acidic radicle to one of basic radicle may be re- 
presented as M*2S0a.a;S03. Double sulphites 
are fairly numerous. 

Many sulphites are prepared by passing SO, 
into water wherein metallic hydroxides or car- 
bonates are dissolved or suspended ; some are 
formed by double decomposition from the alkali 
sulphites. Several metallic sulphites that are 
insoluble in water/:an be prepared by the reac- 
tion between solutions of the sulphates and eola- 
tion of Na.2SOa; two main reactions occur, ap- 
proximately in accordance with the equationa 

(1) M«S 04 Aq-i-Na,S 0 ,Aq = M“S0, + Na 2 S 04 Aq, 

(2) M“SO,Aq -p 2HaO = MOaH- + HaSOjAq, so that 
normal sulphites are formed in some oases and 
basic sulphites in other cases. This method of 
forming sulphites has been examined by Sen- 
bert a. Elten {Zeit. /. anorg. Ohem. 4, 44) : they 
find that normal sulphites are always formed 
when M-Ba, Cd, Oa, Fe», Pb, Ag, Sr, or T1 
(with Hg” a doable sulphite HgSOa.Ka 2 SO,.H^ 
was fon^) ; that normal sulphites ire formed 
it low temperatures* using the salts in the ratif 
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of equal moTeoutee, wbfu M»Mg, Mn, Sn”, 
U(UOj), or Zn, but that at higher temperatures, 
or with more dilute solutions, basic sulphites of 
these metals are produced ; and that basic 
sulphites are always obtained when M Al, Be, 
Bi, Or, Co, Ou, Fe«*, or Ni. 

The sulphites of the alkali metals, and the 
acid sulphites of the alkaline earths, are soluble 
in water; most other sulphites are insoluble. 
Bulphites in aqueous solution, and many in 
moist air, readily oxidise to sulphates ; salts of 
other S oxyacids are sometimes formed, and S is 
frequently separated {cf. Pierre, C. B. 62, 460 ; 
73, 749). Oxidisers, such as ClAq, HNOaAq, drc., 
quickly convert sulphites into sulphates ; sulphite 
solutions are, therefore, energetic reducers. So« 
lutions of sulphites are readily reduced, giving 
HjS or metallic sulphides, by SnCljAq, Zn and 
HClAq, Ac. Heated with C, they are reduced to 
sulphides, sometimes to oxides. Sulphites de- 
compose at a red heat to sulphides and sulphates, 
or to oxides and SO^. Sulphites are decom- 
posed by almost all acids, not by CO.Aq ot 
borio acid, giving ol! SO.^. Solutions of sul- 
phites generally form thiosulphates by reacting 
with S, H^St'or alkali hydrosulphides. Sulphites 
give sulphates and thiosulphates when heated 
in SOa (Divers, G, J. 47, 205). Sulphites scarcely 
react with POCI 3 , according to Divers {lx .) ; a 
little metallic chloride and phosphate are 
formed, but no 8001^. Divers {lx . ; also C. J. 
49, 577) contends that the normal sulphites 
have the constitution SOaOM.M— that is, that 
they contain the sulphonio group SO 2 OM— and 
that they are not thionyl compounds, SO(OM) 2 . 

Aluminium sulphites. The only salt that 
has been definitely isolated is the basic sulphite 
AlaOj.SOa. 4aq ; obtained by dissolving freshly 
ppd. AIO 3 H 3 in SOjAq, and heating to 74°, when 
the salt separates as a white powder. Heated 
in air gives off H^O and SO^, and leaves sulphate 
(Gougginsberg, A. 45, 132 ; confirmed by Rohrig, 
/. pr. [2] 37, 217). 

Ammonium sulphites. The noi-mal salt 
(NHJjSO,. aq was found in the fumes from 
the residues from gas-works used in the prepara- 
tion of (NH,) 2 S 0 , (Scheitz, Ar. Ph. [3] 5, 332) ; 
it is prepared by adding absolute alcohol to 
SOgAq made alkaline by NH^Aq, or by passing 
moist SO, and moist NH, into absolute alcohol 
(Muspratt, P. M. [3] 30, 414). White mono- 
clinic leaflets ; sol. in 1 part water at 12 ° with 
disappearance of heat. Does not deliquesce 
in air, but oxidises gradually to «oulphate (Ma- 
rignac, Ann. M. [ 6 ] 12, 25). The acid salt 
NH 4 .HSO 3 is obtained, as very deliquescent 
rhombic crystals, by saturating a solution of the 
normal salt with SO, and allowing to crystal- 
lise in vacuo \ loses SO, at the ordinary tem- 
perature; separates on exposure to light; 
a saturated solution heated to 150° in a 
sealed tube decomposes to S, H,S 04 Aq, and 
(NH 4 ),S 04 Aq (Barbaglia a. Gucci, B, IS, 2325). 
The basic salt 3 (NH 4 ), 0 . 2 S 0 ,. 2aq described by 
Muspratt could not be obtained by Marignac. 
Double salts exe described under the various 
sulphites. 

Barium sulphites. The normal salt BaSO, 
is prepared by double decomposition from 
BaCl,Aq and NajSOjiAq ; a white powder, insol. 
iroter; may be crystallised in hexagonal forms 


from warm saturated Sd,Aq ; Boated ih a oIosoA 
tube decomposes to BaSO, and BaS (Bammels- 
berg, P. 67, 891). Easily sol. HClAq (Johnson. 
C. N. 58, 165 ; cf. Hodges, iUd. 128). 

Beryllium sulphites. No salt has been 
isolated; a solution of a sulphite (?BeS 03 ) is 
obtained by dissolving BeOaH, in SO,Aq, but crys- 
tals do not form on evaporation alone or over 
H 4 SO 4 ; addition of alcohol causes formation 
of a thick syrup (Attcrberg, Bl. [2] 24, 358 ; cf. 
Berthier.A. Ch. [3J 7, 77). 

Bismuth sulphites. A basic salt 
2 Bi, 03 . 3 S 0 .,. 6 aq is formed by the action of 
cone. SO.A"q on BiOsH, (Rohrig, J. pr. [2] 37, 
217 ; cf. Muspratt, P. M. [.S] 30, 414). 

Cadmium sulphites. The ‘normal salt CdSO, 
is obtained by dissolving CdCO, in SO.Aq, and 
crystallising ; white, indistinctly crystalline 
salt ; scarcely sol. water ; heated gives SO,, CdO, 
CdS, and CdSO, (Rammelsborg, P. 67, 256). 
By treating Cd with SO.Aq, filtering from CdS, 
and concentrating carefully, Fordos a. G51is 
obtained the dihydrate CdSOj. 2aq ; the same 
.salt was obtained by Muspratt {l.c.) ; confirmed 
by Rohrig {l.c.). Denig^s {Bl. [3] 7, 569) failed 
to obtain this hydrate, but states that a trU 
hydrate is produced by mixing equal vols. of 
10 p.c. solutions of CdS 04 acidified with acetic 
acid and Na-^SO,. A double ammonium-cadmium 
sulphite CdS 03 .(NH 4 ).,S 0 j was obtained by 
Rammelsberg {l.c.). 

Calcium sulphitbs. The normal salt 
CaS 03 . 2 aq is prepared by ppg. CaCljAq by 
Na.,SOsAq, dissolving in SO.Aq, and crystalli- 
sing ; it forms small lustrous crystals (Muspratt, 
f.c.). Also obtained by passing SO., into water 
with CaCO, in suspension (Rohrig, l.c.). Heated 
to 80° gives 2 CaS 03 . aq, and loses all water at 
100° (R., l.c.). R. failed to isolate any acid salt. 

Chromium sulphites. A basic chromic salt 
2 Cr, 0 ,. 3 S 02 . IGaq was obtained by Muspratt 
(P. M. [3] 30, 414), as a pale-green pp., by add- 
ing alcohol to solution of CrOsH, in SOjAq ; 
composition confirmed by Rohrig^ {J. pr. [ 2 ] 37, 
217). Alkali sulphite solutions do* not ppt. solu- 
tions of chromic salts even after long boiling 
(Berthier, A. Ch. [3] 7, 77). By adding K,SO,Aq 
to CrCl.,Aq, Moberg {J. 1847-8. 413) obtained a 
reddish pp. which was perhaps a chromous sul- 
phite. 

Cobalt sulphites. The normal cobaltous salt 
G 0 SO 3 . 5aq was obtained by Muspratt {l.c.), as a 
red granular pp., by passing SO, into water with 
C 0 CO 3 in suspension, boiling out air from the 
solution, and letting cool in a closed vessel. 
By evaporating in H, Rammelsberg (P. 67, 
391) obtained the trihydrate \ the existence 
of both hydrates has been confirmed by 
Rdhrig {l.c.). Double salts CoSOa.KjSO, and 
2 CoS 03 .Na,SOj.OoO were obtained by Sohultze 
{J. 1865. 270) by heating OoSOj or OoCl, with 
alkali sulphite solutions. Double salts of 
cobaltic sulphite Co.,(SO,),.M.,SO„ where 
M = £ or Na, were obtained by Geuther {A. 128, 
157) by continued heating of C 0 O 4 H, with fresh 
quantities of cone. M 2 SOsAq. 

Copper sulphites. Neither cuprous nor oupria 
sulphite has been isolated, but several double 
salts of cuprous sulphite are known. The gr^n 
liquid obtained by dissolving CuOO| (Berthier, 
A. Ch. [8] 7, 86) or OnO A (BSttger, A. 89, 178) 
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fn S0«A.4 probably contains ^SO,; but this 
solution rapidly decomposes with separation of 
a red pp. and formation of CuSO^Aq. The red 
solution formed by passing SO, into water with 
freshly prepared Cu,SO,(NHJ.^SO, (v. infra) in 
solution was supposed to contain Gu,SO, by 
IlogojBki(ir. w.63,403) ; but Pean de Saint-Gilles 
obtained only Cu,SOa.CuSOs. 2aq from this solu- 
tion {A, Ch. [3] 42, 23), and this was confirmed 
by Svensson {B. 4, 713). 

According to Newbury (Am. 14, 232), a basic 
cupric sulphite 6Gu0.4S0... 3aq is formed by 
passing SO, into cold water with GuO,!!, in 
suspension, and sending a stream of air into tho 
green solution so formed until a bright-yellow 
pp. is produced. When this basic salt is boiled 
with water for a few minutes CuS04Aq is formed, 
and a brown pp. is thrown down. The brown 
pp. is thought by N. to be GUoSO, ; on continued 
boiling with water it gives oil SO,, and Gu,0 
remains. 

Double cupro-cupric sulphites, Tho 
dihydrated salt Cu,S03.CuS0.,. 2aq was obtained 
by Chevreul (.4. Ch. 83, 183) by heating CuO or 
GuGOa with SO,Aq ; it is also prepared by boil- 
ing GuS04Aq with solution of an alkali sulphite 
or thiosulphate, by boiling the green double salt 
Gu,S0a.(NH4),S03 (infra) with water (P. de St.- 
G., f.c.), by passing SO, into cone. Gu (0,11,0,), Aq 
at 65° till the yellow pp. that forms is dissolved, 
and then letting stand in air (Etard, G. It. 93, 
725), and by passing a slow stre-am of SO, into 
10 p.c. GuSO,Aq containing a roll of thin sheet 
Gu till the liquid is almost colourless (the salt 
deposits on the Gu) (Newbury, Am. 14, 232). 
Translucent, garnet-red octahedra ; S.G. 3’57 ; 
gives up 2H,0, and also SO,, above 150°, and at 
a higher temperature leaves Cu,0 with some 
GUSO4 (Rammelsberg, P. 67, 391). Soluble 
SO,Aq, HGlAq, and NHjAq ; KOHAq ppts. hy- 
drates of GuO and Gu,0 ; heated with water to 
200° gives GuS04Aq and Gu in crystalline leafiets 
(Geitner, A. 129, 350). Tho pentahydrate 
Cu,S03.CuS03. 5aq separates, as a greenish-yel- 
low pp., from cone. Gu(C.,H302),Aq, into which a 
slow stream of SO, has been passed till the 
liquid has become emcrald-green (P. de St.-G., 
I.C.). Easily sol. SO.,Aq or acetic acid, also in 
solutions of cupric salts and in NH.,Aq ; when 
boiled with water the red dihydrate is formed. 

Double salts of cuprous sulphite 
with alkali sulphites are readily produced 
by tho reaction of cone, solutions of alkali sul- 
phites with solutions of cupric salts. Those 
double salts are colourless and crystalline ; their 
composition is a;CirS03.i/M,SOa. «aq (x generally 
= 1), where M = NH4, K, or Na (for details of 
preparation, composition, and properties v. 
Itogojski, J. pr. 53, 403 ; P^an do Saint-Gilles, 
A. Oh. [3] 42, 23 ; Vohl, J. pr. 95, 218 ; and 
Svensson, B. 4, 713). Some acid salts of tho 
form Gu,SO,.a;M,SOs.i/S02. «aq have also been 
prepared (S., l.c.), and some salts of alkali sul- 
phites with both Co^SOa and GuSO, (P. de St.-G., 
l.c , ; B., I.C.). 

Didymiam sulphites. The normal salt 
DlalSO,), was obtained, as a reddish-white 
powder, by passing SO, into water with Di,0, in 
suspension, and boiling off excess of SO, (Ma- 
rignao, A. Ch, [3] 68, 148; Cleve, Bl» [2] 39, 

m- 


Gold sulphites. He gold sulphite has 
been isolated. Double salts of Au,SO, 
with Am,SO, and KagSO, of the form 
AuBOj.SMnSO,. Saq are known ; also a Ba salt 
AUoSOs.SBaSOj. aq. The Na salt is obtained by 
adding Na,S03Aq to a boiling alkaline solution 
^f NaAuO,, or by saturating NaAuO^q at 60° 
with SO,, then carefully adding BaGl,Aq to the 
solution till free H,SO, and H,S04 are ppd., 
filtering, adding more BaCl,Aq, quickly filtering 
off the purple-red An^SOa.SBaSO,. aq that sepa- 
rates, washing the pp. rapidly out of cont^ 
with air, decomposing it by the proper quantity 
of Na,GO;,Aq, adding some alcohol to the 
solution, filtering off any Ba salt that ppts., 
and adding more alcohol, when the Na salt 
separates as an orange-red, very easily de- 
composed, pp. (v. Ilimly, A. 56, 252 ; 69, 95). 
When AuGljAq is added, drop by drop, to a 
warm solution of (NH4),S03 in cone. NHjAq, 
white, lustrous, six-sided plates separate of 
the salt (NH4),S03.3(NH3Au),S03. 3a(i ; the 
fnother-liquor from this salt yields the salt 
Au,S 03.3(NH,),S03. Saq, very similar to the cor- 
responding Na salt (Haase, Z. 1869.535). 

Indium sulphites. The only sftlt that has 
been isolated is a basic salt 2In,03.3S0,. 8aq. 
Obtained by boiling a solution of a salt of In 
with excess of NaHSO;,Aq ; insol. water, sol. in 
dilute acids ; loses 311,0 at 100°, and all water 
at 260° ; decomposed at 280°, giving off SO, and 
leaving ImO, (Bayer, A. 158, 372). 

Iridium sulphites. Tho normal pidic salt 
Ir,(S03)3. Oaq is obtained, in yellow crystals, by 
passing SO, into water with IrOJI;, in suspen- 
sion, filtering and evaporating. The salt loses 
all water at 1(50°- 180°; at a higher temperature 
lr,0, remains ; si. sol. water, easily sol. acids ; 
decomposed by boiling with KOHAq with separa- 
tion of lr,0;, (Birnbaum, A. 130, 179). The in- 
soluble matter that remains on treating lrO,H, 
in water with SO, is a basic salt Ir.Pg.SO,. 4aq 
(Birnbaum, f.c.). Double salts of iridous 
sulphite were obtained by Seubert (D. 11,1761) 
in separating Ir from Bh by means of Na,SO, 
(by Bunsen’s method, A. 146, 274). Seubert 
gave the formula) IrS0,.3Na,S03. lOaq and 
IrH,(S03),.3Na,S0;,. xaq, x being =» 4 and 10, 
to the salts he prepared. 

Iron sulphites. Tho normal ferrous salt 
FeSO,. 3aq is formed, along with FeS,Oa, by dis- 
solving iron wire in SO.,Aq out of contact with air ; 
on evaporating (out of air) the sulx)hite crystal- 
lises out, leaving the thiosulphate in solution 
(Ford os a. G6lis, J. Ph. [3] 4, 333 ; cf. Koene, P. 
63, 245, 631 ; also Muspratt, P. M. [3] 30, 414). 
SI. Bol. water, easily sol. SO,Aq ; loses H,0, and 
then (at 250°) SO,, on heating. iJasic ferric salts 
are formed by reacting on ferric salt solutions 
with alkali sulphites ; on adding alcohol to the red 
liquids thus formed, Koene (P. 63, 245, 481) ob- 
tained the salts Fe,0,.S02. 6aq and 2F6,0,.3S0, 
(c/. Muspratt, l.c.). By passing SO, into waterwith 
FeO,H, in suspension, and adding KOHAq, 
Muspratt (l.c.) obtained the double eaH 
FeA.SO,.2K,SO,. Saq. 

Lead sulphites. Only the normal salt 
PbSO, has been obtained; a white powder, 
insol. water, formed by adding Na,SO;,Aq to 
solution of a salt of Pb (confirmed by 
I J.|«^.(2J37,217). 
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XiihiiUii inlpUtMi. She normal salt 
I4SO|. aq is prepared by passing SQs into water 
with Li^COt in suspension, till GO, ceases to be 
given oftt and evaporating on a water-bath or 
over HgSOf (R5brig, J. 2?r. [2] 87, 217). Danson 
(C. J, 2, 205) represented the salt as a hexahy- 
araU, By adding other to the solution obtained 
from LijCOa, as described, B. got the dihydrate 
LLjSO,. 2aq. Easily sol. water, somewhat sol. 
alcohol, very si. sol. ether ; oxidised in moist air. 
BOhrig failed to obtain an acid salt. By adding 
the proper quantity of KjCO, to the acid solution 
of Li^CO, in SO^Aq, evaporating to a s^nrup, and 
placing in a freezing mixture of snow and salt, 
B. obtained the efonb 2 e salt 2LiKS03. aq ; by 
a similar process he got monoclinic crystals of 
6Li*SOj.Na,SO,. 8aq {J. pr. [2] 37, 217). 

Magnesium sulphites. The normal salt 
MgSOg. a;aq is formed by suspending magnesia 
alba in water, passing in SO2, and concentrating 
the solution (Baimnelsberg, P. 62, 89) ; if 
evaporation is carried on over H.SO^ (Rohrig, 
Z.C.), or in nacuo below 100*’ (Ilartog, C. It. 104,* 
1793), the hexahydrate separates ; if evaporation 
proceeds above 100° the trihydrate is obtained 
^Muspratt, 2.8. ; B., l.c. ; H., 2.c.). Slowly oxidises 
in air to suljdiate ; loses all water at 200° ; when 
more strongly heated the salt loses BO, and 
leaves MgO. 

Double salts with (NHJ.^SO, are formed 
by mixing the constituents and evaporating ; 
also by dissolving MgOoHj in cold (NH4).^SOaAq 
(Bam mels, berg, P. 94, 507 ; Hartog, l.c]. 

Manganese sulphites. Several hydrates of 
the normal manganous salt MnSOj have been 
described. By adding alkali sulphite solution 
to dilute MnClAq so long as the pp. that forms 
dissolves again, and then letting stand, mono- 
clinic crystals of the trihydrate MnSO,. 3aq are 
obtained ; this hydrate is also formed by mix- 
ing 10 p.c. of MnS04Aq, acidified with acetic 
acid, and Na^SO, (Denig^s, Bl. [3] 7, 669) ; if 
Na-jSOjfAq is added to hot dilute MnCL^Aq the 
monohydrate is said to be produced. (Uam- 
melsberg (P, 67, 246, 391) gives the formula 
2MnSO,. 6aq to the salt obtained by reacting on 
Mn acetate solution with NajSO;,Aq, and this is 
confirmed by Rohrig {J. pr. [2] 37, 217 ; cf. also 
Muspratt, P. M. [3] 30, 414). Double salts 
MnSOs.KjSOa and 2MnS03.K,S0a were prepared 
by Gorgeu (C. It. 96, 376) by saturating 20 p.c. 
K^SOjAq with SO^, adding 4 p.c. MnBOj. 3aq, 
and evaporating over an absorbent of SO.^; 
double Mn-Na salts are also descriked by O. (2.c.). 

• Mercury sulphites. According to P6an de 
Saint-Gilles (C. P. 34, 906) the normal mercuric 
edit HgSOi is formed by addipg dilute Na.SOjAq 
to a very cone, solution of Hg(NO,)2 free froni 
excess of acid; it is, however, difficult to ob- 
tain the salt free from basic sulphites. The 
basic mercuric sulphite 2HgO.SO, was obtained 
pure by P. de St.-G. by using solution of basic 
mercuric nitrate. The normal salt is easily de- 
composed ; boiling water produces HgsSOf and 
E[g. Boiling water is said (P. de St.-G., 2.C.) to 
convert the basic salt into the isomeric com- 
pound Hg,SO. (2HgO.SOj = HgaO.SOJ. Divers 
a. Shimidzu (C. J. 49, 533) say that xfbrmal 
mercuric sulphite cannot be isolated; the reac- 
tion of Na^SOgAq with Hg(NOt)2Aq produces at 
Ant the bamc salt 2[2HgO.£K>^ aq, and then a 


salt which Is most simply represented as 
EgSO,.Hg^O,. 4 aq, and which is called mer- 
eurosic (or merctiro-msrcuric) sulphite by D. a* 
8.4 and represented by them as 

Hg<^gQ*'Q>Hg2. 4 aq. D. a. S. represent the 

basio salt as Hg<®g|;g®80^Hg.aq.aiid oaU it 

mercuric oxysulphite. 

For the best conditions of preparation of 
2HgO.SOj V. D. a. S., 2.C., p. 660, and for the 
reactions of this salt v. ibid. pp. 646-60; for 
preparation of merourosic sulphite v. ibid. p. 664, 
and for the reactions of this salt, pp. 669-63. 

By adding dilute Na^SOjiAq to moist Hg2S04 
or to HgNOjAq, D. a. S. (2.C., p. 672) obtained a 
greyish-black amorphous solid to which they 
gave the formula Hg,(SOs)2. ^he constitution 

Hg<;[^gQ»*Q^Hg3. aq, and the name mercuric 

hypomercurous sulphite or liypomercurosic sul- 
phite. For the best method of preparing this 
salt (action of SO.^q on Hg.S04 or HgNOj) v. 

D. a. S., 2.C., p. 671 ; for the reactions of the salt 
r. pp. 567 70. It is evident that the formula 
given to this salt is the same as that of normal 
mercurous sulphite (Hg,(S03)2 = 2Hg.B03) ; the 
salt is produced from mercurous compounds, and 
in many of its reactions yields mercurous com- 
pounds ; D. a. S. insist that the salt belongs to 
a new class of Hg compounds that contain what 
they call the ‘ hypomercurous radicle.’ 

By treating solid HgCl,^ with NaHSOjAq, 
Wicke (.4. 96, 170) obtained a solution that de- 
posited a white crystalline powder to which he 
gave the composition Hg(HS03)2— i.c. 
curie sulphite. According to D. a. S. {l.c,, p. 
654) the pp. is HgSOs.Na^SOa. aq. By reacting 
on HgO with SO-^Aq a white solid is formed, 
together with a solution containing a compound 
of Hg. Rammelsberg thought that the white 
solid was a basic mercurous sulphite of varying 
composition, and that the solution contained 
HgjjS 04 (P. 67, 405 ; the reaction was also ex- 
amined by P. de St.-G. and by Vogel). D. a. S. 
say that the white residue is HgSOj.Hg.^SOa.daq 
(mercurosic sulphite, according to D. a. S.) ; by 
using freshly ppd. HgO suspended in water, and 
adding a little of this to SO.^Aq (nearly free from 
H.4SO4), D. a. 8. obtained a clear solution which 
reacted as a solution of HgSOa in H2SO3, and 
which they regarded as a solution of acid mer- 
curic sulphite, Hg(HSOs)a (v* I-Cm PP* 554-8). 
Several double salts of mercuric sulphite 
with alkali sulphites have been isolated. 
The chief are HgSOvM.2SOs. jcaq, where M «» NH4, 

E, or Na, and 2HgSO,.Na2SOs. aq {v. P. de St.-G., 
0. B. 34, 906 ; Hirzel, A. 84, 258 ; D. a. S., 2.C., 
pp. 638-46). D. a. S. regard these double salts 
as alkali derivatives of the hypothetical acid 

^®^SO**OH (^^®y6^®®^y^oubt the existence of 

the salt 2HgS0,.Na2S03 described by P. de 
St.-G.) ; this view is confirmed by Barth’s mea- 
surements of the electrolytic conductivities, and 
the freezing-points, of solutions of these salts 
{Z. P. C. 9, 176) ; Barth’s results point to the 
mssociation in dilute aqueous solution of these 
salts into thirr' ions, EgS^O,, B, and B'* 

Nickel snlphltes. The normal salt 
NiSO|. 6aq separates, in green teir^hednoqi^ 
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Uls, on slowly evaporating a solntion formed by 
passing SOy into water with NiO. saq in snspen- 
sion (^mmeUberg, P. 67, 391). By boiling the 
eolation of NiO. xaq in SO.^Aq, Muspratt (P. M. 
[8] 30, 414) obtained a ietrahydrate NiSO,. 4aq ; 
this hydrate was also obtained by Rohrig {J, jpr. 
[2] 37, 217) by quiokly evaporating the solution 
at 0. 150°. The compound with ammonia, 
NiSOj.ONH,. 3aq, separates, as a blue crystalline 
pp., on adding alcohol to an ammoniacal solution 
of NiSOa (Rammelsberg, l.l.). 

Osmium sulphites. The normal salt OsSOa 
was obtained by Claus ( J. pr. 90, G5) by treating 
OsO^Aq with excess of SO., and evaporating or 
adding NajCOj or Na^SO, ; after drying the salt 
is a blackish-blue powder, insol. water, sol. 
HClAq without giving off SO., reppd. from this 
solution by KOH or ^CO;, decomposed to KjSO, 
and OsO.icaq by long boiling with cone. KOHAq. 
When moist the salt oxidises in air to OsSO^. 
The double salt 0sS03.2K.^S0;,.2KnS0j. 4aq 
was obtained by Claus {A. 63, 355) as a pale 
rose-red ’crystalline powder, by heating K^OsCl. 
with K^SO^Aq. 

Palladium sulphites. Only the double pah 
lado-sodium salt PdSOa.SNa.^SOj. 2aq has been 
isolated ; a white pp. obtained by dropping 
NaOHAqinto PdCL^Aq, after adding SO^ (Wohler, 
A. 174, 199). 

Platinum sulphites. Neither platinosul- 
phite PtSOj nor platinisulphite Pt(SOa)j has 
been isolated. Several salts which may bo re- 
garded as double compounds of PtSO„ but are 
better classed as platinosulphonates or platino- 
sulphites, have been obtained ; they are shortly 
described under Platino-sulphonates (this vol., 
p. 285). By passing SO.^ into water with 
PtO^H^ in suspension, and adding alkali sul- 
phites to the dark-red liquid so formed, Birn- 
bnum {A. 139, 172) obtained double salts of 
the form Pt0,S0;,.a:MaS03. j/aq, where M«K or 
Na, X varied from 1 to 2, and y also from 1 to 2. 
These salts gave no pp. of BaS04 with BaCl.^Aq, 
with HClAq SO^was given off and PtCl^ formed; 
hence they are better classed as double salts of 
platinyl sulphite, PtO.SO,, than of platinous* 
sulphate PtS04. 

Potassium sulphites. The normal salt 
E2SO,.2aq is obtained, in large, deliquescent, 
monoclinic prisms, by passing SOj into K^CCaAq 
as long as CO^ is given off, and evaporating over 
H,S04 at the ordinary temperature (Muspratt, 

P. M. [3] 30, 414). More soluble cold than hot 
water ; decomposed by heat to K.4S and K3SO4 
(Rammelsberg, A. 50, 259 ; results of M. and R. 
confirmed by RShrig, J. pr. [2] 37, ^17 ; v. also 
Hartog, O. P. 109, 179, 221, 436). The acid 
salt KHSO, separates in white needles on adding 
alcohol to a solution of the normal salt satu- 
rated with SO3 (M., l.c. ; confirmed by Rdhrig, 
lx.). By passing SO.^ into hot saturated K^CO, 
till CO, ceased to come off and the solution was 
greenish, and then allowing to cool, Muspratt 
(fx.) obtained hard monoclinio crystals of the 
add salt ]^SOa.SO,(^ K^S^OJ, sometimes called 
pyrosiUphite ; only si. sol. water ; decomposed by 
heat to K2SO4, SOj, and S (confirmed by Rohrig, 
lx.). Dilute EjSOjAq heated in a closed tu^ 
to 100° and then let stand is very slowly decom- 
posed to ILSO„ H..S,0„ and S (Saint-Pierre, 

Q, M, 62, 460 j 73, 749). K,SO,Aq with KNO^^ 


gives K salts of varioas acids; v. Sm^PBoa orr« 

ACIDS, NITBOOBN OXRIVATIVX8 OV (p. 019). 

Double sulphites of potassium and 
sodium. Sch wicker (B. 22, 1728) obtained two 
distinct salts KNaSOj. xaq; one by neutralising 
cone. KHSO,Aq by the proper quantity of 
Na^CO, and evaporating over H^SO., the other 
by adding K3CO3 to NaHSOjAq. Rohrig (/. pr, 

[2] .37, 217) ppts. the salts by adding alcohol, or 
better ether. The first salt, heated with EtI to 
140°, gives 4(S02Et.0K).NaI, the second gives 
4(SO.Et.ONa).EI ; hence the first salt seems to 
be NaSOj-OK and the other KSO^.ONa. Schwicker 
assigns different quantities of crystalline water to 
the salts, viz. NaSO.^.OK.2aq and KSOj.ONa.aq; 
Rohrig (lx.) gives 2aq to both salts. The two 
salts seem to be isomeric. Aqueous solutions 
of these salts have identical electrolytic con- 
ductivities, as would be expected (Barth, ^.P.C. 
9, 176). Schwicker (l.c.) also describes the salts 
KNa JI(S03)._.. 4aq and K^NaH(SOs).^. 3aq. Hartog 
(C. R. 109,’ 179, 221, 436) describes the salts 
Ji.,S0,.2Na,S0..S03.9aq ( = K,0.2Na5,0.4S0,. 9aq) 
and 2K..SO;.(NH,) .SO3.SO,. 9aq 

( = 2K26.(NH,),0.4'S03. 9aq). 

For other double salts of potasrium sulphite 
V. supra, cobalt sulphites, copper sulphites, iron 
sulphites, lithium sulphites, manganese suh 
philes, mercury sulphites, osmium sulphites, 
and platinum sulphites ; and infra, ruthenium 
sulphites and silver sulphites. 

Rhodium sulphites. The normal rhodic salt 
Rh.^.(S03)3. 6aq is prepared, as a yellowish orys- 
talline mass, by dissolving RhOsHj. a^ in SO.Aq 
and ovaporatmg4 fairly sol. water, insol. alconol 
(Bunsen, A. 146, 265). The double rhodous 
sa i f 4RhSO3.6Na3SO3.9aq is obtained by treat- 
ing Na;,RhCi„. 12aq with excess of NaHSO,Aq 
(Bunsen, l.c.) ; it has been examined by Seubert 
a. Kobb6 (B. 23, 2556), who prepared it by heat- 
ing a solution of RhClg. 4aq with excess of 
NaHSOjAq for some time, washing the pp. with 
cold water, and drying over P.Pj. Pale-yellow 
solid ; very si. sol. hot water ; dissolves in dilute 
HNOaAq, giving off SO, ; warmed with cone. 
H3SO4 forms Rh,(S04),.Na3S04 (B., l.c, ; S. a. K., 

I. C.). 

Ruthenium sulphites. Only the double 
rutheno’potassium salt RuSOj.EjSOs has 
been isolated ; prepared by heating KgRuGl^Aq 
with KjSOsAq till a dark-red solution is formed, 
evaporating to dryness, dissolving, again evapo- 
rating to dryness, and repeating these processes 
till a pure vhite residue is obtainea (Claus, 

J. pr. 42, 351). 

Silver sulphites. The normal salt Ag^SO. 
forms small, whit3 lustrous crystals; obtamed 
by treating AgNO,Aq with alkali sulphite solu- 
tion or with SOjAq; if excess of SO-^Aq is 
allowed to remain in contact with the sedt for 
some time Ag is formed (H. Rose, P. 88, 240). 
Darkens in air (Muspratt, P. M. [3] 80, 414 ; 
Sodeau, O, N. 65, 102); products depend on 
method of preparation of the salt (v. Btas, 8ta§ 
Nouv. B.). Heated alone, or with water, to 
100° gives Ag,3S04, Ag, and SO, (Berthier, A, Ok* 

[3] 7, 82 ; c/. Geitner, J, 1864. 142, who sayi 
that decomposition begins at 200°). SoarcelT 
soL water or SOAq; sol. NH,Aq (Berthier, 
also in alkali sulphite solQtiooi* 
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DouhlB $alt8. AgNaSO,. 2aq ; small 
lastroQS needles, formed by dissolving AgaSO, 
In hot saturated NaaSOjAq, letting cool, and 
pressing salt that separates (cannot be washed 
with water) (Svensson, B. 4, 714). AgKSOg. rcaq, 
prepared like the Na salt. Svensson (l.c.) de- 
scribes three double salts with (NH^laSO,, 
obtained by dissolving AggSOg, or AgCI, in' 
(NHJjjSOjAq ; he gives the formulte Ag(NHJSO„ 
AR,S0s.6(NH,)aS03. 19aq, and 
AgaS0,.3(NHjaS03.4(NH,)HS0,. 18aq. 

Sodium sulphites. The normal salt Na^SO, 
is prepared by completely saturating Na^CQaAq 
with SOj, warming, adding an equal quantity of 
the same Na^CQaAq, evaporating,* and crystallis- 
ing above 33° (Itammelsberg, P. 66, 298; 
Sohultz-Sellack, J. w. [2] 2, 459). Also ob- 
tained by heating the hydrate Na^SOj. 7aq to 
150°. Ka^^SOj also crystallises from solution of 
NaHSOy that has been made strongly alkaline. 
Heated above 150° melts to a yello wish-red mass 
containing sulphide and sulphate in the ratio 
Na3S:3NaySO, (R., P. G7, 246 ; 94, 507). The 
heptahydrate NaySO.,. 7aq is obtained by 
crystallising at tho ordinary temperature a solu- 
tion of NajCCJ'a saturated with SO,^, warmed, and 
mixed with an equal quantity of the same 
Na^COjAq ; monoclinic prisms ; S.G. 1*561 
(Ruignet, J". 14, 15). Effloresces and partially 
oxidises in air. Very sol. water; maximum 
solubility at 33°. Another hydrate, Na,.SO;,. lOaq, 
was described by Muspratt (P. M. [3] 30, 414) 
as formed by evaporating Na.SOyAqover H2SO4; 
according 'to Rolirig {J. pr. [2] 37, 217) only tho 
heptahydrate exists. 

Tho acid salt NaHSOj is formed by satura- 
ting NajjCOyAq with SOj and cooling; better 
crystals are obtained by treating NajCOj. lOaq 
with SO3 and evaporating the liquid so produced 
in SO3. Easily sol. water, but less sol. than 
' NaySOj. 7aq. (For heat of solution v. Do 
Forcrand, G. B. 98, 738.) Gives off SO., on 
exposure to air ; SOj is also removed from 
NaHSO^Aq by passage of an indifferent gas 
(Gernez, G. B. 64, 60G). When heated gives 
off H.^O, SO.^, and S, leaving Na^SO^ ; heated in 
a closed tube forms Na^SO^, II.SO4, S, and H.D 
^arbaglia a. Gucci, B. 13, 2325). Reacts with 
I to give NaHSO, and Nal (Spring a. Bourgeois, 
Ar. Ph. 229, 707, where references are given 
to other experiments). Another acid salt 
Na-^SOa.SO.^ ( = NajS.jO-J, sometimes called pyro- 
sulphite, is said to separate, in lustrous prisms, 
from cone, hot NaOHAq saturated with SO, 
(o. Rohrig, l.c.). 

Double salts with ammonium 
sulphite, Marignac [Ann. M. [5] 12, 30) 
described a double salt obtained by passing 
NHg into cone. NaHSOjAq ; the salt is probably 
identical with that described by Schwicker (P. 
22, 1728), to which he gives the formula 
Na,S0s.(NH4)HS08. 4aq. By partially satura- 
ting cone. (NH^lHSOy with Na-^COyAq, Trauber 
{J, G. T. 1888. 44) obtained the salt 
2NaaSO,.(NH4).yS^Oj. lOaq ; Hartog writes the 
formula of this salt 2Nay0.(NH4).^0.4S0^, and 
says it crystallises with 9aq (0. B, 109, 179, 221, 
486). For other double salts of Na.ySO, v. supra, 
eotmt sulphites, copper sulphites, gold sulphites, 
iridium sulphites, Uthium sulphites, manganese 
pdphites^ mercury sulphites, palladium sul- 


phites, platinum sulphiies, potassium sulphites, 
rhodium sulphites, and silver sulphites. 

Strontium sulphites. The normal salt 
SrSOj is formed by passing SOj over SrO at 
290° (Bimbaum a. Wittich, B, 13, 651) ; also 
by decomposing SrOljjAq by alkali sulphite solu- 
tion. Small white crystals ; slowly oxidises in 
air to sulphate (Muspratt, P. if. [3] 30, 414) ; 
gives SrS and SrS04 on heating (Forster, P. 133, 
106). 

Thallium sulphites. The normal thallous 
salt T1,..S03 is prepared by adding Na.^SOjAq to 
Tl^SO^Aq, and crystallising the pp. from warm 
water. White crystals ; S. 3*34 at 15° ; insol. 
alcohol ; S.G. 6*427 at 20° (Seubert a. Elten, 
Zeit. f. anorg. Chem. 2, 434). The same salt 
was obtained by Rohrig (J.pr. [2] 37, 217) by 
passing SOj into solution of a thallous salt, 
evaporating at 100° or over Hj^SO^, or adding 
alcohol. 

Tin sulphites. Basic stannous salts, 
a;Sn0.2S0.2. 20aq, x being probably 6, 8, and 11, 
were obtained by Rohrig [J. pr. [2] 37, 217) 
by treating freshly ppd. SnO. a:aq with SOgAq. 

Titanium sulphites. Berthier {A. Ch. [3] 7, 
77) made some observations, but described no 
definite salts. 

Uranium sulphites. A basic uranous salt 
UO.^.SO.j. 2aq=:U(0II).^S03. aq is obtained, as a 
greyish-green pp., by adding Na^SGaAq to UCl,Aq 
(Rammelsberg, P. 56, 126 ; confirmed by Rohrig, 
J.pr. [2J 37 , 2 1 7) . The uranyl salt UO3. S O3 . craq 
was obtained, in yellow prisms, by Muspratt 
(P. M. [3] 30, 414), by passing SO3 into water 
with UO3 in suspension, and allowing the solu- 
tion so formed to evaporate at tho ordinary 
temperature ; Muspratt gave aj = 3, according to 
Rohrig {l.c.) x-i (cf. Girard, G. B. 34, 22 ; and 
Reinele, P. 125, 238). 

Zinc sulphites. Tho normal salt 
2ZnS03. 5aq is prepared by evaporating, or by 
adding alcohol to, a solution of ZnCO, in SOjAq 
(Rammelsberg, P. 52, 90) ; also by mixing cold 
25 p.c. ZnSO^Aq acidified with acetic acid with 
cold 25 p.c. Na^SO^Aq, and letting stand 
(Denigt^s, Bl. [3] 7, 569). Mii.spratt (Z.c.), For- 
dos a. G^lis {J. Ph. [3J 4, 333), and Koene (P. 63, 
24.5, 431) give tho formula ZnSOj. 2aq; but 
Rohrig {J.pr. [2] 37, 217) confirms Rammela- 
berg’s formula. 

Zirconium sulphites. Compositions of salts 
obtained by ppg. Zr salt solutions by alkali sul- 
phites are doubtful (v. Berthier, A. Ch. [3] 7, 
77 ; Hermann, J. pr. 31, 77). 

HYPOSULPHITES. {Hydrosulphites.) Salts 
of the acidH'B.Jd,. Hyposulphurous acid is known 
only in aqueous solution. Schiitzonberger 
{A. Ch. [4] 70, 351) obtained the Na salt, and an 
aqueous solution of the acid, in 1869 ; he gave 
the formula H.SOg to the acid ; but Bernthsen 
{A. 208, 142;' 209, 286; 211, 285) in 1881 
showed that the acid has the composition 
H3S3O4. This acid corresponds with the oxide 
SaOj (S3O, + => HgS^O^). Schutzenberger pre- 

pared the Na salt by digesting cone. NaHS03Aq 
with zinc shavings in a closed flask for 0. half 
an hour, pouring the liquid from the crystals of 
the double Na-Zn sulphite which formed (this 
is a basic Zn-Na sulphite, according to Bernth- 
sen, A. 211, 297) into a flask about three-fourths 
filled with pQUQ. alcohol, allowing to stond Uff 
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some time in the closed iiask, and then pouring 
oflf into flasks, each flask being quite filled with the 
liquid and then sealed ; after a time crystals of 
the hyposulphite were formed, to which S. gave 
the composition NaHSOa- Bernthaen (Z.c.) after 
reducing NaHSOaAq by Zn, pouring olf from the 
double sulphite formed, &g., removed sulphite 
and sulphate by adding BaClAq ; he then filtered 
and titrated the solution by ammoniacal 
CuSO^Aq, which is decolourised by NaB.p,A‘l to 
a cuprous salt (and eventually to CuJI^ and Cu S). 
For details of the method of analysis y. Bcriith- 
sen (B. 13, 2277 ; A. 211, 2!)2 note). B. failed 
to obtain NaBp^ free from Na^.SO^, Na.SOa, 
Na.,S.jOa and Zn salts. 

B. expresses the first part of the reduction of 
NallSOj by the equation 4NaHSO.^Aq + Zn = 
Na^.S.jOjAq + ZnSO., + Na-^SO^Aq + 211^0, and the 
complete change by the equation 
lONallSOjAq + SZn- 

SNa-BjO^Aq + Na.SO,Aq -t- Zn^Na^.SjO,(, + 5H.O. 
Moist sodium hyposulphite is rapidly oxidised 
in air to Na.,SOa; when dry it is unchanged in 
O ; it is easily sol. water, less sol. dilute alcohol, 
and insol. cone, alcohol ; but according to B. 
even approximately pure Na.S^O, has not been 
isolated. NajS.OiAq is oxidised by iodine so- 
lution to Na.^S 04 Aq. 

By heating Na.S.^O^.Vq with an equivalent i 
quantity of li,SO,Aq or H^G.O,Aq, an aqueous { 
solution of kyposulphurous acid ILSmO,A(i is ’ 
obtained ; this solution is an energetic reducer, ' 
decolourising indigo, and reducing salts of t’u, 
Hg,Ag, «&o. ; the solution rapidly decomposo.s in ' 
air with separation of S. M. M. P. M. 

STJLPHO-. — Use of this 'prefix applied to bi’ 
organic conpounds for sulpha- compounds and 
sulpho- salts V. the compound.s or salts to the 
names of which sulpho- is prelixed ; tJius sul- 
pho -molybdates are do.scribod under molybuates ; 
but the ])refix tJtio- is used in almost every case 
in preference to sulpho- to denote the replace- 
ment of 0 by S. Bulphocyanidcs and similar 
compounds are described under Cyaniues ; sul- 
phocyanio anhydride is described as Cyanooen 

HULVniDE. 

SULPHO-ACETIC ACID 0.dI,S0. i.e. 
SO,H.CH.,.CO,H. L7G°J. 

Formation. — 1. By adding SOj to cooled 
HOAo (Melsens, A. Gh. [3J 6, .392 ; 10, 370 ; A. 
52, 276). — 2. By the action of fuming II SO, on 
acetamide or acetonitrile (Buckton a. Hofmann, 
C. J. 9, 247). — 3. By boiling chloro-acctic uci<i 
with aqueous K^SO,, (Strecker, Z. [2] 4, 214; 
Collmann, A. 148, 109). — 4. By heating Ag.^.SO, 
with AcCl at 120® (Kamraercr a. Carius, A. 131, 
165). — 6. By boiling chloro-acctic acid with am- 
monium sulphite solution (Ilemilian, A. 168, 
145).— 6. By heating Ac,0 with H,SO, at 130® 
(Franenimont, C. B. 92, 1054 ; cf. Baumstark, 
A. 140, 83).— 7. By heating ClSOjH with HOAo i 
at 140° (Baumstark). — 8. By oxidation of 
isethionio acid by CrOg (Carl, D. 14, 63). 

Properties.— Deliquescent crystals (contain- 
ing l|aq) giving off water of crystallisation at 
about 160® and decomposed at 230° into CO,^, 
80.^ acetic acid, and other products (Franchi- 
mont, R. T. C. 7, 25). V. sol. water. Its salts 
are soL water, insol. alcohol. PCI, acting on 
the Na salt forms CHG1(SO;,01).COC1 (B. Siemens, 
S. 6 , 659 ). 

VOL. IV. 


Salts.— KA"aq: hard crystals.— KHA"! 
six-sided tables.— BaA" atj. S. -267. at 20°.— 
BaA^EtjSO, tBaube, A. 218, 258).— CaA"aq.— 
PbA" : radiating needles.— Ag.., A" aq; flat prisms. 

Mono -ethyl ether EtHA''. Formed b^ 
passing HCl into the Ag salt suspended in 
; alcohol. Syrup, v. sol. water. — AgEtA" : plates. 

• Ethyl ether Oil. Formed, together 

1 with C,iH,,Ag.S,Om hy the action of Ag.A'' on 
: Etl (F.). May bo distilled (Mauzolius, B. 21, 
1550). ' 

Sulpho-diacetio acid v. Di-methyl soleiionic 

; DICAUnoXYLlC ACID. 

Di-sulpho-acetic aldehyde Cdl.R.O. i.e. 
j CH(S 03 T 1 ).mCHO. By adding chloral hydrate to 
I cone. KlISO,Aq at 80® therti are fornit'd crystals 
: of CJIJCSX),KllSO„ and these wlnm boile«l 
with IIClAq yields C.dl.^K^S.Ah ‘''•h from which 
C ii.BaS.O; 2aq may bo prepared (Katbke, A. 
161, 154). Boiling K,CO, yields Cir,(SOaK).^ 
potassium formiale, and K,.SO.,. 

SULPHO-AMIDO-BENZOIC ACID v. Auido- 

fyHiPHO-BENZOTO ACID. 

DI-SULPHO-ANILINE V . Di-amido-di-phenyl 

DISULPIIIDE. 

(B.) . SULPHO - ANTHRACENE -,(..1) . CABB- 
OXYLIC ACID 

[above 360®]. Obtained by dis.solving autlira- 
ccno-(..4.)-carboxyJic acid in cold cono. ILSO, and 
allowing to stand for 12 lioiirs on ico (llelila, B, 
20, 706). Minute yellowish prisms (from al- 
cohol). V. sol. water and alcoliol, insol. benzene 
and ether. The aqueous solutions of* the acid 
and its salts have a strong blue lluoresconco.— ■ 
BaA" : very soluble yellowish minute prism. 3 . 

Di-sulplio-anthracen6-(/l .)-carboxylic acid 
! C,,lL(SO,ll),,.CO,U. [above 360°]. Formed by 
dissolving antliraceno-(^/l.)-carboxylic acid in cold 
, fuming ll.^SO, (Bolila). Yellow prisms (from 
: alcoliol). V. sol. water and alcohol, insol. benz- 
ene. Its aqueous solution scarcely lluorcsces, 
j but the cone. solution has a strong 

, yellowish-green lluorescence. - A'^'^lhi : very 
j sparingly soluble crystalline powder, 
r SULPHOBENZIDE V. Dr-i’iiKNYii sniiPHONE. 

I o-SULPHO-BENZOIC ACID C,U„S(). i.e. 

I C«H,(S 03 H).C 0 JI. S. 50 in the cold. 

Formation.— 1. Togetlier with its iiiiide, by 
oxidation of toluene o-sulplionic amide with 
KMnO, (Uemsen a. Fahlborg, Am. 1, 433). — 2. 
By heating the imido with IIClAq at 100^ (Fahl- 
berg a. Ilcmson, Ji. 12, 472 ; Fahlberg a. Barge, 
B. 22, 754; Brackett a. Hayes, Am. 9, 399). By 
this means thtfacid ammonium salt is first ob- 
! tained (F. ; Bern eii a. Dohmo, Am. 11, 332). — 3. 

I By boiling o-diazo-bcnzoic acid with alcoholio 
80, (Wiesinger, B.*12, 1349). - 4. By oxidatioi 
i of toluene o-sulphonic acid by KMnO,. 

Froperties. —Trimetric crystals (containing 
3aq or 4aq) ; <x:6:c ^ •551:1: *812, v. e. sol. water, 
sol. alcohol, insol. etlier. According to Fahl- 
berg {B. 22, 754), it crystallises with 3aq, and ia 
decomposed at 105°. Ac cording to Uemsen (Anh 
11, 332), it crystallises with 4aq, melts at 69^ iC 
its water of crystallisation, melts at 130° whe4 
anhydrous, and gives a sublimate of long needle! 
(containing 2aq). Besorcin (1-2 pts.) at 195° 
forms ‘Bulphofluorescein* 0„H„SO,2aq, which 
fluoresces in aqueous and all^line aolutiona 
(Bemsen a. Hayes, Am. 9, 372). By condenaa- 
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don of resorcin (4 mols.) with o-sulpho-benzoio 
acid there is likewise formed a similar body 
C„H2gSOg4aq (Fahlberg a. Barge," JS. 22, 766). 
Potash-fusion gives salicylic acid. 

Salts. — KHA": transparent plates, sol. 
water.— KaA"2aq.— Ba(HA")2 2<iaq : needles, sol. 
water. — Ba(HA")o2aq. — BalLA" , 4 |aq. — 
BaA" 2aq. — Ca(HA")2 6aq. — CaA" 6aq- — ^ 
CuA"3.Uq. — Ag,A". — C,H,(S0,NH,).C02H. 
Formed" by heating the imido with IIClAq at 
100 °. 

Anhydride C.H,<gQj>0. [119°] (P.). 

[128°] (llerasen a. Dohme.ilwi. 11, 332). Formed 
by heating the K salt with PClj at 180° or the 
acid with at 130°. Monoclinic tables, 

insol. cold water. NIL, passed into its solution 
in benzene forms 0,H,(C()NH,)SO.pNH, [256°], 
which crystallises from alcohol in needles. 

C /i Zori<ie C„n,(SOXl).COCl. [73°]. Prisms 
(from ether). When reduced by zinc-dust and 
H,SO, it yields C,ll,(SII).CO,.H (Dclisle, B. 22, 
2205). 

^wic acid CJI.(CO.NH2)SO«H. Crystals 
(containing aq), v. sol. alcohol and water. Got 
by the action of H,S on C,iH,{CONII,).SO,Ag aq, 
which is obtained by adding silver nitrate to 
C„H4(C0NIl2).S03NH^ prepared as above (Fahl- 
berg a. Barge, B. 22, 7()0). 

Aviic acid CgH,(S02NH2).C02H. Sulph- 
amilie-benzoic acid. Formed by boiling toluene 
o-sulphonio amide with K.,FoCy, and aqueous 
potash (Noyes, Am. 8, 178 ; cf. Faiilberg, Am. 1, 
170). Sloiulor noodles or prisms, v. sol. water, 
alcohol, and ether. Melts at 155° when slowly 
heated, and at 167° when quickly heated. At 
180° it is completely converted into imide. 
Gives rise to the salts MgA'-^tb^aq, BaA'2 41aq, 
BaA'a 9aq, AgA', and Ag CjHjNSO^. By passing 
HCl into an alcoholic solution of the imide, the i 
other CuH^(S02NH2).C02Et [83°j is formed. Tho j 
methyl and propyl ethers have also been ob- | 
tained and may be converted by aniline into i 
0«H,(SOJ^H,.).CONHPh [180°], by o-toluidine ! 
into C,H^(S6,Nig.CONIIC;II, and by 

means of p-toluidino into the Isomeric n-toluide * 
CgH,(S02NH2).C0NHC,H, [202°]. 

Imide Sacchann. [220°] 

(Remsen a. Fahlberg, Ai7i. 1, 432), Formed by 
oxidising ClIj.CgH^.HOaNHa with KMnO, in 
neutral solution (liemscn a. Fahlberg, B. 12, 
469 ; Remsen a. Palmer, Am. 8, 223 ; Fahlberg a. 
List, B, 20, 1597 ; 21, 242 ; Remsen a. Linn, 
Am. 11, 73). Elongated triangular plates (by 
sublimation), si. sol. cold water, v. sol. alcohol 
and ether. Has a very sweet taste (500 times 
that of cane sugar). The 'solubility of com- 
mercial saccharin is given by Gravill (PA. 
[8] 18. 337) as S. (water) *2 at 15°; -Oat 100°; 
S. (alcohol) 5-4 at 15° ; S. (ether) 1-3 at 15° 
According to Stift {B. C. 18, 458) and Aducco 
and Mosso (O. C, 1887, 1148) it retards digestion, 
and is antiseptic. The imide is converted into 
0gH4(S02NH2).G02H on evaporation with 
EOHAq. Cone, hydrochloric acid at 150° forms 
0,H4(S0,NH4).C0 jH. The imide gives rise to 

salts of the form C,H4<^Q»>NAg, of which 

the following have been described. — EA' aq : 
prisms, V. sol. water. — NaA'2aq ; tables.— 


BaA',l|aq.— BaA%4aq (Noyes, Am. 8, 180).— 
AgA' : needles (from hot water). To detect 
* saccharin,’ a suspected liquid may be acidified, 
extracted with ether, the ether evaporated, the 
residue fused with NaOH, and the product tested 
for salicylic acid and for sulphate (G. Schmitt, 
Fr. 27, 396 ; Allen, An. 13, 105 ; BOmstein, Fr. 
27, 165). ‘ Saccharin * evaporated to dryness on 
a water-bath leaves a residue which, when 
warmed with alcoholic potash, exhibits yellow, 
blue, and red colours (Lindo, C. N. 58, 61, 166), 

Methylimide Gyn4<^QQ'^NMe. [132°]. 

Formed by heating with Mel 

at 100° (Brackett, A^n. 9, 406). Long flat 
needles, sol. ether, alcohol, and hot water. 

Ethylimide 0«H4<®^*>NEt. [97°]. 

Needles (from water). Converted by boiling al- 
. coliolic potash into C„H,(SO.NHEt).C02H [116°], 
which yields CuH,(S02NKEt).C02K cry.stallising 
in nacreous scales, Na2C„II,,NSO„ CuA’2 2aq, and 
AgA’ (Fahlberg a. List, B. 20, 1506). 

Propylimide CJI,<^^->NPr. [60°-70°]. 

m-Sulpho-benzoio acid 
[1:3]C4H,(S0,H).C02H. 

i Formation. — 1. By mixing benzoic acid (2 

pts.) with SO., (1 pt.) (Mitscherlich, P. 31, 287 ; 
32, 227; Barth, A. 148, 33). — 2. By heating 
BzCl with Ag-^SO^ at 150° (Kiimmerer a. Carius, 
; A. 131, 153 ; B. 4, 210).— 3. By heating BzCl 
; with H2SO4 (Oppenheim, B. 3, 735). — 4. By the 
action of an alcoholic solution of SO2 onm-diazo* 
ben/.oio acid (Wiesingor a. Vollbrccht, B, 10, 
1715). — 5. By oxidation of w-sulpho-benzoio 
aldehyde with air at 05° (Kafka, B. 24, 706). 

Properties. — Deliquescent crystalline mass. 
Yields 7«-oxy-benzoic acid when fused with 
potash. 

Salts. — NaHA"2aq: triclinic crystals. — 
Na2A’'Me.2SO, (Stengel, A. 218, 260). Crystals. — 
NaA^'Et^SO^ : v. sol. water.— KHA" 2.^aq. — 
KHA"5aq (Otto, A. 122, 155).— BaA" 3aq : v. 
sol. water (Fehling, A. 27, 322). — BaH^A^^Saq. 
White monoclinio prisms. S. 5 at 20° (M.). — 
BaA"Me2S04.— BaA"Me.2S04 37^aq. S. 34 at 21°. 
— BaA^Et-^SO^ 3.1aq. S. 31 at 21°. Formed from 
the acid, NaHSO^, and alcohol (Stengel). Long 
needles. — BaA'TrjSO* 7aq. S. 11 at 19°. — 
PbA" 2aq : stellate groups of white needles. — 
PbA^ELSO^ 2^aq.— CuA^'MegSO^ 2.Uq. Crystals. 
— CuA"Et.B04 2^aq. — AgHA" : nodules (Lim- 
pricht a. Uslar, A. 106, 50).— Ag2A"aq ; small 
yellowish prisms. 

Mono-ethyl ether EtllA". Formed by 
the action of alcoholic NH, on EtjA" or on the 
chloride (Limpricht a. Uslar, A. 102, 252). The 
free acid is unstable. — EtNH^A" : four-sided 
triclinio tables (Keferstein, A. 106, 385).— 
NaEtA"xaq. — Ba(EtA')2 a;aq : efflorescent 
tables. 

Ethyl ether Et^A". Formed from the 
ohloride and alcohol. Syrup, misoible witii 
water. Saponified by beating with water. 

Semi-chloride C,HjS04Cl. Formed 
heating the acid (1 moL) with FCII5 (1 mol.) 
(L. a. S.). Formed also by leaving the ohloride 
C«H4(S02C1}(C0C1) in contact with water lor 
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levaral weeks, tirystalline powder, sol. ether. 
Converted by hot water into the acid. 

Chloride O.H 4 {SO.^Cl).COCl. Formed by 
heating the acid (1 mol.) with PCI, (2 mola.) at 
100®. Thick oil, slowly decomposed by water. 
Yields CgH^OI.COCl on distillation and on heat- 
ing with PClj at 160® (Kammerer a. Carius, A. 
131, 169). 

Benzoyl derivative C,,n,oSOa. The first 
product of the action of BzCl (2 mols.) on 
AgjS04 (1 mol.) (K. a. 0.). Amorphous, sol, 
ether. Resolved by water into benzoic and sul- 
phobenzoic acids. 

Antic acid CJI,(SO.,NH,).COJI. mStd- 
Tihaviine-benzoic acid. [235® uncor.] (R. a. P.) ; 
[247®J (N. a. W.). Formed by the action of 
cone. KOHAq at 100® on the amide (Limpricht 
a. Uslar, A. 106, 27). Prepared by oxidation of 
[1:3] ClIjMe.SO^NH.^ with alkaline KMnO^, 
with chromic acid mixture (Remsen a. Palmer, 
Am. 4, 143), or with alkaline K^PeCy^ (Noyes a. 
Walker, Am. 8, 188). Scales (from water), si. 
sol. cold Avatcr, v. sol. alcohol. Converted by 
PCI5 at 150^-200-’ into the oily chloride 
C,H4(S0.,NII,)C0C1. — RaA'., laq. — AgA' aq.— 
Ag.^C,H.,NS04 : amorphous pp., sol. hot water. — 
RtA'. Monoclinic crystals, si. sol. liot water. 

Amide C«n4{SO,NII,)(CONH.,). [170®]. 
Formed from the chloride and cono. NII^Aq. 
Small anhydrous crystals (from alcohol) or 
needles (containing aq). V. sol. hot water and al- 
cohol. PClj at 100® forms CJl,(SO,Nir.JCCl:NH, 
which is decomposed by distillation into m- 
chloro-bcnzonitrilo, SO.,, and Nil, ; and by treat- 
ment with NH.Aq into C„il,(SO,NHJ.CN [152®] 
(Wallach a. lluth, li. 9, 428). 

Anilide C, 114(80, ,NHPh).CONHPh. 

Formed from the chloride and aniline. Small 
crystals (from alcohol). 

Isomeride of the amic acid 
AJIsO(NII.):N.SO.,H. Benzamidine v-svljdionio 
acid. [247®]. Mol. w. 200 (obs.). Formed by 
passing SO, into cold benzonitrile (Mugelhardt, 
J. pr. 75, 363 ; Eitner, B. 25, 471). Prisms and 
rhombohedra. Converted by HClA<i into benz-, 
amidine sulphate.— 'CaA'j. — RaA'.^ laq. 

Amorphous isomeride of the amic 
acid, A product of the action of PCI5 on the 
amic acid (L. a. U.). Insol. water, alcohol, and 
■ether. Forms amorphous .salt.s. Water at ISO® 
reconverts it into the ordinary amic acid. — 
RaA'2 4aq : brittle mass. 

p-Sulpho-benzoic acid 

[1:4] 0,H4(S0,I1).C0.,H. [c. 200°]. Formed, in 
small quantity, together with the w- isomeride, 
by the action of SO3 on benzoic acid (Remsen, A. 
178, 275 ; Z. [2] 7, 81, 199). Formed also by 
oxidation of toluenep-sulphonic acid with KMnO* 
(Hart, Am. 1, 342), and by the action of an 
alcoholic solution of SO,, on diazotisedp-amido- 
benzoio acid (Wiesinger, B. 10, 1716). Needles, 
not deliquescent, decomposed by heat. Potash- | 
fusion converts it into p-oxy- benzoic acid. The 
K salt heated with potassium formate yields 
terephthalio acid. 

Salts. — NaHA"2|aq. Stellate groups of 
prisms, m. sol. cold water.— Ba A" 2aq : groups 
of needles, m. sol. cold water.— BaH^A", 8aq : 
flat needlefl, v. si. sol. cold water. 

Amic acid 0,^4(SOsNE[,).CO2H. [0. 280*^. 
Formed by oiidation of C«H 4 Me.S 02 NH, and ol 


p-snlpho-oinnamio amide J^msen, 178, 299; 
Fahlberg, 1, 170; Palmer, Am. 4, 164; 
Noyes, Am. 7, 145 ; 8 , 182). Flat prisms (from 
water), si. sol. hot water, t. sol. alcohol. De- 
composed on fusion. — NH^A': needles or long 
laminiB, v. sol. water. — BaAjSaq.— AgA'; v. si. 
sol. hot water.— C«H 4 (SO,NHAg).OOaAg : v. sol. 
*liot water. — EtA'. [111®]. 

Oi-sulpho-benzoio acid CjnBS.,Og i.e. 
C..H,(SO,H).,CO.dI [4:2:1]. [above 285®]. 
Formed by oxidation of toluene disulphonio acid 
with chromic acid mixture (Blomstrand a. 
Hakansson, B. 5, 1088 ; Brunuer, Sitz. W. [2] 78, 

G65) and by digesting C,lI,(SO.,NH.,X^^-'>NH 

with HClAq at IGO® (Fahlberg, Am. 2 , 190). 

I Largo crystals (from liClA(|), sol. cold water, 

. insol. alcohol and ether. Yields (4,2,l)-di-oxy- 
benzoic acid on fusion with potash. 

Salts. — K^A'" 2:iq : prisms, v. e. sol. water. 
— KJIA"'aq : largo crystals, sJ. sol. water. — 

1 Ba^A'".. 7aq. — CUjA'".^ 7.*ui : miimtr' crystals. 

I* Amic acid C,li,(SO,ll)(S(),'Niy.CO^H 
[2:4:1]. [165®]. Formed by boiling the imide 

of the amic acid with dilute HClAq for five 
hours. Large crystals, v. o. sol. ^va ter, si. sol. 
HClAq, insol. ether. — II KA"; crystals (from 
dilute ilClAq), v. e. sol. water. 

J)i-amic acid C;H,(S0,NIL),C0,H. [183®]. 
i Formed by lioating CJI^Mi-fSO^iNH.)^ with 
i aqueous potassium permanganate and by evapo- 
rating C«n,(S0,NlI,)<:^^j5->NiI with KOHAq 

(Fahlberg, Am, 2, 186 ; B. 21, 246). Minute satiny 
needles, v. e. sol. water and alc(jhol, si. sol. ether. 
Tastes acid. Dccomj)oses cojiijdeteiy at 250°- 
260-'. Its salts are crystalline. Tliose of alkalis 
and alkaline earths are v. sol. water. - BaA'.^5aq: 
monociinic prisms.— CuA'^ 2aq : palo-blue silky 
noodles.— AgA' : wliite needles.— EtA'. [200®]. ^ 
Silky needles (from water). 

Imide of the amic acid 

C,n,(SO,NHJ<^®»>NH. [285'>]. Formed 

by warming C„Hj(S 02 NIL).^C 0 . 4 Et with KOHAq 
(Fahlberg a. List, B. 20, 1*603 ; 21, 242). Tables, 
si. sol. cold water, v. e. W. alcohol and ether. — 

K .C-H^N.^S ,0, : delique*;ent crystalline mass. — 
(C,H 3 (SO.,NH.,):SCOj:N) iBa 3^aq : crystals. — 
Cu(C,H 5 N.,S.^Oj ),4 4a(j ; minute blue needles. — 
AgC,H,N,S., 0 ,. 

«-Di- 8 ulpho-benzoio aerid C«HH(SO,H),.COaH. 
Formed by heating benzqio acid with H 2 SO 4 , 
SO 3 , and (Barth a. S^nhofor, A. 169, 217). 
Hygroscopic prisms (containing araq). Turns 
brown at 140®. Yields s-di-oxy-benzoio acid on 
fusion with potojjh. The K salt forms iso- 
I phthalic acid when fused with potassium 
* formate. — K,A'" l^aq : needles. — BaHA" 2aq : 
minute needles. — BajA'", 7aq : white prisms. — 
Cu,A'"a 8 .^aq.— AgjA'" 2aq : crystalline pp. 

References . — Bbomo-, Nxtbo-, Oxy-jlmioo, and 
OXT-, SuLPHOBBNZOIO AC JB. 

m-BULPHO-BENZOIC ALDEHYDE 
OsH 4 (SOsH).CHO. Sulphonic acid of heneoia 
aldehyde. Formed from benzoic aldehyde and 
fuming H 2 SO 4 below 50° (Wollach a. Wtisten, 

B. 16, 150 ; of. Engelhardt, J. 1864, 860). The 
Na salt reacts with (^-naphthylamine forming 
03 H 4 (SO,Na).OH:NO,«B[„ and forms with sodium 
naphthionate 0 «H 4 (S 0 ,Na). 0 H:N 04 «H«.S 0 »N«. 
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SULPHO-BENZOIO ALDEHYDE. 


Yields m-flulpho-bonzoic acid 6 n oxidation. — 
MgA', (dried at (dri^d at 170"). 

Nodules. 

Oxim. The salt 0,H,(S0,Na).CH:N0H 
crystallises in plates, v. e. sol. water, m. sol. 
alcohol (Kafka, D. 24, 701). . 

Phenyl-hy d ra zide. 

The salt C„H,(SOyNa).CH:N.NHPh crystallises* 
in needles, b 1. sol. cold water, v. sol. alcohol. 

Di. phenyl-hy drazidc. 

The salt C«H,lSO,Na).CH:N.NPh3 crystallises 
from water in plates. 

SULPHOBENZOLIC ACID v, Benzbnb son- 

PHONIC ACID. 

SULPHO - BENZYL - SULPHAMIC ACID 

C,H,.CH(S03lI).NIIS0,II. The salt Na,A"3aq 
is formed from OyH^.CHiNOH and aqueous 
Na^SO;, (Pechmann, B. 20, 2541). It crystallises 
in needles and is decomposed by NaOllAq into 
benzoic aldehyde, Na.SO,, and H(N1IJS0.,. 

(a)-SULPHO-BUTYRIC ACID C.II^SO^ i.fl. 
CH3.CH2.CH(S0:,H).C02lI. Formed from butyric 
acid and CiSOali ; and also by the action of» 
(NHJ3SO3 on a-bromo-butyric acid (llemilian, 
B. 6, 190, 502 ; A, 170, 1 ; Franchimont, R. T. C. 
7, 27). Formed also from crotonic acid and 
KHSO, at 130° (Heilstein a. Wiegand, B, 18, 
483). Syrup. The Ba salt is converted by 
PCI3 into CH3,C1I,.C1IC1.C0C1. — CaA" 2aq ; 
needles (from ether-alcohol), insol. alcohol. — 
BaA''2aq. H. 7*1 at 10°.— PbA"2a(i.--CuA" taq. 
— ZnA" 5aq. — Ag.A" : prisms, insol. alcohol. 

a-Sulpho-isobutyrio acid Cill^SOji.c. 
CMe3(SO,Ii),CO.JI. Formed by the action of 
(Cl.SOj.Oil on isobutyrio acid and also by o.\ida- 
tiou of C,,11„N3S0, which is prepared by heating 
thio-urca with a-bromo-isobutyric acid (An- 
dreaseb, M. 8, 412). — Na.JI" i^aq. — BaA"4aq. 

Ammonium sulphite appears to convert 
«-bromo-isobutyi’ic acid into an isomeride which 
yields BaOjHaSOj 2aq, crystallising in needles, v. 
Sol. water. 

j 8 -Sulpho-butyric acid 

CH,.CH(S03lI).CIl3.COII. Formed from 
B-chloro-butyric other and (NII,).,.SO;, (H.). Got 
also by oxidising barium oxy-biitarie disul- 
phonate with chlorine- water (Haubner, HI. 12, 
647). Amorphous. — BaA" aq (U.).— BaCiHjSOj. 
White amorphous mass, v. sol. water, almost 
insol. alcohol. Yields acetic acid by potash- 
fusion. 

Sulphodibutyrio acid v. Di-rnopYn sdlphone 

niOABBOXYLIO ACID. 

BULPHOBDTYBIC ALDEHYI)^ 0,n,SO^ 
U. 0H3.0H(S0,H).CH3.Cri0. Got by satu- 
rating a solution of crotonic aldehyde with SO._, 
and ^stilling in vacuo, afterwards distilling witli 
steam. On neutralisation of'^the residue with 
baryta the salt BaA'2 is got (Haubner, M. 12, 
646). The barium salt is converted by hy- 
droxylomine into (CHlNOn).CH2.CHMe.S03)2Ba, 
which is reduced oy sodium - amalgam to 
(0H2(NHJ.0H2.CHMe.S03),Ba, which on distilla- 
tion with lime yields butylamine and a little 
OHg.OHrCH.CHgNK;. Sodium-amalgam reduces 
the Bulpho-butyrio aldehyde to oxy-butane suB 
phonic acid 0H3.CH(S03H).CH2.CIl30H, whence 
which when distilled with lime givu' a 
mixture of butyl and crotyl alcohols. 

SDLPHOCAMFHOBIC ACID v. Gamfhoiuo 

VDIA. 


SULPHOCAMPHYLIC ACID v. Camphoric 

ACID. 

SULPHO-CHLOBO BENZOIC ACID 9 . 

ClILOBO-SULPHO-BENZOIC ACID. 

0 -SULPHO-CINNAMlC ACID CASO^ U, 
CaH,(S03li).CH:CH.C02H. Formed, together 
with the p- isomeride, by the action of SO3 or 
fuming H^SO^ on cinnamic acid (March and, 
J.pr, 16, 60 ; Herzog, J. pr. 29, 51 ; Eudneff, A. 
173, 8). Prisms (containing 3aq), v. 0. sol. water 
and alcohol. Yields 7n-oxy-benzoic acid on 
fusion with potash. — K.,A" : amorphous, v. sol. 
water. — KHA" : groups of needles. — CaA" lAaq. 
-BaH,A% S. *45 at 20°.~BaA" l,^aq. S.'4-i 
at 16 ^ - Ag.A". 

7a- Sulpho -cinnamic acid 
[1:3] C,H,(SO,H).CH:CH.CO,H. Formed from 
7H-sulpho-l)enzoic aldehyde, NaOAc, and Ac..O 
(Kafka, B. 24, 701). -BaA"; nodules, v. sol. 
water, si. sol. alcohol. 

jp-Sulpho-cinnamic acid ^ 

[1:4] C,H,(S03H).CH:CH.C02H. Formed as 
above. Monoclinio prisms (containing 5aq). 
Yields _p-oxy-benzoic acid by potash-fusion. — 
K^A" ^aq. Nodules (from alcohid). Ecdiices 
KMnO^ in the cold (Lieberrnarm, B. 22, 782). — 
CaA" Aaq.— BaA" 3aq. S. (of BaA") *12 at 20°. 
— BaA"aq. S. '4 at 18°. — CuA" 6aq; greenish- 
prisms, v. sol. water. 

Amide C,H.(S03NH,).CH;Cn.C0NH3. 
[218°]. Needles, v. sol. hot water (Palmer, Am. 
4, 163). 

Amic acid OJT,(SO,NIL).Cn:Cn.CO,H. 
S. *058 at 21°. Formed by hejiting the amide 
with NaOUAq. Needles (from water), sol. alco- 
hol, si. sol. ether. Decomposes at 250°. Yields 
CaA'2 aq and BaA'j 2aq, both crystallising in 
needles. 

SDLPHO-CUMINIC ACID C.Jl.BO-, i.e. 
CJl3Pr(SOH).C02n [4:3:1]. [160°].' Formed 

by Bulphonating cuminic acid (Widman, B. 22, 
2276). Crystalline. - BaA" aq : si. sol. water. — 
Ball.^A", 4*,aq. Prisms, m. sol. water. 

Chloride C,,H,Pr(SO..Cl).COCl. [56°]. 

, Amide [225°]. 

Tables, sol. hot water. 

Amic acid C,H3Pr(SO,NH2).C02H. [246° 
cor.J. Formed by heating the amide with 
KOllAq at 100°. Formed also by oxidising 
(y3)-cymene sulphonic amide [148°] with chromic 
acid mixture, an isomeric change taking place 
(liemsen a. Day, Am. 5, 158). Needles, sol. hot 
water. Yields BaA'^ 3aq, v. e. sol. water, 

Sulpho-7z-cuminic acid 

0,H,Pr(S03H).C02ri [4:3:1]. Formed by sulpho- 
nation of 7i-curainio acid (W.), V. sol. alcohol, 
ether, and water. — BaA" aq : needles, si. sol. Aq. 

Chloride C„H.,Pr(S02Cl).COCl. [43°]. 

Amide CBH3Pr(S02NH2).C0NH2. [203°]. 
Tables (from water). 

Amic acid 0,H3Pr(S0,NH.J.C02H. [216° 
cor.]. Formed from the amide (W.), and also 
by oxidation of j)-di-n-propyl- benzene sulphonio 
amide [103°] (Remsen, Am. 6, 168). Long 
needles (from water). — GaA', 6aq. — CuHA', 2aq. 
— AgA' ; flocculent pp. 

Sulpho-ouminio acid. Amic acid 
0 «HMe,(H 02 NH 2 ).C 0 oH [6:3;2;a;:l]. Formed by 
oxidation of isodurene sulphonio amide by alka- 
line KMn 04 (Jacobsen, B. 16, 1665). The E salt 
is amorphous. 



SULPHO-ETHYL-BENZOIO ACW. 


W 


Sulpho-onmixilo acid. Amie acid 

C«HMe,(S02NHj).C02H [6:4:2:a;;l]. Formed by 
oxidation of the corresponding isodurene sul- 
phonic amide (J.). The K salt is crystalline. 

Reference, — Oxy-sulpuo-cuminio acid. 

SULPHO-CYANIC ACU) v. vol. ii. p. 303. 

SULPHOCYANO-ACETIC ACID C,n,NSO,t.e. 
Cy.S.CHj.CO^H. Formed from potassium sul- 
phocyanide and sodium chloro-acetate (Claesson, 

B. 10, 1347). Thick oil, changing to a solid 
polymeride when heated. — NaA'aq: prisms. 
Converted by AgNO, into HS.CHj.CO.^a. CuSO* 
forms, after a time, a black pp. of cuprous tliio- 
glycollate. — KA' aq. — JiaA'^ 4aq : tables. — 
BaA'^aq : prisms. — CaA'j 2aq. — MnA'j 2aq. 

Ethyl ether EtA'. (225°). fcJ.G. 1*174. 
Formed by boiling ehloro-acetic ether with potas- 
sium sulphocyanido (Heintz, A, 13G, 223). 
Liquid. Yields thioglycollio acid and thiogly- 
collic ether on distillation with phosphoric acid. 
Polymerised by repeated distillation, many other 
products being formed at the same time. Boil- 
ing dilute HClAq forms NH,.CO.S.CIL.CO,lI 
[143°], which is v. sol. alcohol and ether, yields 
MeA' [75°-80°J and CaA',^2aq, and is resolved 
by heat into cyanic and thioglycollio acids 
^Nencki, J, pr. [2] IG, 11). Etl at 120° forma 
ethyl sulphocyanido and iodo-acetic acid. 

I so amyl ether C^HuA'. (255°). 

Amide CH,(S.CN).CONH,. Needles. 

Polymeride (C;,HjSNOo);,. [200°]. Formed 
from potassium sulphocyanurate and potassium 
chloro-acetate (Claesson, J. x)r. [2] 33, 121 ; B. 
14, 732), Needles, sol. alcohol and ether. De- 
composed by IIClAq at 100° into thioglycollio 
acid and cyanurio acid, — 13{i;,A'"a Gaq : small 
prisms, nearly insol. water. — BaIIA"'2aq : large 
prisms.— Et., A'". [81°]. Formed by distilling 

sulphocyauo-acclic ethor. Needles, nearly insol. 
hot water. 

Persulphocyano-diacetic acid 
C 2 N 2 S(S.Cht,.CO,H),. [177°]. Formed from 
sodium chloro-acetate, iso-persulphocyanic acid, 
and KOHAq (Klason, J.pr, [2] 38, 3«1). Plates. 
— BaA'' 3aq. — CaA" 3.’,aq.— ZnA" aq. — CdA", — * 
CuA" Gaq.— Et„A". Oil. 

Amide, [125°]. Prisms. 

STJIPHOCYANO-ACETIC ALDEHYDE 
CH,(SCy).COH. [below -20°]. S.G. 1-47. 
Formed by heating iodo-acetic aldehyde with 
AgSCy and ether (Chautard, A. Ch. [G] IG, 103 ; 

C. R, lOG, 11G9). Oil, miscible with alcohol 
and ether. Decomposed by distillation, by 
treatment with Cl, and by HClAq. IINO^ forms 
acetic acid, sulphocyano-acetic acid, and Ihio- 
carbimido-acetic acid [128°]. Besinified by 
alkalis. 

SITLPHOCYANO-ACETONE O.H.NSO i,e, 
CH^.CO.OILSCy. S.G. a 1-2 ; 2° 1*18. S. 7 at 
16°. Formed from chloro-acetono and barium 
sulphocyanide (Tschncrniac, C. B. 9G, 587 ; B, 
IG, 349; 26, 2607, 2G23). Liquid, v. e. sol. 
ether, v. si. sol. ligroin. Decom])osed by heat. 
Dissolves in aqueous KHSO,. Boiling dilute 
HClAq converts it into oxy-methyl-thiazole. 
Ammonium sulphocyanide forms * propimine 
sulphocyanide ’ CHj.C(NH).CH 2 SCy [42°] (231°), 
which yields B'^H^lHCl*, B'HNO, [183°], 
B'HjSO, 2aq, B'HSCy [115°], B'Mel [160°j, and 
CH,.C(NAc).CH 2 SCy [134°]. 


Oxim CH,.0(NOH).CH,.SCy. [136°]. YeL 
lowish prisma (Arapides, A, 249, 18). Produce! 
great irrita^on on the skin. 

8ULPH0CYAN0-ACET0PHEN0NE v. Phen- 

ACYL SULPHOCYANIDR. 

SULPHOCYANO-BASBITUBIO ACID 

j.C.H.NjSO, i.e. Formed 

from di-bromo-barbiturio acid and alcoholio 
KSCy in the cold (Trzoinski. B. IG, 1058). The 
free acid splits u}> into thiodiiilurio aciil and 
other x^roducts. Hot KOlIAij also forms thio- 
dialuricacid. — Nil, A'. — KA' ; tables (from water). 
— AgA' : crystallino pp. 

7-SULPHOCYANO.BUTYRIOACID. NitHle, 
Cn 2 (SCy).CH 2 .CH 2 .CN. (c. 195° at 40 mm.). 
Formed by boiling potassium sulphocyanide 
I (1 pt.) with 7-chloro-butyronilriIo (1 pt.) and 
i alcohol (Gabriel, B. 23, 2190). Li<iuid. Par- 
; tially decomposed by distillation under atmo- 
: spheric pressure. Converted by cono. HaSO. 

■ into S..(CH..Cn.,.CII,..CO.NH.,),,. 

a - SULPHOCYANO - ISOBITTYRIC AIDE - 
HYDE CMe 2 {SCy).CHO. S.G. 1*G3. Formed 
from a-iodo-isobutyric aldehyde and AgSCy 
(Chautard, A, Ch, [GJ IG, 198). • Liquid with 
nauseous odour, dccomxiosed by heat, by acids, 
and by alkalis. 

SULPHOCYANO . ETHANE - SULPHONIC 
ACID CJI.NSA CH2(SCy).CH2.SOaH. 

Formed from CH,(SCy).ClJ 2 Cl and aqueous 
Na^SOs in sunlight (James, J.pr, (2| 2G, 381), 

SULPHOCYANO-FOBMIC ETHER 
CyS.COgEt. The compound (CyS.CC),Et)EtOH 
is got by mixing chloro-formic ether with ammo- 
nium sulphocyanide and alcohol (Ihditsch, J.pr^ 

I [2] 10, 118 ; cf. Henry, J. 2)r, [2] 9, 4G4). It 
! crystallises in prisms [41°], insol. water, v. o. sol. 

alcohol. Alcoholic potash forms CalijuKSNO, 

I crystallising from alcohol in plates. KOHAq 
I hii'ins KSCy, alcoliol, and K„CO.,. • 

SULPHOCYANO-HEPTOiC ALDEHYDE. 
Formed from iodo-hoi)toic aldehyde and AgSCy 
in ether (Chautard, A. Ch. [G] IG, 198). Yellow- 
ish liquid with hetid odour. Decoinx)osed by 
heat, by acids, and by alkalis. 

/3 - SULPHOCYANO - PROPIONIC ALDE- 
HYDE CH 2 (SCy).CIl 2 .CHO. Formed by treat- 
ing iS-iodo-propionic aldcliyde dissolved in ether 
with AgSCy (Chautard, A. Ch. [G] 16, 197). 
Iiiquid with foetid odour. Decomposed by heat, 
j and resinified by alkalis and by mineral acids. 

I w-SULPHOCYANO-TOLUIC ACID. Nitrile. 

\ CrL(SCy).C,;fI,.CN. [8G°J. Formed from o-cyano- 
j benzyl chloride and KSCy in alcoliol (Gabriel a*. 

; Day, B. 23, 2179). Needles. Converted by cono. 

: HClAq at 180° ir^o thiophthalide CJi.SO [57°J. 
j Cono. HjSO, at 30°-70° forms oyano-benzyl- 
mercaptan C^II-NS [62°]. 

SULPHOCYANO-ISOVALERIC ALDEHYDE. 
Formed from iodo-isovaleric aldehyde and 
AgSCy in ether (Chautard, A. Ch. [G] 16, 198), 
Liquid, with foetid odour, easily decomposed by 
beat, by HClAq, and by alkalis. 

SULPHO-DUBIDE v, Di-duuyl sulphonb. 

BULPHO-ETHYL-BENZOIC ACID. Amie 
acid C,H„NSO, i.e, C,H,Et(SOaNBy.COaH. 
[262° cor.]. Formed by oxidising the sulphonic 
amide of p-di-ethyl-benzene with CrO, (Kemsen 
a. Noyes, Am. 4, 202). Needles.— BaA', 3aq. 



SDLPHO-FUMARIO ACID. 


8TTLPH0-FUMABIC ACID 0,H,S0, U, 
OOjH.CH:C(SOaH).CO,H. Formed by the ao- 
lion of Br or of HNO3 on the salts of (S)-bromo- 
(j3)-Bulpho-pyromucio acid (Hill a. Palmer, Am. 
10, 409).— Ba,A'"2a:aq : v. si. sol. water.— 
AgjA'" araq. 

SULPHO-HIPPURIC ACID CANSO. i.e. 
C«H4(S03H).C0.NH.CH..C02H. Formed from 
hippurio acid and SO;, (Schwanert, A. 112, 69). 
Amorphous, deliquescent mass. Converted by 
nitrous acid into sulpho-benzoic acid. — BaA"aq: 
ueedles — rb..OA". 

SULPHO-iSATIC ACID v. Isatic acid. 

SULPHO-TRIMELLITIC ACID C„H«SO„ i.e. 
C,H2(S03lI)(C02H)3[6;4:2:l]. Formed, to-ethcr 
with tlie amic acid C,H (SO.,NH..){CO..H),, by 
oxidation of CJl2Me(SO.;NHj(CO,H),. [2;5:1:1] 
by KMnO, (.Jacobsen a. H. Meyer, B. lO, 192). — 
KHaA*’ 3aq : prisms, m. sol. cold water. Potash- 
fusion yields oxy-trimellitic acid. 

SULPHO-TBIMESIC ACID. Amic acid 
O^H^NSO* i.e. CJI,(S02NH,)(C0,11);,. [a::6;3:l]. 
Formed by oxidation of the amic acid of o- or 
p- sulpho-mesitylenic acid (Jacobsen, A. 200, 
203).— KH^A'" 2aq : crystalline mass, m. sol. 
cold water. Cone. HClAq at 210^ forms NH;„ 
H^SO,, and trirnesic acid. Potash-fusion gives 
oxytijimesic acid. 

a-SDLPHO-MESITYLENIC ACID 
i.e. C,H,Me2(S03ll).C02ll. Formed, together 
with a (i3)‘i8omerido which yields CaA" 4aq, by 
the action of SO3 on mositylenic acid (liemsen 
a. Brown, Am. 3, 218). Yields o-oxy-mesitylenic 
acid on fusion with potash. By successive 
treatment with PCI;, and NH^ it is converted 
into an amide [288°].— CaA" 4aq. Loss sol. 
water than the salt of the (i8)-i8omeride. 

Sulpho-mesitylenic acid. Amic acid 
0«H,iNSO, i.c. C,H,Mo,(SO,NH,).C 02TI [6:3:6:1J, 
[2G2° cor.]. Formed, together with the (5, 3,4,1)- 
isomcridc, by oxidising mesitylone sulphoiiic 
amide with chromic acid mixture or alkaline 
KMnO^ (Hall a. liemsen, Am. 2, 131 ; B. 10, 
1040 ; Jacobsen, B. 12, 001 ; A. 200, 107). Short 
prisms (from water), si. sol. hot water, sol. 1 
alcohol and ether. Decomposed by heating 
with cone. HClA(i at 200° into ILSO^ and mesi- 
tylenio acid. Soda-fu.sion forms mositylenio 
acid and w-xyleno sulphonic amide [137°]. — 
CaA'jOaq: long Hat plates. — CaA'-^Oaq. — 
BaA'2 3aq. S. 3*3 at 0° ; 14 at 21'.— CuA'j 4aq ; 
blue needles. — CuA'^ 3aq. — AgA' : pp. 

Sulpho-mesitylenic acid. Amic acid 
C„H2Me2(S02NH2).C0.,H [r>;3:4;l]. [270° cor.]. 
Formed as above (J.). Long needles, v. sol. 
alcohol and ether, more sol. hot water than its 
isomeride. Cone. HClAq at 200° forms mesityl- | 
enio acid. Soda-fusion gives oxy-mesitylenio 
acid. — BaA'gQaq. S. 2-05 at 0°.— CaA'2 2aq : 
prisms. — CiiAa aq ; blue monoclinio prisms. 

SDLPHO - DI - METHYL - BENZOIC ACID, 
Amic acid C„H,,NS04 iie. 
C„H2Me2(S02N^.C02H [4:2:5:!]. [268°]. Formed 
by oxidation of the sulphonic amide of ij/-cumeue 
(Jacobsen a. Meyer, B. 16, 190). Long needles 
(from water). Yields di-methyl-benzoio acid on 
heating with cone. HClAq at 210°. — KA'aq. 

Sulpho-di-methyl-benKoic acid. [180°-190°]. 
Amic acid C„H2Me2(SO2NHJ.0O^ [1:2:5:3]. 
M - Sulphamine • hemimellitic acid. [238°]. 
Formed, together with tlie more soluble (B)-iso- 


meride, by oxidising the sulphonic amide of 
hemimellithene with alkaline HMnOf (Jacobsen, 
B. 19, 2619). Needles, si. sol. cold water. 
HClAq at 160° forms sulpho -di-methyl -benzoic 
acid and, finally, hemimellitic acid [144°]. 
Potash-fusion yields an oxy-hemimellitio acid. 
— ^BaA'.2 5aq: small tables, m. sol. water. 

Sulpho-di-methyl-benzoic acid. Amic acid 
C3H2Me2(S02NH2).C0,,H[l:3:6:2]. [174°]. Formed 
as above. Stellate groups of minute needles. 
Converted by heating with HClAq into a very 
soluble sulphonic acid, and finally into m-xylene. 
I'otash-fusion gives an easily soluble oxy- 
hemimellitio acid.— BaA'2 4aq : needles. 

Isomeride v. Sulpho-mesitylenic acid. 

SULPHO-METHYL-TEREPHTHALIC ACID. 
Amic acid C„H2Me(S02NH2)(C0.,H)2 [2:5:4:1]. 
[295°-300°]. Formed by oxidation of ^'-cumene 
I sulphonio amide by alkaline KMnO^ (Jacobsen 
j a. H. Meyer, B. 16, 190). Small needles (from 
' water). — BaA"2.jaq: stellate groups of prisms. 

SIJLPHONAMIDE v. Sulphamidk, p. 607 ; and 
IMIDO-SULPHONAMIDE v. Sdlpiumido-amide, 
p. 587. 

SULPHONAMIDES. Amides of sulphonic 
acids. They contain the group SO^.NHa attached 
by S to carbon. 

SULPHONAMIDO- compounds v. Amic acids 
derived from Sulpho- compounds. 

SULPHO-NAPHTHALENE-AZO- compounds 

V. AZO- COMPOUNDS. 

(‘a’)-8ULPH0-(a)-NAPHTH01C ACID 
CjiIIhSOs i.e. C,„H,.(SO,II).CO,H. [235°]. 

Formed, together with the (/3)- and (7)- isorneridos, 
by warming (a)-naphthoio acid with fuming 
H^SO., at 70° (Battcrshall, A. 108, 119; Stumpf, 
A. 188, 1). Prisms, v. sol. water. Not deli- 
quescent. Yields (o)-oxy-naphthoic acid by 
potash-fusion. — K«A"2aq. - CaA" 3aq. — 
BaA"4aq. Monoclinic crystals, si. sol. water, 
— BaH^A^j 2aq ; prisms, more sol. than BaA". 

(/3) -Sulpho- (a). naphthoic acid. [218°-222°], 
Crystalline mass, v. e. sol. water.— BaA'' 3^ aq : 
needles, m. sol. water. — BaH.^A".^ 4aq. 

(7)-Sulpho-(a)-naphthoic acid. [182°-] 85°]. 
Needles, v. sol. water.— K,A". — BaA"l.^aq: m, 
sol. water. — BaH.iA"2aq : almost insol. cold Aq. 

Sulpho -(a) -naphthoic acid. Nitrile 
CioH^Cy.SOjH. Formed by sulphonating 
(a)-naphthonitrile (Dutt, B. 10, 1251 ; Arm- 
strong a. Williamson, C. J. Proc. 3, 43). — 
JteA'jOaq: glistening plates. — KA'3aq: prisms. 

Chloride of the nitrile OjoHgCy.SO.jOL 
Prisms, sol. benzene. 

(* a ’)-Sulpho-(B)-naphthoio acid. [230°]. 
Formed, together with the (‘ j8 ’)- isomeride, by 
sulphonating (/3) -naphthoic acid (B. ; S.). Crys- 
talline. — BaA'^ aq.— BaA" OJaq. — BaH.^A", O.laq. 

(* B ’)-Sulpho-(i3)-naphthoic acid. — BaA" 2aq. 
Less sol. water than the acid salt. 

Reference. — Oxy-sulpiio-naphtuoic acid. 

SULPHO. NAPHTHYL ETHYL DI-THIO- 
CARBONATE. The salt S03K.C,„H,.S.CS.OEt, 
formed from potassium xanthate and diazotised 
naphthionio acid, crystallises from water in 
colourless plates, converted by boiling dilute 
alcoholio potash into S.2(G|aH3.S03K), (Leuckart, 
J. pr. [2] 41, 218). The corresponding salt from 
(iB)-naphthylamine (i3)*8ulphonio acid orystalHses 
in small plates. 
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8ULPRO . . KAPHTHTL .PHOSPHOBIO 

ACID SO,H.G,oH,.O.PO(OH) 2. Formed, together 
with the anhydride 0(PO(OH).C,oHa.SOaK)„ by 
heating potassium (/3)-naphtbol sulphonate 
(1 mol.) with PCI, (2 mols.) at lOO"^ (Claus a. 
Zimmermann, B. 14, 1482). Decomposed by 
boiling alkalis' into phosphate and (/3)-naphthol 
sulphonate. The Ba salt is a white powder, si. 
sol. water. 

SULPHONES. Compounds of the form 
B.SOo.R' where R and R' are attached by means 
of C to S. They may be formed from the cor- 
responding sulphides and sulphoxides by oxida- 
tion with KMnO^ (Beckmann, J. jrr. [2] 17,475). 
Aromatic sulphones can bo prepared by the 
action of AlCl, on a mixture of a snlphonic 
chloride and an aromatic hydrocarbon (Beckurts 
a. Otto, B. 11, 472, 2066), and by heating a 
sulphohic acid with a hydrocarbon and P-Dj at 
200® (Michael a.-Adair, B. 10, 583). Sulphones 
are often formed by the action of sulphuric acid 
on aromatic hydrocarbons. The sulphones are 
volatile, and are not reduced by nascent hydro- 
gen. They are not attacked by PCl^ or KMnO,. 
Chlorine in daylight converts di-phcnyl-sulphono 
into ohloro-bcnzene (1 mol.) and CaH..SO.^Cl, 
while in sunlight it yields chloro-benzene (2 mols.) 
and SO.iCl,j. Disulphones CHR(S02R').,, are not 
attacked by alcoholic potash at 140°, while di- 
aulphones of the form R'.S02.CH.„CH2.S02.R' 
are converted by alcoholic potash into a sul- 
phinio acid and an oxy-sulphone (Otto a. Boss- 
ing, B. 20, 185). The disulphones CMe..(SO.,.Et)2 
(sulphonal), CHMe(SO.,Mo;. . CHEt(S02Et)2, 
CEt2(S02Me)j, CMeEt(Sb2Et)2 (trional), and 
OEtiisO^Et),^ (tetronal) are powerful hypnotics ' 
(Baumann a. East, H. 14, 52). ; 

SULPHONIO ACIDS (organic). Acids con- ! 
taining the group SO.j.OlI united to C by S. Fatty 
sulphonic acids may be formed by the action of 
silver sulphite on alkyl iodides, the resulting 
other being saponified. Fatty sulphonic acids 
may also be got by boiling alkyl iodides with 
KBOj or (NHJ EbaAq for a long time. Both 
fatty and aromatic sulphonic acids may be got, 
by oxidation of the corresponding raercaptans, 
sulphides, and sulphocyanidea. The sulphonic 
acids of fatty acids and alcohols are formed by 
the action of feJOj or CISO3H on fatty acids and 
of SOa on alcohols ; SO;,H taking the a- position 
(Hemilian, A. 176, 1). Aromatic compounds 
readily yield sulphonic acids on treatment with 
SO3, with IlaSO^, or with ClSO.,H. As a rule 
not more than two SO,H groups enter a benzene 
nucleus. Aromatic sulplionic acids may also bo 
obtained by the action of SQ.^ on diazo- com- 
pounds. On adding NaCl to the product of snl- 
phonation of aromatic compounds, the Na salt 
of the sulphonic acid frequently separates in 
crystalline form (Gattermann, B. 24, 2121). 
Nitric acid does not attack fatty sulphonic acids, 
while usually it nitrates aromatic sulphonic 
acids, although it sometimes displaces SO,H by 
NO.^. * PCI5 forms sulphonic chlorides which are 
reduced by zinc and dilute to mercaptans. 

Aromatic sulphonic acids are partially converted 
into the corresponding amido- compounds by 
fusion with NaNH^ In this way benzene sul- 
phonic acid yields 15 p.o. of aniline (Jackson 
a. Wing, Am. 9, 75). Aromatic sulphonic acids 
aM decomposed by superheated steam at 200°> 


210° into the hydrocarbon and HBO4 (Kelbc, B. 
19, 92). hydrolysis may also be effected by 
passing superheated steam into a solution of the 
sulphonic acid containing H^SO^or HaPO^ (Arm- 
strong; Friedel a. Crafts, C. B. 109, 95). Aro- 
matic sulphonic acids when fused with potash 
yield KoSO, and phenols. Fusion with KCN 
*or K^FeCya yields the corresponding nitriles. 
Fusion with sodium formate displaces 80,11 by 
CO.U. 

SULPHONIC ACIDS AND DERIVATIVES. 

Several inorganic aeid.s, and dorivatives of these 
acids, will be described here, most of which are 
regarded as derived from SOo.OM.OJI by repla- 
cing one OH by a monovalent radicle such as 
Cl, F, or NlL — or as derived from SO^.OH.II by 
replacing H by a monovalent radicle. A few 
sulphonic acids must be forinnlated as derived 
from 2(802.011.011), or 2(80 , .OH. 11), by replacing 
2011, or 211, by a divalent radicle; and ono 
as derived from 3(80.2 011.011), or 3(802.011.11), 
by replacing 30 H, or 3 II, by a tri valent radicle 
*(v. snpra). The sulphonic acids, therefore, are 
all looked on as compounds of the monovalent 
radicle SO.^.Oll. The term sulphonic is also 
frequently applied to organic aci^s containing 
this radicle; but in this dictionary such acids 
are described as snip! 10- acids, c.jj.sulpho-bonzoic 
acid C,;H<(S02.011)C02lI. Tlie comi^ositiona of 
tlie sulphonic acids are cxpres.sed by the formulas 
R‘SO.,.OH, R“{SO...OIl).„ and H"«(SO,.OH),, 
where* Ri - NR., Cl , F, N 0,‘,N H.O M, or N(NO.OH) ; 
Ri> = NH, or N.OH ; and R"' - N. 

AMIDOSULPHONIC ACID ANb SALTS 
Nn.,(S02.0}I) and NU,(S0,2.0M). These com- 
pouinhs are described in tlie article Bdlpp\mio 
ACIll AND SULPIIAM.VTKS (7.^. p. 567). 

CriLOUOSULPHONIC ACID AND BALTS 
C1(80,;.0II) and C1(80.2.0M). The acid has also 
been called chlorhijdrusulphuromf acid, niono- 
chlorosulpliuric acid, sulphuric chlorhydratc or 
hydrochloride^ sulphuric chlorhydrin, and sul 
phuryl hydroxyl chloride. 

Chlorosulphonic acid C1(S0.;.0H). 

Forvmtion. — 1. By the direct union of SOg 
and HCl (Williamson, Pr. 7, 11 ; Baumstark, A. 
140, 75 ; Williams, C. J. [2] 7, 804; Dewar^a. 
Cranston, G. N. 20, 174 ; Michael is, J. X. 6, 
235,292).— 2. By tlie reaction of PCI.,, POCl,, or 
PCI, with cone. (Mailer, B. 6, 227 ; 

Geuthcr, B. 5, 925 ; Thorpe, C. J. 37, 358). — 
3. By distilling fuming II^SO^ with PgOj in a 
current of HCl (Miiller, lc.).—4. By the reaction 
of HCl with crystallised fuming IL^SO, (Beckurts 

а. Otto, B. 11, 2058). — 5. By the action of Cl, 
S.2CI.2, or S.20;,Cl4, with cone. H.2SO4; or of Cl 
with moist SO.^ iiTfpre.sence of Pt at a red heat. 

б. By warming S20.,CL2 with wi^er (Billitz a. 
Heumann, 7i. 16, 602). 

Preparation.—!. Three parts of the most 
cone. HjBO^ (preferably the residue from pre- 
paring SOa) are warmed in a long-necked flask, 
and two parts PCI5 are added little by little | 
when HCl ceases to be given off the contents 
of the flask are fractionated, the part boiling 
between 0. 152®-156® being A^llccted apart. — 
2. Very cone, oil of vitriol, 200 parts, is mited 
with POClj, 226 parts, the mixture is wntly 
heated and then distilled [2(S02.0H.0H) -1- POOig 
«2(Ol.SO.a.OH)-».HPO,4-HC13 (Thdrpe, Lc.),— 
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8. A mixture of PjOj and fuming H,S04 is dis- 
tilled in a current of FlGl. and the product is 
fractionated; this 'method removes all traces 
of P chlorides (Muller, i.c.).“4. Commercial 
crystalline fuming II.lSOj (approximately pure 
Hj,S^07).is placed in a retort connected with a 
good condenser, dry HCl gas is passed in so long 
as absorption occurs, the liquid is distilled, and 
the product fractionated ; the yield is very satis- 
factory (Beckurts a. Otto, D. 11, 2058). 

Properties, — A colourless liquid, fuming much 
in air, and having a powerful, penetrating odour. 

S.G.^= 1-78474 (Thorpe, O. JT. 37. 358); 

Michaelis (J. Z. 6, 235, 292) gives 1-77C at 18^. 
Boils at 155*3'^ at 700 mm. pressure (T., l.c , ; v. 
also M., i.c. ; Clausnitzor, B. 11, 2008 ; Beck- 
urts a. Otto, l.c . ; B<dirend, B. 8, 1004). Ogier 
(C. R. 00, OiO) gives fl.F. [SO'^ solid, HCl] 
-14,400. Baumstaik (.4. 110, 75) found V.D. 
69*3 (calc. — 58-12) (temp, is not given) ; Williams 
(C. J, [2] 7, 304) found V.D. at 210'^ to be 32*8 ; 
Heumann a. Kochlin {B. 10, 002) found V.D; 
34*7 at 184° and 30*4 at 410°. The gas is there- 
fore dissociated at a temperature not much above 
its b.-p. WJien CIHO.^OH is ropcaledly heated 
above 168° it is partly resolved into SOXL ; dis- 
tilled, it gives SO;^Cl^ (Williamson, C.j. 10, 97). 
By boiling the compound for a long time with an 
inverted condenser, Clausnitzer {B. 11, 2008) 
obtained Ho8()„ SO,,, and 01 ; Beckurts a. Otto 
(i.c.) heated* CISO.^.OH for a longtime in a sealed 
tube at c. 170°, and found that part remained 
unchanged, and that Cl and SO.^ were produced. 
Ileumaun a. Kochlin {l.c.) tliink that the decom- 
position at c. 440° is represented as follows: 
2(C1S02.0I1) = SOj -I- SOj -t- Clo + H,,0 ; they regard 
the high value obtained by Ban in stark for the 
V.D. as due to prosenoo of SaOjClj (v. also 
Claesson, J. pr. [2J 19, 235). 

lieactions. — 1. Action of heat, v. supra. Pro- 
pertics. — 2. Water produces HClAq and H.SO,,Aq. 
8. Hydrogen sulphide reacts at ordinary tem- 
peratures, forming HCl, S^Clo, S, and H,.S04 
(Prixiz, A . 223, 371). — 4. Carbon disulphide, at 
100°, produces HCl, SO,,, S, and COS. -6. Phos~ 
p}horiispento3cide orpentnchtoride produce S20.,Cl2 
(Billitz a. Heumann, B. 10, 482 ; Kons\WolI, 
C. R. 96, 1140). — 0. Heating with silver nitrate 
forms AgCl and N0,2.S02.0H (Thorpe, G, J. 41, 
297). — 7. Fu,sion with potassium sulpimte forms 
ICSaO, and HCl ; heating with sodium chloride 
forms HCl and Cl.SO...ONa (Miillcr, B. 0, 227). 
8. The reactions of * ClSOj-OH , with several 
elements were examined by Heumann a. Kochlin 
{B. 16, 410). 

Chlorosulphonates, Tlie salts of Cl.SO2.On, 
which reacts as a monobasic acid, are formed 
by the reaotjpn of the acid with metallic 
chlorides. It is very dillicult to obtain these 
salts pure. When heated they form sulphates, 
giving off SO.2 and Cl ; with water they decom- 
pose to chlorides and acid sulphates ; and with 
alcohol HCl and salts of Et.H.SO, are formed 
(MiUler, B» C, 227). No accurate description of 
any salts has yet been given. 

SO2.CI 

Chlobosulphokic anhydbidb >0 5 V* 

SO2.CI 

Pyrosulphuryl chloridot under SunPHUR oxv- 

SnUXBXDBB, p. 618. 


FLUOSULPHONIC ACID AND SALTS 
F.SO2.OH and F.SO2.OM. Only the acid has 
been isolated. 

Fluosulphonic acid F.SO2.OH. Isolated and 
examined by Thorpe a. Kirman {G. J. 61, 921 
[1892]). Prepared by placing pure SO3 in a Pt 
vessel, surrounded by ice and CaCIa (for descrip- 
tion of apparatus v. Thorpe a. Harably, C. J, 
55, 163), leading in excess of pure HF (made by 
heating KHF2), and removing excess of IIF by 
passing in a stream of dry COj for many hours, 
the liquid being kept at 25°-35°. A thin, colour- 
less liquid, with a slightly pungent smell, and 
fuming in air; boils at 102-6% a little being de- 
composed with formation of H.^SO^, and pro- 
bably also SOjPj. Reacts rapidly with Pb, 
forming PbS04 and PbFj ; slowly attacks glass. 
Reacts violently, and sometimes explosively, with 
water, forming H2SO,Aq and IIF.Acp 

IMIDOSULPHONIG ACID AND SALTS 
NH(S02.0H).., NH(S02.0M)2, and NM(S02.0M).,. 
By passing dry NH3 into SO.,, H. Rose (P. 32*, 
81 ; 47, 41 ; 49, 183 [1834-40]) obtained two 
compounds, which he named sulphatammon and 
parasulphatamnion, and to both of wliich he 
assigned the composition 2NH2.SO2. These com- 
pounds were examined by Jacquelain (A. Ch. 
[3] 8, 293 [1843]), Woronin (/. li: 3, 273 [1859]) 
and oOthers ; in 1875 Berglund {Lunds XJniversi- 
tetsArsskrift, 12 and 13; Bl. [2] 25, 455; 29, 
422) showed that Rose’s parasulj^hatammon was 
diammonium imidosulplionato NH(S0.2.0Nn4),2, 
and that sulphatammon was probably the tri- 
ammohium salt N.NH^(SO.mONH,). 2. Berglund’s 
conclusions were confirmed, partly by Raschig 
{A. 241, 161 [1887J), and Mente {A. 248, 232 
[1888], and partly by Divers a. Haga {C. J. 61, 
943 [1892]). A full discussion of the constitution 
of Rose’s compounds, with reference to the work 
of other chemists and an historical summary of 
researches on the imidosiilphonates, will be found 
in the memoir by D. a. 11. 

Imidosulphonic acid NII(S02.0H)2Aq. This 
acid is known only in solution, which is obtained 
by suspending lead irnido.sulplionate in water, 

: decomposing by a stream of H^S, and rapidly 
: iiltering from PbS. The solution gives a pp. 
with excess of BaOAq, soluble in HNOgAq; 
and a pp. of NH(S0.2.0K).2 with K.C2H502Aq. 
The acid solution is very unstable, soon becom- 
ing changed to NH2(S02.0H)Aq and HaSO.Aq 
(Jacquelain, l.c. ; Fremy, A. Ch. [3] 16, 408 ; 
D. a. H., l.c. p. 945). 

Imidosulphonates. The normal salts are 
of the types NH(S02.0M)2 and NM(S0.2.0M)2 ; 
besides these many basic salts have been isolated. 
The di-alkali imidosulphonates are prepared by 
mixing solutions of alkali nitrites and sulphites, 
dissolving the pp. which forms in water, heating 
this solution for some time, allowing to crys- 
tallise, and then boiling the nitrilosulphonate, 
N(S020M)3, thus obtained (v. p. 601, Nitrilo- 
suLPHONATEs) With aoidihed water (for instance 

n(so.2.ok), + H2O = nh(so.2.ok)2 KHSO4) ; 

also by heating the alkali amidosulphonates (e.g. 

2(NH2.S02.0K) - NH(S02.0K)2 + NH,) ; 
the diammonium salt NH(S02.0NH4)2 is also 
obtained by the reaction of NH, with SO,, 
CISO.2.OH, SO2CI2, or SjOjClj. Most of the 
other di- salts are obtained by doable decom- 
positioD from the alkali salts. The tri- salts 
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are generally prepared by dissolving the di- salts 
in excess ol an aqueous solution of the base 
and crystallising. A number of mixed salts, such 
as N(NHJ(S02.0)aBa, have been prepared, 
generally by double decomposition. Basic salts, 
chiefly of such slightly positive metals as Pb or 
Hg, have also been isolated. For. references v. 
Divers a. Haga (C. J. 61, 94;i). The di-alkali 
salts give off NH;,, N, and SO. when heated; 
water reacts to form arnidosulphonatos 
NH.,(S02.0M)2 and sulphates. 

The chief imidosulphonates arc those of NH.,, 
Ba, Ca, Ilg, Pb, K, Agj and Na ; basic salts of Pb 
and Hg are known ; mixed salts containing NII4 
and Na, NH^ and Ba, Ba and Ilg, Ba and Na, Ca 
and Na, Hg and K, and Ag and Na have been 
isolated ; some of the imidosulphonates also form 
double compounds witli KNO., and NaNO.,. Full 
accounts of the preparation and reactions of the 
chief imidosulpl]j3nates are given in the memoir 
cf D. a. II. 

NITEILOSULPHONIC ACID AND SALTS 
N(S0.2.0II)., and N{S02.0M)3. The acid has not 
been isolated, and only a few salts are known. 

Potassium nitrilosulphonate N(SO..OK).,. 
Solutions of K.SO., and KNO.^ are mixed in the 
ratio 4K.S03:KN02 ; after crystallisation occurs 
the mixture is heated at 100® till the crystals 
dissolve, a little water is added, and heating at 
JOO® is continued for a little; on cooling the 
salt crystallises in well-formed crystals with 
2H.O. The water of crystallisation is removed 
at 100®-! 10® ; at a higher temperature decom- 
position occurs to K.SO^, (NH,).^S04, SO3, and 
SO2, The salt may bo crystallised from dilute 
KOHAq ; it is decomposed by water at 40® to 
NH{S0...0K)2 and KHISO^. 

Claus prepared this salt in 1871 (71. 4, 186), 
giving it the formula NKL(S03K)3 and the name 
potassium ti'ifULlpJLcDiimonate; llaschig {B. 20, 
584 [1887]) showed that the salt was probably 
N(S02.0K)3, and this composition was conlirmod 
both by the earlier work of Berglund (B. 0, 252, 
1806 [1876]) and by the more recent work of 
Divers a. Haga {C. J. 61, 943). 

For description of a salt N0(S0.,K)3 v. ' 
llaschig {A. 241, 225); this is the tris 2 ilpho~ I 
oxyazotate of Claus and llaschig. E. regards it : 

as (S02.0K)3N<^>N(S02.0K)3. I 

Sodium nitrilosulphonate N(S02.0Nn)3. ' 
Formed bypassing SO., into a solution of NaNO^ j 
and Na2C03(in the ratio 2NaN0,:.3Na3C03. lOaq) ^ 
until the solution is feebly acid to litmus (v. D. 
a. H., Z.C.). 

NITEOS'ULPIIONIO ACID N02(SO...OH), } 
AND DEEIVATIVES. Tlie acid and its potas- { 
sium salt have been isolated. The anhydride : 
S0.3(N03).0.(N0.,)S02, the chloride N02(S02.Cl), I 
and an oxy-anhydride S2030(N0j3havQ also been 
obtained. 

Nitrosulphonic acid N02(S02.0H). {NitrosyU 
sulphuric acid S02.0H.0(N0). Lead chamber 
crystals. Nitrosyl hydrogen sulphate NO.H.SO4.) 
This acid is produced by the reaction be- 
tween H2SO4 and any oxide of nitrogen except 
NjO (Henry, P. 7, 135 ; A. Kose, P. 60, 161 ; 
Beibling, J. 1861. 152; Kuhlmann, 4* Ch. [8] 

1, 116 ; Sestini, Bl, [2] 10, 226). It is also 
formed in the leaden chambers in making 
H2SO4 (first observed by Clement a. Desormes, 
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A. Ch. [2j 69, 829). The acid is produced by 
the reaction of SOj with NO or NOj in presence 
of water (Davy) ; also by burning 1 part S mixed 
with 2*5-3 parts KNO, in moist air (Girard a. 
Pabst, Bl. [2] 30, 631 ; Reinsch, N. J. P. 12, 3). 

The acid is best prepared by leading NOj into 
well-cooled fuming II , SO4 till the whole solidifies, 
•and tlieii drying over H.S04 (Weber, J. pr, 86, 
423 ; 100. 37 ; Tilden, C.'j. 28, 630) ; or by add- 
ing NO. in excess to cone. H.,£^04, washing the 
crystals with liquid NO.., and drying in a stream 
of dry air at 20®-30® or 'in vacuo (Miiller, A. 122, 

1 ; Gaultier de Olanbry, P. 20, 467). 

Colourless rhombic plates, molting at 73° 
(Tilden, l.c., gives m.p. 8;V^-S7®), and easily re- 
maining liquid below this temperaturo (Weltzien, 

A. 115, 213; De la Provostaye, A. Ch. [2] 73, 
362). On inciting in air the anhydride 
(^2^5(N0 .).,) is formed, and the water given olT 
causes decomposition of part of the acid to 
H2&O, and oxij|lcs of N (Michael is a. Scliumann, 

B. 7, 1075; Fremy, C. It. 70, 61). With dry 
•NaCl reacts to give NaliSO, and NOCl ; on 
heating for a little IICl is given olf (Tilden, l.cX 
Dissolves unchanged in 11 ,864 (Dciboreiner, S. 

8, 239 ; cf. Lungci, Ji. 12, 1058 ; 21»07). SO, is ■ 
without action on dry NO,^(,S()_,.01I), but in pre- 
sence of water, or H2S04Aq with S.G. less than 
1*55, decompo.sifcion occurs with formation of 
H2SO4, N2O3, and other oxides of N, according to 
Lunge (l.c.). 

Potassium nitrosulphonate N02(SO2,OK) 
scorns to bo obtained by the reaction of SO, on 
: KNO., also by adding liquid SO. to dry KNO,; 
the salt cannot be prepared by neutralising the 
acid by KOHAq. The salt is decomposed by 
water (Schultz-Sellack, P. 4, 113). 

Nitrosulphonic anhydride 

SA(Noj„[o<«ojNO;;|]. Formed by heating 

N02(S0..0II) (Michaelis a. Schumann, B. 7, * 
1075) ; also by the reaction of SO, with NO in 
abseneo of O and moisture (H. lioso, P. 47, 606 ; 
BrUning, A. 98, 377) ; also by adding liquid NO, 
to liquid SO2 without warming (Do la Provostaye, 

A. Ch. [2] 73, 362) ; by passing electric sparks 
through a dry mixture of N, O, and SO., or of 
S vapour and N2O or NO (Morren, A. Ch. [4] 4, 
293 ; Chevrior, C. R. 69, 136). Hard, regular 
plates; S.G. 2*14; melts at 217°; maybe dis- 
tilled unchanged at c. 360®. Decomposed by 
water to NO, H.SO^Aq, and HNO^Aq. 
NO.lSO^.OIl) crystaliise.s fiom a solution in 
II2SO,. ^ 

OxY.Nrruo.suLiiroNio aniiydhide 
S2030(N0.). [^<Csa!.a?N02)]* ^ white, fusible, 
crystalline solid ; termed by leading vapour of 
NO2 into SO3 till saturated. Giv.es 8,0., (NO,), 
when heated (Weber, P. 123, 333 ; cf. Thorpe, 

C. J. 41, 297). 

Nitrosulphonic chloride N03(S02.C1). (Nitro* 
sulphuryl chloride.) A white, crystalline solid ; 
formed by the action ol SO, on NOCl in absence 
of moisture, also by the reaction of AgNO, with 
SOCI2 (Thorpe, C. J. 41, 297) ; dissolves on- 
changed in fuming H^SO.; dissolves in cono. 
H,S04, giving off HCl, and forming 01(SO,.OH) 
on heating ; decomposed by moist air or by 
water, giving HClAq, HjS04Aq, HNO-Aq, and 
NO (Weber, J.C.). 
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NITROSO-OXY-AMIDOSTJLPHONIC ACID 
and salts N(N0.0H)(S0.^0H). (Nitroso- 

hydroxylamine sulplumic acid 
N(NO)(SOo.OH)OH. Dinitroso-sulphunc acid 
86(N0\.(0H), or (SO,.OH).(NO),H.) The »ojd 
has not been isolated, but the NH4, Ba, Pb, K, 
and Na salts are known. These salts are de- 
scribed as NUrososulphates under Sulphates,' 
p. 581. 

OXY-AMIDOSULPHONIC ACID AND 
SALTS NH(0H)(S02.0H). {nydroxylamim 
sulphonic acid [Raschig]. Sulphydroxylamic 
acid [Claus]. Sulphazidic acid [Fremy].) The 
K salt ol the acid is obtained by the action of 
water on N(0H)(S0.4.0K)2 (v. OxY-mposuL- 
PHONIC AOiD AND SALTS, infra). The acid itself is 
known only in aqueous solutions. TwoBa salts, 
a K salt, and a Na salt have been isolated. The 
salts have been investigated by Fremy {A. Ch. 
[S] 15, 408), Claus a. Koch (.4. 152, 336 ; 158, 
62, 194), Raschig {A. 241, IGl), and Divers a. 
Haga (C. J. 55, 760). 

Oxy-amidoBulphonic acid * 

NH(OH){SO,,.OH)A(i. An aqueous pliition of 
this acid (the acid has not been isolapd) is 
prepared b/ heating an aqueous solution of 
N(0H)(S02.0K)2 (u. infra) to boiling (whereby 
NH(0H)(S0.4.0K)Aq, H.-SO^Aq, and KHSO.Aq 
are formed), neutralising by NH^A-q, adding 
BaCLAq, filtering off BaSO„ adding BaOAq 
to ppt. Ba(N(0H)S0.,.0).,Ba.Hp, washing this 
pp., adding enough HoSO^Aq to ppt. half the Ba 
in the salt as BaSO„ filtering, and so getting a 
solution o*f the (soluble) salt (Nn(0H)S02.0)2Ba. 
On now heating this solution with an equivalent 
quantity of H.^SOiAq (the Ba in solution must 
be estimated) and filtering, a solution of the acid 
is obtained (Fremy, modified by D. a. H.). The 
solution of NH(OH)(SO.,.OH) is fairly stable, 
but slowly decomposes ; in presence of hot acid 
the decomposition is more rapid, giving 
2NH20H.H2S04Aq and H.^SO^Aq (Raschig, con. 
firmed by D. a. H.). 

Oxy-amidosulphonates. The normal salts 
are of the form NH(0H)(S02.0M*) and 
(NH(0H)S02.0)2M“, where M^=K or Na, and 
M°«Ba ; there is also a dibarium salt 

obtained from the solution of the soluble salt 
(NH(0H).S0.,.0)2Ba.H20 {v. supra) by adding 
the equivalent quantity of a sulphate. The 
dibarium «Balt is itself prepared as described 
under the acid {supra ) ; the monrbarium salt is 
obtained by decomposing the di- salt bj enough 
H^SO^Aq to ppt. half the Ba, filtering, and 
evaporating over HjSO^ (D.^ a. H.). The oxy- 
amidosulphonates are fairly stable ; they are 
decomposed by heating with acid into hydroxyl- 
amine sulphate and HaSO^Aq ; caustic alkalis 
produce only sulphite and hyponitrites (the 
fatter rapidly undergo further change, giving off 
NjO) (D. a. H., l.c . ; v. also C. J. 61, 988 note). 
B&sic oxides, such as CuO and Ag^O, in presence 
of alkali produce sulphite, sulphate, and N.4O, 
and at the same time the basic oxide is reduced 
(D. a. H., Z.C., p. 770). 

Raschig’s sulphazinate (A. 241, 197) 

(B02.0K)N(0H).0.(0K)N.(S02.0K) may be de- 
rived from 2NH(OH)(SO^OH) by replacing 2H 

by 0; 


OXY-IMIDOSULPHONIO ACID AND 
SALTS N (OH) (802.011)3. {Hydroxylamine di- 
sulphonic add N(S02.0H).40H (Raschig). Dit 
sulphydroxy-assic acid (Claus).) Only the potas* 
sium salt has been isolated. 

Potassium oxy-imidosulphonate 
N(OH)(SO,.OK).,. 2aq (Claus, A. 158, 83 ; Raschig, 
B. 20, 584 ; cf. Divers a. Haga, O. J. 61, 659). 
Prepared by passing a rapid stream of SO* 
through well cooled KNO.,Aq made strongly 
alkaline by KOHAq ; allowing N(S02.0K)i 
(v. Nitrilosulphonates, p. 601) to crystallise 
out, pouring off, and allowing to stand. Large, 
lustrous crystals ; almost insol. cold water, more 
sol. water at 40°-60° ; heated with water gives 
KHSO.Aq and NH(0H)(S02.0K)Aq (u. supra, 
OxY-AMiDosuLPHONio acid). Three Na salts and 
several other oxy-imidosulphonatcs have been 
prepared by D. a. H. (C. J. Proc. 1893-4. 61). 

The salts described by Fremy {l.c.) as sulph- 
azotates, and further examined by Raschig 
{A. 241, 211), and formulated by him aa 
N(On)(SO.,.OK)...N(OM)(SO...OK)„ where M = K 
or Na, and N(0K)(8(V0K)2.N(0K)(S02.0K)2, 
may be regarded as derived from oxy-imidosul« 
phonic acid N(OH)(SO,.OH),. 

The oxysuLphazotatc of Claus {sulphazilinate 
of Fremy) examined by Raschig (i.c., p. 223) 
and formulated by him as 

(S02.0K)2 N<q>N(S 02.0K).,, may be looked on 
as derived from oxy.imidosulphonic acid by the 
removal of 2II from 2N(0II)(S02-0H)._,. 

M. U. P. M. 

SULPHONO-DI-ACETIC ACID v. Di methyl 

SULPHONE DICAItnoXYLlO ACID. 

SULPHONO-DI-BTJTYRIC ACID 

S02(CHEt.C0,,H)2. [152°]. Formed by oxida- 

tion of sulphido-dibutyric acid. (5 g.) in neutral 
solution by KMnO, (5 g.) in water (500 g.). Its 
ether is got from S0.,(C£L2.C02Et)2, Na, and EtI 
(Lov^n, J. pr. [2] 33, 104). Octahedra. 
Sulphono-di-isobutyric acid 

50., (CMe2.C02H),.. [182°-18C°J. Formed by 

, oxidising S(CM”e2.C02H)2 (Loven). Plates.— 

BaA"21aq. Oroups of needles (from hot water). 
SDLPHONO-DIPROPIONIC ACID v. Di- 

ETHYL-SULPHONB DICAIIBOXYUG ACID. 

SULPHONO-DI-ISOVALERIC ACID 

50.. (C.H„.C0..H)2. Formed by oxidation of 
S(C4 Hs.C 02H)., and by the action of PiT (2 mols.) 
on Bulphono-di-acetic ether (1 mol.) and NaOEt 
(2 mols.) at 120° ; the product being saponified 
by baryta (Lov6n, J. pr. [2] 33, 114).— BaA" 7aq. 

SULPHO-OXY-BENZOIC ACID v. Oxy- 


SULPnO-BENZOIO ACID. 

SULPHO-PHENYL-ACETIC ACID C„Hj,SO» 
i.e. CHPh(S03H).C02H. Formed by saponifying 
the product of the action of KjSOgAq on a-bromo- 
phenyl-acetio ether (Papilsky, J. 1880, 856). 
Very deliquescent mass. — Salts; K^A", — CaA". 
— BaA"; plates, m. sol. hot water.—ZnA'V 
— PbA''.— CuA"-. blue plates.— Me{NH4) A".— 
CHPh(S0,NH4).C02Et. Tables, v. sol. water.— 
OHPh(SO,K).CO.Et ; thin plates, v. e. sol. Ag. 

SDLPHO-PHENYL-AMIDO-ACETIC ACID 
OANSO.aq i.e, SO,H.C.H4.NH.CH2.CO^. 
[185°]. Formed by heating phenol (1 pt.) with 
hippurio acid (1 pt:) and HjS04 (8 pta.) at 140*^ 
(Zehenter, If. 6, 332; 6, 628). Monoolmia 
prisms (containing aq) ; •93:1:1*28. SoL 



SULPHO-PHraALIO ACID. 


eo» 


intter and alcohol. Coloured violet by FeCl,. 
Decomposed by HClAq at 140'' into phenol, 
glycocoll, and HjSO^. Aqua res:ia gives 
C.H,(0H)01(N0,), [l:2;3;6J.-~BaHA''j ^aq.— 

AgHA" 3aq : oonoontrio groups of needles. 

p-SULPHO-PHENYL-CARBAMIC ACID. 

The acid ether CaH^(S03H).NH.C0.>Me [188®] is 
formed by dissolving methyl phenyl -carbamate 
in fuming H3S04 (Hentschel, B. 18, 979) and 
also by adding NaOH to a cooled mixture of 
ClGOjMe and aqueous p-amido-benzeno sul- 
phonic acid (Noclting, Bl. [2] 50, 622). 

SULPHO-PHENYL-GLYCOCOLL v. Sdlpho- 


PHENIL-AMIDO-ACETIC ACID. 

m-SULPHO-PHENYL-PROPIONIC ACID 
OpHioSOj i.e. C„H,(S03H).CH2.CH..C03H. 
Foamed by treating bromo-sulpho-pheii*yl-pio- 
pionic acid with sodium-amalgam (Goring, C. C. 
1877, 793, 808). Yields m-oxy-benzoic acid by 
potash-fusion. 

i!XO-Sulpho-phenyl-propionic acid 
CuH5.0aH3(S03H).C0aH. Formed by boiling 
cinnamic acid with aqueous K3SO3 for 12 hours 
(Valet, /1. 154,62). Cinnamic aldehyde is converted 
by K.SOa into PhC,H3(S03K).Cn(0H).S0,,K, 
which crystallises in needles (containing 2aq) 
and is converted by boiling dilute H._.SO^ into 
ea;o-8ulpho-phenyl-propionio acid (He'uslcr, B. 
24, 1805). Crystals, v. sol. water and alcohol. 
Converted by boiling cone. KOHAq into cinnamic 
acid. Not affected by boiling dilute IhSOi. — 
KHA". S. 4 at 15®. — KA'^iraq. Fiillorescent 
crystals. — CaA" ;caq. Plates. — 13aA" aq. — 
KjZnA"2. — Ag ,A" aq : white crystalline pp. 

SDLPHO-PkENYL-THIO-CARBAMIC ACID. 

Anhydride C,H,NSA U. 

[183®]. Formed from phenyl-thio-carbimide” and 
SO3 (Magatti, B. 11, 2267). Crystals (from 
benzene), insol. water, alcohol, and ether, lusol. 
acids and alkalis. Decomposed by water at 100® 
into HgS, CO2, and amido-benzeue p-sulphonio 
acid. 

SDLPHO-PHLORETIC ACID C^H.^SO^. 
Formed from phloretic (oxy-phcnyl-propionic), 
acid and SO3 (Nachbaur, J. pr, 75, 45). Sour 
syrup. — Na^A" xaq. — DaA" 3aq. — MgA" 5aq. 
— CaA" 4aq. Crystalline. 

c-SDLPHO-PHTHALIC ACID 
C,H3(S03P)(C0.,H)2[3:2:1]. {aySulpJw-phthalic 
acid. Formed by oxidising naphthalene (a)-sul- 
phonic amide by KMnO^ (liemsen, Afn. 5, 107), 
and got also, in small quantity, together with 
the (/3)- acid, by the action of fuming H2SO, on 
phthalic acid (R6e, G. J. 49, 514). Minute 
crystals, v. sol. water, m. sol. alcohol. Soda- 
fusion gives c-oxy-phthalic acid. — Ba,A'"2 
Needles, si. sol. hot water.— PbHA'"l.]aq.— 
Ag2KA'''2aq. Ppd. by adding AgNO., to a solu- 
tion of the K salt (Stokes, Am. 6, 280). 

Amic acid CgHjNSOg z.e. 
C«H3(S02NH2)(C0.2H)2. [155®-160®]. Formed 

by oxidation of naphthalene (a)«su1phonic anido 
by alkaline KMnO^. Thick needles (containing 
aq). At 155® it splits up into H2O and the an- 
hydride. Cono. HClAq at 150® forms c-sulpho- 
phthalio acid. — EHA'': slender needles, v. si. 
80I. cold water. — KjA". [300®]. Amorphous, v. 
e. sol. water. Yields, when heated, the compound 

CA(CO<n)<c^^N^OCI, [laC-mT whence 


MeOH prodnccs O.H.{CO,Mo)<^®53j^, >NH 

[144°] (Stokes, Am. 6, 274).- PbA'V-AgHA" : 
needles.— Ag.,A". Insol. hot water. 
Anhydride of the Amic Acid 

Can,(C02H)<;^^^-^NH. Formed as above. 


•Begins to sublime at 200®, but is not melted at 
I 240®. Its silver salt C^HiAgNSOi is converted. 


byMeIintoC,H3(CO,ll)<;^^->NMe [191® oor.]. 
The compound C3U,(CO,Me)<;^J^^^NMe [180® 


cor.] has al.so been prepared. 
i-Sulpho-phthalio acid 

CuH 3 (S 03 H)(C(XH).[ 4 ; 2 :ri. {fi)-S ul pho- phthalic 
acid. {y)-Sulpho-phthalic acid. [140 '] (when 
hydrated). The chief product of the suli)honatioii 
of phthalic acid or anhydride at 100'’ -200® (Loew, 
A. 143, 257 ; Ree, B. 18, 1629). Formed also by 
oxidation of najihthaleno (/3)-8ulphonio amide 
(Uemsen, Am. 5, 110) and by the action of hot 
•HNOa (S.G. 13) on potassium di-nitio-(a)-naph- 
thol sulphonate {naphthol yellow S) (Graebo, B. 
T8, 1120 ; Roe, C. J. 49, 516). Crystalline (con- 
taining aq), very hygroscopic, v. Ifol. water and 
alcohol, iiisol. ether. At 180® it yields the an- 
hydride CmHjSO,,. Soda-fusion forms i-oxy- 
phthalic acid. The K salt fused with sodium 
formate yields trimollitio acid. Heated with 
resorcin it yields fluorescein sulphonio acid. 
PCI3 form.s CJi.,{SO.fil){GO.Jiy^ [170®], oily 

C.H.(SO,Cl)<®®,^>0 and C„II,CI >0. 

The mono-chloride is converted by NH, into 
C«IIi(SO...NH.J(CO.,n).j [192°-202®J which crystal- 
lises in plates, sol. water, alcohol, and ether. 

Salts.— KIIA'" 2a(i. Needles, v. sol. water. 

— K^HA'" 2aq. — (NIl4)./llA'" l^aq. At 200° it 

jicId5C„n,(SO,NH,)<g®>Nn [0. 300']. Crja. . 


tallising in monoclinic prisms.— Ba^A"',, 2 aq. — 
Ball^A'^g 5aq. S. 5 at 15°; 50 at 100®. At 
250® it yields Ba(C3H.,SOJ^.— BallA'" 2aq. 

s-Sulpho-isophthalic acid 
C,H3(S03lI)(C0.,H).,[5:3:l]. [258®]. Obtained 

by sulphonalion of isophthalio acid (Aronstein 
a. Kramps, B. 13, 489 ; Lonnies, B. 13, 704). 
Long deliquescent needles (containing 2aq). 
Potash-fusion yields 5-isophthaiio acid. — 
KU2A'"3aq: long needles. — KyA'^araq: prifims. 
— BugA^yaq; needles, v. sol. water. 

i-Sulpho-isophthalic acid 
C,H3(S03H)(g0H),[4;3:l]. [244®]. Formed by 

oxidation of m-sylene (a)-sulphonic acid (Jacob- 
sen a. Lonnies, B. 13, 1556), and by oxidation of 
C,H3Me(S0.,NHJ.5:02H (Remsen a. lies. Am. 1. 
114 ; Remsen a. Coale, Am. 3, 206). Hygrosoopio 
needles (containing 2aq), v. e. sol. water. Potash- 
fusion yields (o)-oxy-isophthalic acid. — Salts; 
KH.A'" 2aq : needles, si. sol. cold water. S. 
1*59' at 26®.— K3A'".— CaHA'" 4.iaq. Crystals.— 
BallA'" 3aq : small needles. S. *073 at 23'5®, 
— ^BaHA'"4aq. — B rjA"', 3aq. •- 

Amic acid Cjl^NSOg i.e. 

C„H3(S0.2NH2) ( CO.^11).^. Formed by oxidatJoQ of. 
0,,H,Me(S02NH.,).C0.fl by KMnO, (Remsen, 'B. 
11, 464 ; 12, 1436 ; Am. 1, 122 ; 3, 209), When - 
set free from its salts it changes at' once to the • 

anhydride C3H3(C02H)<;®2»>NH [^4®], 9 : -46 
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At 10®.— KHA" aq. S. 2*3 at 26®. 4aq ; ▼. 
e. Bol. water. — CaH-A^j 2aq. — CaA" 6aq. — 
BaH.^"2 2aq: monoclinic tables. — jl3aA"3aq. — 
AgAH 4^80^: crystalline pp. (Jacobsen, B. 12, 
2820). 

c-Sulpho-isophthalio acid. Amic acid 
C,H3(S05 jNII^)(C 0 .JI).j [ 2:3:1]. Formed by oxida- 
tion of the corresponding m-xylene sulphonic’ 
amide (Jacobsen, B. 11, 902). Its acid potassium 
salt is si. sol. water. 

a-SULPHO-PHOPIONIC ACID CaH.SO, t.e. 
CH3.CH(S03H).C0,H. Formed by boiling a- 
chloro-propionyl chloride with aqueous am- 
monium sulphite and also by warming propionic 
acid with CISO3H (Kurbatoff, B. 0, 503 ; A, 173, 
5). Syrup, V. sol. water and alcohol. — K.^A'' aq: 
needles (liosenthal, A. 233, 27).— (NH^^A" aq : 
prisms. — BaA" 2aq. S. (of BaA") 7-45 at 18°. 
— CaA" 2aq.— CdA" 2aq.— Ag.A" : small needles. 
Got also by mixing propionic anhydride with 
♦SO, (Franchimont, li. T. C. 7. 27). 

/3-Sulpho-propionic acid 

C^(S03H).CH,.CO,iL [08°]. Formed by boiling' 
iS-iodo-propionic acid with an aqueous solution of 
(NHJ.jSO.,. Got also by the action of ammonia- 
cal AgNO, dn the compound of acrolein with 
NaHBOg (liosenthal, A. 233, 15) and obtained 
likewise by the oxidation of thiohydantoic acid 
NH:C(NH,).S.CH,.CH2.C0JI (Androasch, M, 0, 
838; 7, 109). Hygroscopic crystals, sol. water 
and alcohol. Decomposes at 150°. Successive 
treatment with PCI-, and with tin and HClAq 
converts it|.into Rulphydro-prof)ionic acid. 

Salts. — K.^A" aq. — KIl A" aq. — Na.,A" aq.— 
(NH4)jA"4aq. Hygroscopic. — HNjl4A". — 
BaA''5aq. — BaHA".,. — SrA" 5aq. — CaA" 2,laq. 
—CaA" aq.— MgA"4‘aq. ZnA" 4aq. - CuA^.— 
MnA" 4aq. — PbA". — CdA" aq. — Ag^A" ^aq. — 
HAgA" J aq. 

Ethyl ether Liquid. 

Sulpho-dipropionio acid is Di-etuyl-sul- 

PHONE niCAllBOXYLlO ACID. 

SULPHO-PKOPYL-BENZOIC ACID v. Sdlpiio- 

CDMINIO ACID. 

SDLPHO-ISOPROPYL-SUCCINIC acid 
CM e;(S03H).CH{CO,H).Cll,.COJI. [c. 107°]. 
Got by action of HNOj on sulpliocamphylic acid 
(Kbnigs a. Hoerlin, B. 20, 2044). When heated 
iK vacuo at 170° it Bjilits up into water, SO., and 
terebic acid. Tables (containing 3aq), v. «. sol. 
water. 

BULPHO-PYROMUCIC ACID C3H4SO, t.e. 

CH*C(Sailj^^* dwsolving pyro- 

mucio acid in cold fuming II.JSO4, and got also 
by the action of zinc-dust and ammonia on di- 
bromO'Bulxjho-pyromucic aciU (Schwanert, A. 
110, 208 ; Hill a. Palmer, B. 18, 2095 ; Am. 10, 
373, 409). Deliquescent prisms. — KjA'Maq. — 
KHA".— NaA" 6aq. — NaHA" aq. — BaA" 4aq. 
Small prisms. Yields fumario acid when heated 
with excess of bromine. — Salts: BaH^", 4aq. — 
BaH^A", Oaq.— CaA" 3aq. — PbA"2aq.— AgA". 

Amide C,H,S04(NII,)2 [213°]. Crystalline. 

(j8)-Sulpho-pyroinucio acid 
C4ELjO(SO,H)(CO.iH). Formed by sulphonation 
of bromo-pyromucio acid and debromination of 
the product by zinc-dust and NH, (H. a. P.). — 
Salts : K2A"2iaq. — CaA" 2aq. — Ba£^",8aq. 
—BaA" 3aq,— BaA" aq : small concentric prisms. 


8ULPH0 - PYBOTARTABIC ACID O.H,SO, 

i,e. CaH5(S03H)(C02H),. Formed by boiling 
ita-, citra-, and mesa- conic acids with aqueous 
K^SO, (Wieland, A. 157, 34). Crystalline, v. e. 
sol. water. — Ca3A"'2 7aq. SI. sol. cold water. 

SULPHO.QUINOLINE CARBOXYLIC ACID 
CgH^N (SO,H) . CO3H. (a) - Sulpho-cinchoninic 

acid, i'ormed by heating cinchonio acid with 
i SO3 or with II.JSO4 and PjOj at 180° (Weidel a* 

: Cobenzl, M. 1,814). Triclinic crystals (contain- 
i ing aq), m. sol. hot water, insol. alcohol and 
I ether. Tastes bitter. Potash-fusion gives («)- 
j oxy-cinchoninio acid. — (NH.,)2A" 2aq. Mono- 

1 clinic crystals ; <i:b:c = 1*19:1:3*53 ; /3 = 95°14'.— 
CaA"2.^aq. Monoclinic crystals. — BaA" 3aq.— 

; PbA" aq. — GuA" aq : minute sea-green crystals, 
j {B. 2)-Sulplio-quinoline {Py. l)-carboxylio 
i , S03H.g=CH.C.C(C02H):gH 
, CH:CH.C.N --=CH* i^h^ulpho- 

' chichoninic acid. Formed at the same time as 
j the preceding acid (Weidel, M. 2, 665) and pre- 
1 pared by heating cinchoninio acid (1 pt.) with 
H.SO4 (7 pts.) at 300° (Von Gcorgiovitch, M. 8, 
(539). The same acid (crystallising with aq) 
appears to be formed by oxidation of benzylidene- 
lepidine sulphonic acid by alkaline KMn04 
(Busch a. Koenigs, B. 23, 2683). Colourless 
needles (containing 2aq), v. sol. hot water. Very 
: bitter. Potash-fusion yields ()8)-oxy-cinchoninio 
. acid.— (NIIJHA" 2a(i.— BaA"aq. -PbA"4aq. 

I SULPHO-SALICYLIC ACID v. Oxy-bulpho- 

■ HENZOIC AOID. 

i SULPHO-SUCCINIC ACID C^H.SO, i.e. 

I C0.jr.CH2.CII(S03lI).C02H. 

[ Forvmtion. — 1. By exposing cooled succinio 
I acid to BO3 vapour (Fchling, A. 38, 285 ; 49, 

■ 203). — 2. By boiling fumaric and maleic acids 

i with aqueous (Credner, Z. [2] 6, 77 ; 

I Strecker a. Mcsscl, A. 157, 15 ; Z. [2J 6, 459, 

I 671). — 3. From succinyl chloride and Ag^SOi 
' (Carius a. Kiimmcrcr, A. 131, 167). -4. By oxida- 
tion of thio-malic acid with HNO, (Carius, A. 
129, 9). 

Propertiea. — Deliquescent mass, v. e. sol. 
water, alcoliol, and ether. Yields fumaric acid 
when fused with potash. 

Balts. — K3A"'aq*. ofilorcacent crystals. — 
K3A'" 2!,aq. — k3A"'l^aq. Crystals. — KHaA'". — 
KJIA'" 2aq.— k4H3A'"3 1^ aq. — (NH4)3A"' aq.— 
(NH4)H2A'" aq : crystals. — BajA'''^ (dried at 100°). 
j?p. — Ca3A"'2 6aq. — Pb3A'"2 4aq.— PhsA'^'g 3aq. — 
Pb^OA"',. — Pb,OA"'2. — AgjA'": m. sol. water. 

SULPHO-TEREPHTHALIC ACID C^H^BO, 

i.e. C,H3(S03H) (C02ll)2[2:4:l]. 

Fonnation. — 1. By heating terephthalic acid 
with fuming H2SO4 at 250° (Ascher, A. 161, 2 ; 
Schoop, B. 14, 223). — 2. By oxidation of sulpho- 
^-toluic acid (llemsen a. Burney, Am. 2, 410 ; 
Weber, B. 25, 1740), of p-xylone sulphonic acid 
(Kemsen a. Kuhara, A7n. 2, 414), and of 
C„H3Me{S0.2NH.,).C02H (Hall a. llemsen, B. 12, 
1432 ; Am. 2, 5(3). 

Properties. — Hygroscopic needles or tables. 

Salts . — KHA' " i aq. N eedles (llemsen a. 
Reiser, .4m. 6, 170).— KH^A'" aq (W.).— K3A"' aq. 
— BaHA'" aq.— CaHA'" l^aq.— BaHA"' l^aq.- 
BaHA'" aq. — BaaA' '.^ 8aq. — BaH4A'", 6aq. — 
PbHA"' 2aq.— AgjHA"'. 

Amie acid 03H,(S0^H3)(C0jH),. Formed 
by oxidising j)-xylene sulphonic amide with alka* 
line KjFeCy, (Noyes a. Walker, Am. 2, 94), 



SULPHO-Uvmo AOID. 605 


Coneentrio needles, sol. hot water. Not melted 
at 810°. — KHA" — BaA" aq ; nodules. 

Imidt CA{COjH)<^®«>NH. [284°] (W.); 

[299° cor.] (N. a. W.). Formed by oxidation of 
CHH3Me(SOMNH2).CO.^H by KMnO^. Short thin 
prisms (from ether), m. sol. cold water. AgNO, 
gives a pp. insol. HNOj.— KCsU^NSOj aq.— 
BaOHHjNSO) 3aq. Scales, v. si. sol. water. — 
Ag303H3NS0,. 

SULPHO-TOLUENE DICARBOXYLIC ACID. 

Amic acid C«H2Me(SO,,NH2)(CO,.H)2[l:4:3:5]. 
[c. 800*^. Formed by oxidation of ^/-cumeno 
Bulphonio amide (Jacobsen a. Meyer, B. 16, 190). 
Needles, sol. water, alcohol, and ether. — 
BaA" 2.^aq : small prisms, si. sol. water. 

SULPHO-o-TOLUIC ACID C^H^SO* U. 
CaH3Me(S03n).C02H [2;3:1J. Formed by heating 
o-toluio acid with (5 pts.) for 3 hours at 

160° (Jacobsen a. Wierss, B. 16, 1960). Crystal- 
line, V. e. sol. water. Potash-fusion yields o-oxy- 
toluio acid. 

Sulpho-O'toluic acid. A7nic acid 
C3H3Mo(S 02NH2).C02H [2:5:1]. [243°]. Formed, 
together with about an equal quantity of the 
(2,4,1)- isomeride, by oxidation of vi - xylene 
o-sulphonic amide by alkaline KMnO^ (Jacobson, 

B. 14, 38). Long needles, sol. alcohol, ether, and 
water. Potash-fusiou yields the corresponding 
oxy-toluio acid. Further oxidised by KMnO. to 

C, n,{SO,liU,){CO,lL),. 

Sulpho-o-toluic acid. Amic acid 
C„lX,Me(S02NH2).C0Jl [2:4:1]. [217°]. Formed 
as above. Long needles, si. sol. cold water, v. 
sol. alcohol and ether. — KA' : crystals. 

s-Sulpho-fu-toluic acid 

0„H3Me(S03n).C02H [3:5:1]. Formed, together 
with the (3,4,1)- isomeride, by sulphonating 
?»-toluic acid with fuming H..yO< at 180° (Jacob- 
son, B. 14, 2355). 

Sulpho-77i-toluic acid. Amic acid 
CJl3Me(SO.,NH2).CO.,H [3:4:1]. [248^]. S. 2 at 
15°. Fonned by oxidation of 7/i-xylcno sulphonic 
amide (Kemsen, Am, 1, 37 ; 3, 205 ; Jacobsen, B. 
11, 896). Needles (from water), m. sol. alcohol, 
bI. sol. ether. Potash-fusion gives (4,3,l)-oxy- ‘ 
w-toluic acid. KMnO, yields sulpho-isophthalic 
acid.— CaA'^l^ aq : small concentric needlc.s. — 
BaA'n 4aq. — BaA'^daq. — AgA' : needles (from hot 
water). 

.Sulpho-m-toluio acid. Amic acid 
C3H3Me(S0.2NH..).C0..II [3:2:1J. [203°]. Formed 
by oxidation of the corresponding w-xyleno 
sulphonic amide [9G°] (J.). Converted by 
potash-fusion into the corresponding oxy-toluic 
acid. 

Sulpbo-j7-toluio acid C,iU3Mc(S03H).C0..II 
[4:3:1]. 

Formation. — 1. By oxidation of thio- 
carvacrol (Flesch, B. 6, 480; Bcchlcr, J. pr, 
[2] 8, 170). — 2. By oxidation of cymene sul- 
phonio acid (Remsen, Avi. 2, 411 ; K. Meyer a. 
Baur, A. 220, 18). — 3. From j^-toluic acid and 
SO, (Fischli, B. 12, 616). — 4. By oxidation of 
p-xylene sulphonic acid (Bemsen, Am. 8, 264). 
Needles (containing 2aq). Not hygroscopic. V, 
sol. water, insol. ether. Decomposes at 185°- 
190° without melting. Potash -fusion.givcs ozy- 
p-toluio acid [204°]. Gone. HGlAq at 190° forms 
p-toluio acid. 

Salta. — KHA"3aq. — KHA"2aq.- 


14aq. — MgA'' 8aq. — MgA" 7aq. — 
BaA" 3aq.-BaA" 4aq.-PbA" aq.-PbA" 8aq.— 
PbA"8Aaq.-iAg2A"ati. 

Amide C,H,Me(S02NH2).CONH, Jaq. [218°j. 
! Amic acid C,H3Mo(SO..NH3).C0.2H. [267°]. 
Formed by oxidation of cymene sulphonic amide 
and of p-xylene sulphonic amide by chromic acid 
^nixturo (Itemseu a. Hall, Am. 2, 50 ; B, 11, 
I 229; Noyes a. Walker, y4?«. 9, 98). Needles, sol. 

; cold alcohol, insol. ether, si. sol. cold water. — 
j BaA'2 2aq. — CaA'„4aq. — MnA'jSaq : needles. 

I Probably the same amic acid [2 12°] is formed by 
j oxidising p-butyl-tolueno sulphonic amide by 
: KMnO, (Kelbe a. Baur, B. 16, 2505). SI. sol. 

I water, nearly insol. alcohol. 

I Sulpbo-p-toluio acid C.iII,M('(S03H).CO..H 

■ [4:2:1]. [182°] (W.) ; [190°] (F.). Got by oxidi- 
sing thio-thymol (Fittica, A. 172, 329) and by 
evaporating its imido with HClAq (Weber, B. 

I 25,1741). Crystals (containing 3aq).— Nil, HA". 
— MgA" -Ag,A". 

Xn/i/yiZrZtic CJl3Mo<^y^^O. [97°J. Got 
! by treating the acid with AcCl. 
i Amic acid C„IL,Me(S03JI).CONII,. [186°]. 
Prisms (containing aq).— NH,A'. irot from the 
anhydride in ben/, cue by the action of dry NH,. — 
AgA' aq : scales (from water). 

Amic acid CJl3Me(SO,NrL).CO,H. [185°]. 
Got by boiling the imido with water (Weber, B. 
j 25, 1739). Ye.ilowisli crystals. Probably idou- 
' tical with the preceding amio acid.— BaA'2 2aq. 

, — AgA'.-MeA'. [145'].~-KtA'. [95°]. 

j Imide C,,n.,Me<^[^-^>NII. Methyl -sac^ 

charin, ^246°]. Got from p-toliiidine sulphonic 

■ acid vid C.H.MeCy.SO.H, C3ll3MeCy.Sa,Cl, 
C«IX3MeCy.S03NH,„ C„Il3Mc(C03H)(S0,,NH2), 
the last body being heated (Kreis, O. P. 48,683 ; 

, B. 22, Kef. 719 ; Weber, B. 25, 1737). SI. sol. 

I cold water, v. sol. alcohol, etlu*r, and alkalis. 

j Yields C,H3Me<^^^y’^NAg, wlicnce Mel forms 
I C,H3Me<^^'>NMo [153°], while EtI gives 

C,H3Mo<^^^^2^NEt [106°] (Weber). The imide 

• is converted by warming with aqueous KOOl into 
I p-toluidino sulphonic acid. 

I Di-sulpho-o-toluic acid CuH.;Mo(SO.,II),;C0.3H 
! [2:3:5:!]. Forjnod by sulphonation of o-toluio 
i acid with ILHO, containing SO3 (Jacobson a. 

I Wierss, li. 16, 1960). Minute needles, v. e. sol 
water. — amorphous, v. sol. water. 

Di-sulpho-p-toluic acid C„H.Me(S0.,H)3C03H. 
Formed by healing p-toluic acid with fuming 
H3SO, and P,.0,, (^V^einroich, B, 20, 982). — 
BaHA'^' 5aq. Cr^tals. 

licfcrCVCC, — N ITJiO-SULPIIO-XOLDIC ACID. 

SDLPHO-UVITIC ACID C^H^SO, i.6. 
C„H2Me(S03H)(C03H).3 [5:G:3:1]. Formed by 
evaporating its amic acid with cone. HGlAq 
(Jacobsen, A. 206, 185). Needles (from dilute 
H^SO,). Potash-fusioa yields oxy-uvitio acid. — 
KHjA"' 2aq.— Ba^A'",,. S. 3 23 at 12-6°. Needles. 

Afnic acid C„H,Me(S03NH2)(C03H)2. A 
product of oxidation of mesitylene sulphonio 
amide with KMnO, (Hall a. Kemsen, Am. 2, 
136 ; Jacobsen). When set free from its salts 
it changes at once into the anhydride OaHiNSO, 
[270°], 8. 5 atl00°.— KHA".— BaA".— BaA"8aq.' 
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BULPHO-ISOVALEEIC ACID CjH^SO. i.«. 
04 H,(S 0 ^).C 0 .^. Formed by heating isovaleric 
acid (1 pt.) with C1S0,H (1 pt.) at 160° (De 
Varda, O, 18, 91). Deliquescent crystalline 
mass. Its aqueous solution partially decom* 
poses when heated. — BaA" aq. — PbA'' 2aq. 

STJLPHOXIDES. Organic compounds B.SO.B' 
formed by the action of cone. HNOj, on sulphides. ' 
Decomposed by heat. Beduced by Zn and H 2 SO 4 
and by HI to sulphides. Attacked by PCI 4 , sul- 
phides being formed. They reduce KMn 04 , being 
converted into sulphones. Sulphoxides contain- 
ing monovalent alcohol radicles form unstable 
compounds with HNO,, such as Et.jSO.HNO, 
(Beckmann, J. pr. [2] 17, 475). 

SULFHO-XYLENE CARBOXYLIC ACIB. 
Antic acid C,.H 2 Me.,(S 0 ,.NlL).C 02 H [1:3:4:5]. 
[208° oor.]. Formed by oxidising 4 ^-cumono 
sulphonic amide (Jacobsen a. Meyer, B. 16, 190). 
Long needles, si. sol. hot water. — KA'aq. — 
BaA'j2)iaq. 

SULPHUR. S. At. w. 31-93. Mol. w. 63*96; 
probably also 191*88 and 255*84 {v. infra).* 
The following data apply to ordinai'y rhombic 
S. Melts at c. 115°; dilTcrent observers give 
from 111° to* 115° (u. Helff, Z. P. C. 12, 219; 
Spring,^. Ch. [6] 22, 170; Kopp, yl. 93, 129; 
Brodie, J. ptr. 62, 330 ; Gernez, O. R. 83, 217 ; 
for m.p. at high pressures v. Hopkins, J. 1854. 
48). Boils at 440° (Dumas, A. Ch. [2] 36, 83 ; 
Troost a. Hautefeuille, C. R. 76, 76, 219). Cal- 
lendar a. Gritliths {T. 182, 119) give 444*53° as 
within *1° of the truo temperature of the vapour 
of sulphur boiling freely under a pressure of 
760 mm.’ (This determination was made with 
Pt resistance thermometers with groat care, but 
unfortunately no special precautions were taken 
to insure the purity of the S used. For other 
determinations v. Carnclloy’s Melting- ami Boil- 
ing-point Tables^ 1, 11. For b.p. under different 
' pressures from 1 to 760 mm, v. Monckman, Pr. 
46, 136.) S.G. c. 2 03 (for numerous data v. 
Clarke's Table of Specific Gravities^ 2nd ed., 9). 
S.G. molten S 1*801 to 1*815 (Playfair a. Joule, 
C. 8. Mem. 3, 76) ; S.G. at b.p, 1*46 to 1*51 
(Ramsay, C. J. 35, 471). V.D. varies from 
0 . 122 to c. 62 ; v. infra, Molecular Weight of S. 
S.H. (17°~45°) *163 (Kopp, T. 1865. 71); 
(0°-100°) *1776 (Bunsen, P. 141, 1). S.H. 
(liquid) *2346 (Person, A. Ch. [3] 21, 295). 
Latent heat of fusion = 9*308 (for 1 g, S) (Per- 
son, I.C.). S.V.S. 15*9. S.V. of S in combina- 
tion varies from 28*6 to 22-6; S.V. at b.p. 
21*6 (Ramsay, C. J. 35, 471). ^^O.E. (linear) 
•00006413 (at 40°) (Fizeau, C. B. 68, 1125; 
V. also Kopp, A. 93, 129; Pisati, G. 1874.29; 
Spring, J, 1881. 1086 ; Moitessier, J. 1866. 27, 
who gives C.E. for each 0 . 20° from 110° to 
440°). S. in CS^; 16*64 at -11°, 18*75 at -6°, 
23*99 at 0% 37*15 at -f-15°, 41*65 at 18*6°, 
46*06 at 22°, 94*67 at 38°, 146*21 at 48*6°, 
181-84 at 55° (Cossa, B. 1, 138 ; Payen, G. B. 
84, 466, 608). For S.G. of solutions in GSj v. 
Maoagno (O. N. 43, 192). For S. in C„H, and 
other solvents v» Pelouze (C. B. 68, 1179 ; 79, 

56). Refraction-equivalent at. w.^ for 

. D line 16-0 (solid), 16*47 (liquid), 16-1 (gaseous, 
for 0 line), 16*0 (in solution), 16*0 (calculated 
from data for SCI,), 16*1 (from data for S,01|) 


(GladBtone,P.ilf. [6] 36,204). H.O. [S,0«] - 71,080 
(Th. 2, 247). The £.C. of S is very small; it 
varies much with temperature (v. Monokman, 
Pr. 46, 136). The fundamental form of rhombic 
S is a simple pyramid, or elongated octahedron ; 
a;6:c=» •8106:1:1*898. For emission-spectrum 

V. Salet, G. B. 68, 404 ; 73, 559 ; Bl. [2] 11, 
302 ; Mulder, J. pr. 91, 112 ; Barrett, J, 1865. 
138; Seguin, C. B. 63, 1272; Chautard, O. P. 
79, 1123 *, Pliicker a. Hittorf, J. 1863. 109. For 
absorption-spectrum of S vapour v. Salet, O. R. 
74, 865; Gernez, C. B. 74, 803; Ciamician, 

W. A. B. 77 [2] 839. For vapour-pressures of 
S vapour v. Regnault {J. 1863. 65). Ignition 
point c. 250° (Hill, G. N. 61, 126 ; Blount, 0. N. 
01, 153). 

The following data apply to monoclinic S. 
Melts at 117*4° (Gernez, C. B. 83, 217) ; at 120° 
(Brodie, J. pr. 62, 336). S.G. 1*982 (Marchand 
a. Schccrcr, J. pr. 24, 129) ; 1*958 (Deville, J. 1, 
365). S.V.S. 16-4. H.C. [S,0-] - 71,720 (Th. 2, 
247 ; Petersen, Z. P. C. 8, 601). For volumes 
j occupied at different temperatures v. Toepler 
' (IF. 47, 169). Crystallises in secondary forms of 
a monoclinic prism; a;6:c — 1*004:1:1*004, angle 
6;c = 84° 14'. Sol. CS.^, from which solution 
rhombic S crystallises out. 

Insoluble sulphur is amorphous ; insol. CS.^ ; 
S.G. c. 2*04 (Troost a. Hautefeuille, C. B. 69, 
248) ; S.G. after compression at 8,000 atraos. 
1*9556 at 0°, 1*9643 at 100° (Spring, BL Acad, 
Belg. [3] 2, 83). 

Cf. Allotropy of Sulphur (p. 009). 

Occurrence. — Native, in beds, in Sicily, 
Mexico, New Zealand, i&o. ; in the lava fissures 
of volcanic districts ; in small quantities in the 
mud from the sea-bottom (Buchanan, Pr. E. 
1891. 1). Many metallic sulphides also occur 
native — e.g. sulphides of Sb, As, Cu, Fe, Pb, Hg, 
and Zn. Sulphates occur in large quantities — 
e.g. gypsum, celestino, heavy spar ; those and 
other sulphates are found in the earth’s crust, 
in the sea, and in many river and spring waters. 
(For more details v. Dictionauy of Applikd 
CiiEMisTUY, iii. 682.) S is a constituent of 
albumen, hair, feathers, horn, and some other 
parts of animals; it is also found in many* 
plants. Small quantities of S compounds are 
found in the atmosphere near volcanoes. Ac- 
cording to Young sulphur occurs in the solar 
atmosphere (Am. S. [3] 4, 356). 

Sulphur has been known from very early 
times. The quantitative work of Lavoisier, in 
1772, on burning S showed this substance to be 
an element, but it was not finally placed on the 
list of elements until after the experiments of 
Gay-Lussac and Th6nard in 1809. 

Formation. — 1. IJy the interaction of SO, 
and HaS ; 2S0a+4n,S = 3S, + 4H,0.-2. By the 
partial oxidation of H,S, either by incomplete 
combustion or by exposure of II^SAq to a limited 
quantity of air ; 2 H 2 S + 0, *= 2HjO + S,. Also by 
the oxidation of FeS by exposure to moist air ; 
2FeS -f 30 = Fe^Os + 8,^—3. By distilhng certain 
metallic sulphides out of contact with air, e.g, 
3FeS,-Fe3S^-^Sy— 4. By decomposing solution 
of an alkali or alkaline polysulphide by acid; 
e.g. CaS,Aq + 2HClAq - CaCl^Aq + H,S * 2S^ 
Also by adding acid to solution of a thiosulphate; 
e.g. Na,S,0,Aq + 2HClAq - 
2Na01Aq -I- HjO + SOjAq -»• 8. — 6. By deoom* 
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posing StCl, by water (2S.^0l2 4-2H2O+Aq<- 
4HGlAq + SO, + 3S). — 6. When sulphates, 
OaSO^, are in prolonged contact with decaying 
organic matter (such as plant-leaves) they are 
reduced to sulphides, and if these come into 
contact with acids S is among the products of 
the reactions that occur. For a fuller account 
of some of these processes, whereby native S is 
probably formed, v. Dictionauy ov Applied 
CuEMiSTKY, iii. 683. For methods of forming 
the various varieties of S v. infra. Preparation. 

Preparation. — 1. Ordinary S is dissolved in 
pure, dry CS^ ; a part of the CS. is distilled off, 
and the rest is allowed to deposit crystals of S. 
This process is repeated once or twice ; the S 
,cry8tals are powdered, kept in vacuo for some 
days to remove all CS.,, and then repeatedly dis- 
tilled in vacuo, the middle portion of the dis- 
tillate being collected each time. — 2. Ppd. S is 
distilled several times in S^^Clj to remove H 
compounds; the distillate is then repeatedly 
distilled in vacuo, the middle portion only being 
collected ; the distilled S is finely powdered, re- 
peatedly washed with water, dried, distilled over 
a few small pieces of pure Zn in vacuo (to re- 
move traces of SaCh), and then repeatedly dis- 
tilled in vacuo. — 3. S is ppd. by adding HCIA(x 
to pure NajSjOaAq, the pp. is repeatedly washed 
till free from chlorides, dried, distilled repeatedly, 
and finally distilled several times in vacuo [v. : 
Monckman, Pr. 46, 149). 

Ordinary rhombic sulphur is prepared | 
by melting S and allowing to cool very sloicly at ' 

(Schiit/iCnborger, C. R. 66, 746), or by melting ; 
and throwing in a crystal of rhombic S when 
the liquid has cooled nearly to the crystallisation 
point (Gernez, G. R, 83, 217) ; also by crystal- 
lising from CS.^; and, in very well formed 
crystals, by saturating pyridine or picoline with 
HjS and allowing to stand (Ahrens, 7A 23, 2708). 

Monooiinio sulphur is prepared by melt- 
ing a considerable quantity of roll sulphur in a 
Hessian crucible, allowing to cool till a crust 
forms on the surface, piercing this crust, and 
pouring out the S that is still liquid; the walls 
of the crucible are covered with monoclinic 
crystals. This form of S can also be i)repare(l by 
evaporating alcoholic solutions of (Mal- 

lard, J. 1885. 388 ; Rnys, J. 1884. 336 ; Gernez, 
C. R. 100, 1539 ; 101, 312) ; also, along with 
rhombic crystals, from solution of S in boiling 
alcohol, benzene, t&c. (Maquenne, Rl. [2] 41, 
238). By melting S, and throwing in a crystal 
of the monoclinic form when the liquid is near 
the crystallisation point, the S solidiCcs in 
monoclinic crystals (Gernez, C. R. 83, 217). 

Soft soluble sulphur is prepared by 
decomposing 8^01, by water, or NaB^QaAq or a 
soluble polysulphide by a limited” quantity of 
acid, or many metallic sulphides by fuming 
HNO„ or SOaAq by H.SAq (Weber, A. 141, 432; 
Rose, P. 47, 166; Deville, Ph. C, 1848. 200; 
Fordos a. G61is, Ph. C. 1854. 294). This pre- 
paration is not homogeneous ; it contains both 
soluble and insoluble 8. 

Insoluble sulphur (insol. in CS,)^ pre- 
pared by heating ordinary 8 nearly to boiling 

then cooling rapidly (most easily by slowly 
pouring into a large quantity of cold water), 
rubbing the plastic mass so obtained with a 
glass rod, under water, till it becomes hard, and 


removing soluble 8 by treatment with wi^rm 
Ca, (c/. Deville, Ph. 0. 1848. 200). Insoluble S 
is generally* present in ' flowers of sulphur * 
(which is formed by rapidly cooling vapour of 
8) ; by treating this with GSj the soluble 8 is 
removed, and the insoluble ' form remains. 
Soluble 8 becomes covered with a film of the in- 
•solublo variety by exposure to sunlight or elec- 
tric light when melted (Rertholot, J, pr. 81, 
396 ; Lallemand, C. R. 70, 182). Insoluble S 
is also said to be obtained by decomposing 
Na._.8jOjAq by HClAq, dissolving the ppd. 8 in 
CIICI3, evaporating, and keeping the crystals 
that separate for some time (for details v. Engel, 
C. R. 112, 866; Friedol, G. R. 112, 834). In- 
soluble S is also formed, mixed with the soliibie 
variety, by the incomplete combustion of H.S or 
CS.; by decomposing ILS by fuming IlNOj, 
aq7ia rcyia, FoGl,Aq. or GrOj,A(i ; and by 

the reaction of nNO^Aq, 80.,, or halogens with 
melted S (y. Wohler, A. 86, 373; Vogel, J. Ph. 
[3] 29, 433 ; Schiff, A. 115, 68 ; N61lnor, A. 108, 
49 ; Diclzenbacher, G. R. 56, .39). Insoluble 8 
is also formed by decomposing thiosuipbatos by 
acid, or S.Cl.,or SBr.by water, (fee., and washing 
the soft magma so obtained with CS,^ to remove 
soluble S {cf. Preparation of soft soluble sul- 
phur, supra', and v. Weber, A. ill, 432 ; Rose, 
P. 47, 166; Deville, Ph. G. 1818. 200). 

Colloidal sulphur, solublo in water, 
is prepared by pas.^ing H,_.S into SO.Aq at a 
little above O'* till all the 80.^ is dc'coinposod, 
filtering, and concentrating over KOIi,ut vacuo. 
The yellow solid so obtained is sol. water, but 
changes to ordinary S on keeping (Dobu.s, 0. J. 
63, 282). According to Engel {G. R. 112, 866) 
this form of 8 exists in tliu solution obtained 
by adding 1 vol. Na^S.p.,Aq, saturated at the 
ordinary temperature, to 2 vols. HClAq satu- 
rated at 25‘^-30'^ and let cool to 0. 10'’, and 
filtering from NaOl that separates. This form 
of 8 has not been isolated in a state of purity. 

Regarding the formation of the varieties of 
8 one from the other, cf. Allotropy of sulphur ^ 
,p. 609. 

Properties. — 8 exists in several modifications. 
The chief arc (1) soluble in C8jj, (2) insoluble in 
C8.^, (.3) soluble in water. 

1. Soluble sulphur exists in two, perhaps 
in three, varieties, differing in S.G., crystalline 
form, tfec. 

A. Ordinary rhombic {octahedral) 
sulphur is a p.'ile-yollow, tasteless, very brittle 
solid. By crjistallisation from CSj it forms 
clear, yellow, transparent, lustrous crystals ; the 
colour becomes paler at low temperatures, until 
at — 50® the crystals Are almost colourless (Sch6n- 
bein, J. pr. 55, 161) ; by immersion in boiling 
water it becomes easily powdered (Daguin, C.B, 
20, 1667). The crystals are derived from the 
fundamental form of a rhombic pyramid; about 
thirty varieties are known. When held in the 
band 8 emits a distinct edour, probably because 
of slight volatilisation ; according to Berthelot 
(C, R. 100, 1326) 8 is wholly volatilisable at a 
temperature not much above the ordinary. S it 
said to phosphoresce in air or O at 200*^ (Hen- 
mann, B. 16, 139). When 8 is rubbed it beoomet 
strongly (negatively) electrified. S is a bad con- 
ductor 01 heat, and a very bad oondnotor ol 
electricity ; the oondactivify varies slightly* 



008 


8ULPHUB. 


Rooording as the light is or is not allowed to 
tall on the S (Monckman, Pr. 46, 136). Insoluble 
in water ; easily sol. CSj (data at beginning of 
article) ; also sol. CaHc CHCls, &c. Sol. warm 
cone, acetic acid (Lieberraann, JB. 10, 866) ; sol. 
liquid SOa (Sestipi, Z. 1868. 718). As octahedral 
S changes to prismatic 8 near the m.p. of the 
former, it is evident that hot solutions of the 
former, in solvents which boil near to, or above, 
the m.p. of 8 must contain some prismatic S. 
Bhombic 8 slowly changes to rnonoolinic 8 whe!\ 
kept near its m.p. {v. p. 600, Allotropy of 
sulplmr ) ; the change is accompanied by ab- 
sorption of heat (c. 650 g.-units for *32 grams 8) 
and exx:)ansion of volume (u. Peterson, Z. P. C. 8, 
601). According to Gernez (G. E. 83, 217), if a 
fair quantity of rhombic S is heated till melting 
begins on the surface-, the interior portions 
change to microscopic mouoclinio crystals, and 
the surface parts solidify again; this occurs 
only if the m.p. of monoclinic 8 {117'4'^) is not 
exceeded. 8 melts to a clear yellow liquid ; at 
c. 160° the liquid begins to darken and thicken ; 
between 170° and 200° it is black, and so viscid 
that it docs not pour out when the vessel con- 
taining it if inverted ; at 330°-340° the liquid 
becomes thin, but it remains dark coloured until 
it boils at c. 444°. These changes are accom- 
panied by very considerable changes in the 
electrical conductivity of 8 : the conductivity is 
almost constant from ‘270°-290° ; it increases 
considerably up to 340°-350°, and then very 
rapidly up to the b.p. {v. Monckman, Pr, 46, 
136). The expansion-coellicicnt, for each in- 
terval of 10°, decreases from 110° to 180°, and 
then increases gradually, but not regularly, to 
the b.p. (t). Moitessier, J, 1866. 27). Melted 8 
may bo cooled below 95° \vithout solidifying (c/. 
Gernez, C, B. 97, 1298, 1366, 1433). Por S.O., 
S.H., and other physical properties of 8, v. 
beginning of this article. 

13. Monoclinic stilphnr, obtained by 
cooling molten 8, forms transparent, yellowish 
brown needles; as obtained by crystallisation 
from solutions the crystals are nearly colourless. ^ 
The crystals gradually become pale yellow and ‘ 
opaque, due to change into the rhombic 
form. The crystals are secondary forms of a 
monoclinio prism. This form of S is sol. CS.^; 
rhombic 8 crystallises from this solution; it 
also dissolves in alcohol, CllCla, Ac. On 

evaporation, crystals, both of rhombic and mono- 
cUnio 8, separate (Maquenne, BL [2] 41,238); 
monoclinic 8 may bo recrystalliscd from alcoholic 
solution of (for references v, p. G07, 

Preparation of rnonoclinic S). The change of 
monoclinic to rhombic S is hastened by scratch- 
ing with a glass rod, or by covering with CSj; 
heated to 96*1° at 760 mm. pressure, monoclinio 
changes to rhombic 8 ; the change is accom- 
panied by appearance of heat and contraction of 
volume (v. p. 609, Allotropy of sulphur). For S.G. 
i&o. of monoclinio S v. beginning of this article. 

0. Soft soluble sulphur [v. Preparation 
of soft soluble sulphur ^ p. 607) is only partly sol. 
CS^; it contains both soluble and insoluble 
amorphous 8 ; it is a very pale yellow, or nearly 
white, sqft, amorphous, magma that gradually 
hardens ; when heated it gives off H^S (Weber, 
A, 141, 432 ; Bose, P. 47, 166 ; Deville, Ph, 0. 
1848. 200; Fordos a. G^lis, Ph, 0. 1854. 294). 


2. Insoluble sulphur. It is doubtful 
whether more than one variety of this form of 8 
exists, or whether substances described as 
varieties are not merely mixtures of ordinary in- 
soluble 8 with impurities. 

D. Plastic sulphur is a citron-yellow, 
soft, caoutchouc-like, amorphous solid, formed by 
suddenly cooling molten S (u. p. 607, Preparation 
of insoluble sulphur) ; as j)ropared from ordinary 
8 it is dark brown, but Mitschcrlich {J, pr, 67, 
369) found that the dark colour is caused by the 
presence of small quantities of fatty substances 
{cf, Dietzenbacher, G. B. 66, 39). The S.G. of 
brown, plastic 8 is o. 1*91 to 1*96 ; but the sub- 
stanco is not homogeneous ; it contains both 
soluble and insoluble 8. Plastic 8 soon hardens 
and becomes yellow, more quickly when broken 
np and rubbed with a glass rod, or when immersed 
in turpentine, or when heated to c. 100° ; heat 
is given out in this change (v. p. 609, Allotropy 
of sulphur). For determinations of the volumes 
occupied at dilferent temperatures by plastic S v, 
Tocpler {W. 47, 169). 

E. Amorphous yellow sulphur is pre- 
pared from plastic 8, or flowers of 8, or the 8 
obtained by decomposing thionates by acid, or 
H..S by oxidi.ser3 Ac. {v. p. 607, Preparation of 
insoluble sulphur), by washing with warm C8. 
till all soluble 8 is removed. This variety is an 
amorphous, bulI-ycllow powder ; kept under 
CSj it seems white ; when dried and rubbed it 
forms a loose, flocculent powder. Insol. CSj ; 
somewhat sol. CHCl.„Et.iO, and alcohol, accord- 
ing to Deville [J. pr. 56, 359). Unchanged at 
the ordinary temperature, but slowly converted 
to crystalline soluble S at 100° {v. Berthelot, 
J.pr. 70, 941; 71, 364; Favre, J. Ph. [3) 24, 
344; F. a. Silbermann, A. Ch. [3] 34, 447). 
S.G. 2-046 (v. data at beginning of this article). 
n.C. [8,0''] = 71,090 (Petersen, Z. P, C. 8, 601). 
The accounts of this variety of 8 vary con- 
siderably. 

F. Black sulphur. When 8 mixed with 
a very little oil is thrown into a hot Pt dish, a 
black substance is obtained which has been 
looked on as a modifleation of 8 (Magnus, P. 
92, 3G7 ; 99, 145 ; Dietzenbacher, P. 124, 644 ; 
Gross, B. B. 1879. 788 ; Jones, C, N. 41, 244 ; 
KeUer, Bl. [2] 4, 346). Knapp {J.pr. [2] 38, 
48 ; 43, 305) has shown ^hat the black substance 
contains c. 65 p.c. S and o. 33 p.o. carbonaceous 
matter ; K. thinks it is probably a modification 
of S adhering to carbonised products of the oil. 
This substance is said to be non-volatile above 
the b.p. of 8 ; it is a lustrous, amorphous, solid, 
insol. CS-i, alcohol, Et.^0, oils, H.^S 04 , Ac. 

3. Colloidal sulphur soluble in 
water. This form of S is said to exist in 
Wackenroder^s solution (the milky liquid formed 
by passing H^S into SO.Aq), and also in the solu- 
tion obtained by adding HGlAq toNajS-jCaAq (v. 
p. 607, Preparation of colloidal sulphur). This 
form of S has not yet been obtained free from 
impurities ; it is a plastic, gummy, pale-yellow 
solid ; it dissolves in water, forming a turbid 
liquid. By ppg. by NaCl, filtering, drying on 
bibulous paper, shaking with water, and re- 
peating this treatment. Debus (0. J, 63, 284] 
obtained colloidal 8 that dissolved in water sc 
as to form an almost clear, opalescent liquid 
which became quite clear on warming, and tarbic 
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ifn ooollbg. This solution yielded ordinaiy S on 
liddition of several salts; evaporation left a 
viscous, transparent residue * the S in solution 
did not diffuse through a porous membrane. 

Other modifications of sulphur. Various 
experimenters have described forms of S different 
from those usually recognised, but there is much 
doubt as to whether any of these are really dis- 
tinct varieties, or merely mixtures of known 
varieties (v. Maquenne, Bl. [2] 41, 238; Gernez, 
A. Oh. [6] 3, 266 ; C. B. 100, 1326 ; Engel, O. li, 
112, 866 ; Bertholot, 0, R. 100, 1328 ; Braine, 
0. B. 101, 633, 639). 

Allotropy of sulphur. The following table 
presents the best established allotropic forms of 
S;— 

Insoluble in water. 

Soluble in OSj hisoluble in CSj 

Rhombic ; S,, Plastic ; Sy 

Monoolinio; Amorphous, yellow 

Amorphous, soft 

Soluble in water. 

Colloidal; 

The amorphous forms of S (soft, soluble; 
yellow, insoluble; and plastic, insoluble) and 
colloidal S have not been obtained pure ; the 
soluble amorphous always contains insoluble, 
and the insoluble forms always contain soluble 
S; the colloidal contains S insoluble in water 
(c/. Magnus, J.pr. 70, 216 ; 72,48 ; Weber, 

70, 354), It would probably be mbre accurate 
to make only three divisions of amorphous S ; 
soluble in water, insol. water but sol. CS.^, insol. 
both water and CS^. Berthelot [J.pr. 71, 364 ; 
78, 244) holds that there are two main varieties 
of S : soluble in CS.^, and insoluble in CSj. S 
separated from compounds wherein it acts as 
the positive radicle, or part of the positive 
radicle [e.g. 8.^01.^, SO.^Aq), is insoluble, according 
to B. ; whereas when separated from compounds 
wherein it forms the negative radicle, or part of 
the negative radicle {fi.g. H.^S, K^S), S is soluble 
in CSj. B. distinguishes the two varieties of S 
as electro-positive and electro-negative. Cloez 
pr. 74, 266 ; 78, 241) assorts that insoluble S 
is obtained from S.^GL^ when this compound is 
rapidly shaken with water, but that soluble 
(crystalline) S separates from the same com- 
pound by the gradual action of moist air ; and 
that insoluble S is obtained by electrolysing 
H.,SAq provided the electrolysis is rapid (c/. 
Weber, P. 141, 432). 

Any form of S changes gradually to the 
rhombic crystals (S.) ; this change is hastened 
by raising the temperature within certain limits. 
Berthelot {J. pr. 71, 360) examined the amount 
of soluble (crystalline) S changed to insoluble at 
different temperatures ; he found that rhombic 
S heated to 130°- 140® and rapidly cooled was 
still wholly soluble in CSj, that much insoluble 
S was formed by heating to o. 170°, and not 
much more at o. 230°. These results can be 
tn.1rAn onlv OS Very roughly approximate, on ac- 
count of difficulties in cooling, <fee. {cf. Deville, 
J, pr, 66, 865; Frankenheim, J. jw*. 64, 486). 
According to experiments of Gernez (tl. B, 97, 
1298, 1366, 1433 ; 100, 1343, 1882), Buys {R, T. 
C. 8, 1), and Beicher {J. 1886. 247), monoolinio S 
(B^) changes to rhon^Dio (S^ in o. 13 days 36^ 
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to —18^ and In t, 80 minutes at 40^. Beicher 
{B. T. O. 2, 246 ; Z, K. 8, 693) says that the tem- 
perature of change of to S. is 05*6° at the or- 
dinary pressure, and rises *06® for each increase 
of 1 atmosphere pressure ,* at 96*1® S. changes 
to S^, and at 96*1° changes to S,. The 
change of any form of S to rhombic crystals is 
dccompaniod by the appearance of heat and 
contraction of volume ; the data for the heats of 
conibination of S^, S^, and amorphous insoluble 
S give 0 . 650 gram-units as the quantity of heat 
produced when 32 grams S/j change to S., and c. 
900 gram-units for the change of .32 grams in* 
soluble amorphous S to {cf. Bertlielot, C. B. 
70, 941 ; and Mitsoherlich, P. 88, 328). By 
keeping S molten for some time at 100°, and 
then inducing crystallisation by dropping in a 
crystal of S, either rhombic or monoclinio crys- 
tals can be obtained, according as tlie crystal 
dropped in is rhombic or monoclinic. When 
rhombic S is molted and allowed to cool under 
ordinary conditions the solid contains both S. and 
3^ ; if the cooling is rapid, some amorphous S 
(both soluble and insoluble) is also produced ; 
hence ordinary * flowers of sulphur,’ formed by 
rapidly cooling S vapour, contains botlf soluble and 
insoluble S, and generally also, when freshly 
prepared, both rhombic and monoclinic crystals. 
The crystals of S that separate from solutions in 
CS.^ are rhombic ; both forms of crystals separate 
from solutions in alcohol, O^H., CH0);„ i&o. ; and 
monoolinio crystals separate from solutions in 
alcoholic (NHJ.^S. Light brings about tlje change 
of soluble into insoluble S; if bright sunlight, or 
light from the electric arc, falls on molten S at o. 
130°, a film of insoluble S is produced. Simi- 
larly, light concentrated by a lens and directed on 
to a cone, solution of S in CS.j quickly causes the 
formation of a speck of insoluble S, which soon 
increases in size till the liquid becomes turbid (Ber- 
thelot, J". jpr. 31,396 ; Lallomand, 0. B. 70, 182). 
No differences have been observed between the 
chemical behaviour of the soluble and insoluble 
varieties of S [v. Schmitz-Dumont, B. 25, 2659). 

• Atomic weight of sulphur. Tlie at. w. of S 
has been determined (1) by converting AgCl into 
Ag^S (Berzelius, P. 65, 319 [1845] ; Svanberg a. 
Struve, J. pr. 44, 320 [1848]) ; (2) by reducing 
Ag,SO, to Ag by H (Struve, A. 80, 203 [1861] ; 
Stas, Stas P.125 [1860]); (3) by direct synthesis 
of Ag,S (Dumas, A. Oh. [3] 55, 147 [1859] ; Stas, 
Stas R. 63 [I860]) ; (4) by determining S.H. of 
S (Kopp, T. 1866. 71) ; (5) by determining V.D. 
of, and analysing, SH;, SO,, 3,01,, <&o. 

Molecular weight of sulphur. The V.D, 
determinations of Dumas (A. Ch. [2] 50, 170) 
gave c. 95 at 450°->^0°, pointing to the molecu- 
lar formula S, ; Bineau (0, B. 49, 799) found 
V.D. 39 from 714° to 743^, and 34 between 840® 
and 1160°, indicating the molecular weight 
The determinations by Deville a. Troost (0. B, 
56, 891) at 860°- 10 10° confirmed the number 33 
and the molecular weight Troost (O. B. 96, 
30) got the number 42*5 at 665°, indicating a 
mol. w. of 0 . S, (V.D. corresponding to S|*-l 8 ). 
In 1888 Blitz determined V.D. of S at intervau 
from 468° to 606®, and got results ran^ng froxn 
113*2 at the lower temperature to 68*4 at tha 
higher (S, » 112 ; S 4 « 64). The V.D. epnstantlj 
decrees^ as temperature rose; the V.D. was 
eonstant onl/ between 603® and 624®, but the 
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▼ftluei were between those oalonlated for S« and 
Br. concluded that the only molecules 

which exist as gas through any' considerable 
range of temperature have the composition 82* 
Ramsay {Z. P. G. 8, 67 [1889]! thought that 
Biltz’s results did not negative the existence of 
gaseous molecules more complex than S.^. Schall 
{B. 23, 1701 [1890]) got numbers for V.D. vary- 
ing from 115 to 122, at 673^ and pressures from 
10-20 mm., in an atmosphere of N or COj ; S. 
concluded that molecules Sg probably exist in 
the vapour of S. Riecke {Z. P. C. G, 430 [1890]) 
regarded the decrease of V.D. with increasing 
temperature as a dissociation of Sg to S. and 
by making certain assumptions, his calculated 
results agreed well with the experimental num- 
bers of Biltz. In 1888 Paterno a. Nasini (P. 21, 
2153) determined the depression in the freezing- 
point of benzene caused by dissolving S therein ; 
their results indicated Sg as the molecular for- 
mula of S in solution in benzene. By deter- 
mining the increase in the boiling-point of CS.^ 
produced by dissolving S in that solvent, Beck- 
mann {Z. P. C. 6, 76 [1889]) got values for the 
mol. w. of S varying from 245 to 280 (Sh = 256). 
Sakurai al^o used this method in 1892 {G. J. 61, 
989) ; his values for mol. w. of S in CS^ varied 
from 252*3 to 264*9. From observations of the 
effect of dissolving S in naphthalene on the f.p. 
of the solvent, Hertz {Z. P. C. 6, 358 [1890]) 
concluded that the mol. w, of S in solution in 
naphthalene is 266 = Sg. Ilelff (Z. P. G.'12, 196) 
in 1893 also got Sg for mol. w. of S in CSj, and in 
molten P. These results leave little doubt that 
molecules Sg exist in solutions of S in CS.^ and 
in naphthalene, and Sg in solutions in benzene ; 
that molecules of greater complexity than S, — 
probably as complex as Sg — exist in S vapour, 
but these are stable only through a small range 
of temperature, and gradually dissociate as tem- 
perature rises until all the molecules existing 
above 0. 700'^ have the composition Sj. Biltz a. 
Meyer {B. 22, 725 [1889]) have shown that the 
V.D. of S corresponds with the mol. w. S. up to 
1600°-1700'’. 

Reactions. — 1. Reacts with water at 100° to 
form HjS. Cross a. Higgin (G. J. 35, 249 ; B. 
16, 1196) found that the solution contained 
thionio acids ; they supposed that these were 
produced by reactions between the H^S and SO, 
formed by the action of the S on the water (c/. 
Payen, J. Ph. 8, 871 ; Mulder, J. 1858. 84 ; 
Meyer, 0. R. 74. 195 ; G^lis, G. B. 66, 1004). 
Senderens {Bl. [3] 6, 800) regarded the produc- 
tion of H.2S as due to interactions between the S 
and the glass vessels employed ; 0. a. H. (0. J. 
85, 2;52) found PL^S was produced when mlute 
H,SO.Aq was used in place of water, and they cons 
eluded that the alkaline constituents of the glass 
were without influence. Becquerel (C. R. 56, 
287) says that when water containing S in sus- 
pension is electrolysed, H^SOg forms at the posi- 
tive, and HjS at the negative, electrode (c/. Col- 
ton, Bl, rai 84, 66). When S is moistened with 
water and let stand in the air, H^SO^Aq is said 
to be produced (Polacci, C. G. 1884. 484 ; B5hm, 
M, 8, 224). — 2. S is oxidised to KiSOgAq by 
beating with nitric add^ aqua regia, or potas^ 
•Mwn chlorate and hydrochloric acid.—Q. Gone, 
hot sulphuric acid is reduced, giving off SO*. — 
Gone, hydriodio add gives H|S wd 1 (I df ' | 
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oomposet dilate H,SAq to HIAq + S).— 5. 
svlphonic add when heated with S prodaeet 
S2CI2, SO,, and HCl (Heumann a. Edohlin, B, 
15, 416).— 6. S dissolves in boiling alkali solu^ 
turns, also in molten alkalis and alkaline eax^ 
honates, to form mixtures of polysulphides and 
thiosulphates. Boiling ammonia solution forms 
polysulphides; heated in a sealed tube above 
100° some (NH4)2S,jOsAq is produced (v. Brun- 
ner, D. P. J. 150, 371). — 7. Sulphur trioxide dis- 
solves S, forming a blue solution of 8,0, (v. Sul- 
pnuH oxides).— 8. Garbon dioxide reacts with 
boiling S to form COS (Cossa, B. 1, 117 ; Ber- 
thelot, Bl. [2] 40, 364). The same compound is 
produced by volatilising S, by an electric cur- 
rent, in carbon monoxide (Chevrier, G. B. 69, 
66). — 9. PSClg is formed by the interaction of S 
and phosphorus trichloride at 130° (Henry, Bl. 
13, 496). Phosphorus pentachloride forms PCI, 
and S2CI, (Goldschmidt, G. G. 1881. 489).— 
10. S decomposes many sulphates and carbonates 
at high temperatures, forming sulphides and 
SO.,, or CO, (v. Sestini. Bl. [2J 34, 490; Berthe- 
lot, Bl. [2] 40, 364).— 11. Solutions of salts are 
very often reduced by boiling with S, sulphides 
being generally ppd. \v. Vortmann a. Padberg, B. 
22, 2642 ; and, more fully, Senderens, Bl. [3] 6, 
800; 7, 611). 

Comhinatiems. — 1. Sulphur combines directly 
with most of the elements. The binary com- 
pounds of S — with the exception of those with 
Br, Cl, F, I, or 0, and also compounds of S with 
more than one other element (except these be 
some of the five just mentioned)— are dosoribed 
under the least negative of the component ele- 
ments ; e.g. compounds of S with P and Cl are 
described (as sulphochloridos) under Phosphobus, 
For the conditions of formation of the binary 
compounds of S reference must bo made to the 
various elements, except in the cases of bromide, 
chloride, fluoride, iodides, and oxides of S, 
which are described in this article in their proper 
(alphabetical) places. — 2. Ghlorine monoxide 
Cl.,0 is said to combine directly with S (sus- 
pended in S.^Cy, at - 12°, to form SOCl, ( Wurtz, 
G. B. 62, 460). 

Sulphur, acids of. Reference should be made 
to Hydbooem sulphide, vol. ii. p. 725 ; Sulphub 
oxYACiDS, this vol, p. 619 ; Sulphub oxYAaDs, 
NITBOOBN DERIVATIVES OF, this VOl. p. 619; 
SULPHOOYANIO ACID, VOl. ii. p. 303 ; SULPHONXO 
ACIDS AND DERIVATIVES, thlS VOl. p. 699*, ThIO- 
CABBONio ACID, vol. 1. p. 703. For acids, and salts 
of acids, containing B and P, and S, P and 0, 
V. Phosphorus sulphides, this vol. p. 146 (begin- 
ning of artiole); also Phosphorous sulphide, 
Reactions 7 and 8 (p. 146), Phosphorio sulphide. 
Reaction 8, and also end of that artiole (p. 147). 

Sulphur, bromides ot It is very doubtful 
whether any definite compound of S and Br 
exists. Powdered S dissolves in Br with evolu- 
tion of a little heat ; the deep ruby-red liquid 
begins to distil over at o. 60° and the thermo- 
meter rises steadily to o. 190°, when it ascends 
slowly to 0. 200°, after which it steadily rises 
till S remains; the fraction coming over at 
190°-200° agrees fairly in composition with the 
formula SaBr, (Pattison Mnir, O, J, 28, 846^. M. 
found that by passing CO, through a solution of 
S in excess ot Br for some hours, at 16°, 50°, 
oad 90°, the residual liquid had nearly the eom- 
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posi^on S-Br,; Hannayt however, by passing 
air through such a liquid for 400-500 hours 
found that the whole of the Br was removed and 
that pure S remained {C. J. 83, 284 ; 35, 16). 
It is, however, possible that at the tempera- 
ture of this experiment, o. 16®, dissociation 
of SjBr, was induced % the stream of air. 
H. also found that the vapour given off by tlio 
supposed S^Br,, even at 0®, showed the absorp- 
tion-spectrum of Br. Spring a. Lccrenier {Bl. 
[2] 45, 867) examined the reaction of the sup- 
posed S^Br,^ with ICSO,. S. had before shown 
that SXlj and KjSO., produce KCl and KoS^O,j ; 
but Cl and S acting as free elements produce 
KjSO^, KCl, KoS.Oa and SOo. S._,Br„ ought tlien 
to produce KBr and whereas S and Br 

would form KJ30^, KBr, and SO._, ; by 

determining the quantities of the products S. a. 
L. calculated that the supposed S.Br. contains 
c. 27 p.c. of the elements nncombinod. Various 
reactions of the supposed SJir^ are described in 
the memoirs already referred to (v. also Bose, 
p. 44, 327 ; Michaelis, J. Z. 6, 297 ; Ogier, C. li. 
92, 9^). 

Sulphur, chlorides of. Three compounds of 
S and Cl are known : S.CI ,, SCIo, and SCI,. 
These compounds , are liquids ; S,,CL boils un- 
changed ate. 13S \ SCI.,, begins to decompose to 
S2CI2 and Cl at c. 10°, and the decomposition of 
SCI, to SCl.j and Cl begins ate. — 20°. 

StJI-PHUa MONOCIfliOaiDE S.jCI.^. {SulpJi7ir 
protochloride. Sulphur sulphochloride, Siilpho- . 
thionyl chlonde, Thio-ihioiiyl chloride.) Mol. 
w. 134*7. Boils atl3S'l2°; S.G. 1-70941, S.G. ; 
at b.p. 1-49201 (Thorpe, C. J. 37, 350). S.V. ' 
90-28 (T.. I.C., p. 372). V.U. OH -l (Dumas, A. Ch. 
[2J 49, 201 ; Marehand, J. pr. 22, 507). M11.1 
» 1*61449 (Ilaagen, F. J31, 117). ILK. [S^CL] 
(from S,) = 11,257 (Th. 2, 310) ; 17,600 (Ogier, ’ 
a B. 92, 9-22). j 

Foi'ination . — 1. By the interaction of 8 and ; 
Cl. — 2. By distilling S with 9 parts SnCl.^ or 8-5 ! 
parts HgClj.— 3. By reacting on I’Clj with S j 
(Goldschmidt, C.C. 1881. 489).— 4. By dccom- ' 
posing PSCI3 by Cl or by heating to redness.-- 5, ! 
By the interaction of P^Sa and SOCL, the other i 
product being P.p^ (Carius, A. 100, 3*31).— 0. By j 
the action of CS*, on ICl, (Weber, P. 128, 459). 

Prcparatio7i.-—A. stream of dry Cl i.s passed 
into a flask, or retort, containing S (flowers or j 
sticks) until most, but not quite all, S is dissolved 
to a yellowish-red liquid, the vessel being gently ; 
warmed. The liquid is repeatedly distilled until | 
it boils constantly at 138°-139°. If the passage ' 
of Cl is continued until the S is completely dis- | 
solved, the liquid must be distilled from a little ’ 
8 (to decompose SCL quickly). i 

Properties. — A yellowish-red, oily Ibpiid, • 
with a very characteristic, rather disagreeable, ' 
odour and an acid taste ; the vapour affects the 
mucous membranes rapidly, causing tears, and 
affecting the breathing. Does not become viscid 
at —76° (Haase, B. 26, 1052). Fumes in air. 
Dissolves in CS, and C^H«, also in alcohol and 
ether with decomposition. S^Cl.^, dissolves large 
quantities of S; solution of S.Cl^, containing 
free S, in CS, is used for vulcanising (v. DicTioNioiT 
07 Applied CHsansTET, vol. iii. p. 706). 

Beactions and Combinations.— I, SjCl, sinks 
In toaUrf imd then decomposes, giving HOLA^,^ 


SO.Aq, and S, with a little H^SAq, ^8.0|Aq, 
and some of; the thionio acids.— 2, Mydrogen 
sulphide produces HCl and 8; hydrogen iodide 
reacts at tlie ordinary temperature to form HOI, 

I, 8.x,, and then H.,S (Hautefeuille, Bl. [2] 7. 
198). - 3. By passing S.,C1., vapour, mixed with 

! or oxygen, through a red-hot tube, SO,, SO,, 
I and Cl are formed (Danny a. Mareska, C. B. 20, 
817 ; Spring a. Lecrenier, L7. [2j 45, 867). — 
4. Heating with phosphorus produces PCJj,, 

I PSCI„ and S if a liltlo P is u;w'd ; or PCI,, 

! P sulphides, and rod P if much P is used 
(Wohler a. Hiller, A. 93, 274 ; Chovrinr, C. B. 
63, 1003).— 5. Heated with many metals, S^Clj 
gives metallic chlorides and S ; tho more volatile 
the metallic chloride tho more readily docs the 
reaction ocenr {v. Clicvrior, G. U. 61, 302).— 
6. S CL combines witli chlorine, fonning SCI, 
and SCl^ (q.v., infra). Br and I are absorbed 
by S.,CL; according to Evans a. Bamsay (C. J. 
45, 65) no compound is formiMl withBr.— 7. With 
oxides of arsenic and antlnioyiy S.Ol, forms 
A.sCI., and SbCI.„ giving off SO., and separating 8; 

I sefenion dioxide produces Se,CI., and SO,; oxides 
i of phosphorus, horon, ami silicon not react 
I (Bririz, A. 223, 355). — 8. S.,CI. ah.sorh.s sulphur 
trioxide, below 0°, forming a brownish-yellow 
' liqinM, from which excess of SO, crystal lise.s out; 
a little above 6 ' SO, is given off, rapidly at 10°; 

: S.,OjCL is formed on distillation (Hose, P. 44, 

' 291).— 9. By passing vapour of S,Ci, along with 
the vapours from sulphonic acid through a hot 
tube, SO,, ILS, S, HCl, and Cl are produced 
(Bifiult a. Poggialo, J. Ph, 21, 140).— 10. Heating 
SjCI, with sulpluiics generally produces SO.Ci.,, 
chlorides, S, and SO.,; heated with sulphuryl 
chloride to 250°, S .OCl^ is formed (v. Schneider, 

J. pr. 104, 83 ; (2] 32, 18 ; Demar^ay, C. B. 92, 
726). — 11, S.,CL combines with ammonia gas 
to form S.,cL 4NH.„ stable in air, sol. alco- 
hol, decomposed by water giving Nli4ClAqr 
(NIIJ,S.,OaAq, and S (Brault a. Poggiale, J. Ph. 
21, 140). — 12. Beacts with organic compounds 
containing oxygen, generally forming Cl com- 
^)ound3 and small quantities of S compounds, 
and also HCl, SO,, and S. — 13. Combines with 
unsaturated hydrocarbons ; e.g. with O-H. forms 
CJI,S,C1.,. 

SoLPHun mciiLORiDE SCI,. Mol. w. (in solu- 
tion in benzene or acetic acid) 102*72. S.G. 
1-6182 at 15-4° (Costa, G. 20, 367). 1*6716 

(C(i.sta, I.C.). No con.stant b.p. {v. mfra). This 
comjxjund was prepared by H. Bo.se in 1831 (P. 
21,431; 27, ; tho experiments of Dumas 

{A.Gh. [2J 49,204) and Marehand {J. pr. 22 
507) led to its recognition as a definite com- 
pound (w. also Cariws, A. 100, 291) ; Hiibtter a. 
Gucront (Z. 1870. 455) isolated the compound 
aati.sfactorily, and their results were confirmed 
by Thoq^o a. Dalzell, in 1871 (0. N. 24, 169). 
Co.sta, in 1890 {O. 20, 367), determined the mol. 
w. of the compound in solution. 

Prcparatio7u— Dry Cl is led into Sj,CL, sur- 
rounded by a freezing mixture, until the liquid 
becomes deep red ; excess of Cl is removed by a 
stream of dry CO.,. The temperature must not 
rise above 6° ; tho vessel containing the S,CL 
should be kept filled with Cl continually, ana 
should not be exposed to direot sunlight (H. a. 
G., l.c.;0., I.C.; T. a. D., l.c.; also Souheiran 
A. Ch. [2] 07, 64 ; Michaelis, A, 170, 1). 
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Properties. — A thin, dark, browniah-red, 
liquid, smell and taste like S^Ol,; does not 
Bolidify at -30°; gives oS 01 when exposed to 
■imlight, and should, therefore, be kept in a 
sealed tube in the dark. Easily decomposed by 
beat to S.iGl2 and 01 ; Michaelis (S. 6, 995) gives 
a table showing amount of dissociation from 20° 
to 130° ; the temperature whereat 50 p.c. of the 
sola is dissociated is o. 86°. SCI, reddens dry 
litmus paper. The depression of the freezing- 
point of benzene or glacial acetic acid by solution 
therein of SCl^, shows that the mol. w. agrees 
with the formula SOU (Costa, O. 20, 307). 

Reactions and Combinations. — 1. Heat, or 
direct sunlight, causes dissociation to S.^CU and 
Cl (u. supra. Properties). — 2. Water produces 
HGlAq and H.^SPaAq. — 3. Oxidised violently by 
nitric acid to HClAq and H.^SO^Aq. —4. Ammonia 
solution produces NH^ClAq, N, and S ; ammo 7 iia 
gas combines to form SCla.2NH., and SCl^.dNH,, 
soluble, unchanged, in absolute alcohol and ether 
(Soubeiran, A. Gh. [2] 67, 74).— 5. Thionyl 
chloride (SOCI..), when heated with SOU, forms 
SaOCU (Ogier, Bl. [2], 37, 293).— 6. Alkali sulphites 
produce chlorides and trithionates (Spring a. 
Lecrenier, hi. [2] 45, 807). — 7. Some metals, e.g. 
Ou, Fe, K, react with SCl.^, with production of 
heat and light, and formation of chlorides and 
sulphides. — 8. Combines with arsenious chloride, 
forming AsOU.SCU according to H. Rose (P. 27. 
107). — 9. SOU reacts with oxygenised carbon 
conqTOunds similarly to, but more readily than, 
SaOl,; it combines with several unsaturated 
hydrocarbons (u. Heintz, A. 100, 370 ; Guthrie, 
C. J. 12, 109). 

Sulphur tmtraoulortde SCI,. This com- 
pound exists only at temperatures under — 20°. 
The molecular weight is probably 173*46 (SCI,). 

Preparation. — S^CU is cooled to below —20° 
(c. - 22°) and a slow stream of dry Cl is passed 
in until absorption of Cl ceases. Michaelis a. 
Sohifferdecker (J5. 6, 993) found that 67*5 g, 
S^Cl,, kept at — 20° to - 22°, absorbed 106 g. Clin 
10 hours, that absorption of Cl then ceased, and 
that the liquid had the composition SCI,. 

Properties. — A mobile, yellowish-brown liquid; 
when removed from the freezing mixture used 
in the preparation, the liquid gives off Cl, and 
boils with an absorption of much heat. M. a. S. 
give the following data showing the dissociation 
of SCI, to SClj and Cl 


Teiup. 

p.c. SOI4 

P.O. sen. 

- 22° 

100*0 

0*0 

- 15 

41*95 

68*05 

- 10 

27*02 

72*38 

- 7 

21*97 

78*03 

- 2 

11*93. 

88*07 

+ 0*7 

8*87 

91*13 

+ 6*2 

2*43 

97*57 


Reactions. — 1. Water causes rapid deoom- 

r isition to HClAq and SO^q, with more or less 
according to the mass and temperature of the 
water. — 2. With sulphur trioxide, in the ratio 
SOl«:SOa the products are SOCl^ and S^OjCl^, in 
iho ratio SGl,:2SO, the products are SOCI,, SO,, 
and Cl (M. a. S., Lo . ; also B. 5, 924). Sulphur 
dioxide does not react — 8. Chlorosulphonic acid 
reaots at a low temperature to form ».0,G1« and 
HOI (M. a. S., B. 6, 996). — 4. With* some hy- 
^toxylic organic eompowtvds, e.g, C^H^.OH and 


0,H^CO.OH, OH is replaced by 01 and S0C1| 
is formed. 

OombinaHons. — 1. Compounds of SCI, with 
several metallic chlorides axe produced by warm- 
ing the chlorides with S^Clj and passing in Gi ; 
the compounds 2A1C1,.SG1,, AuCls.SGl,, and 
2TiCl,.SCl, are formed thus (Weber, P. 104, 421 ; 
Rose, P. 42, 517 ; Casselmann, A. 83, 267). The 
compound with AICI3 may be distilled in a closed 
^ shaped tube ; the other two compounds 
give off Cl when heated. The compounds 
SbCl3.3S01, and SnCl,.2SCl, are produced by 
passing Cl over SnS^ and Sb^,Sj respectively 
(R., l.c.\ C., Z.C.). — 2. With wdine trichloride 
forms ICI3.SCI, (Weber, P. 128, 469; c/. Jaillard, 
A. Gh. [.3] 59, 451, who gives the composition 
SCIJJ.2ICI3). Ih'epared by passing Cl into I dis- 
solved in CS2 till the liquid is wine-red, cooling, 
and drying the red-yellow, prismatic, very deli- 
quescent, crystals, in a tube in a stream of dry 
Cl. Also formed by passing Cl into a mixture 
of 2 pts. S and 1 pt. I. Melts to a brown liquid 
when heated in a closed tube ; heated in an open 
tube forms Cl, ICl, and S.^Cl^; decomposed by 
water or dilute HNO^Aq. 

Sulphur, chloro-iodide of, SC1,I( = SCI, .ICl,) ; 
V. supra, Sulphur tistrachloride. Combinations, 
No. 2. 

Sulphur, chloronitrido of, S.CIN ; v. Nitrogen 
8 ULPI 10 CHLOUIDE, vol. iii. p. 571. 

Sulphur, cyanides of, v. Cyanogen, sul- 
phides, vol. ii. p. 358. 

Sulphur, fluoride of. According to Gore (Pr. 
20, 70 [1871]) the heavy colourless gas produced 
by fusing AgF with S is a fluoride of S. This 
gas is not liquefied at 0°, at the ordinary pres- 
sure; it fumes in the air, and attacks^ glass; no 
analyses are given by G. 

Sulphur, haloid compounds of. The most 
stable of these compounds belong to the forms 
S.^X^; where X-Cl, Br, or I. The chlpride 
S.^Clj, may be distilled unchanged ; the bromide, 
S.^r.^, is exceedingly easily decomposed if, indeed, 
it has been isolated ; the iodide, S.Jlji been 
very slightly examined. The compounds SCL, 
and SGI, also exists ; (lie former at temperatures 
below c. 10°, and the latter below c. - 20°. The 
compound SI, perhaps exists ; it gives up I at 
the ordinary temperature. Tlie only haloid com- 
pound of S that has been gasified unchanged is 
S^Cl,. 

Sulphur, hydrides of, SH^ and (?) SjHj ; v. 
Hydrogen sulphides, vol. ii. p. 725. 

Sulphur, nitride of, SN ; v. Nitrogen sul- 
phide, vol. iii. p. 570. 

Sulphur, iodides of. S and I probably com- 
bine when heated together, but no definite com- 
pound has been isolated by this method (c/. Gay- 
Lussao, G. A. 48, 372 ; H. Rose, P. 27, 115 ; 
Lamers, J. pr. 84, 349 ; Sestini, J, 1868. 153 ; 
Wheeler a. Lfldeking, Fr, 26, 602). 

Sulphur mono-iodidb S-Ij. Guthrie (0. eT. 
14, 67) obtained this compound by plaoi^ 2^ 
parts EtI and 1 part SjCl, in a sealed tube, open- 
ing after 12 hours, evaporating EtCl by warming 
with the-hand and removing excess of EtI by 
gently warming ; the Sgl, crystallised out in lus- 
trous crystals resembling I. (One analysis ig 
^iven, bat QO foU description of properties,) 



SnwHO® HBU-IODIDB SI.. This compound 
M said to be formed by slowly evaporatins. at a 
low temperature, a solution of I with slight ex- 
sees of S in OS,. Grey-black crystals; resem- 
Wing, and isomorphous with, I ; I evaporates on 
Jxposure to air and eventually only S remains • 
i.cohol, cone. KOHAq, or KIAq, also withdraws 

1a ; Lamers. J. pr. 

d4, 349). It IS very doubtful whether the cry.s- 
tals examined by vom Hath wore a compound 
or only I retaining a little S. 

solution of 

is.ul.lCl3, Lamers (Z.c.) obtained an orango-red 
pp. which dried in an exsiccator to a brown 
amorphous mass containing S and I in the 
ratio S3I2. 

Sclnieider (J. 18G0. 
186) obtained a compound to whicli he gave the 
composition SnSL.SI... 

Sulphur, iodochloiide of, SICI, (=.SC1 .ICl ) 
v. Sdlphub tetrachloride, Combinations No. ‘i 
Sulphur, oxides of. Four compounds have 
been isolated ; S^O,, SO,, SO,, and 8,0,. S and 
O combine directly to form SO, and SO, ; S dia- 
Bolvea m SO, to form S.^O,; S,0, is formed by 
electric discharge on a mixture 
of SO, and O, or SO, and 0. 

Sulphur sesqdioxidk S^O, {llyposulphurous 
aji/iydridc). The production of a blue substance, 
on distilling fuming H.,SO, and S, was noticed ' 
by Buohhola in 1804 {Qehhn', J. 3, 7) ; Vogel, in 
1812, obtained the blue bo(iy by bringing to- 
gether S and SO3 {S. 4, 121) ; the substance was 
examined by Wach (N. 60, 1), Berzelius (Lehr, 
ouch [6th edit.) 1, 485), and Stein {J. pr. [2] C, 
1875, isolated the compound 
631) compojution to be S,0, (P. 150, 

S,0, is prepared by adding well-dried flowers 
of sulphur, little by little, to SO, quite free from 
UaoO^i, inoro S being added when the previous 
Quantity has all combined. The process is con- 
veniently conducted in a test tube, covered with 
a small porcelain crucible to exclude moisture, 
and plunged into water cooled to o. 12° ; the S 
disappears in the SO, and blue drops are formed • 
the tube should be tilted so that the blue drops 
come mtu contact with the sides of the tube 
where thsy form a thin crust (if the drops 
Bolimfy as they float in the SO,, the solid S .O, 
reteins SO,, from which it cannot be freed). 
When 0. 1 g. S has been added, excess of SO, 
(which should be colourless) is poured off, the 
last traces being removed by gently and care- 
fully warming not above 35° ; the solid S,0, is 
scraped out of the tube by a glass rod. 

S,0, is a blue-^een solid, consisting of a 
miMs of microscopic crystals. Insoluble pure 
BO, ; if a little H,S0, is present the S,0, dis- 
solves to a deop-blue liquid. Melts with decom- 
position ; decomposes slowly in dry air, quickly 
on heating, to St), and S ; deliquesces in moist 
air to a brown liquid from which S soon sepa- 
5 violently with water, giving 

H,SCLAq, SO,Aq, H,S-0,Aq, polythiomo acids, 
and S ; decomposed also by ^cohol and ether 

$ a -1-^ 1. J.. „ — » 
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Wned (rom th« oxide, nor the oxide from the 

For the compounds SSeO, and STeO. i>, 
Sdmwn thwoxUh (p. 441) and TMuHum 
thio-oxide (under Tellurium oxides). 

SULPUOB moxiuE SOr (Sulphuroiu oxidt. 
Sutplmrma anhydride. Thionyl oxide.) Mol. 
b3-9. Melts at c. -W (Faraday, T. 1846. 

' o- 7 (Bunsen, l\ 4b, 97 ; Andrteff, J. 1869 : 

B.O. (liquid) 1-4911 at 
.J , l'438-4 at •~2'08°, 1*4252 at 

rai at38 G5° (Andrioff, A. Ch. 

[3] Ob, 317) : 1-4338 at 0“, 1-287-3 at 62“ 1-1846 
“ 82: “.1'1041 at 102-4“. -953 at 13oV“, -wl? 
C (Oailletet a. Mathias, 

22030 (Leduc, C. It. 117, 21'J). V.D. 32*23 
((jray-Lussac, Berzelius, Buff ; Biltz, B 21 
27f>9). S.H. (equal wt. water = 1) -1544; (equal 
volume air- 1) *3414 (Kegnault, J. 18(>3. 84). 
itatio of S.ri. constant pressure to S.H. con- 
j slant volume-: 1*2502 (Muller, W. 18, 94). C.B. 
i *00423 for 1° between 0° ami 10°, *004005 10° 
50°, *003757 at 14)0°, *003718 
^ 200°, *003085 at 250^ (Amagat, 

1170). Lctluo (C. It. 
0° Hutl 20° as 

[3J 50, 6) and Andrceff (A. 110, 1). The 
• PV 

ratio y y ^1 » Amagat (l.c.) gives these values, 

1*0185 at 15°, 1*0110 at 50°, 1*0054 at 100° 
1*0032 at 150°, 1*0021 at 200°, 1*0010 at 250°! 

rhombic S; 

71,720 from solid monoclinic S (27*. 2, 247), 
Heat of liquefaction of gaseous 80,:= 5044 

^*irT*°’/p temperature 

slob (Cailletet a. Mathias, C’. 104, ] 568)* 

155*4° (Sajotscheffski, P. B. 1879. 741)* 167° 
161° (Ladenburg, B. 11, 821). Heat of Vapori” 
sation of liquid SO,, at 0° = 91*2, at 60°«69 
L(C. a. M., I.C.; cf. Cliappuis, C. It. 104, 897). 

1 Ilegnault {0. R. 60, 1003) gives vapour pressures 
as follows : 

Temp. Vap. pressuro 
- 25° 373*79 mm. Hg 
-20 479*10 „ 

-10 702*49 „ 

0 1105 00 „ 

+ 10 1719-55, „ 

20 2402*05 „ 

Vapour-pressure at critical temp. -78*9 
atmos. (Sajotscheffflfi, p. B. 1879. 741). ♦S in 
water between 0° and 20° (gaseous SOJ = 79*789 
-2*6077f + *029349f^ ; 1 vol. of the saturated 
SOjAq contains 68*861 - l*87026f + *01226^ vols 
SO,; S. (water) between 21° and 40° 76*182 « 

2 I716f + *019034" ; 1 vol. of the saturated SO^q 
contains 60*962- 1*388984 •00726P yols SO 

^* 95, 2). S. in alcohol! 
at 760 mm. - 328*62 - 16*954 + *31194" ; S.O. of 
solution = 1*11937 - *0140914 + •000257f» (Carius, 

A. 94, 148). Sima (0. J. 14, 1) gives the table 
next page, which presents both the weight 
of SOa in grama and the volume of gaseous 80= 

In C.C. dissolved by unit weight of water at the 
normal pressure and different temperatures 


Temp. Vfip. pressure 
30° 3131*80 mm. Hg 
*10 4070*23 „ 

50 0220*01 „ 

00 8123*80 „ 

05 9221*40 



014 


oxiotis. 


Grams SO, ‘ o.o. SO, 


Temp. 

Bbsorbeti by 1 
at 7C0 mm. 

8® 

•168 

68*7 

12 

•142 

49*9 

16 

•121 

42*2 

20 

•104 

36*4 

24 

•092 

32*3 

28 

•083 

28*9 

82 

•073 

26*7 

86 

•065 

22*8 

40 

*058 

20*4 

44 

*053 

18*4 

48 

*047 

16*4 

60 

•045 

15*6 


The quantity of SO.^ dissolved by a given 
weight of water varies with pressure, and only 


at c. 40® and upwards is the quantity propor- 
tional to the partial pressure of the gas {v. Sims, 
C. J. 14, 1). i’or S.G. and composition from *5 
to 10 p.o. of SO^^Aq V. Anthon (0. C. 18G0. 744) ; 
also Giles a. Scheaier {S. C, L 4, 303). 
[SO^Aq]- 7,700 (gaseous SO..) {Tli. 2, 249); 
1600 (liquid SOJ (Serthelot, C. R. 90. 142, 208; 
Chapp.uis, ’M. Ch. [2] 19, 21). HoS04Aq 
absorbs the following quantities of gaseous SO^ 
(Kolb, D. P. J, 209, 270 ; cf. Dunn, C. N. 43, 121 ; 
46, 270) 


8.0 . H,30,Aq 


K11o3. so, per 
kilo, iioiil 


Litres SO, per 
litre .'leid 


1*841 *009 6-8 


1*839 *014 8*9 

1*6'40 -Oil 11*2 

1*407 *032 16*9 

1-227 -008 29*7 


SO3 is absorbed by charcoal ; 1 c.c. charcoal 
= 1*67 g. was found by Favre {A, Ch. [5] 1, 209) 
to absorb 165 c.c. SO.^. Camphor absorbs c. 308 
€imes its vol., glacial acetic acid c. 318 times, 
SOjClj 0. 187 times, its vcl'uno of (Schulze, 


J.pr, [2] 24,168; Dineau, A, Ch. [3J 34, 320). 
«a 1*36 at 16® (Bleekrode, Pr, 37, 359). For 


surface tension of liquid SO.^ v, Clark (C. N. 38,,: 
294 ; 40, 8). For absorption-spectrum v. Livcing 
a. Dewar (0. N. 47, 121). I 


Occurreiice. — In volcanic gases, and in river 
and spring water near volcanoes {v. Iticciardi, O. 
18, 38). 

Formation. — 1. By burning S in 0. Baker 
(Pr. 46, 1 ; C. J. 47, 349) found that the com- 
bustion of S in 0 is retarded the drier the O is ; 
using very carefully dried 0 theB'> was no flame. 
According to Hempel (B. 23, 1466) c. 2 p.c. of 
the gas formed when S is burnt in O at the 
ordinary pressure is SO.,, 9? p.c. being SO,, ; at 
a pressure of 40®-60® atmos. c. half the S is burnt 
to SO, and half to SO3 ; at higher pressures 
0. 70 atmos. the proportion of SO, increases. — 
2. By heating S with oxide of Pb, Mn, Hg, Zn, 
Ac. — 8. By heating various sulphates with S, 
also SO. with S, or cone. H^SO^ with C, Cu, Hg, 
or S; by heating Na-^SO^ with charcoal and 
SiO,,— “4. By the decomposition, by acids, of 
alkali thiosulphate or polythionate solutions. — 
6. By burning HjS, CS.j, and various organic 
Compounds containing S. — 6. By decomposing 
cone. H,S04 by heat. — 7. By ^le action of 
aleotric sparks on a mixture of sulphur with 
NO, or N,0 (Chevrler, G, Ji. 69, 186). 


Preparatwn, —1, Pure H2SO4, witfi 

half to two-fifths its volume of water, is heated 
with pure Cu ; the SO.3 that comes off is passed 
through water in a large flask, and then through 
a couple of bottles filled with pumice, broken 
into small pieces and moistened ; the pumice 
should be twice moistened with pure H3SO4 and 
heated to redness before being used, to remove 
chlorides and fluorides (Stas, Chem. ProporL 
115). The SO, may be dried by passing it * 
through pure cone. H2SO4, and then over 
CaCl.^. — 2. A mixture of 3 parts pure CuO and 
1 part S in powder is heated in a tube of 
hard glass ; the anterior part of the tubo 
contains CuO only, to oxidiso S that may 
sublime (Marcband, P. 42, 144). - 3. Neumann 
{D. 20, 1584) obtains a regular stream of ap- 
proximately pure SO.2 by placing a mixture 
of three parts CaSO, and 1 part CaSO^, made 
into small cubes, in a Kipp’s apparatus, and 
decomposing by ordinary oil of vitriol. Tho 
acid should be allowed to come into contact 
with Buflicient cubes, and no more, to give the 
stream of gas that is required. Using c. 500 g. 
of the cubes, N. obtained a constant stream of 
SO2 for 30 hours. The cubes are made by 
mixing the CaHO^ and CaSO,, moistening with 
water so that a semi-solid mass is obtained that 
can be worked with the fingers with some dilli- 
culty, pressing this in an iron mortar, hammer- 
ing it into an iron frame c. 10-12 mm. in height, 
covering with oilcloth and pressing strongly, 
cutting into cubes while still in the frame, re- 
moving and drying at c. 20^ (v. Winkler, B. 20, 
184). 

Properties. — A colourless gas, at ordinary tem- 
peratures and pressures, with tho strong pene- 
trating, cljoking odour of burning S; causes 
coughing and blood-spitting if inlialod in any 
quantity. Incombustible in air, and extinguishes 
flame; when mixed with 0 and passed over 
heated spongy Ft it is oxidised to SO,. Dry 
SO., is said not to redden litmus paper (Wilson, 

G. J. 1, 332)- Bleaches many vegetable colours; 
the colours" S-re generally restored by alkalis. 
Bad conductor ?! electricity (v. Bleekrode, P. M. 

[6J 5, 375, 439). Is not decomposed by passing 
through a rcd-hot\ Condensed at 0. — 10® 

under the ordinary p^yrssuro— by passing the dry 
gas into a tube surrou.’.'<i®*l a mixture of snow 
and salt ; may also be condensed at the ordinary 
temperature by evolving’ gas (by warming 
charcoal saturated with SO2* or a mixture of 
1 part S and 5 parts SO3) iiJ one limb of a closed 
tube, the other limb being -placed in cold water. 
Convenient apparatus for Mquefying SO-3 is de- 
scribed by Wohler (A. 137; 371) and Hofmann 
(B. 2, 262). ; . 

Liquid SO^ Is a colourless, mobile liquid. 
Exposed to air it evaporates V^ry rapidly, with 
disappearance of much heat ; ' an air thermo- 
meter placed in liquid SO3 at in an open 
vessel, falls to -67®. Liquid ^0-2 dissolves 
P, S, I, Br, and many gums. It 
all proportions with liquid SOj ; pa'^tially miscible 
with CS„ Etp, CHC1„ and on warming ; 
but immiscible with cone. H3S''04 (Sestini, Bl, 

[2] 10, 226). Liquid SO., is a ij:on.conductor of 
electricity (Magnus, P. 104, 63?i)*. „ , 

By evaporating liquid SO, r'^P^nly in an air- 
pump, part of it aoudifiea * white, woollj 
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flUul} itia Uqnld may also ba solidified by 
plaoing it in a mixtore of solid GO, and ether. 

Reactions and Combinations. -^1. SO.^ is not 
decomposed by passing through a red-hot tube. 
Bot by heating to o. IQOO** it is changed to SO, 
and S (SSO, « 2SO, + S) ; the action stops when 
the SO, attains a certain vapour pressure, but if 
the SO, is removed (by cone. H^SOJ the whole 
of the SO, is decomposed (Deville, G. R. 60, 317). 
Induction sparks effect the decomposition of 
SO, to SO, and S iv. Buff a. Hofmann, A. 113, 
129) ; light acts similarly (Morren, G. R. 69, 
397).— 2. HjO and S are produced by pass- 
ing SO, mixed with hydrogen through a red- 
hot tube. — 3. Chlorine combines with SO,, in 
sunlight, to form SO, Cl, (o. Sulphur yl 
chloride). 30,01, is also formed by passing 
SO, and Cl into glacial acetic acid, even in the 
dark ; also by passing SO, over charcoal satu- 
rated with Cl (Melsens, G. R. 76, 92). — 4. Ozone 
produces SO,; the same compound is formed by 
passing SO, mixed with oxygen over heated 
spongy Pt, or by burning SO, in O under a 
pressure of several atmos. (v. supra; Fonnation, 
No. 1). According to Borthelot (A. Ch. [5] 12, 
463), S,0, is formed by the action of the silent 
discharge on SO, mixed with oxygen. The com- 
pound SjObN, is said to be formed by passing 
electric sparlU through a mixture of SO, and 
airm This compound is probably S,0,(N0.J, (n. 
Ni^^rosdlphonio anhydride, p. 601). —6. Passed 
over red-hot carbon the products are CO, CO,, 
and S ; COS and CS, are also sometimes formed, 
probably by secondary reactions (Scheurer- 
Kestner, C. R. 114, 296; cf. Berthelot, Dl. [2] 
40, 362 ; Eilsart, J. 1885. 457).— 6. Potassium 
burns when heated in SO,, giving K,SO^, K,S,0„ 
and polysulphides. — 7. Many other metals, espe- 
cially when in fine powder, burn in SO, ; Sb and 
Sn form oxides and sulphides ; Fe, sulphide and 
sulphate ; Pd and Pt, sulphides and SO, ; Au, 
S and SO,; Mg, sulphate, sulphite, and sul- 
phide; Al, Co, Ni, and Zn also burn; Bi and 
Hg do not react (Schiff, A. 67, 94 ; 117, 92 ; 
Uhl, B. 23, 2151).~8. Water dissolves SO,, 
forming BL,SO,Aq {v. Sulphurous acid, p. 614). 
9. Several metallic peroxides combine readily 
with SO,, forming sulphates; e.g. PbOj + SO, 
« PbSO^ ; in this reaction much heat is pro- 
duced. — 10. Nitrogen dioxide is said to react 
with liquid SO, to form nitrosulphonic an- 
hydride S30,(N0J, (t>. p. 601). With nitric 
oxide or dioxide, in presence of water, nitro- 
sulphonic acid NO,(SO,.OH) [q.v., p. 601) is 
formed. Nitric oxide in presence of alkali pro- 
duces salts of SO,.OH(NO),.H (y. Nitrososul- 
PHATxs, p. 681). — 11. Selenion dioxide does 
not react with SO, (Schulze, /. pr. [2] 32, 
890). —12. Dry hydrogen sulphide does not react; 
moist H,8, at the ordinary temperature, pro- 
duces H2S,Og, S, and HjO (Cluzel a. Schmid, Chem. 
Zeitung, 11, 60) ; there is said to be no reaction in 
presence of water above 400° (Mulder, J. 1868. 
84). — 13. Phosphoretted hydrogen reacts at the 
or^ary temperature to form HjO and P,S, 
(0. a. S., f.c.).— 14. Ammonia combines with SO, 
probably producing SO2.NH, ( *> SO.OH.NH,) 
and SOr2NH, (-SO.ONH4.NH,) {v. ThioNAMio 
iycin). — 16. Hydrochloric or hydriodic add 
pipdooes "Bfi, 8, and Cl or 1.— 16. Many o^- 
ttiu, ijg. nitrates and chlorates, react with 


50., when heated, to form sulphates and 
N oxides ; at^higher temperatures SO, is some- 
times produced (v, Hodgkinson a. Young, C. N. 
66, 199).— 17. Alkali nitrites yield salts of 
nitrilosulphonio acid N(SO,.OH), (q.v., p. 601), 
and salts of oxy-imidosulphonic acid 
N(OH)(SO..On), {q.v., p. 602).— 18. Combines 
fl^ith aluminium chloride at 60°-60°, forming 
AlCl,.SO„ which gives off SO, at a higher tem- 
perature (Adriauoffaki, B. 12, 688).— 19. Phos- 
phorite pentachloride produces POCl, and SOCl, 
(Kremers, A. 70, 297 ; Schiff, A. 102, 111). 

Sulphur tihoxidb SO,. {Sulphuric oxide., 
Sulphuric anhydride.) Mol. w, 79*86. Melts 
at 14*8° (Weber, B. 19, 3189; Hobs, A. 246, 
356). Some other observers liavc given m.p. 
as high as 20*5° (u. Buff, A. Suppl. 4, 129 ; 
Bussy, ^1. Vh. [2J 20, 411 ; Fischer, P. 16, 119 ; 
Marignac, A. 88, 230). Boils at 46*2° (Weber. 
l.c. ; V. also Buff, l.c. ; Fischer, Ic. ; Schultz- 
Sellack, P. 139, 480). S.G. 1*94 at 16° (Weber, 
l.c.) ; 1*97 at 20° (Bussy, l.c.) ; 1*9086 at 25° 
fBuff, I.C.). V.D. 39*78 (Schultz-Scllack, P. 139, 
480 ; Perman, Pr. 48, 45). II.F. [S,0»J 103,240 
(liquid SO, from solid S ; Th. 2, 254) ; [SO», OJ 
=» 32,160 (Uquid SO, from gaseous SOJ ; Th., l.c,) ; 
[SO®, Aq] = 39,170 (liquid SO,; Th., l.c.). For 
heat of vaporisation v. Berthelot (C7. R. 90, 
1510). SchultZ'Sellack gives vapour-pressure at 
20° as 152 ram. Ilg (P. 139, 480). 

Formation. — 1. By the interaction of ozone 
and SO.^. Also by the action of an induction 
current on a mixture of SO, and 0, (Buff a. 
Hofmann, A. 113, 129; Deville, JJl. [2] 3, 366) ; 
Berthelot (O. R. 86, 20) says that tlio product is 

530.. — 2. By burning S in 0 under a pressUiO of 
several atmos. {v. Sulphur dioxidk , Fonnation 
Nc. 1). Also by heating pyrites (Scheurer- 
Kostner, G. R. 99, 917 ; Lungo, B. 10, 1824). - 
3. By passing a mixture of SO, and 0 over 
heated I°t (Phillips a. Magnus, P. 24, 610), 
spongy Pt (Hodgkinson a. Lowndes, G. N. 67, 
19.3), or certain oxides, e.g. FejO,, OuO, Cr.,0, 
(Mahla a. Wohler, A. 81, 255). — 4. By heating 
•certain sulphates or bisulphatcs, e.g. F0.,(8OJ„ 
Bi.,(SOJ„ Ag.SO., or NallSO^.— 5. By distilling 
Nordhausen sulphuric acid {v. Osann, D. P. 
151, 158) ; also by heating cone. H.SO, with P^O, 
(Barreswil, C. R. 25, 30 ; Evans, Ph. 8, 127). 

Preparation. — 1. Fuming sulphuric acid is 
heated at as low a teraperaturo as possible ; the 
impure SO, is collected in a dry retort and re- 
distilled once or twice, the most volatile portion 
being collec ted •acb time. The partially purified 
SO, is then distilled into a small tube, c. 8-10 
mm. wide and about the length of a finger, con- 
taining some dry P/), ; this tube is narrowed ak 
one end and fused on to a thick-walled tube c. 
1-1*6 mm. wide, which is bent round and fused 
to a receiving tube 0. 12-16 mm. wide and 300 
mm. long ; the tube containing the SO, and P.,0, 
is heated in a water-bath to 90°-100° for 6 or 8 
hours, the receiving t’.be projecting upwards, so 
that the distillate flows hack again into the dis- 
tilling-tube. The position of the apparatus is 
then changed, .io that the receiving tube is lower 
than the distilling tube, and the SO, is distilled 
from the P3O, on a water-bath. When sufficient 
SO, has been collected, the narrow connecting 
tube is fused off, and the SO, is kept in t^ 
sealed receiving tube (Weber, B. 19, 3189)«^ 





3. A mixture of SO, and 0, in the ratio SOjrO, 
is passed oyer platinised asbestos heated nearly 
to redness ; the SO, is condensed in a small dry 
tube, in which it is sealed ap. The mixture of 
SO. and O is obtained by strongly heating cone. 
EEjSO, and removing H.p (H^SO, =» HO + SO, + O) 
by cooling and passing through coke moistened 
with 60 p.o. H^SO^Aq (Winkler, D. P. J. 218| 
128). The asbestos is platinised by soaking in 
PtGl4Aq made alkaline by soda, and mixed with 
sufficient HG02Na to reduce the Ft, drying at 
100°, carefully washing out the salts with water, 
and drying (Thomsen, B. 8, 49G). The SO, thus 
obtained is not quite pure. It may be purified 
by distillation with PO, (v. supra). 

Properties. — A colourless, mobile liquid, so- 
lidifying at 0. 16° to long, prismatic, transparent 
crystals, which melt at 14‘8°. According to 
some observers (u. Marignac, Ar. Ph. 22, 225 ; 
68, 228 ; Schultz-Sellack, P. 139, 480) the crys- 
tals of SO, slowly change to a mass of tough, 
opaque, lustrous needles, which melt above 50°, 
and constitute a distinct modification of SO, \ 
but the experiments of Weber (P. 139, 480 ; P. 
19, 8187 ; c/. Robs, A. 240, 356) have shown 
that pure SO, exists only in one form, and that 
the substance with higher m.p. is formed by the 
action of traces of H-^SO^ in the SO, ; a small 
trace of moisture suffices to cause the gradual 
change. SO, is very acrid and poisonous ; it chars 
paper, wood, and organic matter generally. SO, 
is extremely hygroscopic ; it dissolves in water 
with a hissing sound and production of much 
heat ([SO*,Aq] = 39, 170), forming H^SO^Aq. 
Non-conductor of electricity (Magnus, P. 104, 
663) ; not decomposed by electric sparks, but by 
passing through a red-hot tube gives SO„ and 0. 
SO, does not redden dry litmus. It is a strongly 
acid-forming oxide (v. Sulphuric acid). 

Reactions and Combinations. — 1. Heated to 
redness (by passing through red-hot tube) gives 
SOj + O.— 2. Not decomposed by electric sjiarks 
^agnus, P. 104, 653) ; electrolysis of SO, in 
H,S04 causes separation of S and 0, and the 
solution becomes blue (Qeuther, .4. 109, 129). — • 
8. Water reacts violently with SO, forming 
HgSO^Aq {v. Sulphuric acid). — 4. Hydrogen 
sulphide produces HjSO, and S.— 6. A mix- 
ture of SO, and oxygen^ in the ratio 2SO,:0, 
forms S,0, when submitted to the silent electric 
discharge (Berthelot, A. Ch. [6] 14, 345).— 
6. Sulphur dissolves in SO, forming 8,0, ; sele- 
nion and tellurium react similarly (v. Sulphur 

THIO-OXIDX, SeLBNION THIO-OXIDE,'lind TELLURIUM 

thxo-oxidb).— 7. Phosphorus ignites in vapour 
of SO,, forming P.,0, arid S. — 8, Iodine dissolves 
in SO,, apparently forming, several compounds 
(u. Wash, 8. 60, 37 ; Schultz-Sellack, P. 4, 109), 
Weber {J. pr, [2] 25, 224) describes the com- 
pounds I(SO,)„ I(SO,), and 1,(80,), — 9. Iron 
and sine react at red heat to give sulphides and 
oxides; mercury produces sulphate and SO, 
(d’Heureuse, P. 76, 265). — 10. Several metallic 
sulphides — e.g. of Sb, Pb, E — form sulphates 
and SO- when heated with SO, (Weber, P. 130, 
829). — 11. Dry sulphur dioxide is absorbed by 
SO, at 0^, forming a thin, fuming liquid, ap- 
proximately SO, .280, (H. Bose, P. 89, 178)i 
According to Sohultz-Sellaok, liquid SO, and SO, 
art miscible in all proportions (P. 189, 480). 
12. BeUnion dioxide confines to fonn SCV^eO, 
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441).— -18. Nitric oxi^, in absence of moisture, 
and O, forms S,0,N„ which is generally called 
nitrosulphonio anhydride (q. u., p. 601) and writ- 
ten S,0,(N0,),, Nitrogen dioxide (made/by 
heating Pb(NO,),) seems to form SOj.NOj. and 
on heating this and passing in more NO„ 0 is 
given off and the compound S,0,N, remains (v. 
Weber, P. 123, 337 ; Briining, A. 98, 377). 
The formula of the first of these compounds is 
generally doubled, and the compound regarded 
as S,0,.0.(N02), = ox2/niirosttZ2)^nio anhydride 
(q. V ., p. 601) ; the second is described in 
some books as S.,0,(N0), and is called nitrosyl 
pyrosulphatCy but from the descriptions of 
Weber and Briining it is evidently the same 
as the compound S.,0,N, formed from NO 
and SO,, i.e. it is nitrosulphonic anhydride. — 
14. SO, combines with iodine pentoxide to form 
3SO3.IP, and S0,.6I,0, (Weber, P. 20, 86 ; 
Kammerer, J. pr. 83, 72). With phosphorus 
pentoxide 380,.?.^,, decomposing at 30°, is 
formed (Weber, P. 19, 3185 ; 20, 86). Arsenioua 
oxide forma various unstable compounds (Adie, 
G. J. 66, 157 ; cf. Wober, P. 19, 3185 ; Schultz- 
Sellack, P. 4, 109; Reich, J. pr. 90, 176; 
Schafhaiitl, P. J. 22, 113; and Pearce, Z. .ff. 20, 
632). According to Baker (0. j. Proc. 1893. 
130), dry SO, does not react with dry oxides of 
barium^ calcium^ or copper. — 15. The compound 
S0g.N,05.5H2S04 is said to be formed by passing 
SO, into pure, well-cooled, nitric acid (Weber, 
P. 123, 233 ; 142, 602). — 16. Doric acid forma 
BH,03.3S0, [»B(HS04),] (D’Arcy, 0. J. 66, 
166 ; cf. Merz, J. pr. 99, 81 ; Schultz-Sellack, P. 
4, 16). — 17. Hydrobromic and hydriodic acids 
separate Br, and I, and form HjjSO^ and SO.,. — 

18. Hydrochloric and hydrofluoric acids form 
Cl(SO,.OH) and F(S02.0H) (v. Chlorosulphonio 
ACID, p. 699 ; and Fluosdlphonio acid, p. 600). 

19. Cone, sulphuric acid forms H.^SjO, (v. Pxro- 
suLPHURio AOiD, p. 626).— 20. Ammonia pro- 
duces NH.,(S02.0H) and salts of this acid (v. 
SuLPHAMio ACID AND BALTS, p. 667) *, and also 
salts of NH(S0.^.0H)2 (o. Imidosclphonio acid 
AND SALTS, p. 600). — 21. Phosphorettcd hydrogen 
produces SO, and red P (H. Rose, P. 24, 140 ; 
Aim6, J. pr. 6, 79). — 22. Phosphorus trichloride 
reacts violently, forming POCl, and SO, (Arm- 
strong, P. 8, 732; Michaelis, J. Z. 6, 239). 
Phosphorus pentachloride produces pyrosul- 
phuryl chloride S^OjCl, (g. v. under Sulphur 
oxTOHLORiDEB, p. 617). — 23. BoTou chloride re- 
acts at 0. 120° to form S-PjOl, (Prudhomme, Bl. 
[2] 14, 385).— 24. Nitrosyl chloride (produced 
by heating aqua regia) produces SO,.NOGl 
= NOj(SOaCl) (v. Nitrosulphonic chloride, p. 
601). — 26. Pyrosulphuryl bromide SjO^Br, 
(q. V., p. 617) is perhaps formed by the reaction 
of bromoform with SO,. — 26. Selenion tetra- 
chloride produces SSeO,Gl4 (v. Sxlbnioii thio- 
OXYCHLORIDE, p. 441). 

Sulphuric peroxidb S3O,. {Sulphur hept- 
oxide. Persulphuric anhydride.) Moh'w. not 
known with certainty but probably 176*68 (8,0, ). 
This oxide was prepared by Berthelot in 1877' 
A. Ch. [5] 14, 345) by passing the * silent ' eleo*' ^ 
rio disohhrge, for several hours, through a mix- 
ture of SO, and 0 in the ratio 2804:0, or of 
and 0 in the ratio 2804:80. (For apparatua 
used V. B., A. Oh. £6] 12, 468.) Oily 
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tlie bI^ob of th^ iabe, and on redn- 
eing the temperature nearly to 0° they solidified 
to Tong, white, crystalline, needles. S,0, re* 
■embles solid SO, in appearance; it remains 
ll^hanged in a sealed tube for some days at 0° ; 
^en heated it gives SO, and O ; dissolves in 
cone. H2SO4 forming a fairly stable solution; 
fumes in the air ; in water it rapidly decomposes * 
forming H^SO^Aq and giving off a brisk stream 
of 0 ; with BaOAq forms BaS04 and 0 ; and 
also some Ba persulphate, according to Berthe- 
lot (Z.G. ; no analyses given). By electrolysing 
XlgSO^Aq, containing water and acid in the ratio 
lOH^OiHgSO^, B. {C. B. 90, 209) obtained a quan- 
tity of persulphurio acid (HoS.^O^ ; v. under Sl-l- 
PUURio AGIO, p. 025) equal to from 88 to 123 g. 
8,0, per litre ; using an acid of the concentra- 
tion H,S04:2H,0 to II,SO^:3H,0, B. (f.c.) says 
that a compound S20j.2H^02 is formed, which is 
decomposed by excess of cone. If.BO, chielly to 
HjS^Og, and by dilution with water to H^S^OgAq 
and HaQaAq which after a time decompose to 
HjSO^Aq, H2O, and O. ' 

8,0, is the anhydride of persulpJmric acid 
H,S,,Og (2- v*. P- «2r.). Mendeloeff {B. 15, 212) 
regards 8,0, as analogous in constitution to 
OSO. 

HaO», and writes the formula I >0 ; ho 
080/ 

looks on the corresponding acid as derived 
from H.O.. by replacing 2H by 280,011, thus ; 
0,(80, .OH) 

0.(S0,.0H) * 

According to Traubo {B. 22, 1518 ; 24, 17(54 ; 
25, 95), the liquid obtained by electrolysing 40 
p.c. K^SO^Aq contains an oxide to which he 
gives the formula SO4 and calls sulpJniryl 
hyperoxide (or holoxide)^ S0,.0,. Traube did 
not isolate this compound ; his argument for its 
existence is based on the results of indirect 
analyses. In the light of the criticisms of 
Carnegie {G. N. 64, 158) it may be concluded 
that the existence of SO4 is extremely im- 
probable. In a later communication {B. 26^ 
1481) Traube thinks it is probable that SO4 does 
not exist. 

Sulphur, oxyaoids of. For compositions of 
these acids, and references to articles where 
they are described, v. Sulphur, oxyacids of (p. 
619). 

Sulphur, oxyacids of, nitrogen derivatives 
of, For a general statement regarding these 
compounds, and references to the articles where 
they are described, v. Sulphub oxyacids, 
MITIIOGEN DERIVATIVES OK (p. 619). 

Sulphur, oxybromides of. There is very 
little definite knowledge regarding the com- 
pounds of 8, 0, and Br. According to Michaelis 
{J, Z. 6, 239, 296) PBr^ does not react with SO,, 
and a mixture of FGl, and Br (in the ratio 
POljBr,) produces POGl, and S bromides. Bose 
(P. 44, 327) and Glausnizer (B. 11, 2012) could 
not obtain an oxybromide by the reaction of 
SO, and 8 bromide, nor by the action of SO, and 
HBr. 

i In hia memoir on 8,0,01, prepared by the re- 
getion of SO, with CHCl,, Annstrong‘(P. 2, 712) 
■tates that OHBr, reacts with SO, similarly to 
CROltf bot he does not describe the product. If 
Ac reaction of OHBr, with is strictly similar 


to that of CHOI, the product would be pyrth 
sulphufyl bromide S,0,Br,. 

I Odling J. 7, 2) supposed that sulphuryl 
oxy-bromide S0,6r, was formed by the action of 
sunlight on SO, and Br, but Sestmi {Bl, [2] 10, 
226) and Melsens {C. R. 76, 92) failed to obtain 
an oxybromide by this method. 

Tuionyl bromide SOBr.,. This compound 
was obtained, but not quite free from S bromides, 
by Hartog a. Sims (G. J. Proc. No. 118, 1893. 
10) by the interaction of SOCL and NaBr; it is 
described as a very hygroscopic, crimson liquid, 
S.O. 2-68 at 18°, decomposing at 150° to Br, 

S bromides, &c. 

Sulphur, oxychlorides of. Five compounds 
have been isolated, SOCl ,, SO,CI.„ 8 ,0 Cl,, S,0C1„ 
and S,0,CI,. 

Tiiionyl chloride SOCl, {SuJphurotis oxy 
chloritle). Mol. w, 118'62. Boils at 7U'8° ; 
S.G. % 1 67673, S.G. at b.p. 1-52113 (Thorpe, 

G. J. 37, 354 ; for other data v. Carius, A. 106, 
303 ; 111, 93 ; Wurtz, C. Ji. 62, 460). V.D. at 
c. 150° = 56, at c. 440° « 39 (Hciimarm a. 
Kochlin, B. 16, 1625). JJ.F. [8,0, CP] =40,800 ; 
heat of vaporisation = 6, 180 (Ogftr, G. B. 94, 
62). 8.V. 78-01 (TJiorpe, Lc.). 

Formation, — 1. By the reaction of PCI* 
with SO, (Kremers, A. 70, 297; Schiff, A. 102, 
111), SO, Cl,, C,Hj.SO,Cl, and several other 
organic compounds containing 8 (v. Kekul6 a, 
Burbaglia, B. 5, 875; Carius, J!)r. [2] 2, 262), 
sulphiics, or thiosulphates ; also by the reaction 
of I’OCl, with sulpliates.— *2. By the action of 
Cl.,0 on C8,, or on 8 in 8, Cl, at - 12° (Wurtz, 
0. H. 62, 460).— 3. By the interaction of SO, 
and SCI, (Michaelis a. SchilTerdecker, B. 6, 924; 
(5, 993). -4. Along with SO, Cl, by the gradual 
decomposition of SP^Cl^ (q. v., p. 619). 

Preparation. —1. About IDO g. dry PCI, are 
placed in a retort connected with a reversed 
condenser, and a stream of dry SO., is led in till 
the PCJj has liquefied ; another 100 g. PCI, is 
added and the stream of SO, is continued ; when 
sullicicnt PCI, has thu.s been decomposed 
(PCI, + SO., = SOCl, + POCl,) the liquid is heated 
for .some time (the reversed condenser being 
still attached) to get rid of SO.,, and then frac- 
tionated repeatedly (SOCl, boils at 788° and 
POCi, at 107-2^) (Carius, A. 106, 303 ; 111, 98 ; 
Wurtz, A. 139, 375 ; Michaelis, A. 17(), 1 ; 
Thorpe, G. J. 37, 354).— 2. 8,01, is placed in a 
small flask, cooled to o. ~ 20°, a stream of dry 
Cl is led in tifl the liquid is saturated, and thep 
SO, is distilled into the flask from a solution 
in cono. H.,S04; the Weights of 8 ., Cl, and SO, 
used should be in 4be ratio 8,01, :4SO, ( « 1:2*87) ; 
oouvenient quantities to use are 22 g. 8,01. and 
60 g. so,.(sci 4 + 2SO, = SOCl, + s,o,cy . The 
liquid is fractionated finally from a small 
quantity of SO, (Michaelis a. Schifferdecker, 

5, 924; 6, 993). 

Proper ties, ~k c odourless, very refraetive 
liquid, fuming in the air, with a very pene- 
trating odour ; vapour attacks the eyes and in- 
spiratory organs. V.D. 56 at o. 160°, but 89' 
at 0. 440° ; the smaller value corresponde iriili . 
the decomposition 48001, « S,G1, -r 280, f 8(^ ; 
these products are obtained by paising ynpoiur 
of SOCL through a red-hot tube (Beumittui a. 
Xdohlin, B. 16, 1685). 
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SsacHant and Combination8.'---l, Mout anr 
m^iioes HCn and SOg. — 2. Wdter^eiBO foims 
HOlAq and SO^ warm water forming' in addition 
H^SOAq and S (Oarius, Z.c.). — 8. Hydrogen 
8tUph^ produces SO^, HOI, and S (Prinz, A» 
228, 371).— 4. Phosphorus pentasulphide reaota 
to form SOj,PSClj, and S, and some SjOlj (Prinz, 
Z.O.). — 6. With antimony trisulphide the pro- 
ducts are SbCl,, SO.^ and S. — 6. Sulphur ^ heated 
to 180® with SOClj, forms S.^Ola and SO^; selenion 
forms S2CI3 and SSeOl, (Prinz, Z.c.). — 7. Powdered 
antimony reacts without heating, forming SbCl„ 
SbjS,, and BO3.-8. POOl,, PSCl, and PC1« are 
formed by iieating SOClj with phosphorus tri- 
chloride (Michaelis, J, Z. 6, 239). -9. Heating 
with sulphAir dichloride produces S^OCl^ (g. u., 
p. 619) (Ogier, Bl. [2] 37, 293).— 10. Ammonia 
does not produce thionylamide SO(NH2)2, but 
forms NS, NH,C1, (NH,)2SO,. and NH^ poly- 
thionates (M., Z.c.).— 11. Reacts rapidly with 
oiboer nitrate, forming N02(S02.C1) (Thorpe, 
C. J. 41, 297).— 12. SOCI2 absorbs sulphur 
dioxide and chlorine freely (M., Z.c.). — 13. For 
reactions with various organic compounds v. 
Michaelis (Z.c.) ; Heumann a. Kochlin (/?. 16, 
1626) ; B6ttif;ger (JB. 11, 1407). 

SuliPHUBTL CHLORIDE SO2CI2 {Sulphuric 
oxychloride)* Mol. w. 134*58. Boils at 69*95® 
(Thorpe, O. J. 87, 369 ; for other determinations 
V. Begnault, J. pr, 19, 243 ; Clausnizer, B. 11, 
2010; Ogier, O.B. 94,82). S.G.^ 1*70814; at 

b.p. 1*66026 (Thorpe, Z.C.). V.D. 66 at 184° ; 34 
at 440® (fcfeumann a. Kochlin, B* 16, 602; c/. 
Begnault, J. pr. 18, 97 ; Behrend, J.pr. [2] 16, 
28). S.V. 86*29 (Thorpe, Z.c., p. 372). H.P. 
[S,0*,0n- 89,780; [SO'SCP] = 18,700 {Th* 2, 
810; c/. Ogier, O.B, 94, 82). S.H. (16®-63®) 
•233 (Ogier, Z.c.). Heat of vaporisation 7,060 
(0., Z.C.). 

Formation. — 1. By the direct combination of 
SO, and Cl in sunlight, or by reacting on a 
mixture of OjH, and SO, by 01 in sunlight 
(Begnault, J.pr. 18, 93 ; 19,243). Schulze {J.pr. 
[2] 28, 361 ; 24, 168) recommends to allow SO, 
and Cl to react in presence of camphor. Melsens 
(O. B. 76, 92) passes SO, and Cl into glacial 
acetic acid.— 2. By passing SO, over charcoal 
saturated with Cl (M., Z.c.). — 3. By the inter- 
action of PCI4 with H2SO4 or SO3 (Williamson, 
P. AT. [4] 7, 866 ; Schiff, A. 102, 111) ; according 
to B^iohaelis {J. Z. 6, 233, 292), SO, and PCI, 
form 8,0,012.-4. By heating SO, and B01„ in 
the ratio 2SO,:BCl„ to 120° in a, closed tube 
(Gustavson, B. 6,9). — 6. By heating Cl(SO,.OH) 
to a 200° for some time (Behrend, B. 8, 1004 ; 
ef. Otto a. Beckurts, B, 11, 2068). 

Preparation. — 1. Cl and SO, are passed into 
oamphor, and the colourless liquid is fraction- 
ated (Schulze, Z.C.). — 2. O^SOj.OH) (v. Chloro- 
BULPHOKio xczD, p. 609) is heated to c. 200®, in a 
closed tube, lor some hours, when it decomposes 
thus, 2[Cl(SO,.OH)] » SO., Cl, + H,SO, ; the liquid 
is distilled, the portion coming over at 67®-71® 
being collected separately and then repeatedly 
fractionated (Behrend, Z.c. ; cf. Thorpe, Z.C.). 

Properties and Beactions, — A colourless 
liquid, fuming slightly in air. 1. Decomposed by 
heati/ng to dml redness into SO, and Cl ; decom- 
position is complete at 440° (Heumann a. 
KOohlin, B. 16, 602) ; but does not begin at 260® 


g Beckurts a. Otto, B. 11, 2060).— 2. Water p#0- 
uces HOlAq and H,S04Aq ; a small quantity of 
water is said to form 01(S02.0H)Aq.— 8. Excess 
of SO.Cl, added to a little alcohol forms 
Cl(SO,.OEt) ; with excess of alcohol SOa(OEt), 
is produced (Behrend, B, 9, 1834).— 4. Phos- 
phorus pentachloride reacts to form POCl,, 

SOOl,, and Cl (H. a. K., B. 16, 1736).— 6. Phos- 
phorus, arsenic, and antimony produce PCI,, 
AsCl,, and SbCl, respectively, and SO, (H. 
a. K., Z.C.). — 6. Ammonia forms NH^Cl and 

S0.,.NH,.0NH4.— 7. With many organic com- 
pounds 80,01, reacts like PCI, or POCl,, sub- 
stituting Cl for H {v. Dubois, Z. [2] 2, 705 ; 
Michaelis, A. 170, 1). 

Pyrosulphdrvl chloride 

8,0,01,= Cl.SO,.0. SO., .Cl. (Disulphuryl chloride. 
Pyrosulphuric oxychloride. Chlorosulphonic 
anhydride^ Mol. w. 214*38. Boils at 139*69® 
(Thorpe, G. J. 37, 360 ; for other determinations 
V. Rose, P. 44, 291 ; Michaelis, J. Z. 6, 235, 
240, 292 ; Rosenstiehl, G. B. 63, 658 ; Schiitzon- 
fberger, G. B. 69, 352). S.G. ^ 1*85846, at b.p. 

1*60610 (Thorpe, Z.c.). V.D. at slightly above 
b.p. = 104; between 160® and 240® = 54*8 (Heu- 
mann a. Kochlin, B. 16, 470 ; Kanowaloff, 
B. 16, 1127 ; cf. Rosenstiehl, 0. B. 63, 658 ; 
Rose, P. 44, 291 ; Ogier, C. B. 94, 82, 217 ; 96, 
648). H.F. [S^OSCB] = 180,600 (Kanowaloff, 
Z.C,) ; Ogier (Z.c.) gives 169,400. Heat of vaporisa- 
tion 7,570 (K., Z.C.) *, 13,160 (0., Z.c.). S.H. *258 
(K., Z.C.). 

Formation.— 1. By the interaction of PCI, 
and SO,orCl(SO,.OH).— 2. By heating P,0,and 
Cl(SO,.OH) (Billitz a. Heumann, B. 16, 483).— 
3. By heating SO, with NaCl (R., Z.c.), with 
S,C1, (Rose, P. 44, 291), with CCI4 (Schutzen- 
berger, G, B. 69, 352 ; Kanowaloff, G. B. 95, 
1284), with 0,01, (Prudhomme, G. B. 70, 1137), 
with CHCl, (Armstrong, C.J. [2J 1, 244), or with 
SiCl, (Gustavson, B. 5, 332).— 4. By the inter- 
action of POCl, and SOCl, (Michaelis, J. Z, 6, 
235, 240, 292). 

„ Preparation. — 1. PgO, and C1(S0.4.0H) are 
heated in a flask with a reversed condenser, 
using rather more C1(S02.0H) than P,0, ; when 
HCl and SO, cease to bo given off, the liquid 
is distilled, and the portion coming over between 
135® and 145° is fractionated (B. a. H., Z.c.). — 
2. S,01, in a flask is surrounded by a freezing 
mixture, and saturated with SO, ; the product is 
fractionated ; 6SO, + S,C1, = 680, + 8,0,01, (Rose, 
P. 44, 291). Thorpe (G. J. 37, 360) found that 
the product of this reaction boiled almost wholly 
between 135® and 138°. 

Properties and Beactions, — A colourless, mo- 
bile, very refractive liquid, fuming in the air 
with formation of Cl(SO,.OH).— 1. Decomposed 
by heat to SO,, SO,, and Cl (Rose, P. 44, 291) ; 
the V.D. determinations of Heumann a. KOchlm 
(B. 16, 479) show that at 440° the deoompo- 
Bition is S.AC1,= S0,+ S02 + C1,.— 2. Sinks in 
water, and is slowly decomposed to HClkq 
and H,S04Aq; if a very Rttle water is 
used Cl(SO,.OH) is formed, thus 8,0,01^ H,0 
-2Cl(SO,,OH) {V. B. a. H., Zuj.) — 8. ^aoU 
with phosphorus, sulphur, antimony, copper, 
iron, sine, and some other metals, to prince 
chlorides, SO, and SO, (Heumann a. K6<mlin, B, 
16, 479).— 4. Phosphorus trichloride produces 
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Pd^, pool,, and SO,; phosphonu peniackloricU 
forms P061„ Cl, and SO, (Oenther, B, 5, 925). 
5. Selenioti tetrachloride gives SSeOjGl^ (Claus- 
nizer, B. 11, 2010).— 6. Chromates react to form 
CrO,Cl, (Rosenstiehl, C. B. 63, 668), — 7. Am- 
numia forms a white solid, which dissolves in 
water, producing NH^Cl and a sulphamate of 
NH, (Rose, Z.C.). ' 

SULPHUB MONOXYTETBACHLORIDB S^OCl*. By 
heating equal weights of S.Cl, and SO^CL to 
250° in a sealed tube, Ogier (Bl. [2] 37, 203) ob- 
tained a dcep-rcd liquid resembling S^Clx, S.G. 
1*656 at 0°, decomposing under 100° to S,Clj, 
SO.j, and S, to which he gave the composition 
S.jdClj. Decomposed by water to II^SO,Aq, 
Sb^Aq, HClAq, thionic acids, and S. 

Sulphur tbi-oxytetrachlokide S^OaCl^. 
Mol. w. not determined. This compound was 
obtained by Millon {A. Ch. [3] 20, 327) by the 
action of moist Cl on S.jCL (c/. Marchand, J. jpr. 
22, 507 ; Carius, A. 106, 205). It is conveniently 
prepared by the reaction SCl^ + Cl{SO.„OII) = 
HOI + SPaCl^ ; a stream of dry Cl is led into a 
mixture, in the ratio of equal numbers of mole- 
cules, of S.Dl, and Cl(SO.^.OH), kept at o. — 20°, 
until a semi-solid mass is obtained (a very wide 
tubo must be used to lead in Cl) ; the tempera- 
ture is then kept at c. —13'^ and the Cl is con- 
tinued till the mass ge(s quite solid ; tlie freezing 
mixture is then removed, and the Cl is continued 
till the mass is white, when the excess of Cl is 
removed by a stream of dry CO, (Michaelis a. 
Schifferdecker, H. 6, 096). 

8,0, Cl^ is a white, crystalline solid, with a 
most disagreeable odour; the vapour acts on 
the eyes. Melts at 57°, giving oil SO... and Cl, 
and leaving a liquid that solidiliea chiefly to 
SOCl.^ and S-pjCl, ; a portion sublimes in lino 
white needles. Ice-cold water produces SO.Aq, 
H-^SO^Aq, and HClAq ; water at“ the ordinary 
temperature also separates S. Deliquesces in 
a partially closed vessel, giving off HCl, Cl, and 

80.. , and leaving a liquid that gives SOCl.^ and 

5., b501, on distillation. Cone. H.SO^ reacts vio- 
lently, forming HCl, SO,, and Cl(SO.,.OH) ; CS.,, 
produces very rapid decomposition to COCh, 
CO, SO.,, S,C1„ and SOCL. On Jong standing in 
a closed tubo S-jOjCl^ separates into equal num- 
bers of molecules of SOCL, and SO,CL, (M. a. 
Mathias, B. 6, 1452). 

Sulphur, phosphides of, v, Fhosphobus bul- 
PHIOES, p. 145. 

Sulphur, seleaides of, v. Selenion sul- 
phides, p. 442. 

Sulphur, silioidea of, v. Silicon sulphides, 
p. 462. 

Sulphur, tellurides of, v. Tellubiuu sul- 
phides, p. 666. M. M. P. M. 

SULPHUR, OXTACIDS OF. Several acids 
have been isolated, and salts of some others are 
known. The following list fpves the names and 
compositions of the oxyacids of sulphur and 
their siJts, with references tq. the articles where 
these compounds are described : — 

Hyposulphubous acid and salts H^S^O^and 
v-JSyposulphurotcs acid under Sulpbub- 
OUB Aozn {p. 627), and hyposulphites under Sul- 
PHZTBS (p. 692). • 

SULPHUSOHS ACID AMD BALTS H^SO,, MHSO,, 
apd V, SULPHUBOUB acid (p* 626), and 
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SULPBUBIG ACID AMD SALTS H^SO^, MHSO» 
and M3SO. ; «. Sulphubxc acid (p. 620) and 
Sulphates 1[p. 667). 

ThIOSULPHUBXO acid AMD SALTS H,SgO„ 
MHS.p„ and M,S,0,; v. Thiorulphuric acid 
(p. 708) and Thiosulphates (p. 706). 

Thionic acids and salts H,S,Og, HgSgOg, 
H.,S,Og, H.,Sj,Og (and salts) ; v. Thionic acids 
(p. 698) and Thionatks (p. 695). 

PyROSULPHUBIC acid and SALTS HgSgO,, 
MnS.,0„ and M.,S.,0, ; v. Pyrosulphttric acid 
under Sulphuric acid (p. 025), and Pyrosulphatea 
under Sulphates (p. 583). 

Persulphuhio acid and salts H.,SgOgAq, 
M.,S.,0«, and MS.Og*, v. Persulphuric acid under 
Sulphuric acid *(p. 625), and Pursulpluitca under 
Sulphates (p. 582). M. M. P. M. 

SULPHUR OXYACIDS, NITROGEN DERI- 
VATIVES OF. In 1845 Fremy (.1. Ch. [3] 16, 
408) described the K salts of a number of acids 
obtained by the interaction of KNO.,Aq and 
K.j80;,Aq, and by boiling the products of this 
interaction with slightly acidilied water; he 
called the comi^ounds salts of sulphazotised acids. 
The examination of these salts wis prosecuted 
by Claus a. Koch (A. 152, 3.36 [1874], and by 
Claus {A. 158, 52, 194 [187Cj) ; Berglund {Bl 
[2] 25, 455 ; B. 9, 252, 1896 [1875] ) ; and 
Rasebig (A. 241, 161 ; B. 20, 584 [188^) also 
investigated the sulphazotiscd acids of Fremy ; 
and the rnsearclio^ of Divers and Hoga (0. if. 
Trans. 1885. 1886. 1889. 1892) hay© thrown 
much light on many classes of these compounds. 
The more recent investigations noted above have 
shown many of the formula) given by bV-my to 
be inaccurate, and they have also led to a con- 
siderable revision of Claus’s results. As the com- 
pounds that have been fairly thoroughly ex- 
amined are noticed under the heading Sulphonic 
! ACIDS AND DERIVATIVES (p. 509), it doGS not seem 
necessary to give an account of the other salts of 
sulphazotiscd acids, especially as it is very pro- 
bable that the formula) assigned to these com- 
pounds will require modilication, and that some 
of the compounds will bo found not to exist. 

The chief sulphazotiscd compounds that have 
been investigated sufficiently to establish their 
composition satisfactorily are the following ; — 

Amidosulphc7iic acid and salts NH2(S02.0H) ; 
described as Sulphamio acid (p. 667). 

Imidosulphonic acid and salts NH(S02.0&)2 

(p. 600). 

Nitrilosulphcmates NISO^-OM), (p, 601). 

Nitrosulphonic acid and salts N02(S02-0H) 

(p. 601). 

Nitrosulphonic anhydride fp. 601). 

Nitrosulphonic chloride N02(S02.C1) (p. 601). 

* Nitroso-oxy-amidosulphonat^ 
N(N0.0H)(S02.0M) ; described ts nitroao- 
sulphates under Sulphates (p. 581). 

Oxy-amidosulphor'Ai aetd and salts {and 
salts derived therefrom) NH(0H)(S02.0H) 

(p. 602). 

Oxy-imidosulphonates {and salts d&rinsd 
therefrom) N( 0 H)(S 02 . 0 M); (p. 602). 

Oxy-nitrosulphonie anhyoMe (NOJ^O.Sy02 

(p. 601). 

auiphamsds (p. 667). 

SM^hiniids NH.BO, (p. 587). 
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SutpMnUdo^amide XH(SO,.NH^, (p. 587). 

Thiona/mio acid and aalia ]^H,(SO.OH) 
(p. 696). ■ M. M. P. M. 

8ULPHVBETTED HYDBOGEN v.HTDRoaEN 
BULPHiBS, vol. ii. p. 725. 

SULPHUBIC ACID ; also FEBSULPHUBIO 
ACID and PYBOSULPHUBIG ACID. 

SULPHUBIC ACID H,SO, {Oil of vitriol). 
Mol. w. probably 97*76. Melts at lO-SS"^ 
(Pickering, C. J. 67, 631) ; 10*6° (Thilo, Oiein. 
Zeitung^ 16, 1688). Boiling begins at c. 290°, 
SO, and HgO with some H.^S04.a:H,p passing off; 
b.p. rises till 338° is reached, when it becomes 
constant and complete dissociation to SO, and 
HjjO occurs ; for b.p. of H^SO^Aq from 95 
to 6 p.o. H2SO4 V. Lunge {B. 11, 370). S.G. 

1*8884 (Perkin, C. J. 63, 59 ; cf. Pickering, 
C. J. 67, 73, note ; Kohlrausch, W. 17, 69 ; 
Bchertel, J. jpr. [2] 26, 246 ; Mcndel6eff, B. 17, 
80, 2636; Lunge a, la\ei\Zcit,filr anorg. Cheniie, 
1890. 129). V.D. 25 at 440°, corresponding with 
dissociation to SO, + H^O (Ueville a. Troost, C. U. 
66, 891 ; Wanklyn a. Eobinson, Pr. 12, 507). 
S.H. (22° to 80°) *355 ; (22° to 170°) -37 
(Pfaundler, B. 3, 798); (16° to 20°) -.3315 
(Marignao, Ar. Sc. 39, 217, 273). C.E. -OOOoSSS 
at 20° (Marignac, l.c.). H.F. [H-,S,0^] = 192,920 ; 
[H^O, SO*] = 21,320 (formation of liquid H^SO,) 
{Th. 2, 266). Heat of fusion = 860 g. units (for 
98 g. H.SO4) (Berthelot, 0. R. 78, 716). T. C. 
t>. Beetz {W. 7, 435), Weber (/. 1885. 121). 

. Mdl. w. = 32*45 (Gladstone, P. ilf. [4] 36, 

811). For further data v. infra. 

Occurrence. — Small quantities of H^SO,, 
from *1 to *6 p.o., are found in some rivers and 
springs in volcanic districts ; in a pool in Texas, 
Mallet (C. N. 26, 147) found 6*29 g. H2SO4 per 
' litre of water. The acid is also found in certain 
animal secretions; the salivary glands of some 
molluscs are said to contain 0. 2 p.c. (Bodeker a. 
Txoschel, B. B. 1854. 486 ; De Luca a. Panceri, 
Bl. ra] 9, 400 ; Maly, M. 1, 205). The salts of 
Bulpnurio acid occur in largo quantities (v. 
Sulphates, p. 667). 

Flormafion.— The formation of an oily liquid 
by beating alum is spoken of by Gober in the 
eighth century ; a similar liquid was formed in 
the fifteenth century by burning sulphur with 
saltpetre. These liquids were shown to be identi- 
cal towards the end of the sixteenth century. 
Oil of vitriol seems to have been manufactured 
in fair quantities by heating ferrous sulphate 
from about the early part of the eighteenth 
century; the first manufactoi^y for making the 
acid from sulphur was started at Bichmond by 
Ward about 1740. The composition of sulphuric 
acid was determined by Lavoisier. 

1. By long exposure of fiowers of sulphur in 
the air (John, S. 14, 417 ; Wagenmann, P. 24, 
601 ). — ^2. By heating S with H^O to 0. 200° ; by 
electrolysing H^O, using Pt electrodes with pieces 
of 8 attached, the H2SO4 forms at the positive 
pole (Beoquerel, O. R. 66, 237).— 3. By the 
oxidation of S in presence of H.p by Cl, HNO„ 
HOI and EClOg, aqua regia, &o . ; also by certain 
metallic salts {v. Wicke, A. 82, 146 ; Parkmann, 
Am* 8. [3] 88, 328).— 4* By oxidiring SO^Aq or 
00, in presence of water, by Cl, Br, ^0^, 


NO„ HNO„ Ac. ; by passing moist SO, and ait 
over hot Pt black (Phillips, A, 4 , 171)', through a 
red-hot tube containing pieces of glass (Magnus, 
P. 24, 610), or over red-hot sand (Blondeau, 

C. R. 29, 406).— 6. By the oxidation of H,S and 
polythionic acids {y. Clooz a. Guignet, 0. R. 46, 
1110).— 6. By the interaction of water and SO„ 
SOjClj, SO,.C1.0H, Ac. 

Prepamfion.— Commercial oil of vitriol is 
diluted until the S.G. is 1*53 ( = 60° Boaumi, or 
106° Twaddell, =62*5 p.c. H.SO, by weight); 
the acid is heated to 70°-80°, and NaaS^Oa is 
added in quantity sufficient to decompose the 
AsjOa present (which should be estimated 
beforehand), according to the equation 
3NaaS.,03 + A3.Ps = 3Na^S04 + ASoS;, ; the acid is 
stirred until the As^Sa separates in fiocks (Thorn, 

D. P. J. 217, 495) ; the acid is filtered from As^Sj 
through asbestos or glass-wool, and is then con- 
centrated by evaporation in a Pt dish till it 
begins to fume, and then in a retort of 
Pt or hard glass. The cone, acid is now 
heated with a little pure (NH,).,SO„ whereby 
HNO.^aud HNOjare decomposed (NH4.NO2 and 
NHj.NOa are formed, and then decomposed to 
N and HoO, and N.p and R.O). The acid is 
then distilled from a glass retort, heated by a 
ring-burner placed around the retort at about 
two-thirds of the distance from the level of the 
acid to the bottom of the retort. The distillate 
is re-distilled in small quantities from a Pt retort 
into a Pt receiver ; the condenser being formed 
of Pt tubes, soldered with gold and fitting closely 
one into the other, and the temperature being 
such that the acid does not boil during the dis- 
tillation {cf. Stas, Chem. Proport. 112). Various 
other methods for removing As have been pro- 
posed ; for the preparation of H3SO4 free from 
As for chemicQ-medical use v. Bloxam {G. J. 15, 
62), also Buignet a. Bussy {J. Ph. [31 44, 177 ; 
46, 252). 

Commercial oil of vitriol is prepared by 
passing SO^, mixed with a little UNO.,, into 
large leaden chambers into which jets of steam 
•are also sent. The SO, is prepared by burning 
S or pyrites in a stream of air ; the hot gas is 
passed over HN03,or over pots containing KNO, 
and H^SO^, so that it sweeps into the leaden 
chambers a certain quantity of HNO,. The 
interactions between the hot SO.^ and HNO3 pro- 
bably produceNO and N203(3S02-t- 2HNO, + 2H..O 
»3H2S04 -j- 2N0 ; and also 2SOa-H 2HN03-l-H.;o 
= 2H.,S04-hN,30,) ; the NO then combines with 
O in the air of the chambers to form 
N.303(4N0 + 03=2N30,), which interacts with 
SO2 and HjO to produce HLSO, and 
NO(N.A -t- 8O.3 + H.,0 = H2SO4 + 2NO) ; -if N.A 
is produced in the primary reaction of SO, with 
IINO3, this N2O3 may take up O to form N-A* 
which in turn may react with SO^ and HjO to 
produce HjSO^ and N0(N.304 + 2S0a-h2H.G 
= 2H2SO4 -h 2NO). These cycles of changes pro- 
ceed as long as SO3 is sent into the chambers, and 
there is present a sufficiency of O, HjO, and 
oxides of N. If there is not sufficient H,0 pre- 
sent to complete the decomposition of N A 
SO.2 (or NjO, and SO*) to H^SO* and NO, 
nitrosulphbnio acid — N0.3(S02.0H)— is formed 
as a solid on the sides of the chamber 
(3N20,-*-2S0a+H,0-2N0,(S0,.0m + 4N0; of 
iNA+4SO,+2H,0-4NO,(S<J,.OBf) + 9NO) | 
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wben iteam is now sent into the chamber the 
nitrosulphonio acid is decomposed to SLSO. and 
N,0, (2N03(S02.0H) + Kfi = 2H,SO, + K A)- I* 
is possible that the formation of NOj(SOj.OH) 
and the interaction of this with water may form 
normal stages in the series of reactions that 
occur in the chambers. Lunge (O. J. 47, 4(55) 
regards N^O, as the chief carrier of 0 from the 
air to the SO, ; he formulates the two main in- 
teractions as 

(1) 2SO2 + N A + O2 + H..0 = 2NO,(SO.»OH), 

( 2 ) 2NO,(SOj.OH) + HA = 211, SO 4 + N A 5 

moreover, he insists that the interactions take 
place for the most part between gases in contact 
with the surface of the vesicles of liquid water 
formed by the condensation of the steam sent 
into the chamber. (A fuller discussion of the 
reactions that occur in the leaden chambers 
will bo found in the Dictionaiiy of Apflied 
Chemistry, vol. iii. p. 720.) 

Some portion of the oxides of N is swept 
through the chambers and so lost (part of this 
is recovered in the Gay-Lussac towers); some is 
lost by leakage, solution in the acid formed in 
the chambers, and in other mechanical ways ; 
but some portion *bf the available oxides of N is 
also destroyed by secondary reactions that occur 
in the chambers, and«rcsult in the formation of 
N.,0 and sometimes of N or NII3 (v. Weber, P. 
130, 329 ; Pelouze, A. Ch. [2] GO, 1G2 ; Lunge, 
B. 14, 2190 ; cf. Dictionary of Appliko 
CuEMiSTRY, vol. iii. p. 729). 

Properties . — A clear, colourless, oily, hygro- 
scopic liquid ; solidifying at c. The liquid 

may be cooled much below its freezing-point 
without solidifying, but addition of a crystal of 
H^SO, or a small quantity of SO, causes crys- 
tallisation ; the presence of a trace of water 
lowers the freezing-point to c. 0'^. II., SO, is ex- 
ceedingly acrid and burning, and is a violent 
poison. H,SO, fumes very slightly in air at tho 
ordinary temperature; at 30 ’-40® it fumes much, 
giving off SO3 ; according to Colefax {G. N. 03, 
179), H.,SO, is probably slightly volatilised at 
ordinary temperatures. The mol. w. of 
has not been determined directly, but from tho 
mol. weights of such derivatives as SO.,Cl.„ 
SO.,(OMe)j, &c., the formula H.,SO, is most pro- 
bably molecular. H,,SO, is decomposed when 
heated, and does not show a definite b.p. ; boiling 
begins at c. 290®, and tho temperature gradually 
rises to 338°, at which temperature dissociation 
to H,0 and SO, is complete. The residue lias 
the composition HoSO^.AAO ; acid with tliis 
composition is obtained oy boiling down either 
H,SO,.a:H30 or HjSO^.irSO, (Marignac, A. Ch. 
[3J 89, 184 ; Dittmar, C. J. [2] 7, 44(5). Tho 
sp.gr. of the vapour given off at c. 440® corre- 
sponds with that calculated for the dissociation 
of HjSO, into SO, + H,0 (Deville a. Troost, 
G. B, 56, 891 ; Wanklyn a. Robinson, Pr. 12, 
507). The b.p. of HoSO^Aq, containing from 
06 p.o. H.RO, (b.p. « 295°), to 6 p.c. HjSO, 
(b.p. 101°) is given by Lunge (B. 11, 370). 
H2SO4 freezes at 10*352° (v. Pickering, C. J. 57, 
881; where a long series of determinations is 
given of f.p. of containing*from *005 

to 100 p.o. ASO^). The S.H. and mol. lieat 
(* S.H. X 98) are given by Ffanndler {B. 8, 798) 
9«fc^owt; 


m 

8.A. 

ICol tmt. 

80° • 

*865 

84*700 

90 

•866 

8l8SS 

100 

*858 

85*084 

110 

•359 

85*182 

120 

•360 

85*280 

130 

•362 

85*476 

140 

•864 

86*672 

160 

•365 

86*770 

160 

•367 

35*966 

170 

*370 

86*260 


For S.H. of n,SO,.a:H,0 from 16° to 20°, 
varying from 0 to 400, v. Marignac {Ar. Sc. 81 
217, 273) ; Rode {Zeit. filr anorg. CJtemie, 188b. 
244) gives S.H. of ASO^Aq from S.O. 1*842 to 
1*037; Pickering (O. J. 57, ICO) gives S.H. of 
II,S04Aq from c. *2 to c. 12 p.c. H.,S04 dis- 
solves in water in all proportions ; much beat 
is produced, and contraction occurs ; for thermal 
measurements v. Thomson {Th. 3, 44), Favre 
a. Silbermann (0. 72. 24, 1081), F. a. Quaillard 
'{G. 72. 50, 1160), Pfaundler {J. 18(59. 122), and, 
especially, Pickering {C. J. 57, 164). According 
to Pickering {C. N. 64, 14), the maximum con- 
traction, calculated for unit weighf of solution, 
changes from 67 p.c. at 8°, to 70*1 p.o. at 38° ; 
but the maximum is constant at 76 p.o., from 
8° to 38°, if calculated for unit volume; for 
fuller data v. P. (C. J. 67, 148). The expansion 
of AS04.a;H30, at 20°, when x varies from 0 
to 400, is given by Marignac {Ar. Sc. 39, 217, 
273). Tho refractive indices and ditg^prsion of 
lLS04.Aq containing from 93*87 to *088 p.o. 
ILSO4 are given by Pickering (0. J, 63, 99 ; cf. 
vail der Willingen, Ar. N. 3, 122). Perkin [C. J. 
63, 67) gives Mol. R. for H,SO,Aq from 99*92 
to 9*18 p.c. II..SO4 (-from 114804 + 63*87 H^O 
to H.4SO4 + *004' H.4O). 

The electrical conductivities of n.4S04Aq of 
different concentrations have been measured by 
Kohlrausch (P. 154, 215; 159; 233; W. 6, 1 ; 
17, 69), also by Pickering (C. J. 67, 158), who 
gives determinations for ILSO,Aq containing 
from 1 to 100 p.o. H.SO, (v. also Bouty, C. 72. 
108, 393 ; also Grotrian, P. 151, 378). 

The S.G. and composition of Il4S04Aq of 
varying concentrations have been determined by 
many observers. Pickering (0. J. 07. 162) gives 
! S.G. and composition of ASO^Aq containing 
, from *6 to 100 p.c. HaS04 ot 0°, 2°, 4°, and each 
I 2° up to 40°. Lunge a. Islor {Zeit. fUr anorg. 

! CJmnie, 1890. 129) give the following tables {cf. 
Mcndel^eff, ZfP. C. 1887. 273; Pickering, 0. N» 
04, 311 ; Lunge, C. N. 65, 13) : — 


s-o. 

00 

if 

100 parts by 
WfiKbt 
contain 

1 litre contaliu 
kilos. 

in taeuo 



P.O. 

BO, 

p.o. 

H,SO, 

SO, 

H.80, 

1*000 

0 

0 

0*07 

0*09 

0*001 

0*001 

1*005 

0*7 

1 

0*68 

0*83 

0*007 

0*008 

1*010 

1*4 

2 

1*28 

1*67 

0*013 

0*016 

1*016 

2*1 

3 

1*88 

2*30 

0*019 

0*028 

1*020 

2*7 

4 

2*47 

8*03 

0*026 

0*081 

1*026 

3*4 

6 

8*07 

8*76 

0*082 

0*089 

1*030 

4*1 

6 

3*67 

4*49 

0*038 

0*046 

1*036 

4*7 

7 

4*27 

5*23 

0*044 

0*064 

1*040 

6-4 

8 

4-87 

6*96 

0*061 

0*069 



SDLFUUBIO ACID. 



■P 

|l 

100 parts by 
weight 
contain 

1 litre oontalni 
kilos . 

8.0.^ 

|| 

ll 

100 parts by 
weight 
contain 

1 litre contains 
kilos . 

(n«aeuo 

IS 

4 

P.O. 

BO. 

P.o. 

H.SO. 

80, 

H.SO. 

in vacuo 



P.O. 

SO, 

P.O. 

H,SO, 

SO. 

H,SO, 

1045 

6*0 

9 

6-46 

6-67 

0-057 

0-071 

1*365 

38-6 

73 

37*89 

46-41 

0-517 

0-633 

1-050 

6-7 

10 

6*02 

7-37 

0-063 

0-077 

1-370 

39-0 

74 

38-32 

46*94 

0-525 

0-643 

1-056 

7-4 

11 

6-59 

8-07 

0-070 

0-085 

1-375 

39-4 

76 

38-75 

47*47 

1 0-533 

0-653 

1-060 

80 

12 

7-16 

8-77 

0-076 

0-093 

1-380 

39-8 

76 

39-18 

48-00 

0-541 

0-662 

1-066 

8-7 

13 

7-73 

9-47 

0-082 

0-102 

1-385 

40-1 

77 

39-62 

48-63 

0-549 

0-672 

1-070 

9-4 

14 

8-32 

10-19 

0-089 

0*109 

1-390 

40-6 

78 

40*05 

49-00 

0-557 

0*682 

1-076 

100 

15 

8-90 

10-90 

0-096 

0-117 

1*395 

40-8 

79 

40-48 

49-59 

0*564 

0-692 

1-080 

106 

16 

9-47 

11-60 

0-103 

0-125 

1-400 

41-2 

80 

40-91 

50-11 

0-573 

0-702 

1-086 

11-2 

17 

10*04 

12-30 

0-109 

0-133 

1-405 

41-6 

81 

41-33 

60-63 

0-581 

0*711 

1-090 

11-9 

18 

10-60 

12-99 

0-116 

0-142 

1*410 

42-0 

82 

41-76 

51-15 

0-589 

0-721 

1-096 

12*4 

19 

11-16 

13-67 

0-122 

0-150 

1*415 

42-3 

83 

42-17 

61-66 

0-597 

0-730 

1-100 

18*0 

20 

11-71 

14-35 

0-129 

0-158 

1*420 

42-7 

84 

42-57 

52-15 

0-004 

0*740 

1*106 

18-6 

21 

12-27 

15-03 

0-136 

0*166 

1-425 

43-1 

85 

42-96 

52-63 

0-612 

0-750 

1-110 

14-2 

22 

12-82 

15*71 

0-143 

0-175 

1*430 

43-4 

86 

43-36 

53-11 

0-020 

0-759 

1-116 

14*9 

23 

13-36 

16-36 

0-149 

0-183 

1*436 

43-8 

87 

43-75 

53-59 

0-628 

0-769 

1-120 

16*4 

24 

13-89 

17-01 

0-156 

0-191 

1*440 

44-1 

88 

44*14 

64-07 

0-636 

0-779 

1-126 

160 

25 

14-42 

17-66 

0-162 

0-199 

1-445 

44-4 

89 

44-53 

54-55 

0-043 

0-789 

1-130 

16-6 

26 

14-96 

18-31 

0-169 

0-207 

1-450 

44-8 

90 

44-92 

55-03 

0-651 

0-798 

1*186 

17^ 

27 

15*48 

18-96 

0-176 

0-216 

1*456 

45-1 

91 

45-31 

55-50 

0-659 

0-808 

1*140 

17-7 

28 

16-01 

19-61 

0-183 

0-223 

1*460 

45-4 

92 

45-69 

55-97 

0-607 

0-811 

1*146 

18*3 

29 

16-54 

20-26 

0-189 

0-231 

1-466 

45-8 

93 

46-07 

56-43 

0-675 

0-827 

1*160 

18-8 

30 

17-07 

20-91 

0-196 

0-239 

1*470 

46-1 

94 

46-45 

oC -90 

0-083 

0-837 

1*166 

19*3 

31 

17-59 

21-55 

0-203 

0-248 

1*475 

46-4 

95 

46-83 

57-37 

0-691 

0-846 

1-160 

19-8 

32 

18*11 

22-19 

0-210 

0-257 

1*480 

46-8 

96 

47-21 

57-83 

0-699 

0-856 

1*166 

20-3 

33 

18-64 

22-83 

0-217 

0-266 

1-485 

47-1 

97 

47-57 

68-28 

0-707 

0-865 

1*170 

20-9 

34 

10-16 

23-47 

0-224 

0*276 

1-490 

47*4 

98 

47-95 

58-74 

0-715 

0-876 

1-176 

^1-4 

85 

10-69 

24-12 

0-231 

0-283 

1-495 

47*8 

99 

48-34 

59-22 

0-723 

0-885 

1*180 

22-0 

86 

20-21 

24-76 

0*238 

0-292 

1-500 

48*1 

IQO 

48-73 

59*70 

0-731 

0-896 

1*186 

22-6 

37 

20-73 

26-40 

0-246 

0-301 

1-505 

48-4 

101 

49-12 

60*18 

0-739 

0-906 

1*190 

23-0 1 

38 

21-20 

26-04 

0-253 

0*310 

1*510 

48-7 

102 

49-51 

60-65 

0-748 

0-916 

1*196 

28-6 

39 

21-78 

26-68 

0-260 

0-319 

1-515 

49-0 

103 

49-89 

01-12 

0-750 

0-926 

1*200 

24-0 

40 

22-30 

27-32 

0-268 

0*328 

1-620 

49-4 

104 

50-28 

61-59 

0-764 

0*936 

1*206 

24-6 

41 

22-82 

27-95 

0*275 

0-337 

1*625 

49-7 

105 

60-66 

62-06 

0-773 

0-946 

1*210 

26-0 

42 

23-33 

28-58 

0*282 

0-346 

1*630 

60-0 

106 

61-04 

62-53 

0-781 

0-957 

1*216 

26-5 

43 

23*84 

29-21 

0*200 

0-355 

1*535 

60-3 

107 

61-43' 

63-00 

0*789 

0-967 

1*220 

26-0 

44 

24-36 

29-84 

0-207 

0-364 

1-640 

60-6 

108 

61-78 

63-43 

0-797 

0-977 

1*226 

26*4 

46 

24-88 

30-48 

0-305 

0-373 

1-645 

60-9 

109 

62-12 

03-85 

0*805 

0-987 

1-230 

26-9 

46 

26-39 

31-11 

0-312 

0-382 

„ 1-550 

61-2 

110 

52-46 

64-26 

0-813 

0-996 

1*236 

27-4 

47 

26-88 

31-70 

0-320 

0-391 

1*555 

61-5 

111 

62*79 

64-67 

0-821 

1-006 

1-240 

27*9 

48 

26-35 

82-‘28 

0-327 

0-400 

1-560 

61-8 

112 

53*12 

65-08 

0-829 

1*016 

1*246 

28-4 

49 

26-83 

32-86 

0-334 

0-409 

1-565 

62-1 

113 

63-46 

66-49 

0-837 

1-026 

1-260 

28-8 

60: 

27-29 

83-43 

0-341 

0*418 

1*570 

62-4 

114 

53-80 

65-90 

0-845 

1*036 

1*266 

29-3 

61 

27-76 

84-00 

0-348 

0-426 

1*576 

52-7 

116 

54-13; 

60-30 

0-853 

1-044 

1-260 

29-7 

62 1 

28-22 

34-67 

0-356 

0-485 

1-580 

53-0 

116 

64-46! 

66*71 

0*861 

1-054 

1-266 1 

80-2 

63 1 

28-69 

SS’U 

0-363 

0-444 

1-685 

63*3 

117 

64-80' 

67-13 

0*809 

1-064 

1*270 1 

1 80*6 

64 

29-16 

36-71 

0-370 

0-464 

1-690 

53-6 

118 

66-18, 

67-59 

0*877 

1-076 

1*276 

81*1 

66 

29-62 

36-29 

• X )-377 

0-462 

1*696 

63-9 

119 

65-55 

68-05 

0-886 

1-085 

1-280 

81*6 

66 

30-10 

86-87 

0-386 

0*472 

1-600 

54-1 

120 

66-93 

68*61 

0-895 

1-096 

1*286 

82-0 

67 

30-57 

87-45 

0-393 

0*481 

1-605 

54-4 

121 

66*30 

68-97 

0-904 

1-107 

1290 

82*4 

68 

31*04 

88-03 

.0-400 

0-490 

1-610 

54-7 

122 

66-68' 

69-43 

0-913 

1-118 

1*296 

82-8 

69 

31-62 

3 ff -61 

0-408 

0-600 

1-615 

66-0 

123 

57-05' 

69-89 

0-921 

1-128 

1*800 

83-8 

60 

31*90 

: 39-19 

0-416 

0-510 

1- C 20 

55-2 

124 

57-40, 

70*32 

0-930 

1-139 

1*806 

83*7 

61 

32-46 

39-77 

0-424 

0*519 

1*625 

56-5 

125 

67-76| 

70-74 

0-938 

1-150 

1*810 

84*2 

62 

82-94 

40-35 

0-432 

0-629 

1*630 

65-8 

126 

68-09 

71-16 

0-947 

1-160 

1*816 

84-6 

63 

33-41 

40-93 

0-439 

0-638 

1*635 

56-0 

127 

68-43 

71*67 

0-955 

1-170 

1*820 

86*0 

64 

83*88 

41-50 

0-447 

0-648 

1*640 

66-3 

128 

68*77 

71-99 

0-964 

1-181 

1*826 

86*4 

66 

84*36 

42-08 

0-455 

0-667 

1-646 

66*6 

129 

69-10 

72-40 

0*972 

1*192 

1*880 

85*8 

66 

84-80 

1 42-66 

0-462 

0-667 

1-660 

66*9 

130 

: B 9-46 

72-82 

0-981 

1-202 

1*885 

86-2 

67 

86-27 

43-20 

0-471 

0-677 

1-655 

67*1 

131 

59*78 

73*23 

0-989 

1*212 

1*840 

86-6 

68 

86*71 

48-74 

0*479 

0*586 

1-660 

67*4 

132 

60-11 

73-64 

0-998 

1-222 

1*846 

87*0 

69 

86*14 

, 44-28 

0-486 

0*696 

1-666 

67-6 

183 

60-46 

74*07 

1*007 

1*233 

1*850 

87*4 

70 

86*68 

1 44-82 

0-494 

0*605 

1*670 

67*9 

134 

60-82 

74*61 

1*016 

1*244 

1*866 

i 87*8 

71 

87*02 

46-37 

0-602 

0-614 

1*675 

58-2 

136 

61-20 

, 74-97 

1-026 

1*256 

1*800 

88*2 

72 

87*46 

1 46*88 

0*509 

0*624 

1*680 

58*4 

136 

61*67 

76*42 

1*034 

X -267 




SULPHUBIO ACID. 



II 

If 

100 parts by 
weight 
ooDtain 

1 

1 litre ooQtalai 
kUoa. 

in vacua 

II 


P.O. 

SO, 

P.O. 

H,SO, 

SO, 

H,SO, 

1-685 

68-7 

137 

61*93 

75-86 

1*043 

1-278 

1-690 

68*9 

188 

62*29 

76-30 

1*053 

1-289 

1-696 

69*2 

139 

62*64 

76*73 

1*062 

1-301 

1-700 

69*6 

140 

63-00 

77*17 

1*071 

1-312 

1-706 

69*7 

141 

63*35 

77-00 

1*080 

1-323 

1-710 

60*0 

142 

63*70 

7804 

1*089 

1-334 

1-716 

60*2 

143 

64*07 

78-48 

1*099 

1*346 

1-720 

I 60*4 

144 

64*43 

78*92 

1*108 

1*357 

1-726 

60*6 

145 

64*78 

79*30 

1-118 

1*369 

1-730 

60*9 

146 

65*14 

79*80 

1*127 

1*381 

1-733 

61*1 

147 

65*50 

80*24 

1*136 

1*392 

1-740 

61*4 

148 

65*86 

80-08 

1*146 

1*404 

1-746 

i 61*6 

149 

66*22 

81*12 

1-156 

1*416 

1-760 

61*8 

150 

66*58 

81*56 

1165 

1*427 

1-765 

621 

161 

66*94 

82*00 

1-175 

1*439 

1-760 

62*3 

162 

67*30 

82-44 

1-185 

14.51 

1-766 

62*6 

153 

67*66 

82-88 

1-194 

1*463 

1-770 

62*8 

154 

68*02 

83*32 

1*204 

! 1*475 

1-776 

63*0 

165 

68*49 

83*90 

1*216 

1*489 

1-780 

63*2 

166 { 

68*98 

84*50 

1*228 

1*604 

1-785 

63*6 

157! 

69*47 

85*10 

1*240 

1*619 

1-790 

63*7 

158 

69*96 

85*70 

1*252 

1*534 

1-795 

64*0 

159 

70*45 

86*30 

1*265 

1*549 

. 1*800 

64*2 

160 

70-94 

86*90 

1*277 

1*564 

1*805 

64*4 

101 

71*60 

87*60 

1*201 

1*681 

1*810 

64*6 

162 

72*08 

88*30 

1*305 

1-598 

1*816 

64*8 

163 

72*69 

89*05 

1*319 

1*621 

1*820 

65*0 

164 

73*51 

90*05 

1*338 

1*639 

1-821 

— 

— 

73*63 

90*20 

1*341 

1*643 

1-822 

65*1 

— 

73*80 

90*40 

1*346 

1*647 

1-823 

— 

— 

73*98 

90*60 

1*348 

1*651 

1*824 

65*2 

— 

74*12 

90*80 

1*352 

1*656 

1*826 

— 

165 

74-20 

91*00 

1.356 

1*661 

1*826 

65*3 

— 

74-49 

91*25 

1*300 

1*666 

1*827 

— 

— 

74*69 

91*60 

1-364 

1*671 

1*828 

65*4 

— 

74*86 

91*70 

1-368 

1*676 

1*829 

— 

— 

75-03 

91*90 

1-372 

1*681 

1*830 

— 

160 

76*19 

92*10 

1*376 

1*686 

1*831 

65*6 

— 

75*35 

92*30 

1*380 

1-690 

1*832 

— 

— 

76*63 

92*62 

1*384 

1*695 

1*833 

66*6 

— 

76-72 

92*75 

1*388 

1*700 

1*834 

— 

— 

76*96 

93*05 

1*393 

1*706 

1*835 

65*7 

167 

76*27 

93*43 

1*400 

1*713 

1*836 

— 

— 

76*57 

93*80 

1*406 

1*722 

1*837 

— 

— 

76-90 

94-20 

1-412 

1*730 

1-838 

65-8 

— 

77*23 

94-60 

1*419 

1*739 

1-839 

— 

— 

77*66 

96*00 

1*426 

1*748 

1-840 

65*9 

168 

78*04 

96*60 

1*436 

1-769 

1-8405 

— 

— 

78*33 

96*95 

1 441 

1-766 

1-8416| 

— 

— 

79*19 

97*00 

1*453 

1-786 

1-8410 

— 

— 

79-76 

97*70 

1*469 

1-799 

1-8416 

— 

— 

8016 

98*20 

1*476 

1-808 

1-8400 


— 

80*67 

98*70 

1*483 

1-816 

1-8400 

— 

— 

80*98 

99*20 

1*490 

1-825 

1-8396 

— 

— 

81*18 

99*46 

1-494 

1*830 

1-8390 

— 

— 

81-39 

99*70 

1-497 

1*834 

1-8386 

— 

— • 

81-69 

99*96 

1-600 

1*838 


For the properties of fuming HjSO^ v. Pibo- 
lULPHUBXO loxn, p. 625. 

For a test for small quantities of Ihee H2SO4 
V, Carey Lea (Am, 3. [3] 46, 478 ; abstract in 
P. /. 64 (ii.), 566). 

Oono. is dcoomposed 


by hsat i at e. 440^ fh§ produeia are SO, and 
H,0, and by passing through a red>hot tube SO„ 

0, and H3O bre formed Seville a. Troost, 0. R. 

66, 891; Wanklyn a. Bobinson, iV. 12, 607; 
Kedwood, Ph, [2] 6, 601 ; Deville a. Debray, 

A, Ch. [8] 61, 126)| — 2. Decomposed by the 
electric current ; with cone. H2SO4 and a raised 
temperature 0 separates at the positive pole, 
and H and S at tlie negative ; at 0° only H and 
O are given off (Faraday, T. 1834 ; Warburg, 

135, 114 ; Luckow, Fr. 1880. 1 ; Uerthelot, 0. 

86, 71 ; 90, 209). Gladstone a. Tribe (0. J, 86, 

176 ; 43, 345) found that a little SO, was formed 
when the electrolysis of 98 2 p.o. H^SO, was very 
slow. According to the concentration of the 
ILSO^Aq electrolysed, the strength of the current, 
and the current density, ozone, H^O,, and 8,0, 
are formed, besides II and 0. For an examina- 
tion of the conditions favourable to the produc- 
tion of ozone v. McLeod (C. J. 49, 691, where 
references are given to earlier memoirs). Ac- 
cording to Bodty (C. 2?. 108, 393), acid of the 
•concentration 11,804 + H,0 always gives HjO, 
on electrolysis; Itioharz (A. Ch. [2J 24, 183) 
says that the maximum production of H,0, is 
obtained with acid of the dbneentration 
H,S04+ 1 *34711,0 ; with acid more dilute than 
60 p.c. H^SO, very little HD, is obtained, but 
considerable quantities of 8,0, and ozone (Bouty, 

1. c . ; cf. Kuriloff, J. R. 23, 235). In connection * 
with the electrolysis of H5(S04Aq, and the con- 
ditions of production of H and 0 only, or of 
I1,0„ ozone, and 8,0, also, v. 

(C. J, Proc, 1893-4. 188 [No. 127]).--8. By 
passing a mixture of the vapour of H.SO. mixed 
with hydrogen through a rod-hot tube, 11,0 is 
obtained along with SO,, 8, or 11,8, according to 
the quantity of H (n. Warner, O. N. 28, 18). 
Hydrogen occluded by palladium or platinum 
partially reduces 98*2 p.o. 11,804, giving SO, 

?G. a. T., l.c. p. 177).- 4. SO,, CO,, and H,0 are 
formed by heating cone. H,804 with carbon; 
and SO, and H,0 by heating with sulphur. — 

6. Phosphorus takes fire in boiling H,B04 with 
separation of 8 ; red phosphorus reacts with the 
cone, acid when hot, forming 80, and H,P04. — 

6. Chlorine reacts with cone. H,S04 to form 
Cl(SO,.OH) (u. Chlobobulphonio acid, p. 60^. — 

7. Most metals interact ; K and Na give on BE, 

Zn and Fe and several other metals also give 
off H with more or less dilute H,S04Aq at 
ordinary temperatures ; on raising the tempera< 
ture BO, and H,8 are generally evolved and 8 is 
often separated. Some metals, such as Sb, Bi, 

Cu, Hg, react only with warm fairly cone. H,S04, 
giving off SO,, and often also H,8. Au, Ir, Pt, 

Ilh, and W do nol^interact with £[,804. Begard- 
ing the conditions of the interaction of H,S04Aq 
with metals — concentration, temperature, and 
products — V. Ditto (A. Ch. [6] 19, 68). Pattison 
Muir a. Adie (C. J. 63, 47) found that the only 
products of the interaction of approxiinately 
pure zinc and dilute H,S04Aq (0. HaS(^19H,0 
to 0. H,S04.15H,0) were ZnS04Aq and H ; that 
with cone, acid (0. H,S04.H,0 to 0. H,80J SO* 
was the chief gaseous prc^uct, and that wai 
also produced at higher temperatures ; 
that with acid of interme^ate oonoentoation 
(0. H,S04.2H20) both SO* and H,S were formed 
in considerable quantities at 0. 100^. For ex* 
periments on the rate of action of B^O^Aq on 





dilferettt gpedmeng of sino v. Divers A.Shlznid 2 ti : 
(0. J, 47, 598), who have also examined the pro- 
duction ef NHjOH by the interaotton of zino^ 
with HjSO^Aq and HNO^Aq together (c/. 
Htdboxtlauime, vbl. ii. p. 734). For qualita- 
tive ezperimenta on the ipteraotion of H2SO4 
and tin, v. Pattison Muir a. Robbs (0. N. 45, 69, 
where references to other memoirs are given). 
PuUinger (0- J. 69, 816) found that pure zinc 
was not acted on by HjSO iAq (1 part cone, acid + 3 
arts water by weight) provided the acid had 
een boiled for a long time before use and the 
surface of the zinc was quite smooth; if the 
surface was rough some of the zinc was dis- 
solved. P. also found that oxidiaers increased 
the rate of solution of zinc, and reducers, if not 
containing S, almost stopped the solution. P. 
concluded that when the surface of the zinc was 
rough SjO, was probably formed, and then the 
action proceeded. Weeren (J3. 24, 1785) noticed 
that there was scarcely any reaction between 
pure zinc and H^SO^Aq (c. 20 paMa water) ; ho 
supposed that a layer of H was condensed on' 
the surface of the metal. W. thought that with 
impure zinc the H is given off from the surface 
of the more negative metal present, and so the 
surface of the zinc is left exposed to the action 
of the acid. W. found that the evolution of H 
proceeded more rapidly in vacuo^ and that it was 
hastened by brushing the surface of the metal. 
The weight of pure zinc dissolved in 30 mins, 
was 2-1 mgm. at O'*, 9*3 mgm. at 98°, and 122*1 
mgm. at.t^he b.p. of the acid used. W. obtained 
similar results with Al, Cd, Co, and Fe. Sodium 
amalgam or zuic amalgam^ with cone. HaSO.,, 
gives off H, then quantities of H.,S, then SO.^ and 
S. and finally only SO., (Walz,'C.27. 23,215). 
The interaction of H.,SO, and copper has been 
fully examined by Pickering (C. J. [2] 18, 112; 
of. CopPKR, vol. ii. p. 263).- 8. H.,S04 reacts with 
the oxides of nitrogen (not with N.,0) to form 
N0.^(S0.,.0H) (v. Nithosulpuonio acid, p. 601). — 
9. PhosplioreUed hydrogen reacts slowly with 
H3SO4 at the ordinary temperature, giving SO.,, 
S, and H,P04 (Rose, P. 24, 139).— 10. With 
sulphuretted hydrogen, HjO, S, and SO., are 
formed. — 11. Phosphorus pentoxide withdraws 
HjO from hot cone. H.,S04, producing P.p^.H^O 
and SOj (Barreswil, 0. Ii. 26, 30 ; Evans, Ph, 8, 
127) ; yhosphorus pentachloride or trichloride 
forms SO4 and POCl:, , also SO., CL, when PClj is used 
(Williamson, P. M. [4] 7, 366 ; Schiff, A. 202, 
111 ; c/. Michaelis, J. Z. 6, 233, 292), and also 
01(S02.0H) (Muller, B. 6, 277 ; Oeuther, B. 6, 
926; Thorpe, 0. J. 37, 3681.-12. H.,S04 reacts 
with most salts to form sulphates, and set free 
the acid of the salt if that acid is more volatile 
than HpO,. In several cases secondary reactions 
occur between the acid set free and ^e K,S04 \ 
thui, with bromides and iodides, Br and I, and 
SO. or HjS, are produced. The interaction of 
jS^BOiAq and EBr has been examined by Addy- 
man (C. J. 61, 94), who found that the percentage 
of HBr decomposed varied almost directly with 
the quantity of H^SO, used, and that when so 
muon KPO4 was present that the water produced 
in the reaction 2HBr H.,S04 = 2K,0 SO, + Br, 
oansed no sensible dilution of the ^SOf, all the 
^[Br was decomposed ; with dilute acid, 0. 80 
.p.0. H^04, using excess of acid, scarcel;^ a trace 
^ QDr was decomposed (e/. Feit a. Eubierschki, 


jr. PK [5] 24, 159). Jackson (C. /. 48, 889) 
finds that the interaction of eono. E2SO4 and 
El varies according as the acid is present in 
large excess, or in quantity just sufficient for the 
El used. In the first case all the I of the El is 
set free along with an equivalent quantity of 
SO,; in the second case all the 1 is liberated 
with the equivalent quantity of K,S. Mahy 
salts of acids containing much oxygen, e,g, 
dichromates and permanganates, are decom- 
posed by hot cone. H., SO, With evolution of 0. 
The reaction of H.,S04Aq with EMn04Aq has 
been examined by Gooch a. Danner {Am. S. [3] 
44, 301), who found that the quantity of 0 given 
off increased with (1) concentration of K,S04Aq, 
(2) time, (3) temperature; no O was given off 
after a few hours with 20 p.c. acid at the ordinary 
temperature, but a considerable quantity of O 
was produced after five days* action, and c. the 
same result was obtained by heating to 80° for 
one and a half hours (c/. Jones, G. J. 33, 95). — 
13. Cone. HjSO, reacts with many oxygenated 
organic compounds, withdrawing 11 ./) ; with 
benzenoid hydrocarbons it forms sulpho- acids ; 
many organic compounds, such as sugar; starch, 
&c., are charred by warm II^SO,. — 14. Pictet 
{G. li. 115, 708, 814) has examined the reactions 
of sulphuric acid at low temperatures, using 
acid of 89 p.c. H.BO, ; noraction occurred below 

— 125° with such bodies as NaOII, NaCl, NH„ 
Na^GOg, Na, E ; in most cases action began 
suddenly at temperatures varying from — 120° to 

— 60°.— 16. II.^S04 combines with water \ the 

hydrates H.,S04.H,p, _ H.^S04.2H.40, and 

H,S04.3H.p have been isolated as solids (v. 
infra). — 16. Cone. K^SO, combines with sulphur 
trioxide to form H, ^804.863 and other compounds 
(v. Pykosulpudrio acid). 

For the roattiona of fuming H^SO, v. Pyro- 
BULPHURio ACID (p. 625). The salts of H.^SO, are 
described under Sulphates (p. 667). Both amides 
of H.4SO4, viz. 8O3.OH.NH3 and SO.,(NH.,)3, have 
been isolated (v. Sulphamic acid, p. 667, and 
SuLPHAMiDE, p. 567); the imide SO.«NH is also 
(known, v. Sulphimide, p. 687 ; cf. also Sulph- 
miDo-AMiDB NH(80.4.NH2)2, p. 687, and Imido- 
BULPHONIO acid NH(S0.3.C)H).3, p. 600. 

Constitution of sulphuric acid. — The re- 
actions of H3SO4 with Cl and with PCI5, and the 
reactions of the products with water, also the 
formation of SOj.OH.NH,, S0.3(NH.3)3, and 
SO2.NH, show that HgSO, contains two OH 
groups. The fact that only one compound, 
SO3.OEt.OMe, can be formed from H^SO, shows 
that the two OH groups in SO.., (OH), are related 
to the rest of the molecule in the same way ; 
hence the formula for the acid is to be written 

®^0 OH ®a®^OH * Iiias^auch as 80,01, 

is formed from S02(0H)2 by the reaction of 
POI5, as certain hydrocarbons interact with 
80,04 to form SO.4R, (where R=:Me, Ph. &o.), 
and as these compounds SO2B, are reduced to 
SR„ where the radicles R are certainly in direct 
union with S, it is extremely probable that the 
OH groups in SO,(OH)2 are in direct union with 

B, and hence the formula is to be pre- 

ferwd to 8<°;gg for Bulphario msid. It i# 



SULPHURIC ANIIYDRU)®. 


ondeoided whether the group SOgin OiS.OH.OH 
hu the oonstitation O.S.O or 

Htsbatbb ow bulphubio acid. Two solid 
hydrates have been isolated ; a liquid hydrate 
has probably also been isolated. 

Monohydrate H^SO^-HO {Tetrahydroxy- 
iulphuric add SO(OH)J. Large, colourless, 
Bix-sided tablets ; formed by mixing 1 part cone. 
H.JSO4 with rather less than one-fifth part water 
(by weight), and surrounding with a freezing 
mixture. The crystals melt at 7‘5° (Pierre a. 
Puchot, A. Ch. [5] 2, 104). The hydrate readily 
remains liquid considerably below its m. p. S.G. 

1*7943 (for the liquid) (MendelL'cfF, B. 19, 
880); 1*77806 at 15°, 1*77423 at 20°, 1*77071 at 
26° (Perkin, G. J. 49, 777 ; determinations made 
with liquid, and referred to water at same tem- 
peratures). Thomsen gives H.F. from liquid 
HjSO* and H„0 [H‘SO‘,H^O] = 6,379 {Th. 3, 54) ; 
Berthelot gives 6,120 (0. 22. 78, 716). Heat of 
fusion =« 3680 g. units (for 116 g.) H.^S04.n.j0 
(Berthelot, C. 22. 78, 716). For vapour pres- 
sures from 143° to 204° t;. Tate (P. Jlf. [4J 20. 
602). 

Dihydrate II^S04.2II,p (Perhydroxysuh 
phuric acid S(OH)J. ^Formed by adding *368 
parts H.^0 to 1 part pure H-^SO,, by weight. 
This hydrate has not been obtained as a solid ; 
the S.G. of the liquid at ^ is given by Mendoldiefif 
(B. 19, 380) as 1-6655 (c/. Perkin, G. J. 49,777). 

It is stated (v. Mondelc'cll, B. 19, 388) that 
the maximum contraction when II.SO4 and ll.p 
are mixed occurs when the compounds are pre- 
sent in the ratio H.^S04:2H.j0, but Pickering (G, J. 
67, 84) says that the maximum does not corre- 
spond with the composition of any hydrate 
the existence of which is indicated in other 
ways. 

Tetrahydrate H.,S04.4Hp. Obtained by 
Pickering (C. J. 57, 339) as a crystalline solid, 
melting at -25°, by cooling H^SO^Aq containing 
67*6 p.o. HjSO, (HXSO4.2H2O corresponds with 
67*66 p.o. H^SOj. The crystalr are large and 
well defined, and resemble H-^SO^.HjO ; the com- 
pound may be kept liquid at 20° to 25° below its 
freezing point. 

Hydrates of sulphuric acid in aqueous solu- 
fion.— According to Mendel6eff (B. 19, 380 ; c/. 
his Principles of Ghemistry^ vol. ii. p. 234), an 
examiuation of the connections between the con- 
centration of H.jS04Aq and the S.G. indicates 
the existence of hydrates that have not yet been 
isolated. Pickering (C. J. 57, 64) comes to the 
same general conclusion from an extended ex- 
amination of the connections between the changes 
of composition of H2S04Aq and the changes 
of S.G., heat capacity, electrical conductivity, 
heat of solution, and expansion by heat of the 
solution. Pickering'9 reasoning is a special case 
of that explained in the article Solutions (part 
ii. p. 492) ; for the detailed argument, and 
criticisms of it, v. Pfbkering, G. J, 57, 64; 
Bdcker, P. AT. [6] 32, 304 ; 33, 204 ; P., P. M. 
[6] 33, 132, 463 ; c/. Mendel^eff, P^O. 1, 275; 
and Crompton, 0. J. 53, 116. 

- PERSULPHUBIO acid H,S,O.Aq. This 
iMid is present ixx the solution obtained b/ eleo- 
Yoi.. lY, 
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trolysing HS04Aq of certain concentrationi ; 
Bertbelot (u, B, 90, 269 : 112, 1481) obtained a 
quantity of the acid equal to from 88 to 123 g. 

per litre by electrolysing H,S04Aq contain- 
ing water and acid in the ratio 10H40:HyS04 (c/. 
Sulphuric peroxide, p. 616 ; and Sulphuric acid, 
Bcactions, No. 2,p. 623)*. According to Traube (B. 
22, 1518, 1528) a solution of H.^SjO^ in H;.S04 
docs not oxidise II.C^O,, nNO,,, CO, or Ora(S04h; 
Bicharz, however (B. 21, 1670), says that oxalic 
and nitrous acids aro oxidised. The acid has 
not been i.solated ; by ok etrolysing at tempera- 
tures below 0°, and thou adding BaOAq or 
KOHAq, the Ba or K salt is obtained. The 
formula Il.S.O, is given rather tlian HSO4, 
because of the results of Bredig's measurements 
of the conductivities of solutions of the K 
salt. For salts of this acid v. Persulphates, 
p. 582. 

PYROSULPHUIIIO ACID (Di- 

sulphuric acid). A solution of this acid in 
ILSO4 is know*-, as fumimj sulphuric acid, or 
ZJordhauseii acid. This acid is obtained by 
adding rather more SO3 to II BO, than the 
proportion S03:H.,S04, cooling, and spreading 
out the crystals tlmt form over aaarly cone. 
ILSO4 under a boll-jar till the excess of SO, is 
removed (Schultz-Sellack, B. 4, 109). Forms 
largo crystals, melting at 35°. Easily decom- 
posed by heat to H.4SO4 and SO*. IlaS.^O, is 
dibasic, forming salts MHSP, and MjSj,0, (v. 
Pvrosdlpiutes, p. 683). Fuming sulphuric acid 
\ is a solution of in 112804*, it is prepared 

1 by heating dry FeSO, in fireclay vol^ls and 
collecting the oily, fuming liquid that distils 
over. The acid fumes strongly in the air,, and 
gives off SO3 when warmed. But few of the 
reactions described ior pyrosulphurio acid, or tor 
fu7ning sulphuric acid, can bo sot down as 
belonging to a do&nite compound, but rather to 
solutions of HB-^O, (and perhaps other com- 
pounds of H.3SO4 and SOj) in 11.4804. Finely - 
divided silver dissolves easily ; the solution 
poured into water gives Ag.4S04 and SO, ; 
^mercury reacts similarly ; spongy copper has a 
^slight reaction, giving Cu.B and CUSO4 (Divers a. 
Shimidzu, G. J. il, 636). Distilled with p}m- 
phorus pentoxide in a stream of hydroge^i 
chloride, C1(S0.4.0H) is formed; the same acid is 
formed by heating with PCI,, and also by heating 
‘ crystallised faming sulphuric acid ’ with HCl 
(v. CuLORosuLPHONio ACID, p. 509). Nitrogen 
dioxide passed into well-coolod pyrosulphurio 
acid gives 2^.4(802. OH) (u. Nitrosulphonio 
ACID, p. 601). By saturating ordinary cone. 
H2S04with SO3 (Jacquclain, A. Ch. [3] 80, 848), 
or by cooling fuming H28O4 to — 10° (Wacken- 
roder, Ar. Ph. [2] 87, 267), tho compound 
H.4830,.2H.4S04 ( =» 3H.48O4.SOg) is said to be ob- 
tained in transparent crystals. Sohultz-Sellaok 
{B. 4, 109) failed to obtain any compound of 
H2SO4 and 'SOg, except H.4SaO,. Crystals of the 
composition H2S04.380g (■“^2840,,) melting at 
8°-10° are said by Weber (P. 159, 3131 to be 
formed by adding cooled oono. H2SO4, little by 
little, to SOg. M. M. P. M. 


SULPHTIBIO ANH7DBIDE SO. v, SuL- 
PBUB TBIOXXDE, p. 615. 

Fersulphorio anhydride 8,0, 9 . SvLrEUBia 
rxBoxiDB, p. 61^ ' 
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STnPHtJBlO-RlTBOBTL OHIOBIBS 
BO|*NOGl V* NiTBOsniiPuoNiG oblohidb, p. 601. 

8TTLPHXTBIC OXIDE SO, v.^'Sulpbub tbi- 
OXIDB, p. 615. 

SULPHUBICr FEBOXIDE S,0, v, p. 616. 

8ULPHUBOSAMIC ACID SO.OH.NH, v. 
Tbionamio acid, p. 696. 

SULPHUBOUS ACID and HYPOBUL- 
PHUBOUS ACID. 

SULPHUROUS ACID H,SO,Aq. The acid 
has not been isolated ; a solution of SO2 in water 
reacts as a weak dibasic acid, forming salts of 
the types M^HSO,, M^^SO,, and M^SO, (v. Sul- 
phites, p. 687). H.F. [U^S,O^Aq] = 147,130 ; 
[H‘^0,S,0^Aq] = 78,780 (from rhombic S; Th, 
2, 261). 

The methods of formation and preparation 
of H^SOgAq are sufficiently detailed under Sul- 
phur DIOXIDE (p. 613) ; it is only necessary to 
add water to the SO, obtained. 

Properties.— An aqueous solution of HjiSO, 
readily decomposes, giving off CO*; on standing 
for some time in the air, and more quickly by 
warming, H2S04Aq is formed with production 
of much heat; [H='SO=*Aq,OJ = 63,634 {Th. 2. 
263). HjSOjAq is altered by the action of light, 
so tnat after exposure to light for some time the 
solution ppts. Ag,S from AgNO^Aq, and reduces 
silver h^oid compounds, forming some Ag.S ; 
the solution after exposure to light behaves like 
a dilute solution of a polythionic acid (Stas, 
Chem. Proport. 64). Low {U Institute 1873. 67) 
says that dilute lI^SOsAq is changed to HjSO^Aq 
and S 1)$^ long exposure to light. 

Reactions. — 1. Heated in a closed tube to 
170®-180°, H2S04Aq and S are formed, and after 
a time also HjS (Goitnor, A. 129, 350).— 2. De- 
composed by an dectric current, giving H,S04Aq 
at the positive pole and S at the negative ; with 
a weak current H2S,04Aq is probably formed at 
first at the negative pole (Gu^roult, G. R. 85, 
226). — 8. Phosphorus pentachloride produces 
SOCL, and POCl, (Kremers, A. 70, 297 ; Schiff, 
A, 102, 111). — 4. Sulphurous chloride with 
HjSO^Aq produces polythionic acids (v. Debus,. 
C. J. 63, 346). — 6. Vapour obtained by heating 
HjSOjAq reacts with chlorine, when passed over 
red-hot Pt, to form Cl(S02,OH) {v. Chloro- 
BOLPBONIO ACID, p. 699).— 6. N0ij(S03.0H) {v. 
Nitrosulphonic acid, p. 601) is formed by the 
interaction of moist SO,, i.e. H.2SO,Aq, with 
nitric oxide or nitrogen dioxide. — 7. BL^SOaAq 
is oxidised to H2S04Aq by oxygen, the halo- 
gens, and many other oxidisers.— S. Heated with 
phosphorus in a closed tube to 200®, is pro- 
duced (Oppenheim, Bl. [2] 1, 163).— 9. Reduced 
by zinc and dilute sulphuric acid to H^S {v. 
Boinsch, D. P. J. 163, 286 ; 181, 832) ; with 
zinc alone, H^SOjAq is partly reduced, probably 
giving H4S,04Aq {v. Htfosulfburous acid, p. 
627). — 10. Many metals which evolve H from 
H,S04Aq or HClAq react with H^SO^Aq to form 
sulphites and sulphides, with evolution of little 
or no H (u. Pederofif, Chem. Zeitung, 5, 16). Por 
a fairly full qualitative examination of the inter- 
action of Al, Od, Mg, Ni, and Zn with HjSO,Aq, 
V. Schweitzer (0. N. 23, 293).— 11. Many of the 
oxyadds of the halogens are reduced to hydracids 
by HgSOsAq. — 12. Phosphorous acid gives 
H,P04Aq and H^S ; then S, and thionio acids 
(\Y0l4er, A, 89, 252 ; Maquenne, Chan. Zeitung. 


1890 [1] 611).— 18. Phosphoretted hydrogen prd* 
duces H,P04Aq, and S (Cavazzi, Q. 16, 169). 
14. Hydrogen sulphide passed into H,SOaAq 
forms a solution containing HjS04, H,S,0„ 
H2S40a, HjjSjOa, probably HaS^Os, S in suspen- 
sion, and a colloidal form of S in solution; if 
the passage of H^S is continued until reaction 
ceases the final products are S and H^O (Debus, 
C. J. 63, 282; cf. Thionio acids, p. 698).— 16. 
Many metallic salts are reduced, in aqueous 
solutions, by HoSOaAq ; salts of Ag and Hg to 
the metals, ferric to ferrous salts, &o. According 
to Divers a. Shimidzu {C. J. 49, 676), the reduc- 
tion does not consist in the withdrawal of 0 by 
HjSOyAq and the oxidation of that acid thereby 
to H2S04Aq. The first step is looked on by D. 
a. S. as probably the formation of a sulphite of 
the metal of the salt, and this is followed by 
either the decomposition of this sulphite by 
water to metal and H2S04Aq, or the reaction of 
the sulphite with some of the original, un- 
changed, salt to form metal and a persulphite (or 
-ic sulphite) of the metal. — 16. \\ ith potassium 
thiosulphate HaSO^Aq forms K tri- tetra- and 
penta-thionates, and S (Debus, C. J. 53, 343).— 
17. HoSOjAq dissolves many freshly ppd. me- 
tallic sulphides, e.g. MnS, ReS, ZnS, forming 
thiosulphates (Schonbein, P. 104, 300 ; Heldt, 
J.pr.^'d, 20). — 18. Alkqli nitrites give salts of 
nitrilosulphonic acid NjSO^.OH)., (q. v., p. 601), 
and also salts of oxy-imidosulphonic acid 
N(OH)(SO,,.On)2 (g. V ., p. 602). Using a dilute, 
ice-cold solution of H^SO^ ( = 6p.c. SO.J, and 
adding 40 g. KNO.., in 1,000 c.c. water to 3 litres 
of this H.ROyAq, Raschig (yl. 211, 234) obtained 
NH.2(S0./0K) (c/. Sulpiiamio acid, p.567). Under 
certain conditions of concentration and tem- 
perature NO and N._jO, also NH^ and sometimes 
NH.^OH, are produced. With nitrous acid the 
final products are NHj, NO, N^O, and H.2S04Aq ; 
according to Raschig {l.c.), NH2(S02.0H) is 
always formed, and the gaseous products are to 
be looked on as resulting from secondary reac- 
tions between nitrous acid and NH2(S02.0H) or 
other nitrogenised sulphonic acids formed in the 
primary reaction between the nitrous and sul- 
phurous acids. With silver and mercurous 
nitrites Divers a. Haga {C. J, 51, 659) found 
that sulphites were produced, along with some 
NO and HjSO,, and more or less NH2OH. — 
19. For the reaction of H^SO^Aq with potassium 
platinochloride v, Platino-sulfhonateb, this vol., 
p. 285. 

Neither the amide SO(NH2)2 {v. the heading 
Thionamide), nor the imido SO.NH, of H^SO. 
has been isolated; and it is doubtful whether 
the acid SO.OH.NHa or SOj.NHj.H is known, v, 
Tbionamio acid. 

Constitution of sulphurous acid. The fact 
that many haloid derivatives of hydrocarbons 
interact with NaHSO, to form sulphonic acids — 
e.g. EtI -f NaHSOg = EtSOyH -t- Nal — ^makesit pro- 
bable that the Na in NaHSO, is in direct union 
with the S, because the S in sulpbouio acids is 
almost certainly in direct union with the hydro- 
carbon radicle ; hence it is likely that one H 
atom in H2SO, is directly combined with the S 
atom, and henoe the formula for H3SO, is pro- 
bably H.SO2.OH. ^Us view of the constitution 
of H2SOa is insisted on, and Ulnstrated, by Diven 
(C. J. 47, 205). 
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Syi/raUi of sulphurous acid. Colourless, 
(cO'like crystals are obtained bypassing SO^ into 
water sarrounded by ice, by cooling saturated 
SO^q, or by passing moist SO^ through a tube 
kept at a low temperature. After filtering 
quickly in a covered filter, and pressing between 
filter paper at 8°, the crystals have the com- 
position H.SO,.a:HiO ; Dopping {Petersburg Acad. 
Bull., 7, iOO) found « = 10. Pierre (.4. Ch. [8] 
23, 416} found a? = 8, SchOufeld (A. 95, 22j 
found X = 14, Roozeboom (R. T. C, 3, 29, 59, 75, 
84 ; 4, 66) found a; = 6, and this was confirmed 
by Geuthor (A. 224, 218). Roozeboom (l.c.) gives ! 
B.G. of the crystals as 1-21 (referred to water at j 
4®) ; Geuther (lx.) gives 1*147 as the S.G. after i 
melting at 14°, and 14° as the m.p. with separa- • 
tion of some liquid SOj, under the layer of SO^q. ; 
It. (l.e.) gives the following dissociation-pressures, ; 
which are independent of the quantity of the | 
hydrate : 303 mm. at 0°, 754 mm. at 7-05°, 
1177 ram. at 10°, 1773 mm. at 12*1°. According 
to R. the critical temperature of decomposition 
is 7*1° In an open vessel and 121° in a closed 
vessel. 

HYPOSULPGUllOUS ACID H.SAAq. 
This acid has not been isolated. An aqueous 
solution is probably formed by decomposing the 
Ka salt by dilute H.^SO^Aq or H^CaO,Aq, and 
also perhaps by digesting H.^SO^Aq with zinc 
clippings till the liquid is brownish red; but 
neither the aqueous solution of the acid, nor any 
of its "Alts, has been obtained free from impuri- 
ties. For preparation of the sodium salt, and 
for references, v. livrosuLpiiiTEs (p. 692). 

M. M. P. M. 

SULPHIfEOUS ANHYDRIDE v. SuLimun 
OIOXIDE, p. 613. I 

SULPHUROUS OXIDE v. SoLruun dioxide, i 
p. 613. 

SULPHURYLAMiDE v. Solphauidi:, p. 
667. 

SULPHURY! BROMIDE v. Sulphur oxy- 
DIlOlUDES, p. 617. 

Pyroaulphuryl bromide v. Sulphur oxy- 
BROMIDES, p. 617. 

SULPHURY! CHLORIDE v. Sulphur oxy- 
ciiLOianRs, p. 618. 

Nitrosulphuryl chloride v, Nituosulphonio 
CHLORIDE, p. 601. 

Fyrosulphuryl chloride t;. Sulphur oxy- 

CHLOIUDES, p. 618. 

SULPHURY! HYDROXYLCHLORIDE v. 
CULOROSULPHONIG ACID, p. 699. 

SULPHURY! HYDROXYLFLUORIDE v, 
Fluosulphonio acid, p. GOO. 

SULPHURYLIMIDE v. SuLPHiaiiDE, p. 
687. 

SULPHURY! IMIDO-AMIDE v, Sulphiuido- 
AMIDE, p. 587. 

SULPHYDRATES v. Hydrosulphidbs, vol. ii. 
p. 733. 

SULPHYDRIC ACID v. Hydboobn sul- 
tHiDE, vol. ii. p. 725. 

8ULPHUVINURIC ACID C^H.N.SO,, i.e. 
CH:C(C^)M (Strond*, A. 2C1, 26). Formed i 
from m-bromo-pyruvio acid and a cone, solution j 
of ihio-urea (Nencki a. Sieber, J.pr. [‘AJ 25, 74). 
Crystals (containing 2aq), si. sol. cold water. 
Bruces Fehling’s solution in the cold. FeCi, 
^yei « deep violet colour. —S ft Its; MgA'^— 


ZnA^: minute needles.— HA'HOl.—HA'HBr.— 
HA^HNO, aq : needles, si. sol. water. 

SULPHYDRO-ACETZe ACID v, Tbioolt- 

COLLIC ACID. 

SULPHYDRO-ACETONE OH,.CO.OH,.SH. 
Ethyl derivative £tS.CH„Ac. (171°). 
Formed from chloro-nbetone and NaSEt (Auten- 
tfieth, B. 24, 165). Yields a phenyl hyilrazide [67 ’]. 

Phenyl derivative rhS.ClLAo. [36°]. 
(266°). Formed from CHj.CO.CH.,Crand NaSPh 
in alcohol in the cold. Crystals. Yields a 
phonyl-hydrazido [87' J (A., cf. Delisle, A. 2C0, 
250). Combines with KliBO., and NanSO,. 

SULPHYDRO-ACETOPHENONE. Phenyl 
derivative C,,T1, SO, i.c. 

C„H,.S.CH.,.C0.C,I1,. [53°J. Formed from 

w-bromo-aeetophenono and NaOPh (Delislo, B, 
22, 309). Needles (from alcohol), v. sol. ether 
and acetone. 

SULPHYDRO-ACETYL-PROPIONIC ETHER, 

Phenyl der it' a live C,aH,.,SO„, i.e. 

c..ii,.s.cii,.co'::!ii,.ciL.coj:t. (197° at I6 

mm.). Formed from bromo-acctyl-propionic 
ether and NaSPh (Dclisle, B. 22, 309). 

SULPHYDRO-ALLYL-QUINAZOLINE. Di- 
hydride [91'*]. Formed 

from <w-oxy-tolyl-allyl-thio-urea ami UClAq at 
100° (Soderbauni a. Widman, JJ. 22, 1670). 
Needles, v. e. sol. alcohol ami benzene. 

lieference, — OxYsuLruYuuo-Au.YL'guiNAZo 

LINE. 

DISULPHYDRO-DI-ALLYL-TRIAZOLE 

Formed from allyl-thio-urea 

and HNO/ (Hector, J. pr. [2J 4i, 505). OH.— 
D'..H.,PtCl„ : crystalline pp. 

o SULPHYDRO-BENZOIC ACID 
C„H4(SH).C0^H. Thio- salicylic acid. Formed 
by reducing o-sulpho benzoic chloride with zinc- 
dust and U.^SO, (Delislo, B. 22, 2206). Amor- 
phous powder, si. sol. hot water, v. sol. alcohol. 
Not volatile with steam. — AgA'. 

Thio amide C„H,(SII).CS.N]T,. Formed by 
heating o-oxy-benzamide with (Spilkor, B. 
22, 2771). Minute dark-red crystals. 

Phenyl derivative CuH^S.C„.H,.COaH. 
[166°]. Formed from o-diazobenzoic acid, 
phenyl mercajitan, and Na01i.\q at 50° (Graobe 
a. Schultcss, A. 263, 4). Plates (from alcohol) 
or needles (from HO Ac) ; al. sol. water. - NH^A . 
— JvA' : noodles, v. sol. water.— KtA'. [151°]. 

?a-Sulphydro-benzoio acid 0„U^(BH).CO.^H, 
[117°]. Form^ by the action of tin and HOlAq 
on CJd.(SO.,Cl).COCl (Frcrichs, B. 7, 793). 
Colourless plates, m. sol. water.— BaA'^ 2iaq.— 
HgA'...- PbC4i,SO., 3aq.-Cu(OH)A'.- AgA'. 

a-SULPHYDRO-^BUTYRIC ACID 
CHEt(SH).COH. Formed from a-bromo-butyrio 
acid and alcoholic K3H (Duvillicr, Bl. [2] 80, 
507). Sol. water, alcohol, and ether. 

Sulphydro-isobutyric acid HS.CMe.^.CO,jH, 
Formed from a-bromc isobutyric ether by suo- 
cessive treatment with alcoholic K^S and aloo* 
holio KOH (Lov6n, J. pr. [2] 33, 109). Oil. 

a-SULPRYDRO-ClNNAMIC ACID 
C,H,.CH:C(SH).CO.JI. [119°]. Formed, to- 
gethor with sulphocyanio acid, by heating benzyl- 
idpne-rbodanio acid C„H^:CH:C(SH).CO.S.CM 
with baryta-water (Ginsburg a. Bondzynski, B, 
19, 128 ; If, 8, 850). Yellowish crystals. V. sol 
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alcohol, ether, benzene, and OSj, nearly insol. 
water. By treatment with iodine in alcoholic 
Bolntion it is oxidised to di-solphidoodi-cinnanuo 
acid S,(O^Ph.CO^) 2 . 

Be/erence.— N itbo-sulphydro-cinnamio acid. 
/9-8ULFHYDB0-CB0T0N10 AGIB. Ethyl 
derivative CH3.0(SEt):CH.C0^. [113°]. 

Formed from jS-chloro-orotonio acid [94-6°], mer- 
captan, and Na (Autenrieth, A. 254, 235 ; B. 20, 
8189). Crystals, insol. water, v. sol. ether and 
alcohol. Gives a dark-green colour on warming 
with isatin and H^SO^. Yields CH3.C(SEt):CHj 
(110°) on heating above its melting-point. — 
BaA', aq.— AgA' : silky needles, not decomposed 
by hot water. AcP forms the compound 
OH,.C(SEt):CH.CO.OAo, a brownish oil. 

laomeride of the ethyl derivative 
CH,.C(SEt):CH.C02H. [92°]. S. (alcohol) 20. 
Formed in like manner from the isomeric /3- 
ohloro-crotonic acid (A.). Crystals, nearly insol. 
water. Forms a dark-green liquid on warming 
with isatin and H.^S04. WhcK- .boated alone it 
yields the same ethyl-sulphydro-propylene (110°.) 
asitsisomeride. — BaA'j aq: thin plates (fromAq). 

Phenyl derivative v. PniiNYL-suLPHYDBO- 
CROTONio Aero. 

STrLPHYDRO-ETHYL ALCOHOL 
H0.0,H4.SH. Formed from glycolic chlorhydrin 
and alcoholic ESH (Carius, A. 124, 258). Oil, 
V. e. sol. alcohol. Oxidised by HN Oa to isethionic 
aoid.~-Hg(Oj,HjOS)3. Needles (from warm alco- 
hol). 

SULPHTDRO - ETHYL . QUINAZOLINE. 

Dthyiride OA<nh'cS 
by warming w-tolyl-ethyl-thio-urea with HCl 
(SOderbaum a. Widman, B, 22, 2936). Needles. 
—B'HAuCl,. [118°].~B'3HaPtCl„. [208°]. 

SULPHTDRO - METHANE DISULPHONIC 
ACID HS.0H(S03H)3. Formed by boiling the tri- 
sulphonio acid with HO Ac (Albrecht, A. 161, 
134). Gives a blue colour with FeCla, — KgA'^ |aq. 
— Pb,(OHS,0«)2 8aq. Small needles. 

Soiphydro-methane trisulphonic acid 
HS.C(SO,H),. Formed by boiUng CS^ or CSOl, 
with KaSOjAq.— KjA'" 2aq ; triclinio crystals. 
S. 2 at 12°. Gives a bluo colour with FeCl,. — 
(NH4 )sA"' aq. Thin plates. 

SULPHYDRO-METHENYL-AMIDO-CRESOL 

[4 J] O.H,Mo<^>O.SH. [217°]. Formed by 

heating benzene-azo-j^-cresol with CS.^ at 200^ 
(Jacobsen a. Schenke, B, 22, 3235). Needles. 

SULPHTDRO - METHENYL,t AMIDO - (a) . 

HAPHTHOL CioH 3 <q^O,SH. [above 220°]. 

Formed by heating an alcoholic solution of 
Sa(0,oH,.NHa[l;2])a with CS.^ (Jacobson, B. 21, 
2624). Needles. Oxidised by EaFeCyg to a crys- 
talline disulphide. 

Snlphydro -methenyl - amide - (/8) - naphthol. 
[249°]. Formed by heating benzene-azo-(j8)- 
naphthol with OS, at 250° (Jacobson, B, 21, 414). 
Needles, si. sol. benzene. HClAq at 170° yields 
an]ido-(/3) -naphthol. An alcoholic solution of 

iodine forma crystalline (0,oH3<^Q^O)aSr 
SULPHTDRO - HETHENTL - a - AMIDO- 
aAPBTHTL ■BSOAFTAir 0„H,<^^O.SH. 
labove 240°]. Formed by heating a-naphthyl 


thiooarbimide with S at 225^, and got also by 
the action of CS, on di-amido-di-naphthyl df* 
sulphide (Jacobson, B. 21, 2625 ; 24, 1406). 
Minute rosettes, sol. alcohol. Oxidised by 

K,FeCy, to (0„H.<^>C),S,-B'HgClr [210°]. 

Snlphydro - methenyl - amido - (j8) - naphthyl 
mercaptan [232°]. Formed by heating (j8). 
naphthyl thiocarbimide with S. Minute needles. • 
Yields a methyl ether [74°], crystallising in 
needles. 

SULPHTDRO - METHENYL . o - AMIDO- 

PHENOL 03 H 4 <^q^ 0 .SH. Thiocarhamido • 

phenol. [196°]. Formed by boiling an alcoholic 
solution of o-amido-phenol for several days with 
CS.^ in a current of H as long as HjS is given off 
(Dunner, B. 9, 465). Formed also by heating 
oxy-phcnyl-thio-urea, and by heating o-oxy- 
phenyl-allyl-thio-urea with HCl at 130° (Von 
Chclmicki, J.pr. [2] 42, 442 ; B. 20, 177). Ob- 
tained also by adding dilute alcohol to a mixture 
of potassium xanthogenate and amido-phenol 
hydrochloride (Kalckhoff, B, 16, 1825). Needles 
(from water), si. sol. cold water. Sol. NH^Aq, 
crystallising therefrom unaltered. 

Ileactions. — 1. Converted in o-amido-phenol 
by HClAq at 170°, an^ by NH^Aq at 200°.— 

2. Ao,0 yields C.n,<Q>C.SAo [120°].-.-3. BzCl 

forms benzcnyl - amido - phenol and 
CbH 4 (NHBz).OBz.— 4. An alcoholic solution 
of iodine, added to its . solution in NaOHAq, 

forma (CcH4<^Q^C)aS3 [110°], which is re- 
converted by hot dilute NaOHAq into sulphydro* 
methenyl-amido-phenol. — - 6. Boiling methyl- 

aniline forms a base ( ? 06 H 4 «^Q^O.NPhMe) 

which yields B'^HaPtCl#. 

Salt . — AgC,H4N SO. Amorphous. 

Ethyl ether EtO,H4NSO. (c. 267°). Solid, 
melting below 35° ; volatile with steam. 

BULPHYDRO-METHENYL-AMIDO-PHENYL- 

MERCAPTAN 03H4<g^C.SH. [179°] (H.) ; 

[174°] (J. a. F.). 

Formation. — 1. By digesting o-amido-phenol * 
with CS, (Hofmann, B. 20, 1789).— 2. By heat- 
ing OaH^.N^.C^Hj with CS., at 265° (Jacobson a. 
Frankenbacher, B. 24, 1403). — 3. By heating 
phenyl thiocarbimide with sulphur. 

Properties. — Needles or plates, v. sol. alcohol 
and ether. Forma B'HgCl,. Oxidised by K,Cr.p, 

to (0,H,<g>C)aS„ which yields B'K,Cr,0, 

[180°]. Mel yields 0,H,<^>O.SMe [62°], 
which forms B'jHaPtCla, crystallising in plates. 

SULPHTDRO - METHENTL - BENZENTL • 

THIO-AHISOXIU [162°]. 

Formed by the action of CS, on an alkaline 
alcoholic solution of benzenyl-amidoxim (Crayen, 

B. 24, 388). Needles, nearly insol. water and 
cold alcohol. Gone. HClAq at 150° decomposes 
it into benzoic acid, GOj;, NH,, H,S, and S. 

NaOEtudEtl yield OA'0-^jP>CI£t [4»°l 
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irbfl* Nnzyl cUoride tomu, in li^e manner, 
O.H..O^j,^O.CH^h [79°]. 

SITLFHTDRO - UETHENYL . p . TOIYL . 
METHEKYL-THIO-AMIDOXIM CaH^NjS.^ t.«. 

0,H4Me.C^^^^C.SH. [166®]. Formed from 

CS, and tolyl-methenyl-amidoxim (Crayen, B. 
24, 391). Crystals (from alcohol acidulated with 
HO Ac), insol. water, si. sol. ether. Forms salts 
with bases. n-Tolyl-methenyl-amidine forms the 
salt C6H4 Mc.C(NH 2):NHHA' [172"]. Boiling EtI 

and NaOEt yield C,H,Mo.C^*^^®^C.SEt [37°]. , 
S0LPHYDEO - METHYL - OLYOXALINE 
C,H.SN,i.e. [1420]. (e. 280O). 

Formed by boiling CH(OEt).j.CIl2.NH2 with 
methyl thiocarbimide, alcohol, and dilute (30 
p.o.) H2SO4 (Wohl a. Marckwald, B, 22, 1364). 
Plates, V. sol. water, sol. alcohol. — B'^PtCl^. — 
B'AuCl,.— C^HjAgSN..— B'McI. [148°]. Needles. 

Methyl derivative 

Methylimidazohjl methyl sulphide. (225° un- 
cor.). Formed by treatment with Mel and 
alkalis. Liquid, miscible with water, alcohol, 
and ether. Boiling dilute UNO, forms 
C,H,(N02)SN2 [85°], wnich yields B'^UPtCl, 
[197°]. OjHgSN.2MeI. [173°]. Needles, v. sol. Aq. 

Reference. — OxY-suLPUYDuo-i>i*MiiTHYL-oLY- 
OXALIKE. 

8ULPHYDR0-DI-METHYL-PYBIDINE 

PlO^'-aifiO]. Formed by 

heating oxy-di-methyl-pjTidine with P.^Sj at 
about 160° (Guthzeit a. Epstein, B. 20, 2113). 
Needles, v. sol. hot water and alcohol. 

8ULPHYDR0 - METHYL - QUINAZOLINE. 

Dihydride [1390]. 

Formed by warming w-oxy-tolyl-methyl-thio* 
urea with HClAq (Soderbaum a. Widman, B. 22, 
2936). Needles.— B'-H-^PtCl,. [195°].— B'HAuCl*. 
[153°]. Minute needles. 

8ULPHYDE0-METHYL.QUIN0LINE 

0„H.NS ».<. PSa”]. Formed 

by heating {Py. 3,l)-oxy-methyl-quinolinc with 
P2S5 (Boos, B. 21, 625). Small brown needles 
(from alcohol). Tastes bitter. Insol. cold water. 
Does not react with hydroxylamine and phenyl- 
hydrazine. H2O3 forms OjoHjsNaSj [1G7°] crys- 
tallising from benzene in plates. EtI and alco- 
hol at 100° form gp^. , which is 

oily and yields B'HI [240°] and B'^H^PtCl. 1 aq 
crystallising in reddish prisms. 
Solphydro-methyl-quinollne 

CAC^iSoMe. heating 

(Py. l,3)-oxy -methyl-quinoline with P^S, at 150° 
(Boos, B. 21, 629). Yellow prisms (from water). 
EtI and NaOEt yield C.oH.EtNS [66°].— B'HCl. 
[206°-210T (Conrad a. Limpach, B. 21, 1972). 
BULPHYDBO-METHYL-THIAZOLE. i>t- 

hydride [82°]. Form'edltom 

A-bromo-pro]^-amine hydrobromide, NaOHAq, 
and OB, (ffirsch, B. 28, 968). White needles, 
Yt sol. not water. Yields ojH 9 MeNS(SMe} 


(217®), 0,H,MeNS(SEt) (229®), and the propyl 
ether 0»H,MeNS(S(VH,) (24^. 

tf-SULPHYDEO.(a) -NAPHTHYI.. METHYL- 

BIAZOLE 

from acetyl (a)-naphlhyl-hydrazine and CSC1« in 
GHCl, (Preund, B. 24, 4184). Yellow needles, 

V. 0. sol. alcohol. The isomeride from (A)* 
naphthyl-hydrazine melts at 109°. 

SULPHYDBO-PENTHIAZOLE. Dihydride 

Cn3<^y*;^>C.SH. [132°]. Formed by shaking 

7-hromo-ethy lamino hy drobroraido with N aOHAq 
and CS3 in the cold (Gabriel a. Lauer, B. 28, 
92). Crystals, v. sol. hot water and alcohol, 
insol. acids, sol. NiiOHAq. Bromine-water at 
100° produces ClI..(Nn..).Cll..CH...SO.,H. 

4 / - SULPHYDRO - PHENYL AMIDO - (a) - 
NAPHTHYL-THIOBIAZOLE C.aH.aNaS^ i.e. 

^<CSdJ(o!^H!''^* ^’‘^rincd by mixing 

NHPh.CS.NH.NnO,„H, with CSCI3 in benzene 
(Preund, B. 24, 4192). Colourless crystals, v. 
sol. acetone, si. sol. alcohol. 

4 / - SULPHYDRO - PHENYL- MBffHYL -BI- 

AZOLE 0<^qmo N^*^* ^rom di- 

chloro-phenyl-mcthyl-biazole dihydrido and 
alcoholic ammonium sulphide (Freund a. Kuh, 

B. 23, 2837). Formed also from NllAc.NHPh 
and CSCI.^ (Freund a. Goldschmidt, B. 21, 2456). 
I'risms (from alcohol). Yields phenyl thio- 
carbimido on distilling with PjS.,,. 

SULPHYDRO-PHENYL-OLYOXALINE 

C. H.N,S i.e. S{c(SU)>”P‘‘- 

by boiling NHPh.CS.Nn.CH3.Cn(OEt)a vith 
dilute n.BO, (Wobl a. Marckwald, B. 22, 569, 
1363). Needles (from hot water), ▼. sol. 
NaOHAq, insol. NHaAq.— Salts: C,H,AgN..S.— 
B'-JI^PtClj: deep-red crystals.— B' Mol. [162°]. 

Methyl derivative 

[54°]. Formed by treatment with alcoholic 
NaOH and Mel. White needles (from alcohol), 
insol. water. — B'C^jHaNsO,,. — B'HNO,. Needles, 

V, 0. sol. water. — B'McI. [177°]. Crystalline 
rosettes (from water). Oxidised by dilute HNOg 
to a nitro- compound [116°]. 

4 / . SULPHYDRO - PHENYL - DI - METHYL- 
PYRIDINE DICARBOXYLIC ETHER 

heating with aniline 

and HOAc (Guthzeit a. Epstein, B. 20, 2112). 
Sulphur -yellow crystals (from alcohol). 

4 . . SULPHYDRO - phenyl - NAPHTHYL - 

BIAZOLE 0<cpi;.N°“*^'- Fonnoi 

from NHBz-NHCA and CSCl, in OHCl, 
(Preund, B. 24, 4186). Needles, y. sol. alcohol. 
SULPHYDRO - PHENYL - QUINAZOLINE. 

Dihydride [197°]. Fomed 

by warming w-oxy-tolyl-phenyl-thio*iue» with ^ 
cone. HGlAq (Sftderbaum a. Widman, B. 22,* 
1671). Needles. — B'jH^PtOl,. [21V>3. — 
B'HAuCl4. [197°]. Needles. 

Reference.— O jx - svxjPBYdbo - FHsm • QiTXX- 

I AZOUNl. 
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W-SITIPHTDEO-DI-PHEWYI-THIO -UBEA. 

Di-m^thyl derivative CS(NH.CgH4.SMe)j. 
[162®]. Formed by boiling [1:2] NHa-OaH^-SMe 
with CSj and solid KOH (Hofmann, B, 20, 
1794). Prisms, v. si. sol. alcohol. Forms, when 
heated, SCN.0eH,.SMe (c: 270®). 

/3.8irLPBYDR0.PR0PI0NIC ACID 
CHjj(SH).CH2.CO,n. Formed from jS-iodopro- 
pionio acid and KSH. Got also by reducing sulph- 
ido-dipropionio acid (Lov6n, J.pr. [2] 29, 376). 
Liquid, miscible with water, alcohol, and ether. 
Easily oxidised by air. CuSO., gives a pale- 
violet pp., but if not in excess it forms a yellow 
pp. of CH,(SCu).CII,.CO,H while S(C,II,.COiH), 
remains dissolved. -Hg(S.C.,Hi.CO.H).^. Scales. 

— Bi(S.C,H,.COJH)a. 

Istnneride.—TmoiAcnG acid. 

SULPHYDRO - PROPYL - PHTHALIMIDE 
OgHA:N.OH,.CH,.CH,SH. [48°J. Formed by 
heating 7-bromo-propyl-phthalimide with 
KSHAq at 100° (Gabriel a. L^rcr, B. 23, 88). 
Needles (from hot ligroin). Fuming HClAq dt 
180° forms phthalic acid and 7-amido-propyl 
mercaptan. 

{Py. 3).'&ULPHYDRO-QUINOLINE 

[174°]. Formed by heating 

{Py. 3)-oxy-quinoline with PjSj at 140° (Roos, B, 
21, 620). Yellow plates (from dilute alcohol), 
insol. cold water, sol. acids and alkalis. Oxidised 
by iLOj to [137°]. EtI and alcohol 

at 100° form 0„H„(SEt)NHI [164°], which yields 
(0«Hg(SEt)N),H3PtCl,aq, melting, when an- 
hydrous, at 190°. 

SXTLPHYDRO - THIAZOLE. Dihydride 
[107°]. Formed from brorao- 

ethyl-amine, NaOH, OS^, and alcohol (Gabriel, 
B. 22, 1162). Needles, sol. alcohol and hot 
water. Sol. alkalis. Bromine-water yields 
taurine. Alcohol, KOH and Mel form oily 

OgH^C^^^O.SMe (217°), insol. alkalis but sol. 
acids. 

Reference . — Oxt-sulphydro-thiazoli;, 

SULPHYDRO-ACETONE. The compound 
CH,.0(SEt)j.CHjSEt (170°) is formed bypassing 
gaseous HOI into CH3.CO.CHjSEt mixed with 
mercaptan (Autenrieth, B. 24, 107). 

w-SULPHYDRO-o-TOLUIC ACID. Methyl 
derivative CH2(SMe).OgH,.CO,H. [138°]. 
Formed by the action of cone.' HClAq at 100° 
on the nitrile CH3(SMe).0«H,CN (278°), which 
is got by dissolving thio-phthalimidine in alco- 
holic KOH and adding Me^ (Day a. Gabriel, B. 
23, 2484). Light oil. 

SULPHYDBO-ISOVALEBIC ACID 
0HPr(SH).CO3H. Formed from a-bromo-iso- 
valeric acid and alcoholic KSH (Duvillier, Bl, 
[2] 80, 607). 

BUPEB. Use of this prefix applied to inor- 
ganic compounds. The prefix super is sometimes 
employed to denote the presence in compounds 
of relatively more of the characteristic negative 
element, or elements, than is found in the normal 
compounds of the same form. The prefix per 
is, however, much oftener used than super. It 
hft a been proposed by Mendel^fi to designate 
Iho O^de# that belong to tiie same type as 


superoxidest to distinguish them from other 
peroxides (v. Oxides, vol. iii. p. 660 ). 

M. M. P. M. 

SUPEBBIN. A poisonous substance con- 
tained in the root of Qloriosa superha (Warden 
Ph, [3] II, 495). 

8YC0CJERYL ALCOHOL [I14°J. 

Occurs as acetyl derivative in the resin of Flc7cs 
nibighiosa (De la Rue a. Muller, C. J. 6, 62 ; 
Rennie a. Goyder, G. J. 61, 916). Thin cryri^ala 
(from alcohol), insol. water and alkalis. BzGl 
yields a crystalline benzoyl derivative. 

Acetyl derivative [121°]. Flat 

six-sided tablets, v. sol. hot alcohol, ethor, and 
chloroform. 

SYLVANE C,H,0. (63°). S.G. -887. Got 
by distilling pine-wood (Atterbcrg, B. 13, 879). 
Liquid, readily rcsinified. Oxidised by KMn04 
to acetic acid. Not attacked by Na, alkalis, or 
Ac.^0. HCl passed into its ethereal solution 
forms a small quantity of OijHojO, a liquid boil- 
ing at 240°. 

SYLVANE-ACETIC ACID v, Methyl-fur- 

FDRYL-ACETIG ACID. 

SYLVANE - CABBOXY-ACETIC ACID v, 

METnYL-CARBOXY-FURFDRYL-ACETIO ACID and Mb- 
THRONIC AOn>. 

SYLVESTRENE v. Terpenes. 

SYLVIC ACID C=78-7 p.o. H = 9*7 p.o. 
[0.162°]. [a]D=-63°. This acid is obtained 
from colophony by repeated crystallisation from 
dilute alcohol, and is perhaps identical with 
abietic acid (Liebermann, B. 17, 1884 ; Haller, 
B. 18, 2160). By heating with HI and P it is 
converted into a terpene 0,(,n,a. Sylvie acid 
appears also to be formed by the action of 
gaseous HCl on an ethereal solution of dextro- 
pimaric acid (Vesterberg, B. 19, 2173). A sylvio 
acid OjoHaoOa is described by Maly iBits, W, 44, 
121) as formed by adding dilute HBO, or gaseous 
HCl to a solution of abietic acid. Duvernoy 
{A. 148, 147) obtained a sylvio acid [129°] by 
distilling pimario acid in vacuo. 

Isosylvio anhydride C^oH^bOs. (250° at 
30 mm.). ai> = -h 63°. Got by distilling rosin 
in vacuo (Bischoff, B, 23, 1921). Colourless, 
brittle, microcrystalline substance, insol. water, 
V. sol. alcohol and ether. Isosylvio acid [62°] is 
ppd. on adding dilute HOAo to its solution in 
potash. 

SYLVINOLIC ACIDC33H3BO4? [130°]. Formed, 
together with sylvio acid, by saturating an alco- 
holio solution of abietic acid with HCl (Maly, 
Site, W. [2] 44, 121). Amorphous powder, 
V. sol. alcohol and ether. — CaA". — Ag^A" ; pul- 
verulent pp., insol. NHjAq. 

SYMBOLS. Symbols are employed to ex- 
press the composition, and, as far as possible, 
the interactions, of coiapounds ; v. Equations, 
CHEMICAL (vol. ii. p. 433), FoRMULiB (vol. iL 
p. 672), Isomerism (vol. iii. p. 79), and cf. Op- 
tical METHODS (this vol. p. 263). M. M. P. M. 

SYNANTHRENE OhH,,. Phosene. Occurs 
in crude anthracene (Zeidler, A. 191, 298 ; cf, 
Barbier, A. Oh. [6] /, 626). Yellowish-white 
plates. Yields a di-bromo- derivative Ou^Br, 
[176°], crystallising in minute yellow needles, 
sol. alcohol (difference from di-bromo-anthra- 
cene). Di-bromo-synantbrene is oxidised by 
CrO, and HOAo to a quinone (?) [240°.260°1. 

BYSTAHTHBUr w. iHULni. 



tANACETOPHOBONR MT 


tnnBxns. llie building up of compounds 
from their elements, or from groups of elements. 

STHTONIlf V, Pboteios. 

SYBINQIN OijHjtO,. [191®], Dimethoxy- 
eoniferin. Occurs in the bark of the lilac 
(Syringa vulgaris) and of the privet {Liguslrum 
vulgare) (Bernays, J. pr. 25, 121 ; Kromayer, 
Ar. Ph. [2J 108, 7; 109, 18, 216; 113, 19; 
Edrner, O. 18, 215). Wliite needles (containing 
aq), V. si. sol. cold water, v. sol. alcohol, insol. 
ether. Its aqueous solution is slightly bitter, is 
ItBvorotatory, and does not ppt. metallic salts. 
Cone. HNOg gives a blood-red solution. Cone. 
HClAq forms a colourless solution, turning blue, 
and finally giving a blue pp. Cone. lIjSO* gives 
a yellowish-green colour, changing to violet- 
brown and, on pouring into water, giving a 
bright-blue solution, which soon deposits an 
azure powder. Does not reduce FehKng’s solu- 
tion. Decomposed by emulsin into glucose and 
syringenin. KMnO^ yields glucosyringic acid. 
CrOa forms glucosyringic aldehyde. 

Syringenin C„H,,0, i.e, [5;3:4:1] ? 
CjHj(OMe)^(OH).C 3 H^.OH. Formed as above. 
Bosemblcs coniferyl alcohol. 


Glucosyringic add [ 208 ®]. 

Formed as above. Needles or prisms (contain- 
ing 2aq), si. sol. cold water. Decomposed by 
dilute BLSO^ into sjuringic acid and glucose. 

Syringio acid C.H,(0H)(0Me)^C02H. Di- 
methyl derivative of gallic acid, [202®]. Do- 
QDinposes at 230® into CO.^ and the di-methyl 
derivative of pyrogallol. — BaA'jSaq : four-sided 
tables. -McA'aq. [8.1*5®]. Crystals, sol. Aq. 

Methyl derivative CJl,{OMe),.CO,H. 
[168®]. Needles. Yields C«H,(OMe), when dis- 
tilled with lime. Identical with the tri-methyl 
derivative of gallic acid. -Me. \'. [82-5®J. Needles. 

Glycosyringic aldehyde C,JI,,/).,. [162®]. 

Colourless, silky needles. Decomposed by emul- 
sin or dilute IL.SO, into glucose and syringio 
aldehyde. Yields a phenyl-hydia/.ido [156®] 
and a crystalline oxim. 

Syringic aldehyde C„n„0* 
i.e. CJL(OH)(OMe).,.C110. [111-5®]. Small 

needles, smelH..g like vanillin. Turns brown 
in air. Bcacts with phenyl -hydrazine, and com- 
bines with NaHSO,. 


T 


TAIQUIC ACID V, LArAcnic acid. 

TALOMDCIC ACID CJI.oO,. [158®]. 
Mo f- 29-4® at 20®. Formed from talonic acid 
and HNO^ (S.G. 1*16) (Fischer, B, 24, 362.5). 
Minute plates, v. e. sol. cold water and warm 
alcohol ; v. si. sol. other. Converted by HCl and 
HBr at 150® into dehydromucio acid. Yields a 
phenyl-hydrazide [185®-190®]. Pyridineat 150® 
forma mucio acid. — CaA" ; crystalline powder. 

TALONIC ACID C,,H,.,,Oj. Formed by heat- 
ing galactonio acid with pyridine at 150® 
(Fischer, B. 24, 3622). Purified by means of its 
brucine salt. Syrup, very soluble hot alcohol. 
Lffivorotatory. Yields a phenyl-hydrazide 
C«H,iOg(N,^lLjPh) [c. 155°]. — CuA'^aq. Needles 
(from alcohol), v. e. sol. water. — Brucine salt. 
[130°-133®]. Crystals, v. sol. water. 

TAMPICIN [130®]. A neutral 

substance resembling convolvulin, occurring in 
Tampica Jalap (Spirgatia, N. R, P. 19, 4.52). 
Kesin, v. sol. alcohol and ether. Converted by 
hot baryta- water into amorphous tampicic acid 
Boiling dilute acids resolve tnnipicin 
into glucose (3 mols.) and tampicolic acid 
C„H,jO„ which crystallises from dilute alctdiol 
in minute needles and forms NaA' and EtA', 
both being crystalline. 

TANACETIN CuHjgO*. A bitter substance 
obtained from the leaves and flowers of the 
tansy [Tanacetum vulgare) (Leroy, J. Chinu 
Afci. 21, 367; Leppig, J. 1882, 1175). Amor- 
phous, sol. water and algohol. 

TANACETOGENIC ACID C,H„0,. (114® at 
16 mm.). Formed by the action of Br and 
(4 p.o.) NaOHAq on tanacetone (Sefhraler, B. 
26, 3846). Oil, soUdified below 0®.-AgA'. 

TANACETONE C,oH„0. (84*6® at 13 mm.). 
jOoflUTi in oil of absinthe, thuja, and sage, con- 


stituting the chief part of absinthol, saivjol, and 
(j3).thujol (Semmler, />. 25, 3843, 3350). Got 
from ethereal oil of Tanacetum vuZ^ars by shak- 
ing with NallSOa, decomposing the crystalline 
product with Na-^CO,, and distilling with steam. 
Oil, v. sol. alcohol and ether. Does not reduce 
ammoniacal AgNO,. Dextrorotatory; a»38i® 
in a 20 o.m. tube. S.G. -913. fip « 1*450. 

Reactions. — 1. Br and KOHAq yield bromo- 
form, hence it probably contains CO.OH,. — 
2. Keduced in alcoholic solution by Na to 
tanacGtyl alcohol C,„Hi„0, (93® at 13 mm.), 
S.G. *925, 1*4635, This body does not 

combine with Br. With PClj, it yiidds tanacetyl 
chloride (73® at 10mm.).~3. Oxidised by KMnO, 
to Tanacetketocarboxylic acid C,oH,„Oj. 
Needles [78°] (from ligroin) or plates [74*6®] 
(from water). Yields AgA'. Hydroxylamino 
yields C,„n„.0„(NOfI) [103] when prepared from 
the needles ainl [169®] when got from theplates. 
The ketonic acid is oxidised by Br and NaOH to 
tanaoetogeif dicarboxylic acid OpHi.O, 
[142?]. Plates (from water). This acid yields 
AgjA" while Ao.^0 yields the anhydride OgHijO, 
[55®], which gives .jsopropyl succinic acid [114®] 
when fused with potash. 

Oxiw C,oH,„:NOH. [52®]. (136® at 20 mm.). 
Beduced in alcoholic solution by Na to tan- 
acetylamine C,„n„NH, (80*5 at 14 mm.), 
S.G. 2^ *874, /ip 1*462, which yields B'HCl, which 
when heated gives tanaceteno OjgH,, >{63® at 
14 mm.), S.G. *841, Ho 1*476. Tanacetone 
oxim may be converted by warming with alcohol 
and dilute suipburio acid into the oymidine 
CgHg(C,H,){NHJMe [1:3:4], whence nitrous acid 
forms carvacrol. 

TANACETOPHOaONE OgH„0. (90® at 18 
mm.). S.G. ^ -938. fij, 1*482. Got by distllliag 
tanaoetogen dioaiboxylio acid with soda-lime 



m tANACBtOPfiOBONS. 


(Semmler, B, 25, 8350). An oil, smellixig like 
eamphoi'phorone. Beaots with bjj^oxyl-amine. 

TAKaHINIW 0„H,oOB2aq. [182°]. 
[a]i,«i— 67^ Obtained from the kernels of 
Tanghinia venenifera of Madagascar (Arnaud, 
0. 108, 1255; 109, 701). Crystals (from al- 

cohol), V. b 1. sol. water, si. sol. ether. Cardiac 
poison, ilesinified by dilute acids. Baryta- 
water at 180° forms Cj^Hj^Oio. 

TANNIN. TANNIC ACIDS. Under the 
above names are included a large series of com- 
pounds, occurring in the VjBgetable kingdom, of 
different constitutions, many of which have been 
very imperfectly studied. Their chief character- 
istics are their astringent taste and property of 
giving a dark-blue or green colouration with iron 
salts and a precipitate with a solution of gela- 
tin. They all reduce solutions of the noble 
metals, and absorb oxygen in presence of alkalis. 
They aro all aromatic derivatives, and yield on 
fusion with potash either pyt;ogallol or pyro- 
catechin. In some cases thoy'*iVave been syn- 
thetically prepared from these phenols and their 
derivatives, but in many cases the tannin 
appears to exist in the plant as a glucoside and 
attempts a^'a synthetical production have proved 
futile. SchilT. (J5. 15, 2590) prepared some of 
the tannins synthetically, and concluded that 
they were anhydro- compounds of gallic andpro- 
tocatechuic acids respectively. £tti {A, 186, 
332) and others have also, for example, syn- 
thetically prepared catechutannio acid by heat- 
ing pyrpjatechin with water or alkalis. Gallo- 
tannic acid was formerly believed to be a glucos- 
ide, but subsequent investigation showed that 
the amount of sugar present was variable, and 
Schiff {A. 170, 43) finally proved that, although 
existing in the plant as a very unstable glucoside, 
when it was isolated it had the constitution of 
an anhydro- acid formed by the removal of one 
molecule of water from two molecules of a Iri- 
oxy-benzoic acid. Ho considered that in gallo- 
tannic acid the anhydride was formed thus : — 
0«H,(OH),CO.O.CA(OH)yCOOH. whilst C. Etti, 
who nas similarly investigated the tannins of 
the formulas 0,,H,aO, and OjoHjoO, has proved 
that they also are not glucosidcs, and regards 
them as derivatives of a ketonic acid of the 
formula 0,H3(0H)3.C0.C,H(0H)3C00H. It 
would appear, then, possible to define the tannic 
acids as mono-carboxyl acids formed by con- 
densation from two molecules of poly-oxy -ben- 
zoic acids and which exist as unstable gluoosides 
in plants. The ease with whibh gallotannio 
acid is hydrolysed renders it probable thaA the 
difference in constitution between Schifif ’s and 
Etti’s formulas does actually exist, and renders 
it possible to subdivide the tannins into these 
two groups BO soon as the different tannins have 
been re-examined from this point of view. The 
ketonic character of the tannins was established 
by Etti through noting that they reacted with 
pnenyl-hydrazine and hydroxylamine. 

The origin of tannin in plants has given 
rise to much debate. According to Waage (P^. 
1890; PJiar, Centr, 1891, 247) its formation is 
similar to that of the conversion of glucose into 
starch. The plant removes one molecule HjO 
from glucose for reserve purposes, and if under 
iavourable ciroomBtances three molecules HjO 
OftO be removed, a body having the composition 


of a triketohexamet hylene woold be pro^noed 

H^COCHsCOCHiiCd). This constitution corre- 
sponds to the secondary form of phlorogluoin. 

It is probable that the phloroglucin combines 
with the GOj in the nascent state produced by 
the respiration of the plant, and is thus con- 
verted into a carboxylic acid (gallic acid) ; two 
molecules of this acid by the removal of another « 
molecule of water would then form tannin. Jiight 
and chlorophyll aro necessary for the production 
of tannin. 

Westermaier (P. B. 1887, 127-143) showed 
that with experiments made with Quercus pedun* 
culata the tannin migrates downwards through 
the bark and the pith. Starch is always present, 
and it is probable that the starch only migrates 
in the form of tannin. The leaves of Bumex 
patentia and Rheum rhaponticum give both the 
starch and the tannin reactions. Schultzs 
(A. a. 14, 625-526 ; B. C. 18, 137), by micro- 
chemical observations, also supports the view of 
Sachs and Heberland that the leaves of ever- 
greens contain tannin as a winter reserve ma- 
terial. Tannin and starch only rarely occur 
simultaneously in the same cells. When the 
cells are rich in starch they contain a smaller 
amount of tannin, and vice versd. 

In the case of leaves containing fatty oils and 
tannin, the cells which contain the oil are free 
from tannin, and cells containing no oil are 
free from starch. Kraus {B. C. 330-334) also 
notes that the formation of tannin in leaves 
depends on the presence of light and COj, but 
believes that it acts more as a protecting agent 
either to prevent the plant from being eaten or 
rotting than as a reserve material. He points 
out that as fallen leaves contain as much tannin 
as they did daring their best time of growth, 
the leaf tannin is of no value to the plant. 
Heckel a. Schlagdenhauffen {Ph. July 1892) note 
that the protecting leaf buds of certain species of 
gardenia contain a resinous substance which on 
analysis gives figures resembling cinchotannio 
acid. Both the gardenias and the cinchonas 
belong to the same order of plants (c/. Gross a. 
Be van, 0. J’. 41, 106 ; Gardiner, Ph. [3] 14, 688 ; 
Braemer,Ees Tan7K?i‘cZcs,ToulouBe, 1890 ; Biisgen, 

C. C. 1890, 397). 

Classification. — No satisfactory classification 
of these bodies exists. Wagner (Fr. 6, 1) divides 
them into pathological and physiological tannins. 
The former aro chiefly glucosides, and precipitate 
gelatin, yield gallic acid when hydrolysed with 
dense sulphuric acid, and when heated alone 
form pyrogallol. The physiological tannins, on 
the other hand, form leather, and on distillation 
yield pyrocatechin. The old classification into 
iron-blueing and iron-greening tannins is found 
now to be untenable, as the presence of acids 
and salts modifies the colour which the tannins 
produce with FeGl,, and the parity of many of 
the tannins examined by the earlier investi- 
gators cannot be guaranteed. 

Beactions. — The otiidation of galUo Sind 
tannin acids by nitric acid of moderate dilution 
yields oxalic acid and two acids, probably tri- 
oxy-glutario and trioxy-butyrio. The acetyl o- 
quercitonnic acid yields the same acids on oxida- 
tion (Bdttinger, A. 257, 24d>252). MetiUlio Na 
does not reduce gallic acid in absolute a lcohe i^ 
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tet taanlo acid similarly treated undergoes 
simple hydrolysis, the yield of gallio acid 
amounting to 60 p.o. of the weight of tannin. 
No reduction products could be prepared (Bot- 
tinger, A. 268, 252-260). Ammonia and zinc- 
dust^ at 60° convert both acids into benzoic 
acid.* Dilute H3SO4 and Zn also form benzoic, 
from gallio acid (Guignet, C. R. 113, 200-201). 

The action of heat. Most tannins begin to 
blacken at 120°, and at 160° decomposition into 
metagallic acid, and either pyrogallol or pyrocato- 
chin, takes place. Those which yield pyrogallol 
usually also form a * bloom ’ on leather, and give 
a blue colour with FeCl,. This class includes 
galls, sumac, chestnut, ahd oak bark. The pyro- 
oatechin-yielding tannins do not form a * bloom * 
on leather, give green compounds with FcClj, and 
include hemlock, catechu, rhatany, and man- 
grove (Trimble, The Tannins, 1892). 

The products of the action of heat on the 
tannins are best obtained by allowing the heat- 
ing to take place on the material suspended in 
glycerin (1 g. in 6 c.c. glycerin). After heating 
to 200° for 80 minutes, dilute with water, and 
extract with ether. The ethereal extract contains 
either pyrogallol or pyrocatechin. The tannin 
must be freed from gallio acid and catechin 
before subjecting it to this test by previous ether 
extraction of the aqueous solution. 

The action of dilute acids. 2 p.c. absolute 
HOI at 100° in sealed tubes decomposes the 
tannins'; insoluble ellagio acid, anhydrides, or 
phlobaphenes separate, and the filtrate contains 
gallic acid, glucose, and unaltered tannin. 
Glucose should be removed from the tannin by 
repeated lead acetate precipitation before this 
treatment, or the amount of glucose before and 
after hydrolysis may be determined by Fehling’s 
solution (Wehmera. Tollens, A. 213, 327). 

The action of alkalis. The pyrocatcchin- 
yielding tannins on heating with alkali yiedd 
protocatechuio acid, and either phioroglucin or 
acetic acid. The pyrogallol-yiclding tannins 
form gallio and ellagio acids (20 g. with 150 c.c. 
of EHO solution, sp.gr. 1'2 for 3 hours are con- 
venient quantities (Trimble, The Tannins). 

The tannins in the bark of oak, chestnut, 
horseohestnut, fir, &c., are precipitated in 
brominated condition by bromine water ; tannin, 
sumach tannin, and oak wood tannin are not so 
precipitated (BOttinger, A, 240, 330). From 
oak tannin, Bottinger, by treating with acetic 
anhy^de, has formed an acetyl-o-compound of 
the formula CuH,ACjO*, and from it two bromo- 
derivatives C,jH,«BrAcOj and CjjHjBr^AcO, {B. 
20, 761-766). A benzoyl-o-derivative has also 
been obtained from tannin by treatment with 
cone. NaOHAq and benzoyl chloride (BSttinger, 
A. 264, 370). The same author has attempted 
to prepare cyanhydrins, but without success. 
Well-dried tannic acid heated with anhydrous 
HON in sealed tubes yielded only an amide of 
gallio acid. Treated with hydroxylamine no 
oxim was formed, but only gallio aoid (A. 269, 
182-186). With pure flhnnin.phenyl-hydrazine, 
however, forms derivatives which do not 
crystallise, GO, and N being evolvpd at the 
same time. The tannins experimented upon 
were extracts of sumach, divi divi, oak wood, oak 
back and pine bark ; the dry precipitates con* 
lalned phenyl-hydrazine derivatives of tannio 


and gallio acids, osasones of dextrose and Iwvu- 
lose, and oaramel (A. 269, 125-182 ; A. 266, 842). 

Tannin solutions are very unstable, under- 
going hydrolysis into gallio aoid on standing. 
The hydrolysis into gallio aoid is almost quontt- 
hative when the aoid is dissolved in oono. H^SO^ 
and then water added (B5ttinger, A. 264, 878). 
When heated with KHSO, and glycerin to 119°- 
200° and the melt extracted with water, a residue 
is left soluble in absolute alcohol whioh oontaini 
two new acids of the composition Oj^Hj.OyAq 
and called hydrotannic and isotannio acids re- 
spectively. The former, which is the legs soluble 
in alcohol, forms with Ac,^0 a tetra-aoetyl- com- 
pound whilo the iso- acid forms a brown tri- 
acetyl- compound (G. J. 1892, 181). • 

Preparation of tannic acid for pharmaeetl' 
Heal pur2)oscs. Pclouze in 1834 first suggested 
tho extraction of tannio acid from galls by per- 
colation with ether, and this method is stiU in 
use. The pandered galls are placed in a closed 
percolator ^,'Jllih commercial ether containing 
alcohol and water. The ethereal layer contains 
gallio and ellagic acids, together with resins and 
fats and a small portion of the taii>iio acid ; the 
lower aqueous solution contains nearly pure 
tannio acid. The percolation is stopped when 
the lower layer ceases to increase in volume. 
The B. P. method consists in taking the 
damp galls, macerating with commercial ether, 
and expressing through muslin (Leconnet a. 
Domind). The purest acid is obtained when 10 
pts. powdered galls are allowed to «iand two 
days covered in a percolator with a mixture of 
12 pts. ether and 3 pts. alcohol. At the end of 
this time the percolation is commenced until 10 
pts. are obtained. Ono-third its volume of water 
is then added, and the mixture well agitated. 
Tho aqueous layer contains nearly pure tannio 
acid, and is evaporated rapidly in vacuo. The • 
commercial acid is known under the names of. 
other-tannin, alcohol-tannin, or water-tannin, 
according to tho method of extraction adopted 
on a largo scale. 

Purification. — Petroleum ether percolation 
removes fat, wax, and some of the colouring 
matter. Solution in water removes resin, and, 
after decantation, sodium ohloride precipitates 
the acid. Trimble adds lead acetate to the 
aqueous solution to precipitate colouring matter, 
filters, and extracts with acetio ether. The aoid 
is re-dissolved in water, and extracted with ether 
to remove the last traces of gallio aoid, and the 
aqueous solntfon finally dried in vacuo. 

Detection.—!. Dilute Hj,S04 or HOI precipitates 
cone, solutions. — 2. FeCl,, a blue or green precipi- 
tate destroyed by iong boiling, sol. weak mineral 
acids.— 3. Lime-water precipitates the Ca salt. 

4. Ginebonine sulphate precipitates white cin- 
chonine tannatc. — 5. Gelatin forms leather and 
albumen also gives a precipitate. Alum and 
NH4CI render the precipitation more complete. 

6. An alcoholic solution of thymol, followed by 
oonc. H.SO 4 , yields a lose-ooloured turbid solution 
(pyrogallol ^olet ; gallio aoid gives no colour : 
Saul, Ph. [ 8 ] 17, 887). — 7. Iodine in presence of 
neutral salts gives a purple colouration (Nasser). 
8 . Acetate of lead addnlated with aoetle a(M 
ppts. tannio and not gallio aoid (Guyard, BU 2, 41« 
836).— 9. NH4GI andNHt^ve a wmte precipitate 
rapidly becoming red, giwo aoid ft M cohMUft- 
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tion only..— 10. 01 water and NH, give a red 
colouratioja both with gallic and tanFio acids. — 

11 . S^eOy, gives a similar reaction (Bawson, 

0. N, 69, 62-63).— 12. In plants, Moll (^. o. 

12. 496) detects tannins micro-chemically by 
treatment with 7 p.o. copper acetate for some 
days, then cuts sections, treats with a drop of 
0*05 p.c. ferric acetate, washes with water and then 
alcohol to remove chlorophyll, and mounts in 
glycerin and looks for blue or green stain. — 

13. KON gives a green colouration with tannin 
and none with gallic acid. — 14. K.Or.p, gives a 
brown pp. with most tannins. — 15. Saturated 
solutions of NaCl, CaCl„, KOAc, and a number of 
other salts ppt. tannins from solution. — IG. Cone. 
IijS 04 dissolves the dry tannins with a yellow 
colour, and on heating forms dark-red ruligallio 
acid and then black metagallic acid.— 17. HNOa 
forms a yellow colour, and finally oxidises them 
to oxalic acid. — 18. As.^^ heated with the dry 
tannins converts most into fc^agic acid. — 
19. Most tannins are ppd. by the allvaloids. 

Estimation of tannic acid. The methods 
devised for the estimation of tannic acid in 
vegetable extiacts are very numerous, and may 
be grouped under the following heads : — 

1. Gelatin or hide-powder absorption. 

2. Titration with permanganate. 

8 . Precipitation with metallic salts. 

4. Methode not included in the above. 

For details of these various processes, vide 
Proctor, Textbook of Tanning ; Trimble, The 
Tannins*;*' Thorpe’s Dictionakv of Applied 
Chemistry, and llidealjCTimtcaZi^ofcs on Afodmt 
Tanning ; The Assay of Tanning Materials ; 
Indmtriest vol. xi. pp. 19, 139, 451. The two 
methods most generally employed are the hide- 
powder method and Lowcnthal’s permanganate 
process. 

The hide-powder method is conducted as 
follows. A weighed quantity of the material is 
extracted with water and made up to a known 
volume. 100 c.c. of this solution is then 
evaporated, dried, and weighed to give the total 
solids present in the extract. Another portion 
of the same solution is agitated with, aspirated, 
or filtered through hide powder, and the total 
solids left in 100 c.c. of the solution again deter- 
mined. The difference gives the quantity of 
tannic acid or matter which combines with 
gelatin per 100 c.o. of the solution {Fr. 24, 271). 

The modified LowenthaTs process, which is 
now official in Germany, requir^ a standard 
solution of permanganate whose indigo value is 
known. A measured volume of the tannin solu- 
tion, together with a known volume of indigo 
solution, is then titrated with ^he permanganato 
solution. Another equal volume of the tannin 
solution is then agitated with hide powder or 
shaken with a gelatin and alum solution and 
filtered, and the filtrate, after indigo solution of 
known amount has been added, is titrated with 
tihe permanganato solution. The difference in 
the quantity of permanganate consumed is a 
measure of the tannic acid present. The various 
tannins of commerce have different perman- 
ganate values; it is, therefore, necessary to 
standardise the permanganate for different 
tannin materials (Ldwenthal, Fr. 16, S3 ; Eath- 
reiner, Fr. 18, 118 ; Simaud, Fr. 22, 696 ; 
^ohioeder, Fr. 26, 121). 


Gallotannio acid Occurs In gall 

nuts and sumach. 

Constitution . — 

C„H,(OH),.CO.O.C«H„(OH).,.COOH (Schiff, A. 
170, 43 ; Paul a. Kingzett, C. J. 33, 217). 

Solubility. — Sol. acetone, glycerin, and oils ; 
jnsol. eSa, CHCly petroleum, and CaHg. 

Comjoouncls.—\With gelatin contains 16’5 p.c. 
nitrogen = 34 p.c. tannin (Bottingor, A. 244, 227). 
(For other nitrogen values of gelatin-tannin 
compounds in leather, v. Bideal a. Trotter, 
S. G. I. 1891.) Penta - acetyl - compound 
C,JI,(OAcO).,CO.O.C«H,(OAcO),COOH [137<=J. 
(Bottingcr, B. 17, 1504). 

Action of heat. — At 215® it forms pyrogallol, 
00.^, and a trace of motagallic acid CJI,Oo. 
Strong heating at 240®-250® forms chiefly meta- 
gallic acid (Pelouze, A. 10, 159). Cold HNOj 
forma oxalic, trioxyglutaric, and trioxybutyrio 
acids (Bottingcr, A. 257, 248). Boiling with 
KHO fonus tannomclanic acid cold 

KIIO and air form tannoxylic acid 
(Biichner, A. 53, 373). Hydrolysed by dil. 
H.SO 4 to gallic acid. Ferments also form gallic 
acid (van Tioghem, C. B. 65, 1092). 

Oak bark. Tannic acid 0,,H,oOu. 

Preparation. — The bark is extracted with 
alcohol, and the extract agitated with acetic ether 
and ether. Evaporate off ether, separate the 
precipitate of ellagic acid, and from residue sepa- 
rate gallic acid from the tannic acid by aciJtio 
ether and ether. 

Properties. — Becldish-white powder. Sol. alco- 
hol and acetic ether. SI. eol. ether and water. 
Heated to 130°-140®C. it forms an anhydride 
Ca^IIaoO,, which is si. sol. v/ater; sol. alcohol 
and alkalis, and with cone. K,SO,, gives a second 
anhydride C., 4 H.^, 0 ,u. Heated with cone. HCl it 
evolves CH 3 CI, gives also the iodoform reac- 
tion. On dry distillation it forms pyrocatcchin. 
Fused with KOH yields protocatcchuic acid, pyro- 
catechol, and traces of phloroglucin (Mtti, M. 
1880, 262-278). When boiled with ether the 
above anhydrides form a third anhydride 
(Af. 1883, 512). Other anhydrides 
analysed by Etti are C^oHg^O,,, O^uHshOib, 
O^oHj^Oja, and C^qH^Oh. Forms two hydrates 
(Lowe, G. J. 40, 901). 

Salts. With Ca, Ba, and Pb ; analysed by 
Etti and Lowe (Lc.). 

Derivatives. — Oak -red CuHipOg-^aq (Grabow- 
ski,^. 145, 2) ; OapHjpO,, (Bottingcr," A. 240, 341). 
Bottingcr has prepared various bromo-, acetyl-, 
and benzoyl- derivatives (Z.c.) (Rochleder, A. 
63, 205 ; BOttinger, A. 202 , 270 ; B. 14, 
1598 ; Lowe, Fr. 20, 210 ; Etti, M. 4, 514 ; 
Grabowski, A. 145, 2 ). 

Fraxitannic acid C.^pH3^0,4. In ash-leaves. 
Forms an anhydride 0 .^ 4 H;,p 0 , 5 , a benzoyl- com- 
pound C.^aH.,sO„(OBa) 4 , an acetyl- compound 
OyJl.a{OA.c)^b^o, a bromacetyl- compound 
CjaH^( 0 Ac) 4 Br 30,8 2aq, and a similar nitro- 
compound. On heating with Ba(OH )2 it forma 
protocatechuic acid and other products. On 
heating to 100® it loses t mol. H^O, forming an 
anhydride OggHapOi, (Gintl a. Beinitzer, AT. 89 
745 et seg.). 

The following table dves the source of the 
principal tannins which have been investigated, 
and references to the papers in which a desorip* 
tion will be found. 
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TANST OIL. 


TAKfiT OIL. The essential oil, obtained by 
dlstiUation of the tansy {Tanacetum vulgartu 
tt onta-ing 1 p.o. of a terpene OjoHij (165^>-i60°), 
26 p.o. of an alcohol OipHi^O, and 70 p.o. of 
‘ tanacetyl hydride ’ 0 ,qH,pO (Bruylonts, /. Ph. 
[4] 26, 893; B. 11, 449; c/. Persoz, 0. P. 8, 
483). Tanacetyl hydride OjpH,pO (196°-196®), 
B.G. ^ *918, V.D. 61, is converted by H.^SO, into 
' cymene. It reduces ammoniacal AgNOa, form- 
ing a mirror. NaHSO, forms crystalline 
CipHiaNaSO,. Split up by water into the parent 
substances. 

TANTALATES v. T/intalu&i, acids ot, and 
THEIB SALTS, p. 639. 

TANTALUM. Ta. At. w. c. 182 (exact value 
not known). Mol. w. not known. Ta has not 
been isolated. 

Occwrrcnce.--TantalateB occur in a few rare 
minerals, generally associated with niobates ; 
tantalite contains from 35 to 75 p.c. Ta^Op, 
columhite from 13 to 36 p.c., yttrotantalite from 
6 to 47 p.c., and a mineral^s'j'om Western 
Australia, recently analysed and called stihio-* 
tantalite, c. 62 p.c., Ta^Oj (Goyder, G. J. 63, 
1076). 

History , short account of the researches 
that led to the identification of two distinct 
oxides in tantalite is given in the article Nio- 
bium (vol. iii. p. 505). Marignac (C. R. GO, 234, 
1365) gave the formula Tap, to oxide of Ta, 
which had been represented by Eose as TaO.« 
Deville determined the V.D. of the chloride, 
and deduced the molecular formula TaClj (C. R. 
66, 891)'. ' By heating Na^TaFj with Na, H.Rose 
(P, 99, 69) obtained a black powder, probably a 
mixture of Ta and oxides of Ta. Berzelius (P. 
4, 6) also obtained very impure Ta; Marignac 
{Ar, 8c, 1868) failed to isolate approximately 
pure metal. 

Preparation of impure Ta . — Very finely- 
powdered tantalite is fused with three times its 
weight of KHSO„ in an iron or platinum cru- 
cible, until completely dissolved. After cooling, 
the fused substance is powdered and treated with 
boiling water, whereby sulphates of K, Fe, and 
Mn are dissolved out; the insoluble portion is 
washed, and then digested with yellow ammo- 
nium sulphide, whereby sulphides of Sn and W 
are dissolved, and FeS remains mixed with 
Ta^Oj and Nb;^Oa. The residue is washed 
thoroughly, and digested with HClAq to remove 
FeS, and the portion insoluble in HOlAq is 
thoroughly washed with boiling water until it is 
white. The mixture of Ta^Oj ai?d NbjOj thus 
obtained is dissolved in HFAq in a platinum 
dish, the solution is heated to boiling, and a 
quantity of KOTg is added equal to one-fourth 
of the weight of mixed Tap; and NbgO# used ; 
the liquid is evaporated until 1 g. of the mixed 
oxides is present in about 7 o.o. and allowed to 
cool; the prismatic crystals of K^TaF,^ that 
separate are washed with cold water until the 
washings give a yellow pp., without any shade of 
red, after standing for two hours with tincture 
of galls. The K/IaF, thus obtained is heated, 
in a platinum dish, with rather more than its 
weight of pure cone. HgSO,, whereby EHSO., 
TSF, and TaJd^ are formed ; the HF is removed 
by heat, a^ the EHSO^ by repeated washing 
with water (Berzelias, P, 4, 6 ; c/. Bose, P. 
444,64,72). 


Lawrence Smith (Am. 6, 44) recommends to 
warm 6 g. of very finely powdered tantalite, 
dried at 150°, in a platinum basin with a little 
water and 8 to 10 o.o. very cone. HFAq, to filter 
when reaction is completed, add a little water 
to the filtrate and evaporate nearly to dryness, 
to warm with excess of cone, pure HgS04, and, 
after the acid has been almost wholly removed 
by heating, to place the residue in o. 500 c.o. 
dilute HNO,Aq (L. M., G. N. 61, 289, 304), and 
boil until Ta-P, and Nbp* are ppd. By dissolv- 
ing in HFAq, adding KHFg, and proceeding as 
described above, TaP^ is obtained free from 
Nbp,. 

The pure TaPj, obtained by one of the pre- 
ceding methods is dissolved in HFAq, in a 
platinum vessel, the solution is heated to boiling, 
and 70*3 pts. by weight of KHF^ ore added for 
100 pts. TaPj used. The solution is evaporated 
and allowed to cool ; the crystals of K^TaF, are 
washed with a little cold water, dried, mixed 
with c. half their weight of potassium, and heated 
in an iron crucible, the mixture of K^TaF, and 
K being covered with KOI. The contents of the 
crucible, after cooling, are added, little by little, 
to water ; the black powder that separates is 
washed with water, and then with dilute alcohol 
and dried (Berzelius, P. 4, 6). The black 
powder is probably a mixture of Ta and oxides 
of the metal. Berzelius found that 100 pts. 
took up 17 pts. O when heated in air, 100 pts. 
pure Ta require 22 pts. O to form TagOj. H. 
Bose (P. 99, 69) obtained a black powder-proba- 
blyTa mixed with oxides— by reducing NOgTaF, 
by heating with sodium. 

Properties and Reactions . — The black powder 
obtained by Bose was a good conductor of elec- 
tricity ; it glowed when heated in the air, and 
slowly formed TaP^; it was insoluble in acids, 
except in HFAq, by which it was slowly dis- 
solved; heated in a stream of Cl it burnt to 
TaClj. Oxidation was effected by molten alkalis 
or alkali carbonates. The S.G. of a specimen 
containing c. 40 p.c. acid sodium tantalate was 
c. 10-8 

The at. w. of Ta was determined by Marignac 
(A. 140, 153 ; Suppl. 4, 351 [1865]) by decom- 
posing K^TaF, and (NH4).4T^, by HPO4, and 
determining the quantities of Tap^ and £.^804 
produced. The values obtained varied from 
180*1 to 186*2. H. Bose in 1856 (P. 99, 80) 
analysed TaCl, by decomposing by water, ppg. 
Ta305.®Hp by NHgAq, and estimating Cl in 
the filtrate. His results showed marked discre- 
pancies. 

Ta is metallic in its physical properties, so 
far as may be judged from the impure speci- 
mens that have been prepared. Tap, dissolves 
in HFAq, probably forming TaF^. No salts are 
known to bo formed by replacing the H of an 
oxyacid by Ta. In all the salts of Ta that have 
been isolated, other than the haloid compounds, 
Ta forms part of the negative radicle. Ta is 
the fifth member of the even-series family of 
Group V. ; it is closely related to Nb, and less 
closely to N, P, V, As, S^), Di, Br, and Bi. The 
only compound of Ta whose y.D. has been de- 
termined is TaCl5 ; in this molecule the atom of 
Ta is pentavalent (v. Nztboobn qboup or xzji- 
HINTS, vol. iii. p. 671). 

JHUctm and Mstima.^r—TAntialum com* 
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pounds form potassiam tantalato when fused 
with EOH, and the fused mass dissolves in 
water. The product obtained bj fusion with 
KaOH dissolves in water to a clear liquid only 
after NaOH has been removed by washing, as 
sodium tantalato is insoluble in much NaOliAq. 
Addition of acid to an aqueous solution of an 
alkali tantalate, followed by boiling, ppts# | 
Ta.Uft.xH.jO more or less completely. By adding ; 
HClAq to*a solution of an alkali tantalate, and j 
placing zinc in the solution, no blue colour is 
produced (c/. Niouicm, dktection of, vol. iii. p. 
*506). According to Levy (C. B. 103, 1074), an | 
amethyst colour is produced by adding a very ' 
small quantity of Ta^Oa to a solution of resorcin I 
in H.SOjAq. Ta is estimated as Ta.jOj ; the j 
process is sulliciently indicated under Vrepara^ 
tion. 

Tantalum, acids of, and their Salts, Ta.Oj 
reacts with molten alkalis, and alkali carbonates, 
to form salts which may be regarded as derived i 
from various hydrates of Ta_,0,,. Two liytlrates j 
are obtained, Ta.0^.2H^0 and 2TaJ35.311/), by ! 
decomposing TaCl^ by a little \vater, and by 
fusing Ta.O, with KiiSO^ and washing with j 
water (u. Tantacum, oxides and uyduatkd . 
OXIDES OF, p. 640). The first of these ' 

hydrates may bo called pyroiantalic acid 
lI^Ta.p„ correspondmg with ll^PjO^ ; and the 
second may be formulated ll/ra^Ou. The 
tantalatos tliat have been examined do not seem 
to bo derived from cither of these compuurds, 
but from the hypothetical acids HTaOj, corre- 
sponding with HPO;, and IINO3, and 
(-3Ta_,Oj.41ip). Tantalatos are not produced ! 
by neutralising TaJlyir 11.^0, but by fusing Ta.^Oj i 
with alkalis, or by double decomposition from ! 
alkali salts. j 

Tantalates. The tanlalales belong to the 
forma;Ta,Oj.7/MO, where M « (NH,).,, Mg, IJg,. K.^, 
Ag.j, or Naj ; of those that have been fairly 
fuliy examined, some correspond with tlie mcla- 
phosphates and lucta-niobates M‘XOj, and 
others belong to the more complex form 
M‘„Tu,jO,„. Some of the alkali tantalates dis- 
solve sligiitly in water, the other tantalates are 
insoluble. Fluotanialate& u.nd jluoxytantalaics 
are also known (v. infra). The tantalates 
have been investigated chiefly by H. Rose (P, 
100, 417) and Marignac [Dl. [2] G, 111, 118). 

Ammonium tantalate. A pp. is obtained 
by adding Nil, Cl to solution of Na/rauO,.,.xILO, 
but the composition of the pp. is not known 
with certainty. 

Magnesium tantalate. By adding MgSO,Aq 
to solution of Na/lXOiH.xIIoO a crystalline pp. 
was obtained which, after drying at 100^, had 
the composition Mg^Ta,jO,H.9n._,0. A cryttallino 
Mg tantalate was obtained by Joly (C. B. 81, 
266, 1266) by fusing Ta^, with MgCl^. 

Mercurous tantalate. A brown, amorphous 
compound, perhaps HggTaBO,o.xH.^O, is formed 
by adding HgNO,Aq to solution in water of 
Na8TaaO,B.xH30. 

Potassium tantalc^es. (1) KgTagOiB.lOHjjO; 
this salt is obtained by fusing Ta^Oj with KOH, 
dissolving in water, and crystallising. (2) 
KTaO,: thissaltfjpotasstum metaiantalatet 
is formed by heating the other tantalate, alone 
or with (KHJsCO,, and then treating with water. 
8Uwr tantalaU* The yellowish white pp. 


obtained by adding solution of a salt of Ag to 
solution of Na,TxO„.xHaO, and drying at 100 ®, 
has the composition Ag,Ta„ 0 „. 3 H 30 . , 

Sodium tantalates. meta-salt 
NaTaO, is obtained by fusing Tap, with 
Na.CO.,, and w-ashing with water. A salt of the 
compo.sition Na,,TaP,„.xIip {x ^ 25 and 30)^ is 
prepared by fusing Tap:^ with NaOH, dissolving 
in water, and crystallising. 

Plcotantalati.s, {Tantalijhiorides.) These 
salts may bo regarded as comjiouiida of TaF, 
with metallio fiuoriib;s, or as metallio deriva- 
tives of the hypothetical acid IT/TaF, ; they 
are prepared by dissolving TaO^ in HFAq, 
adding metallic lluorides, and crystallising ; 
some of them are forimnl by dissolving Tap, 
and a metallic oxide in llJ’Aq (Marignac, A. O/i. 

[4J 9, 276 ; Berzelius, P. 4, 6). 

Ammonium Jluotantalatc (Nll,)TiiF, is ob- 
tained by evaporating a solution of NII^F in 
solution of.TaF, in liTAii, and evaporating ; 
the salt is viystallino and easily soluble in 
water. 

Copper jlnotantalate CuTaF^ forms blue, 
d(di(iuesccnt, rliombio prisms; it is prepared 
by dissolving CuO and Tap, in exwcss of HFAq, 
and evaporating. 

PoUissiitm jlnotantalate K^TaF, forma white 
needles by dissolving KllF^in solution of Tap, 
in HFAq, evaporating, and crystallising from • 
hot water. The salt is very slightly soluble in 
cold water, but dissolves easily in hot water. 

On long boiling, K./IuFjAq giNCS a white pp., 
probably having the coinpusitiou ^E/ra^OjF,, 

( = 2TaF,.Tap,,PCF). By dissolving KjTaF, in 
warm 4 p.o. iLX\A.ci with a little HFAq and 
allowing to cool, Ficcini {Zeii. fiir anorj. Oietniet 
2 , 21) obtainedcrystalsof the Jliioxy tantalate 
K;raO.F,.Up ( TaO.P3.2KF.Hp). 

Sodium jluotantaiatc Na./raF,.HP; ob- 
tained, as white crystals, by dissolving Na/TaP,,* 
in HFAq, evaporating, and drying at 100° the 
salt that separates. 

Zinc Jluotantalate ZnTaF,.7Hp *, a deli- 
quescent salt, obtained by dissolving ZnO and 
Tap, in excess of HFAq and orystallising. 

Tantalum, alloys of. By heating KjTaP, with 
Al, and washing with HCJAq, Marignac {P. 100, 
145) obtained a grey powder, S.G. 7*02. By 
heating to Avhitncss, in a carbon crucible, a 
mixture of TaO, and iron filings, an alloy of 
Ta and Fe was obtained re.sembling pig iron 
(Oalm, Berzelius a. Fggertz, S. 16, 437). 

Tantaluitf, bromide of, TaBr,. A yellowish, 
crystalline compound, obtained by heating a 
mixture of dry Tap, and C in vapour of Br, and 
removing excess of Br by a long-continued 
stream of dry CO .3 ; decomposed by water to 
HBrAq and Ta^Oi.x^O (H. Rose, P, 90, 456 ; 

99, 75). The conditions of preparation are 
similar to those in making TaCl, {q. o.). 

Tantalum, carbide of. By heating TaN (o. 
Tantalum Nirr’DB) with 0 to the melting-, 
point of steel, N is given off and the nitride ir 
partly converted into brass -yellow coloured 
TaC., (Joly, Bl. [2] 26, 206). 

Tantalum, carbonitride of. Joly (BL [2] 25t 
206) obtained a substance, to which he gave the 
formula lOTaC.TaN, by very strongly heating a 
xnixtpze of Ts^Q^ with C and sod^ 
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Tantaltuii, chloride of, TaOl^. Mol. w. o. 859 
^ot determined with great aconraoy, as at. w. of 
Ta is doubtful). V.D. 185 at 860'? peville a. 
Troost, C. B. 64, 294). Melts at 211 <’,and boils 
at 242° at 768 mm. pressure (D. a. T., Ic.). 
Only one chloride of Ta has been isolated. 

Preparation.— 6 g. pure dry Ta^O, is 
mixed with a considerable excess of dry sugar 
or starch, and the mixture is completely charred 
by heating in a closed crucible; the charred 
mass is broken into small pieces, which are 
heated to redness and placed, while red hot, in 
a rather wide tube of hard glass that is quickly 
heated to redness while a stream of thoroughly 
dried CO, is passed through it as long as any 
trace of moisture is given off from the contents 
of the tube ; the tube is then allowed to cool, 
the current of dry 00 , being maintained ; when 
the tube is cold a stream of dry Cl is passed 
through it, and when every part of the appa> 
ratuB is filled with Cl (but not until then] the 
contents of the tube are hcateA TaCl, forms 
immediately behind the carbonaceous matter, as 
a pale-yellow solid ; when the reaction has entirely 
ceased and CO is no longer evolved, the TaCl, 
may be sublimed into another part of the tube, 
a plentiful stream of dry Cl being maintained 
during the process. If sublimation is attempted 
before the whole of the Ta^Oj has been chlorinated, 
a part of the TaCis is decomposed by the CO, 
with re-formation of Ta^Oj. If there should be 
any air in the tube during the process a white 
sublimate is formed which is probably an oxy- 
chioride yB.. Rose, P. 90, 466 ; 99, 76). Should 
the Ta^Oft used contain any WOh, the sublimate 
obtained is reddish ; by gently heating, the 
greater part of the red WOCl^ may be removed, 
as it is more volatile than TaClj. 

Demar^ay obtained TaCl* by passing vapour 
of CCL over Ta«0. heated to redness (C. B. 104, 
11 ). 

Properties and PcacfioTw.— Pale-yoUow pris- 
matic needles, melting at 211 °, and boiling at 
242° under the pressure of 763 mm. ; begins to 
vaporise at 144° ; V.D. 185 at 860° (DeviUe a. 
Troost, C. B. 64,294). Decomposes in ordinary 
air, giving off HCl and becoming covered with a 
crust of cxystalline TajOj. Decomposed entirely 
by water to HOlAq and Ta-jOs.^HjO. Cone, 
H 2 SO 4 causes evolution of HGl, and forms 
a somewhat turbid solution from which 
Ta 304 .a;H 20 separates on boiling ; by adding 
water to this solution, and boiling, the whole 
of the Ta is precipitated as Ta^Og rH^O. Gone. 
HClAq reacts similarly to H.^S 04 , but only a por- 
tion of the Ta, 05 .a;Ha 0 is ppd. on adding water 
and boiling. TaClg is partly dissolved by heat- 
ing with EOHAq. TaOlt is sDluble in absolute 
alcohol; H 2 S 04 Aq does not ppt. 
from this solnimn. 

No double compounds of TaCl, with EOl or 
NaOl— similar to those of TaF^— have been ob- 
tained. 

Tantalum, fluoride of. dissolves 

in HFAq ; neither boiling, nor adding H,S 04 Aq 
to the solution, ppts. Ta^O^. The solution in 
HFAq gives off vapours on evaporation that pro- 
bably contain TaFg*, by evaporating at a low 
t^perature, Bose obtained crystals that dis- 
solved easily in water, and were partly vaporised 
Wban heated, leaving some Ta|0« (P. 90, 456 ; 


09, 76). By evaporating in naeuo a solution of 
Ta^O.jjHgO in HFAq, Marignao obtained a 
white amorphous mass—probably an oxyfluoride 
— and then small crystals that were likely 
TaF,. 

TaF, combines with some metallio fluorides, 
forming fluotantaiates {q.v., p. 639). 
t Tantalum, haloid compounds of. The only 
haloid compounds of Ta that have been isolated 
are TaOl^ and TaBr,. The former has been 
gasified, and the formula is molecular. TaF, 
also probably exists in solution of Ta 204 .aH 20 in 
HFAq. There is no reaction between I and TajO^ 
mixed with C oven at a very high temperature. 
TaClj and TaBr^ are readily decomposed by 
water, with formation of and HXAq. 

Double compounds of TaFg with some metallio 
fluorides are known ; they belong to the form 
M^.^TaF, (u. Fluotantalates). Oxyhaloid com- 
pounds probably exist, but none has been iso- 
lated with certainty. 

Tantalum^ nitrides of. TaCl, absorbs NH, 
at the ordinary temperature; by heating the 
product in NH^, Joly {Bl. [2] 25, 206) obtained 
an amorphous, yellow solid, to which he gave 
the formula Ta^Nj. By heating this yellow solid 
to redness in very dry NHa, a black solid was ob- 
tained which, after washing with water and 
drjdng, had the composition TaN. This black 
solid conducts electricity ; 'heated in air it burns 
to TaaO^; NH, is given off by the action of 
molten KOH; it is insoluble in acids, except in 
a mixture of HFAq and HNO.Aq (Joly, l,c. ; c/. 
H. Rose, P. 100, 166). 

Tantalum, nitrocarbide of ; v, Tantaluh 
CABBONITRIDB, p. 639. 

Tantalum, oxides and hydrated oxides of. 
The oxide Ta^Os has been isolated, and also a 
hydrate of this oxide Ta, 05 . 2 H 20 , and probably 
also another hydrate 2 Ta^ 05 . 3 H 20 . The exist- 
ence of another oxide, TaO,, is doubtful. 

Tantalum pentoxidf. Ta^Oj. {Tantalio an- 
hydride. Tantalic oxide.) The preparation of 
this compound from tantalite is described at the 
the beginning of this article under Preparation 
of tantalum (p.638). Ta^O^is also obtained by de- 
composing TaClj by water, or by adding H 2 S 04 Aq 
to solution of a tantalate and boiling, and 
then heating the TaPj-xH^O thus ppd, TajOj 
is a white powder; it has not been fused; by 
heating with boric acid or microcosmio salt in a 
porcelain oven it is obtained in rhombic prisms 
(Ebolmen, A. Oh. [3] 33, 34 ; Nordenskjold a. 
Chydenius, J. 1860. 145). S.G. o. 7*6 (Marignao, 
Ar, Sc. 1868 ; Deville, C. B. 66 , 894). 10 , 0 , is 
insoluble in acids except HFAq; after being 
very strongly heated, it is insoluble in HFAq. 
Ta^O, dissolves in molten alkalis, also in molten 
EHSO4 (v. Tantalates, p. 639). 

Hydbateb of tantalum PENToxma. By de- 
composing TaClg by water, is ob- 

tained, which, after very thorough washing with 
water, then with NH,Aq to remove adhering 
HCl, and finally with water, and drying at 100°, 
gives off from 6 to 7*8 p.o. water when heated to 
redness. The formula 2 Ta 30 ,. 3 H ,0 requires 6*7 
p.o. HgO, and the formula TaP«.H ,0 requires 
7*5 p.o. Kfi). It is doubtful whether one or more 
than one definite hydrate exists in this pp« 
When SO, is passed into a eolation of NatTagOj* 
a pp. of is obtainedi which, when 
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IhoroMhlj washed and dried at 100». is said 
» be :ni,0..2H,0 = H.Tm0, (H. Ros^ P. 
LOO, 417). Strong acids, such as MJNU,, 

ind HCl, ppt. Ta30».a:H.,0 apparently in combi- 
aation with the acid used as precipitant from 
joiutions of alkali tantalates; weak acids ppt. m- 
soluble alkali tantalates. ^ ^ ^ , 

Tantalum dioxide TaO.^ {Tantalum ietroxiae 
fTa-O.].) The isolation of this oxide is doubtful. 
Berzelius obtained a brown powder by heating 
TaA to redness in a carbon crucible ; it was not 
dissolved by any acids, not even by a mixture of 
HNO,Aq and HFAq ; when strongly heated in 
air it gave Ta-O.^ (P. 4, 20). 

Tantalum, oxyfluorido of. The white pow- 
der formed by decomposing KjTab, by boiling 
water may bo an oxylluoride, according to 
Marignac {A. Gh. [4] 9, 27C). 

Tantalum, salts of. No salt has been isolated 
by replacing the H of acids, except HCl and lib , 
by Ta. When alkali tantalates are decomposed 
by strong acids such as HCl, IINO^, or II_.S04, 
the ppd. Ta.Pa*a^HoO retains some of^ the acid 
used as precipitant ; compounds of with 

these acids are perhaps formed. 

Tantalum, sulphide of. 13y strongly lieating 
Ta.Oj in CS. vapour, also by heating to redness 
•a mixture of vapour of TaCl^ and H^S, a yellowish 
black solid is obtained, which has tlio composi- 
tion TaS. according to Berzelius (P. 4, G; u. .also II. 
Bose, P. 99, 575). Boasted in air, this solid gives 
Ta-A*. keated in Cl it produces TaCl, and S.^Cl. ; 
cone. IINO.Aq oxidises it to Ta,0,.fcll.,0 and 
HNO.Aq. TaS,. does not combine with alkali 
sulphides (B., Lc.) ; fused with KOII, it forms 
K.S and potassium tantalates. M. M. P. M. 

‘ TARCHONYL ALCOHOL C,„H,.,vO (?). Ob- 
tained from the leaves of Tarchonanthm cam- 
Vhoratus by extracting with alcohol (Canzoneri 
a. Spica, G. 12, 227). Silvery scales, insol. 
water and ether. Converted by PCI., into a 
chloride [70""] crystallising in small plates (from 
alcohol). 

TABCONINE v. vol. iii. p. 406. 

TARNINE V. vol. hi. p. 497. 

TARTARIC ACID CJI./:),, i.e. 
CO,U-CH(On).CH(OH).COA- Dextro-tartano 
acid. Di-oxij -succinic acid. [135'^]. S.O. i’7()4 
(Schiff, A. 113, 189) ; 1*74 (Buignet, J. 1861, 15); 

1 1-7694 (Perkin). S. 115 at 0® ; 132 at 15'^ ; 313 
at 100'" (Leidie, Fr. 22, 2G9 ; 0. R. 95, 87 ; cf 
Schiff, J. 1859, 41; Maisch, J. 1865, 392) 
S. (alcohol) 25 G at 15®. S. (ether) -4 at 15® 
(Bourgoin, Bl. [2j 29,214; A. Ch. [5J 13, lUO). 
[a]„ = 16-00 -’laip in a p per cent, solution 
(Landolt, B. 6, 1075 ; Lippmann, B. 24, 3300). 
H.F. 372,000 (Von Bechenberg). Heat of solu- 
timi -3464 at 9® (Pickering, 0. J. 51, 376). 

Occurs free or as K or Ca salt in grapc-juice, 
tamarinds, unripe mountain-ash berries, madder- 
root, potatoes, Jerusalem artichokes, sorrel, gher- 
kins, mulberries, pine-apples, black pepper, the 
leaves of Chclidonium majus^ the bulbs of Scilla 
ntaritima, in beet- juice, and in many other 

1. Mosfly together with racemic 
acid, by oxidation of saccharic acid, dextrose, 
cane-sugar, milk-sugar, starch, gum arabio, and 
aorbin by nitric acid (Dessaignes, A. 2, 

242 ; Hornemann, J. 1863, 381 ; Kiliani, A. 206, 
175).— 2. By the acUon of podium-amalgam w 
VOT.. IV. 


an alcoholio aolution of oialio ether Pobqa, 

A. 166, 124; O. J. 24, 876). The product W 

probably inactive tartaric acid. * 

Preparnfimt.— Powdered chalk is added to a 
boiling solution of cream of tartar ; the nitrate 
is ppd. by calcium chloride, and both pps. decom- 
posed by the proper quantity of boiling dilute 
H.,S04. The filtrate from CaSO^ is evaporated 
to*cryst.allisalion. It may bo purified by satura- 
ting with C11CO3, digest iug with ZnClj,, and 
decomposing the zinc salt by II B (Fiemus, Ar, 

Ph. [3J 14, 310). . . . . 

Propcrlics.—'^lonocVmiQ luisins, with liemi- 
hedral facets; a:5:c = "785:1; -SOr) ; 3-79® 43. 
Dextrorotatory, the rotation being dependent on 
the concentration of the solution, and being also 
greatly affected by the presence of alcohols, acids, 
and other substances in tlio solution (Fiandolt, 

B. 13, 2329 ; Biot, J. 1850, 169 ; rribram, M. 9, 

485 ; B. 22, 6; Long, Am. S. 36, 351 ; I’homson, 

J‘ pr. [21 35, 145). Sodium molvbdato in the 
proportion of Nu. MoO, to 2(3, 11/), i increases the 
rotation 37 ti..ics, while ainmonium molybdate 
(1 mol.) increases tbe rotation of tartaric acid 
(3 mols.) 66 times (Gernez, 0. R. 104, 783 ; 106, 
803). Lithium and magnesium molybdate also 
increase the rotation. Sodium tungstate also in- 
creases the rotation, the maximum effect being 
22 times (Gernez, 0. R. 106, 1627 ; 108, 94-). 

I Crystals of tartaric acid arc strongly pyro-elcctric. 
i An aqueous solution of tartaric acid is ppd. by 
j baryta, lime, and load acetate. Potassium salts, 

! when the solution is not too dilute, form a crys- 
1 iallino pp. of KO,AO«; the forrnatio».of the 
' pp. being promoted by rubbing the Bides of tlio 
' ve.'^scl with a glass rod and by the addition of 
‘ alcohol. CaCI,. ppts. CaA'.^ from neutral solutions 
i of tartrates; the ppn. is hiiuhirod by ammomura 
' salts. Calcium tartrate dissolves in KOHAq and 
' is ro-ppd. in gelatinous form on boiling. Bcduces 
ammouiacal AgNOu, forming a mirror ; the solu- , 
tion then contains oxalic acid (Claus, P. 8, 960). 
Tartaric acid prevents the ppn. by alkalis of the 
oxides of Al, Bi, Ni, Co, Cr, Cu, Fc, Pb, Pt, and 
Zn, even on boiling (Aubel a. Bamdohr, A. 103, 

33 ; Grotho, J. pr. 92, 175). 1 mol. acid pre- 
vents the ppn. of 1 mol. Ca(Oll).,. A solution of 
tartaric acid, coloured by a drop of KjCrO*, 
gradually becomes colourless (difference from 
citric acid) (Salzcr, B. 21, 1910). A saturated 
solution of potassium bich romato is slowly turned 
cd'u c-brown by tartaric (but not by citric) acid 
((jaillctct, C. C. 1879, 14). Boiling alkaline 
KMnO, is turned green, and finally brown, by 
tartaric acid, but only green by citrioacid. De- 
colourises KMnO, in acid solution. WhenH,SO. 
is present, twice as much KMnO, must be added 
to produce a permtnent red colour as when it is 
absent, for in the latter case MnCAA^® 
(Fleischer, B. 6, 360). Tartaric acid gives an 
odour of burnt sugar when heated till carbonised. 

A crystal added to cone. Il^SO* containing Ip.o. 
resorcin gives a red colour on warming (differ- 
ence from citric r nd maleic acids) (Mohler, Bl, 
[3] 4, 728). 

To detect small quantities of tartano acid in 
presence of citrio acid. Add about 1 g. citric 
acid to a 20 p.o. solution of molybdate of am- 
monia (1 O.C.), then two or three drops of a dilute 
solution of up,, and heat for three minutes on 
the water-bath. If the citrio acid is pure tbe 
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lolution remains yellow. If 0*1 p.o. or more of 
tartario add is present, the liquid become blue 
(Ciismer, BL [3] 6, 23). • 

Badctions.’—l. Melts at 186°, changing to 
the isomeric metatartario acid* The metatar- 
taric acid may be reconverted into tartaric acid 
by boiling with water (Grosjean, C. J. 43, 334). — 
2. At 140°-150° water is eliminated and ditart 
trylic acid 0*11,00,, is formed. On further 
heating soluble tartaric anhydride (tartrelio 
acid), and then insoluble tartaric anhydride, are 
formed. On further heating the products of 
distillation (from 250 g.) are pyruvic acid (9 g.), 
pyrotartaric acid (2 g.), formic acid (*4 g.), resins, 
aldehydes and volatile acids (2 g.), and tarry 
bodies (3 g.) (P. Liebermann, B. 15, 428). 

' Dipyrotartracetone * OsHijOj (230°), a colour- 
less liquid, with aromatic odour, is among the 
products of the distillation of tartaric acid. It 
combines with bromine (Bourgoin, C. R. 86, 
674).— 8. By heating tartaric acid (10 pts.) with 
water (1 pt.) at 175° it is convartpd into racemic 
acid and inactive tartaric acid. '^At 165° there 
is a greater yield of the inactive acid (Jung- 
fleisch, J. 1872, 615). Heated with more water 
at 160° it, yields CO^ and pyrotartaric acid 
(Wedard, G. C. 1888, 889).— 4. Potash-fusion 
yields acetic and oxalic acids.— 6. Oxidation by 
CrOj, KMn04, PbOj or MnOj, and yields 

CO* and formic acid. The rate of oxidation has 
been studied by Krutwig {Z. P. G. 2, 787). By 
slow oxidation by HNO, tartronic acid may be 
obtained.— 6. Reduced by HI and P to malic 
and suc'Jmic acids. — 7. PCl^ forms chloro-f umario 
dhloride.— 8. reS04 at 100° yields iso-arabic 
acid OjHjjOj, a thick dextrorotatory syrup, 
[a]D = 20°, yielding the salts CaA'..9aq, CaaOA'vSaq, 
PbA'.„ and PbaA'jOj (Ballo, B. 22, 760).— 9. Ghloral 
forms G8H4Ci„Oa [124°], crystallising from chloro- 
form in small needles, insol. water, sol. warm 
alcohol and ether (Wallach, A. 193, 46). — 10. On 
submitting tartaric acid to electrolysis and treat- 
ing the syrupy mass with phenyl-hydrazine, 
glyoxal-osazone [160°] and glyoxal-carboxylic 
osazone [218°] are obtained (Priedel a. Combes, 
Bl. [8] 8, 770). — 11. On adding powdered tar- 
taric acid to fused glucose tartaric glucoside is 
obtained (Quyard, Bl. [2] 41, 291 ; cf. Berthclot, 
A. Gh. [3] 64, 78). — 12. m-Amido-henzoic adddX 
160° forms ‘ tartrylo-dibenzamio ’ acid 0,8H,*Nj08 
i.e. (COaH.OaH4.NH.CO).4CjH2(OH)2, a colourless 
powder, insol. water, sol. not alcohol. Its 
^kaline salts form yellow solutions in which 
Cu(OAo)j ppts. 0,8H,4(Cu0H)jN29g. On heating 
to 190° it • yields the anhydride C,*H,4N207, a 
greenish-yeUow powder, converted by an alco- 
holic solution of aniline into tartranil dibenzamic 

acid ^^2^-^«®**^<^H.CH(0H).C0NHPh 
[200°] (Schiff, A. 232, 156 ; G. 16, 28). Another 
product of the action of tartaric acid on m- 
amido-benzoic acid is * tartryl-benzamio ’ acid 
C0aH.0H(0H).CH(0H).C0.NHC*H4.C02H. 
whi<^ crystallises from water in pale-yellow 
aggregates, yields an acetyl derivative and an 
i^ydride *tartranbenzamic’ acid 0„H*NO*, 
crystallising from water in green plates, forming 
OiiHjBaNO* and 0,iH,CuNO*, and converted at 
210° in < benzamtartridic ’ acid by dehydration. 
A warm alcoholic solution of aniline converts 
* tartranbenzamic ’ acid into ‘tartranilbenzamic’ 


acid [246°], which yields an acetyl derivative 
[198°]. * Tartryl-benzamic ’ acid heated with dry 
amido-benz amide at 140° forms the compound 
02HJOH)2(CO.NH.08H4.00NH2)„ a white 
powder, insol. water, si. sol. alcohol, and yield- 
ing OmHjjCuNaO, aq.— 13. Glycerin at 100° 
yields the compounds 03Ha(0H)2.0.04Hj08 and 
C,H,(0H)(004H,0J2 (Desplats, /. 1869, 600). 
Glycerin at 140° gives 0,,H,40,2 and OisH^O,,. — 

14. Erythrite at 100° forms OjjH, *0,4, which gives 
Ca2(C,2H„0,4)2 3aq (Berthelot, A, Gh. [3] 64, 84). 

15. Quercite at 120° forms which gives 

CajCa^HjaO, 2aq. — 16. Pinite at 120° fon^s 
CjoHaaOas, which gives CaaCgoHajOas. — Vl.Mannite 
at 120° forms CjoHsaOss, which yields 
Mg,04(C3jffs*03j) 30aq and CajCa^HagOsa 6aq. — 
18. Dulcite forma 0,4H2oO,5, which gives 
Ca(C,4H„0,5)2 4aq. — 19. Phenyl hydramie 
(2 mols.) at 140° forms 0,flH,8N404 i.e. 
C2H402(C0.N2H2Ph)2[226°] (Biilow, A. 236,196) ; 
[c. 240°] (Fischer a. Passmore, B. 22, 2734), 
crystallising from alcohol in plates. 

Estimation . — Methods for estimating tartaric 
acid have been described by Soheurer-Kestner, 
G. R. 86, 1024 ; Berthelot, Fr. 3, 216 ; Vogel a. 
Braun, Fr. 7, 149 ; Kissel, Fr. 8, 409 ; Fleischer, 
Fr. 12, 328 ; Oliveri, G. 14, 453 ; Piccard, Fr. 

21, 424 ; 0. Schmitt a. Hiope, Fr. 21, 639 ; 
Amthor, Fr. 21, 195 ; Kessler a. Barth, Fr. 21, 
60; 22, 159; Kayser, ’*Fr. 22, 123; 23, 29; 
Musset, Fr. 24, 279 ; Ferrari, Fr. 24, 279 ; 
Warington, G. J. 28, 25 ; Grosjean, 0. J. 35, 
341 ; Klein, Fr. 24, 379 ; Bomtriiger, Fr. 25, 
327 ; 26, 699 ; Gantter, Fr. 26, 714 ; Von Lorenz, 
Fr. 27, 8 ; Philips, Fr. 29, 577 ; Goldenberg, Fr. 

22, 270 ; Hoidenhain, Fr. 27, 681 ; Wolgert, Fr. 

23, 357 ; Haas, G. G. 1888, 1045 ; Ward, Ph. 
[3] 19, 380. 

Salts (Berzelius, P. 19, 305 ; 36, 4 ; A. Gh. 

[2] 07, 303 ; Werther, J. pr. 32, 383 ; Dumas a. 
Piria, A. Ch. [3] 6, 363 ; De la Provostaye, A. Gh. 

[3] 3, 129).— (NHJ^A". [a]o = 33*7° in a 1-2 p.c. 

solution (Sonneuthal, M. 12, 603). Efdorescent 
monoclinio prisms, v. sol. water ; a:5:c = 
•868:l:r244a»88°9'. Give off NH* in air. Yield 
succinic acid on fermentation (Koenig, G. 11, 180). 
— (NH4)HA". [a]n = 25-7° (Landolt). Minute 
lamina), si. sol . cold water. Forms wi th ammonium 
malate (NH4)HA"(NH4)04H50 j, crystallising in 
prisms, S. 9 (Pasteur, J. 1853, 415). — K^A^'^aq. 
[a]D = 26*5° in a 2 p.c. solution. S. 133 at 2° ; 
158 at 23° (Osann). V. si. sol. hot alcohol. 
Monoclinio crystals ; a:5:c = *402:l;l*109 ; 

o = 76°12'.— KHA". Gream of tartar. [a]i>=22° 
in a *4 p.o. solution. 100 g. solution contain 
•369 + '000569i* grammes at (Blarez, G. R, 
112, 434, 808). S. *26 at 0° ; -4 at 10° ; -65 at 20° ; 
1'13 at 40° (Chancel, G. R. 60, 408; c/.Alluard, 
G. R. 69, 600). Obtained by crystallisation of 
argol, which is deposited during vinous fermen- 
tation. Trimetrio crystals; a:6:o « •712:1: *787. 
Insol. alcohol.— Na^" 2aq. [a]i>-Sl° in a 1 p.o. 
solution (Sonnenthal ; cf. Thomson, J. pr, [2] 
34, 80; 86, 145). S. 29 at 6°; 44 at 24°; 66 
at 42*6° (Osann). Trimetrio- pisms; a:b:o 
B *770:1: *837. V. sol. l^ot water, insol. alcohol 
— NaHA". [a]D - 24-3° in a 1*8 p.o. solution (S.): 
-NaHA^oiq (Dumas a. Piria, A. 44, 80). S. 11 
in the cold; 65 at 100°. Minute crystals, with 
hemihedral facets. Insol alcohol — 
[a]j,-87*6° in 3 *7 p.o. solution (S.). Deliquos* 
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l|aq. Small orystala* v« sol. water 
(Dulk, Schw. J, 64, 180, 193; A. 2, 47).— 
LiHA"aq.— Li4H^"4Te02aq. Needles (Klein, 

A. Ch, [6] 10, 118 ; 0. B. 102, 47). — 

Hydroxylamine salt (NH^O)^". Very thin 
plates (Lossen, A. Supply, 233).— NH,NaA"4aq. 
Trimetrio crystals, with hemihedral facets, iso- 
morphous with KNaA'^ 4aq ; a:b:c » *823:1: *420. 
[o]j = 26°. [a]x,-32*7® (Landolt). S. 26 at 0® 
(Pasteur, J. 1849, 309). — LiNaA" 2aq. — 

Na,A"aTe02aq. — K^"TeOaq. — (NH,)KA». 
Monocliiyo crystals, isomorphous with K*A". 
Gfve off NHj in air. V. sol. water, [o],, » 31° 
(L.).— KLi A" aq.— KNa A' 4aq. Bochelle salt. 

B. 30 at 3°, 66 at 26° (Osann). Heat of solution 

— 6290 at 16°. The heat of solution of KNaA" 
is —2989 (Pickering, C. J, 61, 351). Large 
trimetrio prisms, with hemihedral facets. Melts 
at 70°-80° in its water of crystallisation, and 
becomes anhydrous at 216° (Fresenius, A. 63, 
234). [a]D = 29'7° (L.). Molecular rotation : 
Long, Am. S. 86 , 351.— K 2 A",TcO (dried at 
100°). — EbHA". Trimetrio prisms, isomorphous 
with the caesium salt; a: 6 :c = *726:1: •695 (J. P. 
Cooke, Am. S. [2] 37, 70). S. 1*18 at 25° ; 11*7 
at 100° (Allen, Am. S. [2J 34, 367).— NaRbA" 4aq. 
Isomorphous with Rochelle salt (Piccard, J. 1862, 
125).— Cs^A". Trimetric prisms. S. 10 at 25°; 
100 at 100°.— T1,A" ‘ a^. [a]«4-8° in a 6 p.c. 
solution at 20°. SI.* sol. water and alcohol. — 
TIHA". [a] - 12° in a 1 p.c. solution at 20°. 
Small flat prisms (De la Provostayc, A. Ch. [3J 
8. 129; Kuhlmann, J. 1862, 188).— TlNaA'Maq. 
At 20° [a] = 0° in a 6 p.c. solution and 6-5° in 
a 20 p.c. solution. — TlLiA"aq. [a] = 9*6° in a 
6 p.c. solution at 20°. — TIKA". [a] « 10° in a 
6 p.c. solution at 20 °.— T 1 (NH 4 )A". [a].-=:l 0 " 

in a 5 p.c. solution at 20°.— RaA". White 
amorphous pp., occoming crystalline. S.G. 
2*973 (Clarke, Am. 2 , 174).-BaA"aq (Bulk). 
S. (amorphous) 1 * 2 ; (crystalline) *077 (Vogel a. 
Reischauer, J. 1859, 288). KiRaA'V^^'q- Pow- 
der, si. sol. water. — Na^aA"j2aq. Needles, si. 
sol. water, more soluble in a solution of Rochelle 
salt. Ppd. on mixing a solution of Rochelle 
salt with Ba01;j. — RaA"TeO (dried at 100°). — 
SrA" 4aq. Monoclinic prisms. B. *7 at 16°. S.G. 
^ 1*966 (Clarke).— SrA"3aq (Marignac, Ann. M. 
[5] 16, 280).— (NHJ^SrA", I2aq, Thin plates.— 
Kj,SrA"2aq.— Na^SrA"a:aq. — CaIl 2 A" 3 . S. *71 at 
16*6°. TrimetrLc crystals.— CaA" 4aq. Occurs 
In grapes. Ppd. as white crystalline powder on 
adding CaCl, to a solution of KA". Bmall tri- 
metrio prisms. a:h:c = *872:1: *908 (Anschutz, A. 
226, 191). S. *016 at 16° : *3 at 100° (Mohr, J. 
1866, 893). Forms, with calcium malate, the 
double salt GaA"Ca 04 H 40 s 6 aq, crystallising in 
needles, S. 1*25 at 17° (Ordonneau, Bl, [ 8 J 6 , 
262).— MgA"4aq. 8 . *8 at 16°. [a]i, = 36°.— 

MgAHaO.Saq, 8 . *024. Ppd. by adding NH, 
to a soluUon of MgA" (Mayer, A. 101, 166). — 
MgNaA", lOaq.— MgKjA" 8 aq.— MgHjA' r 2 

at 16°.-BeA"3aq (Atterberg, Bl. [2] 21. 162).— 
BeK, 04 H 20 « 8 aq. Prismt (Toezynski, Z, 1871, 
277). — K(SbO)A'^4aq. Tartar emetic. Prepared 
by Miling Sb^O, (8 pts.) with cream .of tartar 
(4 pts.) and water. Ootahedra ; a:b:e 
■■•956:1:1'054. [o] « 141° in a 4 p.o. solution at 
20°. 8.0. 2 * 6 . Efflorescent. At 200° it be- 
Qpmes S(Sb 0 ) 0 «H, 04 . S. 5 at 8 ° ; 8 at 2 ^° ; 62 


at 100°. *06 to ‘Ig. produce Tomiting. Its solu- 
tion reddens Ptmus, and gives a orystalline pp. 
of K(SbO)A" with aloobol. Its 8olotion*is ppd. 
by mineral aoids^ by alkalis, and by H,S. HgOl, 
is reduced by it to calomel. Heat of formation : 
Quntz, C. B. 104, 699« Volumetrio' estimation 
pf Sb in tartar emetic (Dunstan a. Boole, PJh, [8] 
19, . 385). — K(SbO) A''HA" 2iftq. Efflorescent 
prisms. Alcohol added to its aqueous solution 
ppts. tartar-emetic, leaving tartaric acid in solu- 
tion (Knapp, A. 32, 76).-K(8l)0)A"3KHA". 
Mammeliated groups of needles, v. sol. water. — 
(K(SbO)A")aNaNO^ (Martenson, J. 1869, 639). — 
Na(SbO)A" ^aq. Trimetrio, hygroscopic prisms ; 
a:6:c - *922:1:1*08. — (Na,A'%2Sb(OU),3aq. 

Amorphous, v. sol. water (Clarke a. Evans, D. 16, 

2385). — NII,(SbO)A" ^aq. Nll,(SbO)A"2Aaq 

(Berlin, A. 64, 359).-Rb(SbO)A" >aq. Isomor- 
phous with tartar-ometio (Qrandcau, A. Ch. [3] 
67. 165).— Tl(SbO)C*H,0,aq. [o]=-100° in a 
2 p.o. solution ^t..20° (Long, Am. 8. [3] 38,264). 
— Ag{SbO)A".^l. Crystals (J. P. Cooke, Am. 8. 
[3]19,393).-Ba(SbOA"),2Uq.-C(l(SbOA")2aq. 
Converted at 200° into Ca'(8bOC,IJ.,OJj (Schiff, 

A. 104, 328). — (Ca(SbOA')j4Ct^^NO,)a24aq. 
Crystallises from a solution of tartar-emetic 
mixed with calcium nitrate in trimetrio forms 
(Marignac, Ann. M. [6] 16, 280). — Sr(SbOA"), 
Hexagonal crystals. — Sr.^(SbOA")j(NO,)a 12aq. 
Very soluble crystals (Kessler, P. 76, 410). — 
Pb(SbOA"),4aq. — Bo,Sb,(0,HA)»* — 
Sb(HA"),4aq. Needles, v. sol. water (0. a. B.). 
— BbjA «Caq. — (SbO)HA"aq (Clarke c»«Stallo, 

B. 13, 1788).— (SbO)HA" (Guntz, C. B. 104, 
850).— OjH^O^SbPsaq. White granular pp., 
formed by adding alcohol to a solution of Shp. 
in aqueous tartaric acid (Berzelius). Converted 
by heat into SbOC^HPs.— (C4HjO.,)<8b,iO,6aq 
(P61igot, A. Ch. [31 20, 289).- (0,ll,04j)2SbA 
(dried) (P.). — (C.Hpj.Sb.OJl^jO. Crystals 
(Guntz, A. Ch. [GJ 13, 390).— Berberine salt 
a^H„N04(SbO)A" (vStenhousG, J. 1863, 462).— 
Brucine salt CaH„NaO(SbO)A". - Quinine 
salt Oa,H^N,0,(Sbq)A' (Clarke, B. 16, 1640).— 

j Atropine salt C, 0,(860) A" 2aq. — Ani- 
line salt C,H,N(8bO)A". Long white prisms. 
S.G. 1*89 at ll°.-NH4(ABO)A"iaq. Large 
efflorescent trimetrio crystals ; a:b;c «=> *876:1: *694. 
Got by dissolving Ab, 0, in NH^llA" (Mitscher- 
lich ; Werther, J.pr. 32, 409).— K(A80j{)A" 2^aq. 
Got by dissolving arsenic acid in a solution of 
cream of tartar (Pelouze, A. Ch. [8] 6, 68). — 
(Sr(AsOA").J,jNH^NOgl2aq. Large trimetrio 
crystals (MariSnaol.— Bi^A'',6aq. Small crys- 

tals, decomposed oy water (Schneider, P, 88, 
55). -K(BiO)04HaO, (Schwarzenberg, A. 61, 244). 
— Bi,K(BiO)(C,H,Cj2 (Frisch, J. 1866. 401).— 
K(BO)A" (dried at 100°). Potassium borotar- 
irate. Amorphous mass, t. sol. water, insol. 
alcohol. At 100° it becomes 'E(B0)04H,04. 
Purgative, [a] » 68° in a 20 p.o. solution at 20°* 
-K.,(BO)04H,0.. - Ka(BO) AHjO,.- Na(BO) A'. 
— Na,(B 6 ) 04 H, 0 ,. — Na^BOhOgH^O. Puve, /, 
1869, 640). — Kj(BO)AHA^^a(BO)A'. — 
Ba(B0)C4H,0..-Ba(B0),04Hp,.— PbA". S.G. 
4*012 (Clarke, Am, 2, 174). White orystslUna 

pp., T. soL HNO,.— Pb^OAOgaq (Erdinaim, A. 
21, 14). InsoL water, v. tol. KOHAq. — » 
Pb.(0 AO^r - 9aa (?). — ThA^V - 

CuA"8aq. B. *06 in the cold ; *8 at 106°. Li^t- 
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green powder.^- OaA''4NHa (Schiff, A, 123, 46). 
— (H(NHJA")j(Hg0},3H30 (Harfif, Brancles* 
Arch, fit 259 ; Burokhardt, ibid. *[2] 11, 267). — 
(KHA")4HgCl,6aq.-KaNiA", (dried at 110*^). 
BiBorescent, apple-green crystalline powder 
(Fabian, A. 103, 248).-;:-Co01(HA")a6NHa2iaq 
(Jdrgonsen, J. pr. [2] '18, 239). — ZnA"2aq 
(Schifif, A. 126, 146).— ZnjC^H,0«iaq. Powder', 
insol. water. — Cr(OH) A". Violet flakes, turning 
dark-blue over HjSO^ (Schiff, A. 125, 146). At 
220® it yields CrC.HaOe.— K(CrO)A"3iaq (Mala- 
guti, C. R. 10, 467).— (UrO,)A"3aq (P^ligot, A. 
66, 231). — K,(UrO,)A"j (dried at 200®).— 
(SbO)a(UrOJA"a 8aq.— SnA". Minute crystals. 
— K(FeO)A"4 or 6aq. Prepared by digesting 
cream of tartar with water and Fe(OH)3. Brown 
scales, red by transmitted light. Acids ppt. from 
its solutions a basic salt, sol. excess. — 
NH,(FeO)A"4 (or 6) aq. — Fo A'V — FeA'^ 
Formed by boiling tartaric acid with water and 
iron wire (M6hu, N. J. P. 40, 257). Minute 
crystalline powder. S. *877 (ft' (Bulk, A. 
2, 62).— K(MnO)A"4aq (Descamps, Z. 187Cr, 
817). — AgoA". Amorphous curdy pp. got by 
adding AgNOg to a cold solution of Bochello salt. 
Cry8tallisea^• from a warm solution in white 
scales. Nearly insol. water. Its ammoniacal 
solution deposits Ag on warming (Liebig a. lled- 
tenbacher, A. 38, 132 ; Erdmann, J.pr. 25, 604). 
— AgHA" (Perkin, C. J. 61, 360). Monoclinio 
tables. 

Ethylene-diainim salt 
04H40B[NaHjC3H4). Dextrorotatory. Leaflets, 
V. sol. water. The acid, salt is si. sol. water, S. 
8 at 15°, and the solution is dextrorotatory 
(Colson, Bl. [3J 7, 808). 

Mono-methyl ether MeHA". Formed by 
boiling tartaric acid with McOII (Gu6rin, A. 22, 
248). Prisms.— KMeA".— BaMe3A".^aq (Dumas 
a. P61igot, A. Ch. [2] 01, 200; [3] 5, 373). 

Di-methyl ether Me^A" [48°]. (280° 
I.V.). S.G. (liquid) 1-340. [a]D = 2*464 at 18° 
(Anschutz a. Pictet, B. 13, 1170; 18, 1399); 
»2-14 (Phillips a. Guye, C.R. 110,714). Yields 
an acetyl derivative [103®] [a]D=» —14° and a di- 
benzoyl derivative [ajj, = — 88-8°. 

Mono- ethyl ether EtHA". [90°]. 
Formed by dissolving tartaric acid in boiling 
alcohol (G. ; Marian, N. J. T. 13, 2, 43 ; Trorams- 
dorff, N. J. T. 24, 1, 11 ; Gu6rin, A. Gh. (2J 
62, 67). Very deliquescent prisms. — NaEtA". 
Powder, si. sol. alcohol (Mulder, B. 8, 370). — 
EEtA". S. 106° at 23-6°. Cplourless trimetrio 
prisms ; a:6;c = -288:1: -417.— C{fv‘EtA")a5aq.— 
Ba(EtA").3 2aq. S. 38 at 23°; 128 at 100°.— 
Pb(EtA").4.— Cu(EtA").3 6aq. Blue silky efflores- 
cent neeffles. — AgHA". Prisms. 

Di- ethyl ether (280° i.V.); (233° 

cor. at 197 mm.). S.G. 1-2097; 1-2019. 

[a]D»9 at 18°- (Anschutz a. Pictet, B. 13, 1176); 
7-22 at 12°; 8-02 at 20° (Perkin, 0. J. 61, 
868). M.M. 8-766 at 14*8°. Liquid miscible 
with water (Demondesir, A. 80, 301). Sodium 
forms 00,Et.0H(0Na).CH(0H).C0.,Et and 
CO,Et.CH(ONa).CH(ONa).COjEt, the latter 
bdng converted by EtCl into a deposit and a 
licoid, part of which is soluble in alcohol and 
emer and part insoluble in alcohol and ether 
(Mulder. R. T. C. 8, 875; 9, 238; 10, 171; c/. 
Oohn, B. 20, 2003). The soluble product mix^ 
with aleohoUo CuGL^ and poured into water forms 


a pp. crystallising in light-green needles, sol. 
alconol and ether, insol. water and GuO,a^40,i. 
Tartaric ether is converted by treatment with 
gaseous HCyO into allophanyl-tartaric ether 

NH,.CO.NH.CO.O(C4H,EtA) [188°], which is 

m. sol. hot water and alcohol. 

Acetyl derivative of the ether 
CO^t.CH(OAc).CH(OH).C02Et. Formed from 
the ether and AcCl, the mixture becoming hot 
(Perkin, C. J. 20, 145). Heavy oil, si. sol. water, 
insol. saline solutions. Neutral to litmus. 

Di-acetyl derivative of the ether 
CO,Et.CH(OAc).CH(OAc).CO,Et. [67°]. (298°) 
(Pictet, B. 14, 2790) ; (230° at 100 mm.). Formed 
by heating tartaric ether with AcCl at 100°(Perkin ; 
Wislicenus, A. 129, 187). Prisms (from water), 
v. si. sol. water. Slowly saponified by KOHAq. 

Acetyl-benzoyl derivative of the 
ether CO,Et.CH(OAo).CH(OBz).CO.pLt. Formed 
by heating the mono-benzoyl derivative of the 
ether with AcCl at 150° (Perkin). Heavy oil. 

Mono-benzoyl derivative of the 
ether CO^t.CH(On).CH(OBz).CO,Et. [64°]. 
Formed by heating the ether with BzCl at 100°, 
Prisms, si. sol. hot Aq. Saponified by alcoholic 
potash yielding C,U,(OIJ)(OBz)(C02Et).CO,K, 
CJI^(0H)(0Bz)(C0.^iv)2, and finally, potassium 
tartrate. C,n,,(OH)(OBz)(CO,Et).CO,H forms 
tufts of needles, si. sol. \gater. 

Di-benzoyl derivative of the ether 
[a]i>» -60° (Phillips a. Guye, 0. B. 110, 716). 

Di-n-propyl ether Pi\,A". (303° i.V.). 

S.G. il 1-1392. [a]^ - 13-77 at 18° (A. a. P.) ; 
= 12-44 (P. a. G.). 

Di-isopropyl ether Pr.,A". (275°). S.G. 

1-130. [a]^ = 14-89 at 20° (Pictet, J. 1882, 

856). Liquid. 

Di-isobutyl ether (Pr.CIIJ^iA". [68°]. 
(324°). S.G. 1-015. [a]D = 19-9° (P.). 

Yields a dibcnzoyl derivative [a]i>= —42°. 

Isoamyl ether (CjHjJIIA". Formed by 
digesting t-artaric acid (150 pts.) with isoamyl 
alcohol (88 pts.) at 130° (Balard, A. Ch. [3] 12, 
309; Breunlin, A. 91, 314). Nodular mass, with 
very bitter taste. — KGjII,,A"aq. Crystalline. — 
NaCjHjjA". Nodules. — Ba(C4li,,A'% 2aq : 
pearly plates (from water).- -Pb(CjH,,A'%. — 
Ca(C5H,,A")2.— AgCj,H,,A". Tufts of needles. 

Di -acetyl derivative i.e. 

CO,H.CH(OAc).CII(OAg).CO.,H. [o]d - - 23-14 
(Phillips a. Guye, C. R. 110, 716). Formed 
slowly from the anhydride by the action of water. 
Hard deliquescent crystals (containing 3aq), 
melting at 68°. V. sol. water, alcohol, and ether, 
si. sol. benzene. Lssvorotatory. Its salts form 
lievorotatory solutions (Colson, Bl. [3] 7, 806 ; 
C. R. 114, 417). Converted into tartaric acid 
by hot KOHAq. — KHA"; crystalline powder. — 
BaA"; slender deliquescent needles. — CaA".— 
CuA", — AgjA": white crystalline mass.— 
Ethylene -diamine salt CHH„0«(N2HgC^H4). 
Laevorotatory. V. sol. water. 

Anhydride of the di-acetyl deriva- 
tive CgHgO,. [127°]. Formed by heating tar- 
taric acid with AcCl (Ballik, Site. W. 29, 26 ; 
Pilz, Sitz. W. 44 [2] 7 ; Perkin, C. J. 20, 149). 
Slender x^edles (from benzene). Dextrorota- 
tory. 

Benzoyl derivative C,|Hig07»u9. 
COja.CH(OH).OH(OBz).CO,H. Formed by 
beating tartaric acid wiUi benzoic acid at 150^ . 
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(fieisai^es, X Ph. [3] 83, 47). Minate crystals, 
V. sol. water, si. sol. alcohol.— Ag^A" : white pp. 

Di-bemoyl derivative O,„n, 40 , i.«. 

CO^.CH(OBz).CH(OBz).COaH. [90°J. 

[a]D=o -116° in alcohol. Formed by dissolving 
its anhydride in hot water. Needles (contain- 
ing aq). Converted by heat into a crystalline sub- 
stance melting at 132°. 

Anhydride [174°]. [a]t,-113° 

in acetone at 18°. Formed by heating tartaric 
acid with BzCl. Small needles, insol. cold water, 
sol. alcohol, benzene, and alkalis. Dextro- 
rfttatory. 

Di-nitroxyU derivative 
CO,H.ClI(NOa).CII(NOj.CO,H. Kitrotartaric 
acid. Formed by dissolving tartaric acid (1 pt.) 
in IlNOj (lA pts.), and stirring with an equal 
volume of H.SO^ (Dcssaignes, A. 82, 362; 8'd, 
330). The crystals are dried and crystallised 
from ether (Kckule, A. 221, 215). Silky prisms, 
decomposed by hot water, forming oxalic and 
tartronic acids, CO.., and NO. Alcohol contain- 
ing IINOa forms di-oxy-tartaric acid. Ammo- 
nium sulphide reduces it to tartaric aci<l. — 
(NHJIIA". — Ay..\"aq. V. sol. water. — Kt^A". 
[46°]. S.G. -- 1-278. Forjned by dissolving 
tartaric ether in a mixture of IlNOj and II.HO, 
and ppg. with water. 

Amide C.J1,0„(CC NIIJ.^. Formed by pass- 
ing NH3 into an alcoholic solution of the ether, 
or of its di-acetyl derivative (Demondcsir, A. 80, 
303; Pasteur, C. It. 35, 176; Grote, A. 130, 
202 ; lluhemann, B. 20, 3366). Trimetric crys- 
tals (from water), v. c. sol. water. Dextrorota- 
tory. 

Amic acid C,n,NO-, i.e. 
COJI.CH(OH).Cn(()li).CO.NH,. Formed by 
passing Nil, over tartaric anhydride moistened 
with alcohol (Laurent, Compt. Chvii. 1845, 153). 
Formed also, together with tartaric acid, by 
heating tartaric ether with NH.,Aq at 100^ 
(Grote). Syru]). - CaA'2 Caq : tetrahedra, v. sol, 
water.— Pb,(C,H, NO,,).,. ~ Da A'„ 8aq.— EtA'. 

Anilide G,,H,6,(CO.NHPh).,. [250°]. 

Formed by boiling anihno with tartaric acid 
(Polikier, B. 24, 2050). Pjarly scales, insol. 
water, si. sol. other solvents. Yields mono-, di-, 
and triau'ctyl derivatives, melting at 227°, 216°, 
and 137° respectively. 

Bhenyl-aviic acid C, oil., NO, i.e. 
C02H.Cn(OH).CH(OH).CO.NllPh. [180°]. 
Formed by boiling the phonylimidc with N IJ^Aq 
(Arppe, A. 03, 352). Plates, v. sol. watt r and 
alcohol. — BaA'ji spangles, m. sol. liot water. — 
AgA' : white powder, v. si. sol. water. 

Phenylimide C,oIIyN04 i.e. 

with the anilide, by heating tartaric acid with 
aniline at 150°. Pearly plates, v. sol. water. 

Di-o-toluide CM,0,{CO.mi.CJi,Me).. 
[183°]. White plates, insol. water ^(Bischoff, 
B. 23, 2049). AcjO at 140° yields a di-acetyl 
compound [222°]. 

Di-p-toluide €.2H40.2(CO.NH.CoH,Me).2. 
[264°]. Got by heating ^-toluidine with tartario 
acid at 185°, Silky needles (froiQ alcohol). 
Converted by Ac^O into a di-acetyl derivativo 
[ 202 °]. 

Hydraeide 

{188^. Formed from tartaric ether and hydra- 


sine hydrate (Yon Bothenbnrg, B. 26, 2657). 
Needles, si. sol. alcohol. Converted by benzoio 
aldehyde inid 0.;a.(0H).2(C0.N.2H:CHPh), [225°], 
crystallising in yellowisn plates (from alcohol). 

Lsevo- tartario acid 

C 0 .,H.CH( 0 II).CH( 09 ).C 0 . 2 H. Anti^tartatic 
acid. [170°]. Wlien a solution of racemic acid 
is divided into two equal parts and one is 
neutralised by ammonia and the other by soda, 
and tho solutions mixed and allowed to evapo- 
rate, hemihedral crystals of Nii(NII 4)C4 H,Ob are 
obtained. Half of these crystals have the 
liemihedral faces ojqiositcly situated to those of 
the other half ; ami on carefully selecting the 
two kinds of crystals (tho solutions of which 
exhibit equal and oii])osito ai tion on polarised 
light), ppg. their solutions by lead nitrate, and 
decomposing the lead salts by ll.S or 
solutions are obtained whieh on evaporation 
yield crystals, the one of dexlro- and tlio other 
of hevo- tartaric acid (Pasteur, .1. Cli. [3] 28, 56). 
If in a Boluti- I'of sodium ammonium racemate 
of S.G. 1’26 a crystal of tho dextro- salt be put on 
one side and one of tho lawo- salt be put on the 
other side of tho vessel, tho tw^o salts will crya- 
talliso separately (Jungfleiseh, Ji- l‘h. [5] 5, 
316). Tho separation of sodium ammonium 
raeeinato into the dextro- and hnvo- tartrates 
docs not take place if tho solution is healed to 
118° in a seale<l tube and allowed to crystalliso 
without acee.ss of air (Mitduit, JU. [2] 46, 54). 
According to Wyrouhol'f {C. li. 102, 627), tho 
8[)liUing up of tho sodium ammouiun^racemato 
depends upon strength of solution and tempera- 
ture only. 

Laivo-tartaric acid is exactly like dextro 
tartaric acid in solubility and S.G. Its crystals 
arc like tho rellection of those of tho dextro* 
acid. The two acids [ire oppositely pyro-eloctrio. 
Solutions of tho la5vo- acid exhibit an effect on 
liglit equal .and opposite to that produced by ' 
solutions of tho dextro- acid of like strength. 
When cone, solutions of equal quantities of tho 
dextro- and hevo- acids are mixed, heat is given 
out and racemic acid separiitca. Tho salts of 
tho hevo-tartario acid have tho same amount of 
water of cry8talli.sation, and tho same crystal- 
line form as tho salts of dextro- tartaric acid. 
They exhibit opposite hemihedry, opposite rota- 
liun, and arc oi)positely pyro -elec trie. Differ- 
ences aro observed between tho compounds of 
the two acids with optically active substances. 
Acid ammonium .(active) njaluto combines with 
acid amrnoniifln dextro- (but not hnvo-) tartrate. 
Cinchonine hevo- tartrate C,,,H2..N2004H,0u con- 
tains aq, wliile the dcxtro-tavtiate contains 4aq. 

JJi-methyl-ether Mc.A". [48°]. (160° 

at 16 mm.). Lcevorotatory (Anschutz, D. 18, 
1308 ; A. 247, 112). 

Di-acetyl derivative 'of the dU 
methyl ether 

CO,Mc.CH(OAo).CII(OAc).CO,Mc. [103°]. 

[a]„« —1*3 (in u 3-6 p.c. solution in alcohol of 
S.G. -826). Formed by heating Me^A" with 
AcGl. Monoclinio plates (from benzene) ; 
a:6:c = l'052:l:l'007 ; /i = 87° 64'. On mixing 
with the corresponding dextro- compound itfonat 
tho isomeric racemic compound [86°], 

Amide 04 H 404 (NH 2 ) 2 . Combines with the 
amide of active malio acid, forming needlef^ & 
more than 33. 
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Baoemlo acid C 4 HaO«. Paratarta/rio add, 
P06®] (BIflchoflf, B, 22, 1812). S.G. {ol 
I 1*778: (ol H^A^aq) 1*687 (Borkin, O. J. 
61, 866): S. (of 8*16 at 0®; 18 at 20®; 

187*8 at 100®. S. (of HjA" aq) 9*23 at 0® ; 20*6 
at 20®; 184-9 at 100® (Liedie, O, R, 96, 87). 
Heat of solution at 9®:' —6675 (for HjA") ; 
-7066 (for HjA" aq) (Pickering, 0. J. 61, 367). . 
H.O. (for HjjA") 1,861,190 (Ossipofif, C. B, 108, 
1106). H.F. (for HjA" aq) 278,400. Acid potas- 
sium racemate either occurs sometimes in crude 
argol, or is produced therefrom in the purifica- 
tion processes (Eestner; Jungfleisch, 0. B. 85, 
806). On crystallisation of cream of tartar, 
acid potassium racemate remains in the mother- 
liquor. 

Constitution. — Assuming racemic acid to bo 
a compound of the dextro- and Imvo-tartaric 
acids, its formula must be at least 

Formation, — 1. By mixing solutions of dex- 
tro- and liBVO- tartaric acids.— 2. By heating 
tartaric acid (30 g.) with wate*> (4 c.c.) for 30 
hours at 176° (Jungfleisch, Bl. [‘2j 18, 203). — , 
8. B^ heating the dextro- or lasvo- tartrate of 
quinine or cinchonine at 170° (Pasteur, A. 72, 
164; 84, 88, 211).— 4. By heating tartaric 

ether. — 6. By heating inactive tartaric acid at 
200° or by boiling it with HClAq (Dessaignes, 
Bl. 1865, i. 34). — 6. By oxidation of fumario 
acid by aqueous KMnO^ (Kekul6 a. Anschutz, B, 
18, 2160; A. 226, 191 ; cf. Tanatar, B. 12, 2293). 
7. By the action of HNOj on laavulose, raucio 
acid, and inulin; and, together with tartaric 
acid, by«ilie action of HNO^ on milk sugar, cane 
sugar, saccharic acid, dulcite, and mannite (Car- 
let, Rip. Chim.pure, 2, 346 ; 4, 17 ; Hornemann, 
/.jpr. 89, 283). — 8. Together with inactive tar- 
taric acid by boiling silver di-bromo-succinate 
with water (Perkin a. Duppa, C. J. 13, 102; 
Pasteur, A, Suppl. 2, 242 ; Jungfleisch, Bl. [2] 
19, 198). — 9. By boiling silver iso-di-bromo-suc- 
cinate with water (Demuth a. Meyer, B. 21, 2G8). 
10. By boiling glyoxal with dilute HCy and 
HCl (Schdyen, A. 132, 168; Strecker, Z. [2] 4. 
216).— 11. By the action of zme-dust (2 mols.) 
and dilute HOAc (3 mols.) on glyoxylio acid 
(1 mol.) at 100® (Genviesse, Bl. [3] 7,225 ; 0. B, 
114, 665). — 12. From piperic acid, sorbic acid, 
and OHO.CH:CH.OH:CH.COaH by careful oxi- 
dation with dilute KMnO^ below 4° (Doebner, B. 
28, 2374). — 13. By heating a solution of desoxalio 
acid (L6wig, J, 1861, 606 ; Klein, J, pr, [2] 20, 
167). 

Preparation. — Sodium ammonv;im racemate, 
got from the mother-liquor from which cream of 
tartar has Bopp.rated, is treated exactly in the 
same way as cream of tartar in the preparation 
of tartaric acid. The small 6paquo needles of 
racemic acid can be separated by handpicking 
from the large, transparent crystals of tartaric 
acid. 

Properties, — Triclinio crystals (containing 
aq); a:6:c- •484:1; -806; a«120°; i8 = 96° 19'; 
<y«76° 6' (Do la Provostaye, A, Ch. [3] 3, 131). 
Slightly efflorescent. Gives oil aq at 100®. Less 
soluble than tartaric acid. In dilute solutions 
of racemic acid the lowering of the freezing-point 
is the same as with an equal weight of tartaric 
acid (Baoult, Z. Ph. 186). Absorption of a 
aoln^n of racemic acid by filter paper does not 
foparate the dextro- and l»vo- acids (Maroh- 


lewski, B. 26, 988). A solution of sradomid 
acid is ppd. by OaSOi (unlike tartario acid). 
Calcium racemate is insol. acetic acid (un- 
like calcium tartrate). NH^Ol does not hinder 
the ppn. of calcium racemate. When heated 
above 200° racemic acid yields' the same products 
as tartaric acid. By various ferments {e.g, Peni- 
dllium glaucum) racemic acid, when free or as 
acid ammonium salt, is converted into tartario 
acid (Pasteur ; cf. E. Mulder, R, T. G, 1, 231). 
A solution in HNOj (S.G. 1-52) poured into half 
its volume of 11^804 deposits the crystalline 
C.^,(O.NO.j2(CO,H),, (Dessaignes, J. Ph. [3] 32, 
46). AcCl converts racemic acid into di-acetyl- 
racemic anhydride 62112(0 Ac) ^CaOj [123°]. Ka- 
cemic acid and its salts are inactive to 
light. 

Salts (Fresenius, A. 41, 1; 63, 230). — 
(NHJ.^A". Trimetric prisms ; a\h:c = *509:1: *847. 
V. sol. water, nearly insol. alcohol. Give off 
NH, in air.— (NHJIIA". S. 1 at 20°; less sol. 
boiling water. Mouoclinic prisms. Beddens 
litmus. — K2A" 2aq. Six-sided tables. S. 103 at 
25®. Nearly insol. alcohol.— KHA". S. •65 at 
19°; *7 at 100°. Insol. alcohol.— K(NH4)A". 
Striated prisms.— Na2A". S. 38 at 25°. Trime- 
tric prisms. Insol. alcohol. — NanA"aq. S. 9 
at 19°. Monoclinic prisms (from water). Ppd, 
from aqueous solution by addition of alcohol.— 
Na(NH,)A"aq. S.G. l*74(y (Wyruboff, A. Ch. [6] 

0, 229). — NaKA" 4aq. S. 47 at 6° (Fresenius, A. 
53, 230). — NaKA"3aq. Monoclinic crystals 
(Wyruboff, A. Ch. [6] 9, 232).— IlbA".-CaA"4aq. 
Acicular prisms (Anschutz, A. 226, 191). — 
BaA"2^aq. S. *05. Crystalline pp. — SrA"4aq. 
— TIA" (De la Provostaye, A. 126, 79). — 
LiTlA" 2aq (Wyruboff).- -NaTlA" 2aq. S. 25 at 
25®.— MgA" 6aq. S. -85 at 19°.— CdA" (Sohiff, 
A. 104, 326). - PbA" (dried at 100°).— Pb20,H204 
(Krug, J, 1861, 367). — CuA"2aq. Pale-blue 
needles, sol. alkalis and solution of NaaCOj. — 
Na20uC4H20o 4aq. — MnA" aq. — NiA" 5aq. — 
NH4(ABO)A"iaq. S. 9-4 at 16®. Efflorescent 
crystals.— K(AsO)A"l^aq. S. 13 at 16°. De- 
composed by hot water with liberation of AS2O3. 

‘ — Na(A80)A"2^aq. S. 7 at 19®. Non-efflorescent 
white crystals (Werther, J. pr. 32, 385). — 
K(SbO)A" ^aq. Monoclinic prisms. — AgjA". 
Shining scales, less sol. Aq than silver tartrate. 

Mono-methyl ether ULoKk!'. Formed by 
evaporating racemic acid with MeOH (Gu6rin- 
Varry, A. Ch. [2] 62, 77; A. 22, 252). Kect- 
angular prisms, v. e. sol. cold water. Decom- 
posed by hot water into the parent substances. 
— KMeA'^aq. Prisms.— Ba(MeA")2 4aq. Mono- 
clinic prisms. — AgMeA". Pp. 

Di-methyl ether Me^A". [85®]. (282® 

1. V.), Formed by mcthylation of racemic acid, 
and also by mixing equal weights of the di- 
methyl ethers of the Isbvo- and dextro-tartaric 
acids (Anschutz a. Pictet, B. 13, 1178 ; 18, 1397 ; 
A. 247, 116). Monoolinic crystals ; optically in- 
active. Yields a di-acetyl defivativa 
0aHa(0Ac)2(C0j,Me)3 [86°] in trimetric crystals ; 
a'.h'.e » *8096:1: *6728. Tl]^s compound, examined 
by Baoult’s method, has the same molecular 
weight as the di-acetyl derivative of di-methyl 
tartrate. 

Mono-ethyl ether EtHA". Deliquescent 
prisms, y. sol. alcohol. Inactive to light-** 
KEtA^aq.— Ba(EtA").2aq.— AgEtA". Priflznfr 
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(238<» oor. at 197 
mm.) S.G. If 1*2098 ; II l-202i. M.M. 8-769 at 
16*5'^ (Perkin, C. J. 61, 364). Yields an oily 
acetyl derivative and a di*acetyl derivative 
C2H,(OAc),(CO.^t)2, [61®] (230® at 100 mm.). 
BzOl forms C.;El,(OH)(OBz)(CO.,Et), [67®]. The 
compound CjtH2(0Et)a(C02Et)2 (147® at 15 mm.) 
is formed from di-bromo-succimc etlier [58®] and 
NaOEt (Michael, J. pr. [2] 40, 234). Ag,A".— 
AgHA". Monoclinic, a:b:c *» *721:1; *809 ; /3 = 70® 
lO'. 

. Inactive tartaric acid 


OOjH.CH(OH).CH(OH).CO..n. Mcsotartaric 
add. [140®-143®]. S. 125 at 15®. 

Formation. — 1. By heating cinchonine tartrate 
or racemate for several hours at 170° (Pasteur, 
A. 88, 212). The product is mixed with CaCL, 
which ppts. calcium racemate, and the filtrate 
slowly deposits calcium inactive tartrate. — 2. By 
boiling tartaric or racemic acid for 400 hours 
with HClAq (Dessaignes ; Pasteur, Bl. 1802, 
107). — 3. By heating tartaric acid (30 g.) or 
racemic acid w-ith water (4 c.c.) for 2 days at 
165®. Separated by means of its very soluble 
acid K salt (Jungtioisch, BL [2] 19, 101). — 4. A 
product of the action of HNOj on sorbin (Dcs- 
saignes, C. R. 65, 7G9), erythrite (PrzybytcK, B. 
17, 1412 ; Bl. [2] 43, 12G) and glycerin.-5. By 
oxidation of Irevulose (Kiliani, B. 11, 2530). — 
6. By oxidation of phenol by alkaline KMnO^ at 
0® (Doebner, B. 24, 1755).— 7. A product of the 
action of moist Ag.p on di-bromo-succinic acid. 
8. By the action of nitrous acid on di-amido- 
succinio acid (TiChrfold, B. 14, 1819).— 9. By 
oxidation of maleic acid by alkaline KMnO* 
(Kekul^ a. Anschutz, B. 14, 713). 

Prqpcr/ic5.— Prisms (containing aq). Loses 
its aq at 100® ; at 200® it yields pyrotartaric 
and racemic acids. Prolonged boiling with 
HCl aq converts , it into racemic acid (Dos- 
saignes). The conversion is also elToctcd by 
heating the acid with a little water at 175®. 
The ether is converted by AcCl into 
crystallising in silky 

Salts KHA". Needles. S. 12-5 at 19®.— 


0.^,(0Ac)2(C02Et)j [48®], 
needles. 


RbHA"4aq. - Rb,A"aq. — RbNaA" 2>q. — 
CaA" 3aq. S. *17 at 100®. S. (HOAc) -028 
at 18® ; *085 at 100®. — PbA" aq : amorphous 
pp. — ZnA"2aq (dried at 110®). — TIHA". — 
Tl;iA"~NaTlA" 2_Uq. -Ag.,A" aq : white pp. j 

Metatartaric acid (O^H^Os)!. A deliquescent, | 
glassy mass, v. sol. water, obtained by melting : 
tartaric acid (Braconnot, A. Ch. [2] 68, 299 ; j 
Erdmann, A. 21, 9 *, Laurent a. Gorhardt, A. 
70, 848). It is sometimes formed when a 
solution of tartaric acid is evaporated over .a 
water-bath (Grosjean, C. J. 43, 334). Converted 
by boiling water into tartaric acid. 

Salts. — (NHJHA". Minute needles. More 
soluble .than the acid ammonium tartrate. Its 
solution is ppd. by CaCl^ aud NH,Aq only when 
highly concentrated. CaA" 4aq. Minute len- 
ticular grains, sol. dil. HClAq, converted by 
boiling water into calcium tartrate. 

Ditsrtarie acid 0„H,oO„. An anhydride of 
tartaric acid, got by heating tartaric acid at 170® 
till it is no longer ppd. by lime-water (Frcmy, A. 
19, 197; 29, 142 ; 78, 297). Amorphous and 
very ^liquescent. Sol. alcohol, insol. ether. 
Its sal^ are amorphous, v. sol. water, and ppd. 


by alcohol. They are oonverted into meta- 
tartrates, and finally into tartrates, by boiling 
watcr.-CaA '. -BaA". -PbA".--OuA".-^ Ag,A". 

V. sol. water (Sohiff, A. 126, 129). 

Ethyl ether Et^A". Fat-like solid. 

Tartrelio acid (1,1140,. Soluble tartaric 
anhydride. Formed by quickly heating small 
quantities of tartaric acid till the fused mass 
swellsup. Yellowish deliquescent mass, sol. water, 
forming an acid solution, from which CaCl, ppts. 
CaA', as an amorphous mass, which becomes 
crystalline on adding alcohol. Tartrelio acid is 
converted into tartaric acid by boiling water. 

Insoluble tartaric anhydride 04H40a. 
Formed by heating tartaric acid for some time 
at 150® and exhausting the product with cold 
water. Powder, insol. water, alcohol, and ether. 
Converted by hot water into tartaric acid. 

TARTRONIC ACID CJI,0, i.e. 
CH(OH)(CO..H)^. Oxy-malonic acid. Mol. w. 
1*20. [187®]‘. ATcaf of solution -4331 (Gal a. 
Werner, Bl. i2] 4'6, 803). 

Fonnaiion. — 1. By spontaneous decomposi- 
tion of nitro-tartaric acid in aqueous solution 
(Dessaignes, G. R. 34, 731 ; 38, 4;V. - 2. By the 
reduction of mcsoxalic acid by sodium-amalgam 
(Baeycr, J. 1804, 611).- 8. By the action of 
Ag,0 on bromo-malonio acid (PetriefT, B. 11, 
414). — 4. By boiling chloro-malonio ether with 
KOIIAq, tho yield being 25 p.c. of the tlieoretical 
amount (Conrad a. Bischoff, A. 209, 222). — 

6. From di-bromo-pyruvic acid and baryta- 
water at 40® (Grimaux, B. 10, 903). -Ml. From 
glyoxylic acid by treatment with KCy, the re- 
sulting nitrile being saponified (Bottingor, B. 14, 
729).— 7. A product of tho action of alkaline 
cupric solution on glucose (Claus, Z, [2] 6, 16*2 ; 

A. 147, 111).— 8. By slow oxidation of glycerin 
(Sadtlcr, B. 8, 146G ; Campani a. Bizzari, 0. 12, 
1).— 9. By heating sodium carboxy-tartronate • 
(Gruber, B. 12, 614). 

Preparation. — 1. By boiling tho di-nitrate of 
tartaric acid (20 g.) with alcohol (GOg. of S.G. 
*925) (Demole, B. 10, 1778).-- 2. By warming 
tri-chloro-Iactio ether CCl ,.CH(OH).C02Et with 
a 10 p.c. solution of NaOTIAq (6 mols.), neu- 
tralising with HOAc and ppg. with BaCl, (Pinner 

B. 18, 752, 2852). 

Properties. — Prisms (containing |aq), v. sol. 
water and alcohol, si. sol. other. After drying 
at 100® it loses its water of crystallisation and 
becomes v. sol. ether. Massol {G. R. 114, 422) 
obtained anh;^lrou3 crystals [155®]. Decomposed 
by fusion, yielding COj and glycolide 02H,02. 
Reduced by HlAq to malonic acid. 

Salts.— NajA" (dried at 100®). V. sol. 
w'ater. — KjA" aq. — (NH^jA". Needles. — 
»‘(NH4)HA'', Yields glycollio amide on heating. 
— ^BaA" 2aq. Micro-crystalline ppwder, v. al. soL 
water (Pinner). — BaA" aq (G.). — CaA"2iaq (P.). 
—CaA" aq (C. a. B.).— CdA" — PbA" (dried at 
120®).— MnA".— Ag^A''. Needles (from hot Aq). 

Ethyl ether Et^A". (c. 224®). Heavy 
oil (Freund, B. 17, 786 *, Pinner). 

The acetyl derivative GH(OAo)(OOJEt)s 
(c. 161® at GO mm.), S.G. 1*131, U fonned 
from hromo-mAlonio ether and EOAo in EtOH 
at 60° (Conrad a. Briickner, B. 24, 2997). Bv 
converts it into mesozalio ether C(OH) 2 (OO^t), 
[67®]. 
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Amide OH(OH)(CO.NHj),. [196% Six- 
tided plates, m. sol. not water. 

Amic acid COaH.CH(OH).CO.NHa. [160% 
Formed by boiling sodium dialurate with water 
(Mcnscbutkin, A, 182, 82). Needles, si. sol. 
cold water. Converted by nitrous acid into 
glyoollio acid. — KA-'aq. — BaA'.^aq. — PbA'j J)aq. 
Needles, v. sol. hot water. — AgA'. Needles. 

Phenyl derivative CH(0Ph)(C02H)2. 
Formed by saponification of its ether 
CH(0Ph)(C02Et), (230^-240^ at GO mm.), which j 
is got from bromo-malouic ether, phenol, and j 
NaOEt (C. a. B.). At 190° it forms ' 
CHJOPh).CO.H. 

TABTRONYL-UEEA v. Duluuio acid. 

TAURINE C..T1,NS03 i.e. 

CH2(NH.J.CH2.B03U. AmidO‘Cthane euli^hnnic 
acid. Mol. w. 125. S. 0-5 at 12°. TI.F. 185,700 
(Berthelot a. Matignon, A. Oh. [0] 22, 182). Ob- 
tained by the action of acids and alkalis on tan- 
rocholio acid (Onielin, Ticdcmmin a. ChneUn's 
Die Vcrdauung, 1, 43; Doinar^ay, .4. 27, 280; 
Dumas a. Polou'/o, A. 27, 202; Jledtonbacher,* 
A. 57, 170; Stieckor, A. 05, 132 ; 07, .34; 91, 
101). Occurs in tlio free state in putrid bilo 
and in the •^nusclcs of the oyster, in shark’s 
blood, in the liver, spleen, and kidneys of the 
ray, and in the lungs of oxen (Valenciennes a. 
Fremy, C. B. 41, 735; Stiidelcr a. Ererichs; 
Cloetta, A, 09, 289). Formed also by heating 
/3-chloro-othauo sulphonic acid with NII.,Aq at 
100° (Kolbo, 2. 122, 33), and by the action of 
SOj on v^nylarnino (Gabriel, B, 21, 2007). Pre- 
pared by evaporating ox-bile with dilute HCl at 
100°, decanting from a resin, allowing to crys- 
tallise, and re-crystallising from water. It may 
be purified by means of the lead salt. 

Properties. -Transparent crystals, m. sol. 
water, insol. alcoliol. Neutral to litmus. Not , 
. molted below 240°. Converted by nitioiis acid j 
* into isethionio acid (Gibbs, Am. S. [2J 25, 30). 
Decomposed by potash-fusion. 

Balts. — NaA'. Very deliquescent (Lang, PZ. 
[2] 25, 180).— CaA'j. siendor noodles, v. o. sol. 
water.— PbA'j. Noodles, v. o. sol. water.— 
Pb,A',(OH).^-CdA'... -lIgAV-ng..A'.,0 (Engel, 
Bl. [2] 23, 632).— AgA'. 

Benzoyl derivative NHBz.O..U^.SO,TI. 
Formed by heating ja-phcnyl-thiazolo tetrahy- 
dride with HOI and bromino-wator (Gabriel a. 
Ileymann, B. 23, 159). Syrup. — AgA'. Spheri- 
cal groups of plates. 

Phthalyl derivative 
(08nA):N.CH,.CII,.S03H. Got* by oxidising 
di-phthalimido-di-o*thvl-disulphido with IINO3 
(S.G. 1*26) (Gabriel,* B. 24, lllG). Cry.stals 
(containing l.||aq), sol. EtOAo^ Tastes bitter. 

Imide C,H,<g^>. [45°-50°]. Prepared 

from /3 - ohloro - ethane - sulphonic chloride 
CH3CI.OH3.SO..CI by treatment with ammonia 
(James, C. J. 49, 491). Solid, resembling gum 
arabio ; bitter in taste. V. si. sol. cold, v. sol. 
hot, water, insol. alcohol and ether. Ppd. HgO 
appears to form the compound (03H,SOoN).Hg. 

Ethyl-taurine v . Ethyl-amido-bthans sul- 
tBonio Aom. 

Methyl-taurine v. Mbthyl-auido-exhanb 
•ULPHOMIC Acm. 

TAUROCHENOCHOLIO ACID a.H,,NSO,. 
Pneurs as E and Na salts in goose-bile (HeinU 


a. Wislicenus, P. 108, 647; Otto, A. 149, 103), 
Amorphous, soL water and alcohol. Decomposed 
by boiling with baryta or potash into taurine 
and chenocholio acid. — NaA'aq (dried at 110°). 
Small tables. Its aqueous solution gives pps. 
with CaClj, AgNOj, and lead subacetate, but not 
with lead acetate. 

TAUROCHOLIC ACID O. ^H.^NSO,. Occurs as 
Na salt in the bile of most animals (Strecker, 

67. HO; 70, 1G9 ; Hiifner, J. pr. [2] 19, 302; 
Copeman a. Winston, J. Physiol. 10, 213).^ Ob- 
tained by ppg. with lead acetate, filtering froin lead 
glycocholato, and ppg. lead’taurocholate by lej*d 
subacetate. Deliquescent silky needles, v. sol. 
water and alcohol, m. sol. ether. Dextrorotatory, 
[a]„=s:25° (Xloppe-Seylcr, /Irc/t. Path. Anat. 15, 
126). Boiling water splits it up into taurine and 
cholic acid. Antiseptic, and ppts. albumen com- 
j>letely from its solutions (Maly, M. 4, 89). 

Halts. — NaA' (dried at 120°). Ppd. by alco- 
hol in an amorphous state, rendered crystalline 
by ether.— KA'. Needles, resembling wavcllite. 

TAUROCYAMINE C,H,,N .SO^ i.c. 

I NH;C(NH,).NH.CIL.CH,.SO>I. [226°]. S. 4 at 
21°. Formed by heating taurine with cyan- 
amide (1 mol.) and water at 110° (Engel, B. 8, 

! 1697; Dittrich, J.pr. [2] 18, 63). Small white 
! prisms, v. sol. water, insol. alcohol and ether. 
From cold water it crystajlises with jup 

TAXINEC,;H,,NO,„. [82°J. Obtainodfromthe 
! leaves, twigs, and fruit of the yew [Taxus baccata) 
j by extracting with other (Lucas, Ar. Ph. [2] 86, 
j 1*45 ; Van dor Ilarst, R. T. 0. 3, 279 ; Marm6, 
Bl. [2J 26, 417 ; Ililger a. Jlrande, B. 23, 464). 

I The ethereal solution is quickly shaken with 
acidulated water, and the solution ppd. by 
NHyAq. Crystalline. Gives off aromatic fiimos 
on molting. V. si. sol. water, v. sol. alcohol and 
ether, insol. bonzono. Cone. ILSO, gives a deey 
purple; Frohde’s reagent a reddish-violet colour. 
Gives yellow pps. with sodium phosphomolyb- 
date, I in Ivl, and potassium bismuth iodide. 
Insol. alkalis. The salts crystallise with diffi- 
culty. - 8 al 1 3 : IVHCl.— B'.,HjPtCl,. 
irilAuCl^.— B'Etl. 

TECTOQUINONE. [171°]. Obtained from 
teak resin or by the distillation of teak wood 
(Romanis, C. J. Proc. 4, 116). Amber-yellow 
cry.stals, sol. alcohol. Reduced by zinc-duat and 
IIOAo to C,gII;«. Yields a nitro- derivative and 
a brorno- derivative [165°]. 

TELLURATES. Salts of tollurio acid, 
HoTeO, {q.v., p. 619). The normal tellurates of 
roguovalent metals have the composition 
M./ro04.a:H^O ; there are also acid tellurates 
MHTcOj.xHjO ; and two classes of tetratellu^ 
rates, (1) M/re^Oin.xHp, which are soluble in 
water when M is au alkali metal, and (2) 
M/re^O,,, which are insoluble in water. The 
hydrated totratellurates may bo represented as acid 
ditcUurates derived from the hypothetical acid 
H.TeA; thus K,Te40,3.4H,0 = 2KHTe,0,.3HA 
Some acid salts may be represented as derived 
from hypothetical ditcllurio acid, e.g. 

PbTe,0, ( = PhTeO^-TeO,). 

The normal alkali tellurates are obtained by 
saturating H.jTe 04 with MOHAq or M^GOgAa 
and crystallising. Alkali acid tellurat^^ and 
hydrated tetratellurates, are obtained by inter- 
j actions of acids with the normal teUarates ; anhy- 
' droos (insoluble) te^tallnrataf ol the 
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metals are formed by heating the adid tell urates ; 
thus CKHTeO^ = K,Te,0„ + 2K,TeO* + 3H,0. 

Most of the other telluratoa are obtained from 
the alkali salts by double decomposition. 

The alkali tellurates, other than those of the 
form M„Te^O,s, are soluble in water; most of the 
other tellurates are insoluble or sparingly soluble 
in water. Tellurates generally dissolve easily in' 
HClAq; the solutions are not ppd. by wattr, 
but on boiling the solutions become yellow, {»ive 
off Cl, and then yield app. of H/IeOaOn addition 
of water. Acidulated solutions of tellurates are 
flowly decomposed by H.S, probably with p]>n. 
of ToSj (v. Telldiucm 8Uli>uides, p. (iof)). So- 
lutions of tellurates are slowly reduced by SO., 
more quickly on heating, Avith separation of Te. 
When tellurates are healed to redness they givo 
off 0 and form tellurites ; heated with K.COj 
and charcoal, they givo K.Tc. 

The tellurates have been examined chielly 
by Berzelius {P. 32, 577) ; and soino of them 
also by Opponheim {J, pr. 71, 207). 

Potassium tellurates. The normal salt 
K._,TcO^. 5aq is obtained by dissolving IL.TeO, 
and ICCO3, in the ratio lI /reOj:KXO.,, in hot 
water and crystallising ; also by dissolving j 
H/reO^ in excess of KOllAq, heating, and al- 
lowing to cool slowly. Crystallises in rhombic ' 
prisms, isomorphous# with K.SO, (Ilandl, J. j 
18G1, 2GG). The crystals become moi.st in air 
and form KlITcO^.xaq and K.^COj. The arid | 
salt 2KUTcO,. 3aq separates on ad<ling to I 
KjTeOjAq sufficient H^^SO^Aq, or other strong 
acid, to'rcmovo half the potassium; the salt is I 
crystallised from hot water. Tliis salt is slightly ! 
soluble in cold water, but much more soluble in 
hot water; when heated it is converted into j 
K^TeO^ and KToiOiv The tclrat'llurate 
K^^To^O,, is obtained, as a yellow powder, by i 
heating 2KnTc04. 3aq below redness and wash- i 
ing out K^TcO, in water. K/re,0„ is insoluble , 
in water, also in HClAq or HNOjAq except alter i 
prolonged boiling. The hydrated tetratdlurate j 
KjTe40,3.4H.0— Avhich may also bo regarded 
as an acid ditdluratG 2KUTc,.Of.i3n.O ~ is- 
formed by adding HXO^Aq, or another strong 
acid, to K,TeO,Aq in quantity to remove 
6K from 4K;reO^ (4KTcO.Aqf3HBO,Aq- 
K2Te40,j^Aq-t-3H.p 31v.SO,Aq), and cry.stal- 
lising. The salt is fairly soluble in cold water ; it 
is partly decomposed to KHTcO, ami U/rcO,Aq i 
by repeatedly crystallising in aqueous solution, j 

The following tellurates have been described 
(Berzelius, l.c. ; Oppenheim, l.c .) : Ammonium 
salts (NHJjTeO,, (NH4),Te,p,. (NHJjTeP,.,, 
obtained by ppg. solutions of the corresponding 
salts of K or Na with NH4CI. Barium salts 
BaTe04.3aq,BaIl,(Tc04)j.2aq,BaTo40,3, obtained 
by ppn. Cadmium salt CdTe04, obtained by 
ppn. Calcium salt CaTe04, obtaincjd by ppn. 
Lead salts PbT 0 O 4 , PbTej,0;, PbT 04 O,.i, by ppn ; 
a basic salt is also said to exist. Silver salts 
and several basic salts ^rAg.p.^TeO,. 
Sodium salts NaJleOt.xaqt NaHTe 04 .a;aq, 
NaHTe^O^araq, and Nft 3 Te 40 , 3 , obtained simi- 
larly to the potassium salts. Tellurates of AI, 
Cr, Go, Ou, Fe, Li, Mg, Mn, Hg, Ni, apd Sr have 
alro been describe, but oidy very superficially. 

M. M. P. M. 

TBLLVBHTBEIO AGIO HyTe ; 0 . Htdbooxn 
nubuniDi, voL ii. p. 727. 


TEILUBI 0 ACIl) H3Ted4 ; erysiolllses from 
solutions as H2Te04.2H30. 

Fonnation.—l. By oxidising Te ‘by agiia 
regia. — 2. K..Te04 is formed by the interaction 
of Cl with K TeOg.Aq, also by fusing TeOj with 
KNO3 or KCIO3. 

Preparation.— 1. A mixture of TeOj, KCIO,, 
, and KOH, in the ratio Te02;2KC10j:‘iKOH is 
I thoroughly fiisod ; the fnst^d mass is dissolved 
; in water and BaCl Aq is added ; the pp. of BaTeOi 
: is purified by rccrvs(alli:mtion from hot water, 
and is then dried at 100’; the dry BaTeO, ia 
I mixed with its own weight of water and one-fourth 
i its weight of cone. H Sl>,, and Imaled tilldecom* 

! position is coinplelr, when 1 ):lS(), is removed by 
j filtration, ami the filtrate is evaporated at 100*^ 
j to the crystallising point ; the crystals that sepa- 
j rate arc dried, powdered, washed repeatedly 
j witli alcohol to romovo H.SO,, and rccvysiallised 
from water (Oppenheim, J. pr. 71, 2{)7). Ber- 
ztdius (i'.28, 32, 1) fused TeO.^ with an equal 

weight of IVfCO., or NaGOj, dissolved in water, 
added KOII equal to the weight of TeOj, used, 
passed in Cl until the liquid smelt strongly 
thereof, ppd. by BaCl.Aq, and proceeded as clo- 
seribod above. --2. TcO.^ i» dissolved in HNOj,Aq, 
the solution ia boiled with ri»0_, and filtered, 
Pb is ppd. from tlio flllrato by II;;S04Aq, the 
filtrate from PbSO^ ia evaporated to dryness at 
1()(P, the rcaiduo is digested with alcohol and 
ether to removo H.SO4, and is then crystalliaod 
from hot water in vacuo (Becker, A, 180, 
257). 

Properties and }.lcaction3.- }^./Tv0^.2^lJO if 
obtained by slow crysttillisation in white, mono- 
clinic crystals, resembling gyi)siiin, S G. 2-9099 
nt 25-5° (Clarke, Am. S. [3] IG.'IOl). Wlien ob- 
tained by rapid evaporation H./reOj.2H.;0 ap- 
pears as a gia.ssy solid, Ilciited to 0. 130® 
lITeOi is obtained ; decomposition begins at 
little above 100^ to TeX), and H./), and at 0, 180® 
TeOj begins to decompose to TeO.^ and O, this 
decomposition being complete at c. 350® (Wills, 

! C. J. 35, 704). H,Te04 has S.G. 3-426 at 18-8® 

I (Clarke, l.c.). ri2're04.2H,/l ia slightly soluble 

; cold water; it is dissolved fairly easily by boil- 
' ing water; soluble in acid and alluili solutions; 
j almost, if not quite, insoluble in alcohol, 
j H./rc04 dis.solvcs very slowly in boiling water. 
Aqtieous .solutions of II/TcCh have a metallic, 
not a sour, taste ; they very slightly redden 
litmus. Thoinaeu (2'h. 2, 277) gives the fol- 
1 lowing TI.F.: [To,6»,Aq] - 98,380 ; [TeO'^Aa.O] 
21,200. If|Tc04 dissolves gradually in not, 
fairly cone. HClAq, with evolution of 01 and 
formation of H./TeO Aq. HjjToOiAq is not re- 
I duced by passing-HB into it, but if the solu- 
tion is saturated with and kept in a warm 
place, in a closed flask, for some time, the liquid 
becomes brown, and flakes, probably of ToS# (0. 
Tem-umum sulphides, p. C55), are deposited. 

H2Te04Aq reacts with alkalis to form salt! 
M,Te04 and MnTe04; salts of the forma 
MHTojO, end M^Te*©!, are also known (v. Tkl- 
LUUATEs, p. 648). M. M. P M. 

TELLITBIDsS. Any compound of Te with a 
single element more positive than itself is called 
B telluride. Tellurides of the heavier metals 
are generi^y formed by melting the metals with 
Te, also by passing BLTe into solutions of salts 
of the metals ; tellarides of E and Ka are formed 







hw heaiiog TeOg with K^CO, or Na,COa and 
oharooal ; xnanj tellurites and tellurates gire 
tellaride§ when heated in a curreitt of H. Te 
ppts. tellurides of Cu, Ag, and some other metals, 
by boiling solutions of salts of these metals with 
Te (Parkmann, C. G. 1862. 814). Tellurides of 
K and Na dissolve in water with a red colour ; 
this colour is duo cither to poly tellurides or to 
the presence of traces of oxides according to 
Pomargay {Bl. [2] 40, 99). Borthelot a. Fabre 
{C. B. 105, 92) obtained colourless solutions of 
alkali tellurides by passing pure H^Te into solu- 
tions of alkalis ; a trace of 0 produced a red 
colour and separated Te. Tellurides react with 
HClAq giving off K^To; they are oxidised to 
tellurites by HNOaAq, and to tellurites and tel- 
lurates by aqua regia. Warmed in Cl tellurides 
give metallic chlorides and TcCli. 

Tellurides of Sb, As, Bi, Au, Fe, K, Ag, and 
Na are mentioned under these metals (c/. 
Brauner, C. J. 55, 388). M. M. P. M. 

TELLURITES. Salts of * tcllurous acid 
HjTeOj (q. v., p. C5(i). The normal and acid ' 
tellurites of monovalent metals belong to the 
forms M.^ToOj apd MilTeO.,. Some salts are 
also known vjontaining relatively more of the 
acidic radicle ; these may bo formulated as 
M,0.a;TeOa where x is 2 and 4 ; or they may 
be regarded as M.TeOa.xTeO«, where a; is 1 and 
' 3; or finally these hyperacid salts may bo 

looked on as and MjTe^Oa— that is, as 

derivatives of the hypothetical acids H,/re.^04 
and H^Te.Ou. 

Tellifntcs arc generally formed by heating 
together basic oxides and TeOj in the proper 
proportions ; some tellurites of the heavier metals 
are obtained by ppn. from solutions of alkali 
tellurites. Tellurites of the alkali metals dis- 
solve readily in water ; those of the alkaline 
^ earth metals are less soluble ; the others are in- 
* soluble in water. Most tellurites dissolve in 
HGlAq, forming yellow solutions which do not 
give off Cl on heating; this reaction distinguishes 
them from tellurates (v. p. 619). Solutions of 
tellurites in a little HClAq deposit HjTeOa 
dilution. Most tellurites are fusible, and crys- 
tallise on cooling ; the hyperacid alkali tellu- 
rites form colourless glass-like solids after fusion. 
By strongly heating with charcoal and XXO3 
most tellurites give K._,To. 

Tellurites of potassium. The normal salt 
KaTeOs, and the acid salt KjTeOa.TcO... 

( = K3T03O5 or Ko0.2Te0.J are prepared "by fusing 
TeO* with K^COa in the propen proportions. 
K^TeO, melts at a red heat ; dissolves slowly in 
cold water, more quickly in boiling water ; the 
aqueous solution has an alkaline taste and re- 
action, and is decomposed by the CO, in the air. 
K,0.2Te0, melts below redness, and solidifies 
again to a transparent, colourless, crystalline 
mass ; dissolved by boiling water, and the solu- 
tion on cooling deposits K,0.4Te0,. The teira^ 
tellurite or hyperacid tellurite K,0.4Te0,.4H,0 
( - K,Te0,.8Te0,.4H,0 or KaTe409.4Hj,0) is pre- 
pared by boiling H,TeO,Aq with E.CO, and fil- 
tering at 100° ; the salt is deposited on cooling 
in mtorosoopio six-sided prisms and tablets. 
This salt reacts with cold water to give a solu- 
tion of E,TeO, and E^Te^O, and a gelatinous pp. 
of HgTeO, ; when heated 4H,0 is given off, and 
KfiATeO^ remains as a salt whioh melts at a 


moderate red heat and solidiflea on ooolmg io d 
colourless glass. 

The tellurites have been examined chiefly by 
Berzelius (P. 32, 577 ; v, also Oppenheim, J.pr. 
71, 267). Salts of following metals have 
been isolated, but many have been studied in a 
very superficial way ; Al, NH^, Ba, Cd, Ca, Cr, 
Co, Cu, Fe, Pb, Li, Mg, Mn, Hg, Ni, Ag, Na, Sr, 
and Zn. M. M. P. M. 

TELLURIUM. Te. At. w. 0. 125 (v. infra). 
Mdl. w. c. 250 {v. infra). Melts at 0. 455° 
(Carnelley a. Williams, C. J. 37, 125). Boils at 
c. 1390° (Deville a. Troost, C. B. 91, 83). S.GU 
6*2549 at 0° (after compression) ; 6*2322 at 0° 
(uncompressed) (Spring, B. B. 6, 854) ; 6*2649 
at 18-2° (after melting in H) (Pfiwoznik, C. C. 
1892. ii. 962 ; for further data v. Clarke’s Table of 
Specific Gravities [2nd ed.] 10). V.D. at 0. 1390° 
to c. 1440 ° »= 130 (Deville a. Troost, 0. B. 56, 891). 
S.H. (21° to 51°, crystalline) *0475 (Kopp, T. 
1865. 71); (at 98°, crystalline) *0483 ; (at 98°, 
after distillation in SO.J *0518 (Fabre, A. Ch. [6J 
14, 101). C.E. (linear, at 0°) *00001675 (Fizeau, 
G. B. 68, 1125). E.C. *000777 at 19*6 (Ag at 
0°.“= 100) (Matthicsen.P. 103, 428) ; conductivity 
increases slightly when liglit falls on Te ; the 
increase is very much less than in the case of 
Se {v. Adams a. I.>ay, Pr. 24, 163; 25, 113). 
E.C. decreases slightly to,c. 100°- 140°, and then 
increases to 200° ; on cooling after fusion E.C. 
decreases regularly and markedly ; the following 
values are given by Exner (P. 158, 625) *0035 at 
200°, *00286 at 20^ (after fusion), *000435 at 20° 
(after very slow cooling ^ from fusion). Te 
crystallises in rhombohedra; a:c = 1:1*3298 ; it 
is isomorphous with S and So {v. Muthmann, 
Z. P. G. 8, 396). For omission-spectrum v. 
Pliicker a. Hittorf (Pr. 13. 15.3) ; Thalen ; Salet 
{A. Gh. [4128,51) ; Ditte [G. R. 73, 622); Hartley 
a. Adeney (T. 1884 [1] 117). For absorption- 
spectrum of vapour of Te v. Gernez (C. B. 74, 
1190). H.O. [Te,O^Aq] = 98,380 ^Th. 2, 278). 

Historical. — Examining a mineral contain- 
ing gold from the Seven Mountains in 1782 
, Muller von Reichenstein suspected the presence 
of a new metal (AbJumd. einer Privatgesellschaft 
in Buhmen). He sent a specimen of the mineral 
to Borgmann, who said that it contained a metal 
which was not the same as that in blende. In 
1798 Klaproth received some of the mineral from 
M. von R., and isolated the charocteristio ele- 
ment, to which he gave the name tellurium (from 
tellus ^ the earth) (K., BeiirCLge zur chem. Kennt- 
niss der Mineralkiyrper^ 3, 1 ; cf. GrelVs Ann. 
1798. 91 *, and O. A. 12, 246). The compounds 
of To were more fully examined by Berzelius 
(S. 6, 311 ; 34, 78 ; P. 8, 411 ; 28, 392 ; 82, 1, 

577)* 

Occurrcju^—Te is found native, in small 
quantities, and in a few localities— chiefly in 
Hungary and Transylvania, and in Virginia, 
U.S. ; it generally accompanies Au and Ag; 
specimens have been obtained with 97-98 p.o. 
Te. Tellurides are also found in small quantities 
in Hungary, Mexico, Qilifomia, Bolivia, and 
some other places ; in considerable quantities 
in Colorado; these are generally compounds 
of Te wifti Bi, Ag, Pb, Bi and S, Ag and 
An, Au, Pb and Sb; UlXuriie (or Ullurium- 
ochre) containing TeO, js found in small qnan* 
tiiios in the Seven Mountains (o. G* Bose^ P* 
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18, 64 f Banimelsborg, /. Af. 1874. 30 ; Burkart, morphoas with S and Se (v, Mathmann, Z,P.O» 

J. M. 1873. 476; Silliman a. Marvine, Am. S* 8,396). By allowing K,TeAq to deoompoM in air, 

[3] 8, 25; Mathewson, J. M, 1866. 93; Genth, H.Bose obtained six-sided prisms withjrhombo- 
/. Jf. 1876. 188, 314). hedral summits (P. 21, 443 ; cf. Fabre a. Berthelot, 

Pomation..—!. Bypassing SOj into HjTeOsAq; O. R. 104, 1405). Amorphous Te is obtained as 
H2Te0^q + 2S08+Ha0 = 2H2S04Aq + Te. Also a brown powder by ppg. H/rcO,Aq by SO,; on 
by ppg. solution of TeOl^ in dilute HClAq, or of a warming, the amorphbus variety ohauges to the 
Te compound in H2S04Aq, by an alkali sulphite. • crystalline, giving off a largo quantity of heat 
2 . Byroducing a boiling solution of (NHJjTcO^Aq (F. a. B., Z.c.). To that baa been melted and 
by grape sugar (Stolba, J. 1873. 214).— 3. By do- cooled quickly seems to contain both the cr^s- 
composing KjTeAq by air or oxygen (v. Oppon- talline and the amorphous varieties. According 
heim, J.pr 71, 207; 81,308; Hirnly, J. 1877. to Fabre (/I. Ch. [0] 14, 100), both varieties 
^3). — 4. By ppn., by means of zinc, from solu- have practically the same S.H. at o. 100”. Te 
tions of Te compounds in HaS04Aq (u. Lowe, melts at c. 455” and boils at o. 1390”; the 
J. pr. 60, 1G3). vapour is golden yellow. Heated in air it 

Preparation . — There are several methods of burns with a brilliant blue-green llamo to white 
preparing crude To from the minerals that con- clouds of TeOi, which are poisonous ; the 
tain it. Native bismuth telluride is made into a smell, like that of decaying radishos, that is 
paste with oil and K^COj, and gradually heated noticed on burning impure To is duo to the 
to whiteness in a covered crucible; ICTo is ex- oxidation products of So, which is commonly pro- 
tracted from tho fused mass by boiling water, sent in specimens of crude To. To dissolves in 
and the solution deposits Te on standing in air. very cone, bmlinft KOllAq, forming a red liquid 
Or the mineral containing To is powdered and thatcontains K./TeOj and K^To; on allowing to 
treated with dilute IIClAq; the insolublo matter cool, or on adding water, the whole of tho Te 
is gradually added to three times its weight of separates. HCIAq is without, action on To; 
cone. and heating is continued until SO, cone, hot H.SO, dissolves it slightl,; , but tho To 

ceases to be given off; tho solid that forms on separates on dilution; when boated strongly 
cooling is dissolved in water containing a littlo with cono. II..SO4 To dissolves to JI/TcOa with 
HCl ; the solution is tiltored from AgCl, Te is evolution of SOo. To dissolves in SOj, forming 
ppd. from tho tiltrato^by zinc, and undissolvod TiiSO,. Cono. UNO,Aq forms a solution of • 
zinc is removed by digestion with dilute 1XC1A<1. ILTcO, ; aqua rcq’ui forms H^TeO;, and some 
For details and other methods v. Berzelius (/'. n;jTc 04 . Molten IvNOj produces K.T0O4. 

8,411; 28,392); Lowe (»/. pr. GO, 163) ; Wohler In its idiysical propcrtujs To approachoa tho 
(i.84,G9J; Oppcnheim(J.pr.81,3U8); Schnit/.cr metals, ami especially resembles So.* In its 
(G. P. J. 211, 484,492); Schwarz (G. P. J. 186, chemical properties To is, on the whole, non- 
29). metallic; but tho oxide TcO, combines with 

To prepare pure To, Brauncr {(T. J. 55, 382; certain anhydrides of strong acids to form salt- 
cf. M. 10, 411) recommends to dig<.*st the crude like compounds, and the oxide TcO is said to 
material with HCIAq in a largo tlask,*and to dissolve in JLSO,Aq, forming Tn(S04)o. To is 
oxidise by TINOjAq added littlo by little til) the ! closely related to So, and less closely to S ; it • 
solid matter becomes white, to evaporate several i shows distinct analogies with Cr, Mo, W, and • 
times with cone. HCIAq (to remove HXO.,), and ! U (r. Oxyoen group oe kt, events, vol. iii. p. 705, 
then to dilute cautiously with w’ater, taking care ami Cnuomusi group ofei.kments, vol.ii. p. 108). 
not to add enough water to ppt. U./TcOa along The atom of To is divalent in tho gaseous 
with any TbCla which may come down. He then molecules TeK^ and Tf Cb, and totravalcnt in 
adds some saturated SO.jAq, warms to C0”-70”, the gaseous molecule TeCl,. 
and ppts. Te by passing SO2 into the warm aolu- Atomic weight of tellurium. The at. w. of 
tion. The Te thus obtained generally contains Te was determined by Berzelius in 1812, 1818, 
a little copper and lead selenides. Tho pp. is and 1832 by oxidising To by HNOaAq and 
dried and fused in small portions with KCy ; the weighing the TeO.; produced ; ho obtained values 
fused mass, which contains K^Te, is dissolved in varying from 127*9 to 128*5 (P. 8, 24 ; 28, 395; 
water, from which air has been removed, in a 32, 16). In 1857 von Hauer analysed K^TeBr,,, 
stoppered flask; the liquid is allowed to clear and obtained values from 126’6 to 128*1 
(therbisgenerallyasmallpp.oftelluridcs of heavy (W.A.B. 25,»135). In 1879 Wills determined 
metals mixed with a trace of Te) and is then the weight of TeO^ obtained by oxidising Te by 
poured off, and a current of air is passed through HNO^Aq and by aqua regia, and he also made 
it, whereby Te is ppd. The Te is dried, placed analyses of If^TeBro ; his results varied from 
in a porcelain boat, which is introduced into a 126*1 to 129*3 (G. '65, 704). In 1883 Brauner 

wide tube of hard glass surrounded by wire gauze, obtained numbers varying from 124*94 to 125*4, 
and distUled in a current of pure dry U. (For a by oxidising To to TeOg, by converting Te and 
method of purification based on the ppn. of To TeO, into (Te02)2SO„ and by synthesising Ca^Te 
from (NH4),Te04Aq by grape sugar, v. Btolba, J. (J. R. 1883. [1] 433 ; abstract in G. 16, 3055). In 
1878.214.) 1889 Brauner made a very careful revision of 

Properties. — As prepared by sublimation in the at. w.of Te (C. J. 65, 382) (i.) by oxidising 
H, tellorinm is a white, shining, crystjolline, very Te to ToO, he obtained values varying from 
brittle solid, unchanged by exposure to air. 124*48 to 127*28 ; (ii.) by converting TeO- into 
During distillation in H, Brauner (Z.c.) noticed (Te02)aSO„ the numbers varied from 124*7 to 
that some H,Te was formed, and was dScomposed 129 (one result gave 186*9) ; (iii.) by conversion 
with deposition of needle-shaped crystals of Te, of Te into (TeOg)aSO„ the numbers varied from 
•ome of which were 1 oentim. in length. The 124*3 to 129*7 ; (iv.) by syntheses of tellorides of 
ai(ystals of Te are hexagonal rhombohedra, iso- Ag, Co, and An, the numbers varied from 125*7 
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to 129’9 ; (y.) by analysis of TeO^ the yalne 
127*2 was obtained, but only one satisfactory 
analysis* was made; (vi.) by analyses of TeBr^ 
the numbers varied from 127'27 to 127*31. The 
results obtained by analysing TeBr4 were more 
concordant than any obtained by the other 
methods ; but the value v/7’3 is almost *75 units 
greater tlian the at. w. of iodine ; lienee it seems ' 
as if the at. w. of To is greater than that of I. 
But if this is so, To must be separated from S, 
Sc, and tho chromium metals, which are placed 
in Group VI. in the periodic arrangement of tho 
elements; and Tc must bo placed either with 
the halogens in Group VII. (I being put into 
Group VI.), or this element must find a place 
in Group VIII. (I remaining in Group VIL, 
and an empty place being left in Group VI., 
Berics 7). The chemical properties of Te 
show that it belongs to the same group as S 
and So ; and the chemical properties of I malco 
it impossible to place that element elsewhcro 
than with F, Cl, and Br. * ^ 

Is tc\hirium a liovioficncom body ? Batber* 
than doubt the applicability of the periodic law*, 
Brauner made tlic hypothesis that tellurium is 
not a homog'^-ncous body, but that it contains an 
admixture of foreign substances. He dissolved 
Te, and ppd. in fractions by BO., fused tho frac- 
tions with KCy, dissolved *in water, and jipd. 
fractionally by a current of air ; he then distilled 
each fraction in H, and con veiled it into TeBr,, 
and analysed each fraction. The values thus 
obtained^ for tho at. w. of Te were almost 
identical, the mean being 127*33. Pure TcO^ 
was then dissolved in HClAq, and tho solution 
was ppd. in eight fractions by ammonia; tlie 
filtrate from the eighth fraction was ppd. by SOj 
in presence of llClAq ; after boiling off SO. from 
tho filtrate from tho ninth fraction, tho liquid 
was saturated with ILH,and IheTeO. in solution 
' was obtained, converted into Te, and tliis con- 
verted into ToBr^ ; tho at. w*. thus obtained (in 
three experiments) was 127*32, tho three experi- 
ments agreeing extremely well. Tc was then 
fused, but not distilled, in a current of H ; it vvas 
then converted into Telh*^, which was freed from 
TcBr.j by fractional sublimation in rac?m, without 
converting tlio U’oBr^ into vapour, and analysed; 
tho values obtained for the at. w. of Te diilorcd 
very much, ranging from 128-5 to 137*1. From 
these results Brauner concluded that ‘if tel- 
lurium, obtained by any process of fractionation 
whatever, be subjected to distillation in a current 
of hydrogen, and the tetrabromido be proiiared 
from this by subliniation in a vacuum, its 
analysis always gives tlie same atomic weight 
for tellurium. ... If, howevtjr, the tellurium bo 
only fused in a current of an indifferent gas, and 
the tetrabromido be not sublimed, higher num- 
bers will bo obtained. ... It is therefore very 
probable that on distilling tellurium in a current 
of hydrogen, and the tetrabromido in a vacuum, 
one constituent of tellurium escapes partly, tho 
presence of which in the last ca.ses renders the 
atomic weight higher.’ Brauner prepared TeBr, 
by fusing ToBr^ with excess of Te, and subliming 
either in vacuo or In a current of CO,; the 
analyses of different specimens of TeBr, showed 
percentages of Br varying from 54*658 to 55*14; 
the percentage of Br calculated for Te=» 127*32 
if 56 * 6 , Brauner concluded tiiat * UUurium is 


not a simple substance* This oonolnslon fa atfli 
held by B. to be correct. In a private commoni* 
cation (January 1894) he says : ‘ I consider Te 
to be a mixture of two elements that cannot be 
separated by ordinary chemical means, not even 
by fractionation. It cannot, however, be shown 
that the at. w. of Te is about 125, for all attempts 
I have made in this direction have failed com- 
pletely. All atomic weight determinations made 
by me, and others, giving values higher or lower 
than 127*3 are due, partly to impurities, but in 
most cases to some undetected source of error.’ 

Molecular weight of tellurium. Devillc a. 
Troost (C. R. 56, 891) found tho V.D. of Te 
between c. 1390° and c. 1440° to be 130 ; this 
gives tho mol. w. of c. 260. As the at. w. of Te 
is not known with certainty, it is not possible at 
present to correct tho value deduced for tho 
mol. w. from the determinations of V.D. The 
gaseous molecule of Te is diatomic. 

Rcactioyis and Cojiibuiatimis. — 1. Heated in 
air, or oxygen, To is burnt to TcOa* — 2. Heated 
in excess of chlorine TeCl4 is produced ; with 
bromine ToBr, is produced ; with iodine the 
product is TeL. — 3. Te and sulphur can be 
melted together in all proportions ; it is doubtful 
whether definite compounds are formed or not 
(v. Tellukiuji solpuides, p. 655). To and 
selcnicm can also be meHed together in all pro- 
portions; no definite compound has been iso- 
lated.-- 4. Nitric acid forms H 'leO,; according 
to Klein a. Morel {Bl. [2J 43, 198), cold HNOgAq 
first forms 4Tc02.N.05.a’aq ( v . Tellurium 

DIOXIDE, p. 655). Aq7ia regia produces a mix- 
ture of H.TeOg and iLTcO^. — 5. Te dissolves in 
hot cone, potash solution, forming a rod solution 
tliat contaih.s K.,Te and K./i’eO;, ; on addition 
of w*atcr To separates (2K2TeAq -f K^TeOgAq 
•aSK^OAq + 3Te). — 0. Fusion with potass 
nitrate produces KoTeO^.— 7. Fusion with potas- 
sium carbonate produces a mixture of K.yi’e and 
KoTeOj. — 8. To dissolves in sulphur trioxidc, 
foriuiiig TeSOg {v. thio-oxidc under Tellurium 
OXIDES, p. G55). 

Detection and Estimation. — Free To is 
readily detected by fusing with chaired cream of 
tartar and dissolving in water, whereby a red 
solution is obtained that deposits Tc in dark- 
brown flakes on standing in air. Tellurous acid 
and tellurites dissolve in dilute HCIAq, and 
addition of watei ppts. white HoToOj ; SO2 ppts. 
Tc from solutions of tellurites in dilute HCL\q 
or HNOyAq. Solutions of telluratea in acids 
give no pps. with water ; solutions in HClAq 
give off Cl on boiling, being reduced to tellurites, 
and are then ppd. by water. For a test for To 
based on tho formation of red TeSOg by passing 
T0H2 into HBO^Aq r. Divers a. Shimos6, 0. J, 
43, 329. To is generally estimated by ppg. the 
element, from solution of H.TeOg or a tellurite, 
by alkali sulphite, SO.^, or grape sugar (Kastner, 
abstract in C. J. 29, 440 ; cf. Donath, abstract 
in C. J. GO, 242). In C. J. 59, 238, Brauner 
describes a method for the volumetric estima- 
tion of Te by KMn04Aqo 

iTellarium, acids of ; tellurhydric acid 
HoTe (vol. ii. p. 727) ; tellurous acid H^TeOg 
(this vol.,* p. 656) ; telluric acid HgTeOi (this 
vol., p. 640). The existence of the potassium 
salt of HCNTe is probable (v. TBiJ»uBO 0 TAKi]>a% 
voL iL p. 353). 



TELLURIUM HALOID COMPOUNDS. 


Tellurium, ulloyi of. The compounde of Te 
with metala are sonoetimes classed with the 
more definite alloys (v. Telluiudes, p. 019). 

Tellurium, antimonides of, v. Antimony ; 
Cornbinations, No. 7, vol. i. p. 283. 

Tellurium, arsenides of, v. Arshnio ; Com- 
binations, No. 6, vol. i. p. 303. 

Tellurium, bromides of. Two bromides liavo 
been isolated, TeBr.^ and TeBr, ; both arc forincd 
by the direct combiniilion of To and Br. The 
bromides can be sublimed, under reduced pres- 
tuire, without change. The V.l). of neither has 
been determined ; but, from the analogy of 
TcCla and TCCI4, the formuhe are probably 
molecular. 

Tellurium dibuomide TcBr.^. Formula pro- 
bably molecular, from analogy of TcCl._j. Pre- 
pared by fusing TeBr, with excess of powdered 
Te, and subliming cither in vacuo or in a 
current of dry CO,. A blackish-green crystalline 
mass ; obtained in steel-grey needles by slow 
sublimation (llrauiier, G. J. 5f>, 410). Melts 
c. 305°, and boils c. 313° (Carnellcy, I! citing- and 
Jloiling-point Tables, 1, 21). TcBr, is very 
hygroscopic ; it is decompo.sed by water to 
ll./i’eOaAq and HBr.Vii. Dissolves in tart.aric 
acid solution, forming TcBr^ and Te (Brauner, 
i.c.). 

Tellurium TEiiiAifimMiDK TeBr^. {Tcllunc 
bromide.) Formula probably molecular, from 
analogy of TcCl^. Prepared by shaking tog< lli*. r 
powdered To and Br, in the proportion Te:lBr, 
warming in a current of dry CO.„ and then sub- 
liming in vacuo (for dtdails and description of 
apparatus, v. Brauner, C. J. 55, 300). Torma a 
crystalline crust, which is tlery red when liot | 
and orange coloured when cold. S.Cr. ---4*31 ^ 
(Brauner, l.c., p. 407). Melts at c. 38(D, and I 
boils at 4 14 '-427°, aocording to Caniolloy a. 
Williams (0. J. 35, 503 ; 37, 125). Di.s.solyes in 
a little water without change ; on dilution a 
colourleiss li<iuid is obtaimid, containing llBr 
and H.TeO^ ; crystals are obtained by evapo- 
rating over H..SO1, and are said byBer/.olius to be j 
TeBr,.a:H.,0. ‘ By adding AgNO^Aq to a solution 
of TeBr, in tartaric acid, Brauner (C. J. 55, 
893) obtained AgBr and also crystalline scales 
probably (C,H,0,),.Ag,O.TcO,.2aq ; this com- 
pound is called by 13. tellurium-silver tnrtar 
emetic {cf. Klein a. Morel, G. E. 100, 1140). 
TeBr| forma double salts with alkali bro- 
mides. The salt TeBr,.2KBr (=»K,TeDr„) is 
prepared by dissolving the proper quantity of 
KBr in water, adding Te, running in Br, shaking 
till the Te is dissolved, filtering, and evaporating 
at 100° (Wills, G. J. 35, 711 ; cf. von Hauer, 
W. A. B. 25. 135). Dark-red, opaque, lustrous 
crystals; orthorhombic, a:5:c *» 1:1’4901:1’3()58 
(W., l,c.) \ cf. Wheeler (Am. S. [3] 45, 207), where 
some other salts of the form M./TeBra are de- 
scribed. 

Tellurinm, chlorides of. Two compounds 
are known, TeCL and Ted,; both have been 
gasified, and the formuiiD of both are molecular. 
The chlorides are formed by the direct combina- 
tion of their elements. , 

Tellurium dichloridb TeCl^. Mol. w. 
1 . 196. Powdered Te is heated in a distillalion- 
fliaak In a stream of Cl until the Te is com- 
^etely converted into TeCl« ; Te is added e^usd 


in weight to the original qniujtity used, the 
whole is heated for a little time, an inverted 
condenser being attached to the liask. andthe 
TeCLis then distilled off at 320°-380° (^lichaelis, 
B. 20, 2488). TeClj is a black, amorphous solid, 
melting at 175° (M., Ic.) to a black liquid ; 
Carnclley a. Williams give m.p. as 209° (C. J. 

> 37, 125). Boils at 327° (C. a. W.. Ic.). The 
vapour of TcCl.^ is reddish, and gives a charac- 
teristic absoriJtion-spec trum (M., Lc.). V.D. at 
I 410 ', in vapour of N, - 98 2 (M., I.C.). The 
' vapour becomes yellowish in presence of air or 
O ; TeO-i and TeCl, are formed, and after con- 
tinued heating these ri ai t to produce TeOCl| 
(M., Lc.). TeCL absorbs moisture when exposed 
to the air, but does not fume ; on addition of 
much water lI.TcOj is formed ; IlClAq forrns 
Te, and Te0.j which remains dissolved in the acid 
(M., Lc.). 

Tkli.urium TETRAcnLOiiiDn ToCl,. [Telluric 
chluride.) Mol. w.c. 2C.9. Bowdcied Te is heated, 
in a distillation llusk, in a stream of dry Cl 
until tho sotid bccome.s pale yellow, when it is 
distilled in a Btreain of dry CO^ (Michaelis, H. 
20, 1780). TeCl, is a colourless, crystalline 
solid, melting at 214'-’, and boiling; without de- 
couqiosition at 380° (M., Lc . ; Carnellcy a. Wil- 
liams give tho m.p. as 221° [G. J. 37, 125], and 
the b.p. ns 414° [G. J. 35, Mli]). V.D. 131 at 
410°, 125 at 530° (M., Lc.). Tliu vapour of TeCl< 
shows no ab.sorptioii-spcctrum (M., JJ. 20, 2488). 
TeC!^ dissolves without chani;c in dilute llOlAq. 

It deliquesces in the air, cold water ppts. an 
oxycliloride, and is also formefl*; boiling 

water dissolves TeCl^, and l.LTeOj soparutes on 
cooling. 

TcCl, combines with alkali chlorides to form 
salts T<;Ol4.2MCl = M,Tc Cl^ ; tliese salts arc best 
obtained by aihling MClAq to a slight excess of 
TeCl, dissolved in dilute IlCl.\(i ami crystallising 
[v. Wheeler, Am. S. [3] 45, 207). The salts • 
crystallise in regular yellow octahedra, without 
water. V/eber [P. 104, 422) described a com- 
pound TcCl^.HAlCl,, obtained by melting together 
TCCI4 and Aid;,. TeCl4 absorbs N forming a 
greenish -yellow solid that is unchanged in air 
and has tho compo.sition T0CI4.2NH3 (Espen- 
Bchied, A. 113, 101). 

Tellurium, fluorides of. Only one fluoride 
of To has been isolated. The formula TeF4 is 
probably molecular, from the analogy of reCl4. 

Tellouiu 5 i TETiui'LUoRiDK ToF,. (Tclluric 
fluoride.) rrepared by dissolving H/IeOa in 
llFAq, ovaprwating at 100° to a syrup, allowing 
to cool, separating tlie white nodules that are 
formed, and heating in a Pt basin (Hogboru, Bl. 
[2] 35, 00). If carbonate or liydroxide of on 
alkali metal, or of Ba, is added to the solution 
of lI.;rcO, in HFAq before o\ aporation, double 
salts of tho forms ToF.-M^F uml 2TeF4.M»Pj 
are obtained; these salts are decomposed by 
water (U., Lc.). 

Tellurium, haloid compounds of. Thesa 
compounds belong to tho forms ToXj and TeX^, 
wh' re X = Cl, Br or I ; the only fluoride that 
has been isolated is TcF*. The chlorides TeCl, 
and TeCl4 have been gasified, and the formal* 
are molecular ; tho formula) of the other haloid 
compounds are also probably molecular. An, 
iodide containing more I than Tel4 — perhaps 
Tsi,, coiitspomUng with SI,— may exist in th6 
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•olation of H^TeO. ixi HIAq. No oomponnd 
correBponding with Se^Ol.^, Se^rsi and 

BeX hap been isolated. The haloid compounds 
of Te are more stable towards heat than the 
corresponding compounds of Se or S. The 
haloid compounds of Te are decomposed by 
water, giving n.TcOg and'HXAq f cold water is 
said to ppt. an oxychloride from TeCl^. The 
compounds TeX^ combine with the haloid com- 
pounds of the alkali metals to form salts 
MjTeX,,; when X==F the salts are said to be of 
the form MTeF,. 

Tellurium, hydride of, ToH^ v. Hydhooen 
lELLURlDK, vol. ii. p. 727. 

Tellurium, iodides of. Two iodides have 
been isolated, Telj and Tel^ ; a third— perhaps 
Tol^ — may exist in the solution of Il/reO, in 
HIAq. Telj is formed by directly combining 
Te and I ; T0I4 is obtained by digesting H/reOj 
with HIAq. 

Tkllubium I)I-iodidio Telj Prepared by 
gently warming a mixture of pow&orcd Te and 
excess of I ; may be sublimed as a black, crystal- 
line crust ; when strongly heated I is given oil'. 
Not changetl,. by water, hot or cold (iierzelius, 
Lehrhuch, 6th edit., 3, 1139). 

Tellubium tetra-iodide Tel,. {Telluric 
iodide.) Obtained by digesting powdered 
II/TeO, with HIAq in a closed flask, whereby 
hard black granules are formed. Melts when 
heated, and gives off I, Boiling water causes 
decomposition, i)robably forming an oxyiodide. 
If a solution of HjjTcO;, in HIAq is evaporated 
over HuSO, and CaO.^H^ in vacuo^ lustrous 
prisms are obtained that are perJiaps a com- 
pound of Tel, and III (B., Z.c.). By dissolving 
alkali iodides in Tcl, dissolved in dilute HIAq, 
and crystallising, black salts of the form MaTelg 
are formed in regular octahedra ; the potassium 
salt contains 2H.,0 and crystallises in monoclinic 
forms (Wheeler, Arn. S. [3] 45, 2G7). 

Tellurium, oxides of. Three oxides have 
been isolated, TeO, TeO.j, and TcO^. TcO is 
probably slightly basic ; TeO.^ is the anhydride 
of the weak acid Il/reO^, but it also shows 
feebly basic properties; ToOj is a very weak 
acidic oxide. None of the oxides lias been 
gasified ; oil are known in tho solid state only. 
An oxide of Te and S, TeSO,, is also known. 

Tbllubium monoxide TeO. This oxide was 
prepared in 1883 by Divers a. Shimosd (C. J. 
48, 819). It is obtained by long-continued 
beating TeSO, to 180°-230® in vac ,10 until SO, 
ceases to be given off, powdering the residual 
solid, digesting it with water containing a little 
NagCO,, washing with hot water, then with 
alcohol, and drying in a steam oven. TeO is a 
black, amoiphous solid, with a slight brown 
shade, showing ^ graphitic lustre when pressed 
with a hard body. It is unchanged in air, but 
when heated it burns to TeO,; when strongly 
heated in vacuo TeO, and Te are formed. TeO 
is Boaroely affected by cold KOHAq ; boiling 
EOHAq decomposes it, giving Te. SO,, even if 
boiling, scarcely acts on TeO. The oxide dis> 
solves in hot H,S04Aq ; D. a. S. say that the 
solution deposits Te(S04), on cooling, but no 
analyses of the crystfus that separate are given ; 
Marans (P. 10, 491) gave this formula to the 
Iproauct of the interaction of Te with hot eono. 


H, S 04 . Heated in HCl gas TeCl, is formed. 
TeO is slowly reduced to To by SO,. 

Tellubium dioxide TeO,. {Tellurous oxide, 
Tellurous anhydride.) 

Occurrence. — As tellurite or tellurium ochre, 
in the Seven Mountains. 

Formation. — 1. Te is heated in the air.— 2. 
By decomposing a boiling solution of TeCl^ in 
HClAq by boiling water.— 3. By heating H,TeO,, 
4. By oxidising Te by HNO,Aq, and heating 
the solution. — 6. According to Hilger {A. 171, 
211) by heating Te with H,S04, SO, is evolved 
and TeO, separates on cooling. • 

Preparation. — Powdered Te is dissolved in 
w^arm lINO^jAq, S.G. 1*25, and the solution is 
heated somewhat above 20° ; below 8° H,TeO, 
I separates, beUyeen 8° and 20° both TeO, and 
i li/reO, are formed, and the solid that forms 
from the solution above 20° is TcO, only 
(Klein a. Morel, Bl. [2J 43, 198). By allowing 
the solution of To in HNO,Aq to stand for some 
hours, and then adding some alcohol, TeO, is 
obtained in crystals (Oppenheim, J.pr. 71, 267 ; 
cf. Berzelius, P. 28, 392). 

Properties, — A white, crystalline solid ; 
melts at a red heat to a transparent, yellow 
liquid, which on cooling forms a white orystal- 
! lino mass, giving off so much heat that the 
solid glows feebly. ToO, may be sublimed in a 
slow stream of air. Clarke {Am. 8. [3] 14, 286) 
gives S.G. as 5*7569 at 12*6°. As obtained from 
a solution of To in HNO^Aq, ToO, forms quad- 
ratic octahedra ; S.G. 6*65 to 5*68 at 0° (K.a. M., 

I. C.). As obtained by heating II, TeO, till all 
water is removed and tho residue melts, TeO, 
forms orthorhombic needles ; S.G. 6*88 to 6*91 
at 0° (K. a. M., l.c.). Freshly-prepared TeO, has 
no taste, but after a time it acquires a disagree- 
able metallic taste (Berzelius, P. 28, 892). It 
docs not redden litmus paper. It is almost in- 
soluble in water; 1 pt. dissolves in 160,000 pts. 
of water (K. a. M., l.c.). TcO, is very slightly 
soluble in most acids ; it is more soluble in 
HClAq [v. infra. Reactions, No. 3). Dissolves 
readily in solutions of caustic alkalis, but in 
alkali carbonate solutions and in ammonia only 
after long-continued boiling. TeO, does not 
formH,TeOa reacting with water, but as it is 
obtained by heating this acid it may bo called 
tellurous anhydride. 

Reactions and Combinations. — 1. Beduced to 
Te by heating in hydrogen to the temperature 
whereat Te vaporises. — 2. Easily reduced to Te 
by heating with carbon.— Z. TeO, absorbs hydro- 
gen chloride, giving off much heat and forming 
compounds TeO.,.a;HCl. At —10°, after satura- 
tion with HCl, the compound TeO,.8H01 is 
formed ; on slightly warming HCl is given off, 
and TeO,.2HCl remains, and does not change 
when heated to 90° ; on heating more strongly, 
TcOCl, is formed (Ditte, A. Ch. [6] 10, 82). 
Hydrogen bromide is also absorbed by TeO, ; by 
saturating TeO, with HBr at -16°, a black 
solid, resembling I, and having the composition 
TeOz.3HBr, is formed ; this compound begins to 
decompose at —40°, above this temperatnre 
TeO,.2HBr is produced, which remains un- 
changed to b. 800°, at which temperatnre it de- 
composes to TeOBr,and H,0 (D., Ijc.). Hydrogen 
iodide and hydrogen fiuoride are also absorbed 
by TeO,, but the produets buTt not been e»\ 
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ami]ie(L<-4. Tdlorites {q, v., p. 650) are formed 
by dissolYing TeO^io caustic alkali solutions, or 
by fusing TeO, with alkali carbonates. ^5. A 
oompoond of TeOj with sulphuric anhydride 
2TeO|.SOs — sometimes called basiotelluriam 
Bulphate — ^is formed by dissolving TeO, in 
hot H,S04 diluted with 8 to 4 times its weight 
of water* and evaporating; it crystallises in 
rhombic tablets* somewhat soluble in cold dilute 
£LjS04Aq (Klein, C. li. 99, 320). — 6. A compound 
with nitric anhydride 2(4Te0.,.Na04).3II^0 is 
described by Klein a. Morel {Bl. [2] 43, 198), 
as obtained* in rhombic needles, by dissolving 
TeOj in moderately cono. HNOaAq, and also 
by dissolving Te in excess of IlNOjAq, S.G. 
1*15 to 1*35, and evaporating at a gentle 
heat. This compound — which is sometimes 
described as basic tellurium nitrate— is 
decomposed at o. 330^, giving o3 N oxides and 
leaving TeO.^; with much hot water it gives 
a pp. of TeO^. — 7. A compound, probably 
To02.Ag20.(C4H405)o. 2aq, is formed by dissolving 
TeOj in HBrAq, adding tartaric acid, and ppg. 
by AgNOjAq (u. Brauner, C. J, 65, 398; cf. 
Klein a. Morel, C. B. 100, 1110). 

TEiiLtmiUM TRioxinia TeOa- {Telluric oxide. 
Telluric anhydride.) Obtained, as an orange- 
yellow, crystalline mass, by heating H-ZreO^ (v. 
Telluric acid, p. G49) J,o somewhat above 1G0°. 
If the temperature becomes too high some of 
the TcOj is decomposed to TeO.j, and 0 ; it is ad- 
visable, therefore, to digest the residue with cold 
HClAq (to remove any TeO.J, to wash out HCl 
by water, and to dry at 100'’. TeO, is not 
changed by cold, nor by boiling, water ; nor is it 
acted on by cold HClAq, by hot or cold HNO^Aq, 
nor by dilute KOHAq. Very cono. boiling 
KOHAq slowly dissolves TeO,, forming KjTcO*. 
TeO, dissolves in boiling HClAq, Cl is slowly 
given off, and H^TeO, is formed in the solution 
(u. Berzelius, P. 28, 392). Clarke {Am. S. [3] 
14, 286) gives S.G. of TeO^ as 6 0704 at 14*5'^. 

Tellurium thio-oxidb TeSO,. {TeUurium 
sulphoxide. TelluHum-sulphur trioxide.) This 
compound is obtained by dissolving pure Te in 
pure SO,, and warming after a time to c. 30®, 
pouring off SO,, and drying in vacuo (Weber, 
J.w. [2] 26, 218; for description of apparatus, 
and details, v. Divers a. Shimos6, C. J. 43, 323). 
TeSO, is a red amorphous solid, melting at 30®. 
When pure it remains unchanged, in a scaled 
tube, for months (D. a. S., l.c ). The colour 
gradually changes to brown by heating to 35® ; 
the change is instantaneous at 90®. The pro- 
duct, which is a brown solid, has the composi- 
tion TeSO, (D. a. S., l.c.). At o. 180® SO, is 
given off and black TeO remains (D. a, S., l.c.). 
TeSO, is not acted on by SO, ; it dissolves in 
HjSOfAq, giving an amethyst- red solution ; water 
decomposes it to HjTeO,, TeO, Te, H.,SO,Aq, 
and HjSO^Aq (D. a. S., l.c). 

TeSO, may perhaps be regarded as tellurium 
culphite. 

Tellurium, oxyaolds of, H,TeO,* v. Tellu- 
BousACZD (p. 666) ; H^TiO,, v. Telluric acid (p. 
649). 

Tellurium* oxybromide of; TeOB^ A pale- 
y^ow solid ; obtained by heating Te(J,.2HBr (v. 
Tellurium ntoxmx; Rations, No. 8* p. 664) 
above 800®. Melts at red heat, forming a very 
^^•« 9 l 9 U«d liquid, whiiih ^ives off almoet 
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black vapour with partial decomposition to TeOf 
and TeBr, (Ditto, A. Oh, [6] 10, 82). 

Tellurium, oxychloride of, TeOCl^. Fre* 
pared by heating TeO,.2H01 {v. Tellurium dj. 
oxide; Reactions, No. 8) to above 90®. Very 
similar to TeOClj (Di^e, A. Ch. [6] 10, 82). De- 
composed at fairly high temperature to TeO, 

* and TeCl,. 

Tellurium, oxyiodide of. According to Ber- 
zelius {Lehrbuch [6th edit.] 3, 1141), a greyish- 
brown, heavy powder is ft>rmed by digesting 
Tel^ with boiling water, and this j^owder is pro- 
bably an oxyiodide of Tc; no analyses are 
given. 

Tellurium, salts of. No compounds have 
been prepared by directly n*|>lacing the H of 
oxyacids by Te. According to Divers a. SliimosA 
(C. J. 43, 319), Te(SOJ._. is formed by dissolving 
TeO in hot H-^SOiAq anj cooling, but no analyses 
are given ; Magnus (Z®. 10, 491) gave the formula 
Te(SO,).2 to the ‘Product of the interaction of 
Te and hoC cono. II, ,804. The compounds 
2Te0.2.SO,and2(4To02.N2^ft).3aq are sometimes 
called basic tellurium sulphate and basic tellu- 
rium nitrate respectively ; the conv'‘onnd TeSO, 
(y. sMpm, T elluhidm tuio-oxide) may perhaps be 
looked on as tellurium sulphite', and a compound, 
probably Te0.2.Ag.20. (0,11, OJy. 2aq, is called tel- 
lurium-silver tartar emetic {v. Tullurium di- 
oxide ; Reactions, Nos. 6, 6, and 7, su2)ra). 

Tellurium silver tartar emetic v. Tellurium 
dioxide ; Reactions, No. 7, supra. 

TeUurium, sulphides of. Berzelius (P. 8, 
411) described two sulphides, TcH,, and TcS„ 
corresponding with the oxides TeOj and TeO,, 
According to Becker (^4. 180, 257), OS, removes 
almost all the S from these supposed oompoimds. 

B. concludes that the BubBtances described by 
Berzelius are not doGnite compounds ; he thinks 
that comiiounds of Te and S are probably formed • 
by passing H-^S into TeO.^Aq and TeO,Aq. As 
the substances obtained by Berzelius seem to 
have very dclmito properties, they are shortly 
described here. 

Tellurium disulphide TeS^. A dark-brown 
pp. formed by passing Il.B into Il^TeOsAq, or 
into nn acidihed solution of an albali tellurite; 
softens when heated and cools to a grey, 
somewhat lustrous mass; gives off S when 
strongly heated. TeS.^ reacts as an acidic sul- 
phide, forming comiiounds arMS.TcS.,, where M 
==(NH,).2, Cd, Lij, Fe, Mg, Fb, K.„ Na^, Zn, «feo. 
The thiotelluwites of the alkali metals are best 
obtained by saturating aqueous solutions of the 
tellurites with H^S, and crystallising in vacuo ; 
the thiotcllurites of alkaline earth metals are 
formed by boiling the sulphides of these metals 
with TeS, and water ; the tliiolcllurites of the 
heavy metals are obtained by ppn. from solu'* 
tions of the alkali salts (Berzelius, P. 8, 411). 

Tellurium tribulpuidb TeS,. A blaokish 
grey, lustrous solid ; formed by saturating 
H.;re04Aq with H^S, and allowing to stand for 
some time in a closed vessel in a warm plaee. 
Thiotellurates of the alkali metals. xM^.TeSg 
are formed by saturating M2Te04Aq with H,8 
(v. Oppenheim, J.pr. 71, 2G7). 

Tellarinm, sulphoxide of, v. Tellurium THi4h 
OXIDE, supra. 

TeUuniua, thio-OEide of* v, svprsh 
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Tellnrinm, tliio- salts of, «. Tellubium disul- 
»HiDK, p. 655 ; and Tellubium tbisitlphzdb, p. 
656. M. M. P. M. 

TELEUBOCTANIDES v. vol. ii. p. 853. 

TELLUEOUS ACID H,TcO,. 

Forrnatio7i.~-l. By dissolving Te in HNOjAq, 
S.G. 1‘26, and at onco jipg. by ^water ; if tho 
Holution is left for Bome time before adding water 
tho i^p. is TeO^. — 2. By decomposing TeCl* by 
cold water. 

Preparation. — TcO.^ is fuaed with an equal 
weight of K^COg or Na.COg as long as CO.^ is 
given off; tho tellurite thus formed is dissolved 
in water, and IINO^Aq is added until tho liquid 
has a very distinctly acid reaction ; tho floccu' 
lent pp. thus i)roduced is allowed to remain in j 
contact with the li(iuid for some hours, and is | 
then thoroughly shaken up with the liquid, a 
little IINOgAq being added if tho acid reaction 
disappears during this process ; tho pp. is then 
washed with ice-cold water, and dried at tho 
ordinary temperaturo (Ber/cliir., P. 28, 302 ; cf. 
Opponheim, J. j)r. 71, 207). The sCdution of tho, 
alkali tellurite m HNO.,A.q may bo decomposed 
by adding water, but this must bo done at onco, 
as after stamhng water ppts. TeO.^. 

Properties and Reactions. — A white, light, 
amorphous solid, with a bitter, mctallio taste. 
Reddens litmus paper. Dissolves slightly ii\ 
cold water; when tho aqueous solution is heated 
to 0. 40'^ TeO;, separates. When slightly licated 
givoa ToO.j and II D. H TcOg dissolves in many 
acids; from the solution in HClAq, water or 
alkalis ILTeOg ; the solution in HNOjAq 
gives a pp. of TeOo on addition of water after 
standing for some time. From tho solution 
in ILSOiAq and H.NOgAq tho compounds 
2TcO./.SOg and 2(4ToO..N.Pj,). Baq have been 
obtained (v. Telluuium dioxide; Reactions^ 
No. 6 and 6, p. bob). H./l’eO., forni® tellurites 
[q. V., p. 050). Thomsen {Th. 2, 278) gives 
[Te,OMI*0] - 77,180. M. M. P. M. 

TELLURIUM, Organic Compounds of. 

Methyl tellurido Me . To. (82^), Formed by 
distilling K,To with Ba(SO,Mo), (Wohler a. 
Dean, A. 93, 233 ; Heeron, Dissertation, Gottin- 
gen, 1801). Pale-yellow, mobile, heavy oil, with 
persistent alliaceous smell. Oxidised by HNO, 
to Ma/IoOlINOg, crystallising in prisms. — 
MegTeHOAo. Transparent cubes, v. sol, water. 
Its solution gives with HCl a pp. of Me.^TeClg 
which crystallises in long prisma [97*5°].— 
MegTeBr, [89°]. Prisms.— {Mo/rc).H.^COj. Diffi- 
cult to crystallise. -Formate t^MegTeCH.p.. 
Deliquescent needles. — Me.^Tel.^ Formed by 
heating To with Mol at 80° (Demargay, Bl. [2] 
40, 100).-(Me;ro).,H.AO,. -Me .TeO. Got from 
Ma^TeClj and AgjO. Deliqursoent crystalline 
mass, alkaline to litmus. — Me./IeOClg. Got from 
the chloride aJid NH.,Aq. Short prisms (from 
alcohol). — (Me.Te).pBr.j. — (Me 2 Te).^jS 04 , 
Cubes, V. sol. water, iiisol. alcohol. 

Methyl-iodide MogTel. Crystalline, si. 
sol. water. Converted by moist Ag.jO into an 
alkaline base which yields (MegToClJjPtCl*. 

Ethyl telluride v. vol. ii. p. 619. 

TEMFLIH OIL. An essential oil obtained 
from ffi cones (Flilokiger, J. 1855, G42 ; Bertholot, 
J, Ph. [3] 29, 38). Colourless, becoming green- 
ish-yellow in air. Boils at 166°-177°. S.G. 1* 
•065S. yields on rectiffcation a Invorotatory 


terpene (172°) S.G. ^ *856. HNOg (i vol.land al- 
cohol (I vol.) yield terpin hydrate OigHjoG-aq 
[118°] (250°) S. 9 at 100°. Alcohol and HCl 
yield crystalline C,on,gHCl and 0|oH„2HCl 
[65°]. 

TERACONIC ACID C,H ,„04 i.e. 

CMe2;C(C02H).Cri;j.C02H. Propylidem-succinic 
acid. [163°]. Formed in small quantity by 
distilling the isomeric terebic acid (Goisler, A. 
208, 50). Na and NaOEt convert terebio ether 
into sodium ethyl teracouate (W. Roser, B. 16, 
293). ^'ormod also by treatment of the ether 
COoEt.CBrPr.GR 2 -CO._,Et with alcoholic potash 
(Schleicher, A. 2o7, 130). Crystals, sol.alcohm 
and ether, v. sol. cold water. Above 163° it 
yields ll.G and an anhydride. Cone. HBrAq 
at 0° forms terobio acid. 

Salts.- Bi*A".—CaA". Pp., v. si. sol. water. 
— AgoA". Needles, in. sol. water. 

Mono-ethyl ether PAU.M*. Oil. Decom- 
posc.s Na^COg, forming crystalline NaEtA", a 
solution of which gives with AgNOg a pp. of the 
unstable AgEtA". 

Di-ethyl ether (255 i.V.). Oil. 

TERACRYLIC ACID C,H,,02. (218° i.V.). 
A product of tho distillation of terpenylio acid 
(Fittig a. KralTt, B. 10, 521, 1059, 1740 ; A. 208, 
79; Amthor, J.pr. [2] 42, 389). Liquid, sraell- 
ing like valeric acid, si. sol. and lighter than 
water. Yields acetic acid'^in fusion withpotasli. 
Faming HBr forms C.IIigBrOj, which gradually 
splits up into HBr and hoptolactone OjHjjOg. — 
CaA'ooaq. Prisms or needles.— AgA' ; needles. 

Ethyl ether Btk'. (191°). Fruity oil. 

TERBIUM. Tr. At. w. not determined with 
certainty ; probably c. 162 (v. infra). 

Tho examination of gadolinite, a rare Swedish 
mineral, by Mosander, Clevo, and others made 
probable the existence therein of at least seven 
earths, to one of which the name terbia was 
given (v. Eiuuum, vol. ii. p. 456, where tho his- 
tory of these earths is stated more fully, with 
references to original memoirs). It is still very 
doubtful whether the substance called terbia is 
a homogeneous body or a mixture of more than 
one compound {cf. Metai.s, bake, vol. iii. p. 242). 
Delafontaine {A. Ch. [5] 14, 233) prepared 
an orange-yellow, earthy compound, which he 
regarded as pure terbia, from sa7}iarskite, 
by a long process of fractional ppn., first by 
KgSO^Aq, then by oxalic acid, and finally by 
formic acid {cf. Marignac, A, Ch. [5] 14, 247 ; 
Cieve, Bl. [2] 31, 197). 

Terbia Tr^O;, is described as on orange-yellow 
amorphous solid ; when heated in H for some 
time it becomes white. Tr.Og dissolves in acids, 
forming salts of tho type Tr.Xg, where X = 
SO,, COg, 2NOa, &o. The emission spectrum of 
terbia has been mapped by Roscoe a. Schuster 
(C. J. 41, 283). The at. w. of Tr — the supposed 
clement has not been isolated— was determined 
by Delafontaine to be 113*5 ; Marignao found the 
value 148*5 ; Lecoq deBoisbaudran found 163*1, 
101*4, and by later work 159*6 {C. B. 102, 395 ; 
111, 474). ^ M. M. P. M. 

TEREBENE v. TEBrlKES. 

TEREBENTHENE v. Tbrpenes. 

DITEBEBENTHYL 02,H„. V.D. 4*6. (346°). 
S.G. 4A *9688. [a]o = 69°. A product of distilla- 
tion of colophony (Renard, C. B. 105, 865 ; 106, 
856). Oil, reBiniffed by air. EMnO^ ozidisef ii 
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lo piopionio, Beetle, and formic acids and GO,. 
Cold fuming HNO, forms 0mH,j(N 02)„ a yellow 
powder, sol. alcohol and ether. Br in GS, at 
— 10° forms C^H^pBr,, which on heating yields 
diterebonthylene (347°) S.Q. -9821, 

whence Br forms C^H^Br,. HNO, produces 
OjwBLjlNOjj),, and EL^SO, forms GjoH^SO H, all 
amorphous solids. Bromine-water gives rise to 
a brown, amorphous solid. Gaseous 
HOI passed into the ethereal solution forms 
CoJIao^HCl. HoSO, yields CjoHa^SOaH, which 
is' sol. water, alcohol, and ether, fornfing 
huoaBScent solutions. Diterebenthyl passed 

through a red-hot tube forms H, O^H^, 0,1 1^, 
pentane, hexane, hexylene, hexineno, heptinono, 
cymenb, and other hydrocarbons. 

TEREBENTILIC ACID [90°]. (250°). 

Got by passing the vapour of the hydrate of oil 
of turpentine C,oH,b 2H,0 over soda-lime at 400° 
(Personne, A. 100, 253 ; c/. Hempel,..4. 180, 80). 
Crystalline powder, sol. hot water, v. sol. alcohol 
and ether. May bo sublimed. — AgA'. Crystalline. 

TEREBENTIO ACID 0„H,A- Got by di- 
gesting oil of turpentine with oxide of lead 
(Weppen, A, 41, 294). Crystals (from alcohol). 

TEREBIC ACID C,n,„0, ix. 

CMe, Mol. w. 158. [170°]. 

H.C.v. 70G, 042 (Ossipoff. G. JR. 108, 812). S. 
(ether) 2-856 at 35° (Amtflor, J. pr. [2] 42, 385). 
Formed by the action of nitric acid on oil of 
turpentine (Bromeis, A. 37, 207 ; llabourdin, 
J.Ph. [3] 6, 185; Cailliot, A. Oh. [3] 21,27; 
Svanberg a. Eckmann, J. 2 ;r. 00, 220 ; Mielck, .1. 
180, 47 ; Bredt, A. 208, 37; Erdmann, .4. 228, 
179). Fornunl also by oxidising pinol (Wallach, 
A. 253, 250 ; 259, 317). Terebio acid is perhaps 
identical with oxyhoxic acid (GorbolT, J. It, 
1887, 605). Monocliiiic crystals (from alcohol), 
si. sol. cold, V. sol. hot water, V. sol. alcohol 
and ether. Not attacked by fuming UNO,. Split 
up by water at 150° into CO, and pyroterobic 
acid. On boiling with fl^SO^ (2 pts.) and water 
(1 pt.) it is converted into the lactone of oxy- 

isohexoio acid CMo,<^q^^^q^CH„ CO, being 

evolved. On distillation it yields pyro- 
terebio (hexenoic) acitl, oxy-isohexoio lactone, 
and a little teraconic acid. On heating for 15 
hours at 160° with excess of a saturated solution of 
baryta it is converted into acetone and succinic 
acid (Frost, A. 226, 36.3). Fuming HIAq yields 
CILPr.CHo.COoH. Alkalis form salts of dia- 
terebic acid, of which terebio acid is the lactone. 

Salts. — NH,A'; very soluble prisms. — 
KA'j’aq. — NaA'^aq.— BaA'22aq : amorphous. — 
AgA'. Prisms, v. sob water. 

Ethyl ether EtA'. (274° I.V.). S.G. 

^ 1-111. Formed from terebio acid, alcohol, and 
HCl. Dilute NaOH dissolves it, forming mono- 
ethyl diaterebate ; on cautious acidification the 
ether separates again, but only after warming 
(Plkmanii). Sodium dissolves in its ethereal 
solution, giving off hydrogen and forming the 
sodium salt of acid ether of teraconic acid (q. v.). 
Alcoholic NaOEt acts in *\he same way, excess 
forming a white pp. of disodio teraoonate. 

Diaterebio acid • 

OMe,(OH).CH(CO,H).OH,.C02H. The salt 

BaA^' 8aq is formed by boiling terebio acid with 
excess of baryta-water. It crystallises from 

vof,. rv. 


alcohol, but on acidification at once yields the 
lactone, terebio acid. AgNO, added to a solu- 
tion of the BaiSalt ppts. AgjA'*. — CaA"3aq.— 
CaA'.-PbA" 3aq.-Pb,A" (OH), aq. 

Ethyl ether Etj^'b Formed from Ag,A" 
and EtI. Oil. Converted by acetyl chloride into 
CMo,(OAc).CH{CO,Et).Ce,.CO,Et, an unstable 
oij. 

/3-Bromo-terebio acid 0,HaBrO, i.e. 

[151'']. I'-ormed by 

: adding Br (1 mol.) to powdered teraconic acid 
(1 mol.) covered with water (Frost, A, 226, 363), 
Largo crystals, m. sol. CS^, v. si. sol. chloroform 
and benzene. Decomposed by boiling with water 
into HBr and terebilio acid C.ll.,!)^. lleduced 
by sodium-amalgam to terebio acid. 

He/cmtccs.-— CuLouo- and OxT-rismr.Bio 

ACID. 

TEREBILENIC ACID C,IT,0, i.e, 

(?) [1(}9 ]. Formed by 

heating a-chloi<f-terebio acid at 200° (Uoser, B. 
15, 296 ; A. 220, 261) and by ovai)orating )8- 
chloro-terebic acid with water (Frost, A. 226, 
370). Small prisms or needles (froia water), v. 
sol. alcohol and other. CryHlallisea from alcohol 
or COHO. IlBrAq in trimetrio forms; a:5:c=» 
*809:1: -858. Maybe sublimed. Excess of KOJI 
forms the diaterebilenato but thi.s 

splits up on warming with water into KOII ami 
potassium terebilenato. Does not combine with 
BrorllBr. Sodium-amalgam reduces it to terebio 
acid.— CaA',. — AgA'. Prisms. •• 

Refpretice.'- CiiiiOHo-'rKUKniLKNio acid. 

TERECHRYSIC ACID CJLOj. A product 
of the action of IlNOj (S.G. 1-2) on turpentine 
, (Cailliot, A. 64, 376). Orange-red crystals, v. o. 

! sol. water, alcohol, and ether. --ld)A" : crystals. 

} TERELACTONE 0JI,0, i.e, [12°]. 

j (210° i.V.). Formed by the action of boiling 
j water on di-bromo-isolmxoic aci<l derived from 
pyroterebic acid and Br (Gcislcr, A. 208, 47). 
Mobile liquid, sol. water. Boiling buryta-wator 
converts it into amorphous Ba(C„ll„0,).., which 
is sol. water and deposits liaCO, on boiling. 

TEREPHTHALIC ACID G„U,0, i.e. 
C,;H^(C0.^1I).,. p-Vhlhdlic acid. Mol. w. 106. 
H.C.p. 770,900. II.G.v. 771,200. U.F. 188,100 
(Stohmann, J. 2 >r. [2j 10, 139). , 

Fornmtion. — 1. Jiy the action of UNO, on 
oil of turpentine (Cailliot, A. Ch. [3] 21, 28; Do 
la Rue a. Hugo Miiller, A. 121, 86 ; Sehreder, B. 

7, 704 ; cf. W. (f. Williams, B. 6, 1094).— 2. By 
the oxidising action of chreinic aciil mixture on 
2 >-xylono (Roilstein, A. 133, 32 ; 1.37, 301), 
cuminio acid, curnirio aldeliydo, cymene (Hof- 
mann, A. 97, 197), 2 >-toluic acid (Beilstein a. 
Yssel, A. 137, 308), di-ethyl-ben/.eijo, and amyl- 
toluene (Fittig, A. 141, 167). — 8. By the 
action of boiling dilute HNO^ on cymono and on 
terpenes (Schwanert, A. 132, 257 ; Homeyer, 
Ar. Ph. [3] 5, 326), — 4. By oxidation of o-ethyl- 
toluene by aqueous KMnO^ (Claus a. Pieszeek, B. 
19, 3083), — 5. By fusing potassium 27-sulpho- 
benzoate with sodium formate [Romsen, B, 6t 
379). — 6. From its nitrile, which is obtained by 
distilling R,FeCy, with potassium benzene p- 
disulphonate (Garrick, Z. 1869, 551),p-ohloro- 
benzene sulphonato (Nultiog, B. 8, 1113), or p 

UU 
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bromo-benzene sulphonate (Irelan, Z. 1869, 164 ; 
Barth a. Senhofer, A. 174, 242 ; Limprioht, 
180, 88). — 7. The semi-nitrile i|i also formed by 
the action of a hot solution of cuprous potassium 
cyanide upon ^-diazobenzoio acid (Sandmeyer, 
B. 18, 1497). - 8. By heating j)-di-bromo-benzene 
with chloroformic ether and, 1 p.c. sodium- 
amalgam at 110° and saponifying the product 
(Bonz, 13. 18, 2906). — 9. By the action of 6 p.c. 
KMnO, on an oil (258°-26H°) wliich remains as 
a residue in the manufacture of aniline and 
toluidino (Hell a. llockenbach, 73. 22, 505). 

Prej}aratiofi.—l. Br (2 mols.) is added to 
boiling 2}-xylene (100 g.), and the resulting 
CJl4(CH.^r).^ decomposed by alcoholic KOAc on 
the water bath. After evaporating the alcohol 
the C,H,(OAc)j is extracted with ether, and 
oxidised by adding 4-5 litres of 10 p.c. KMn04 
to its solution in water (1 litre) and NaOH (500 g. 
of S.G. ]‘22). Finally more KMnO^ is added 
till the solution remains violet, the solution kept 
at 100° for H hours, liltered, and ppd. by HCl 
(Haeyer, .d. 245, 199). — 2. By o.wlising p-xyl^ne 
with chromic acid mixture (Beilstein, 139, 41). 
9. From yj-toluidino by Sandineycr’s reaction, 
the resulting ^j-toluic acid being oxidised by 
EMn04 (tVeyer a. Herb, A. 2.58, 1).. 

Properties. — White crystallirjo powder, nearly 
insol. water, alcohol, ether, chloroform, and 
HOAc. Sublimes without previous fusion. Does 
not yield an anilide on boiling with aniline 
(Michael a. Palmer, B. 19, 1976). It is ppd. 
from 'its salts by plithalic Scid. Yields benzene 
wheq. distilled witli slaked lime. Beduced by 
sodiuin-aimilgam in a current of CO.^ to the 
A*-' or (1,4)- dihydride. If CO._, bo not used the 
product is the or (3, 0)- dihydride, which is 
also get by boiling the (l,4)-dihydrido with 
NaOHAq (Baeycr, A. 2G9, 153; cf. Mohs, Z. [2] 
8, 68). The (l,4).dlhydride gives benzoic acid 
on oxidation by MnO.^ and dilute H.^S04, while 
the (3,6)-dihydride forms terephthalic acid 
(Baeyer, il. 269, 182). By heating its alkalino 
solution with sodium-amalgam terephthalic acid 
is reduced to a tctrahydride, and this is further 
reduced by HIAq at 240° to a hexahydrido 
(Baeycr, 13. 19, 1805). 

Salts. — (NH,).A". Small crystals. — 
CaA" Baq. S. *08 at 6°. — BuA" laq. S. *28 at 
6°. -Sr A". S. *19 at 17°.-Ag,A". Curdy pp. 

MonO‘jnnthyl ether MeHA". [c, 230°]. 
Formed by the action of cone. H.BO4 or alcoholic 
potash on the di-mothyl ether (Baeyer, A. 245, 
141). Needles, sol. Na^CO^Aq and hot water. 

Di-methyl ether Mo.A'" [140°]. S. *3 
at 100°. H.F. 172,300 (Stohmann, J.pr. [2] 43, 
2). Formed by heating the acid with PCI^ on 
the water-bath and pouring the product into 
methyl alcohol. Trimotrio plates ; a:b:c = 
•843:1:3*083. Insol. cold water, si. sol. hot 
MeOH, m. s6l. EtOH. 

Di- ethyl ether Et.A". [44°]. Prisms. 

Propyl ether Pr.A'\ [31°]. Needles. 

Isopropyl ether Pr.A". [56"]. Plates. 

f^-Butyl ether Liquid. 

Isobutyl ether (CH,Pr),A". [62*6°]. 

Needles, v, sol. other (Berger, B. io, 1742). 

Isoamyl ether (C.,H,,).^". Pearly scales. 

Phenyl sther PhjfA". [194°] (Baeyer, 
A, 268, 44). Formed from the chloride and 
phenol. Leaflets. 


Chloride 0^4(0001),, [78°]. (269°). 
Amio acid 0,;H4(00NHJ.C0^. [214°], 
Formed from p-diazo-benzoio acid by Sand- 
meyer's reaction (Sandmeyer, B. 18, 1498). 
Minute plates (from water), m. sol. cold water. 

Amide G,;H4(GONH2)3. Formed from the 
chloride and NHjAq. Amorphous. 

Nitrile CaH4(CN)2. [220°] (Luckenbaoh, B. 
17, 1428). Formed from the amide and PjOj. 
Got also by distilling calcium bromo-benzena* 
p-snlphonate with K^FeCyo. Cone. HIAq 
forms 04H,(CI,.NH2)2 (Biltz, B. 25, 2543). 
r cistrans or (1,4)- Dihydride ^ 

cb2H.CH<^g:^^^>CH.C02H. S. -8 in the 

cold. H.F. 182,600 (Stohmann, J. pr. [2] 43, 
598). Formed by reducing terephthalic acid in 
a current of CO.^ by sodium-amalgam (Baeyer, 
A. 251, 257 ; 209, 153). Monoclinic prisms (from 
; EtOAc) ; a:b:c *982:1:1-019 ; $ --- 78° 2'. M. sol. 

^ other. Not attacked by sodium-amalgam in the 
^ cold. Unites with bromine (4 atoms). Trans- 
i formed into the isomerido by boiling with 
1 water, and into the acid by boiling with 
i NaOHAq. Alkaline KMn04 re-oxidises the acid 
I to terephthalic acid. A warm solution of the 
acid readily reduces AgNO^. On warming with 
aqueous cupric acetate it gives off CO, and 
forms a white pp. which, on adding HOAc and 
warming, yields Cu.p, the liquid then contain- 
ing benzoic acid. The (3,6), (3,4), and (2,3) 

' isomorides do not reduce AgNO, and cupric 
acetate. The Ba salt crystallises in plates, and 
is V. sol. water. 

Methyl ether Me.^A". [77°]. Yields a di- 
and a tetra-bromide. Br in CHCl., forms a di- 
bromide [170°] and a tetrabromide [98°]. 

Di-phenyl ether [146°]. Formed 

from the chloride and phenol at 100°. Small 
crystals, si. sol. alcohol, ether, and ligroin. 
rc4.9 A^*® or (1,4)- Dihydride 

GO,H.CH<;^j][:^“>C(GO.H)H. Extracted by 

ether from the mother-liquor from which the 
preceding isomeride has separated. Closely re- 
sembles its cistrans isomeride, but the cis acid 
and its salts are the more soluble. 

A'-® or (3,4)- Dihydride 

CO.,H.CH<;™ ;^®>C.CO.,H. S. *042 in the 

cold. H.F. 185,300. Formed by boiling the 
(1,4)- dihydride with water, and obtained, there- 
fore, by reducing terephthalic acid with sodium- 
amalgam (Baeyer, A. 245, 142 ; 251, 257 ; 269, 
148). Converted into the (3,6)- acid by NaOHAq. 
Sodium-amalgam in the eold reduces it to the 
A- tetraliydride. — BaA" 4aq. Trimetric crystals ; 
a:h:c = *319:1: *352 (Baeyer a. Herb, A. 268, 22). 
Methyl ether Me.Ji”. [40°]. 
or (3,6)- Dihydride 

CO.H.C<^^g2-^” >C.C02H, S. -0059 in the 

cold. H.F. 191,900. Formed by reduction of 
terephthalic acid in a'kaline solution by sodium- 
amalgam (Baeyer, A. 245, 142). Got also by 
boiling^the (1,4)- dihydride with NaOHAq. Slen- 
der needles (from water), almost insol. ether. 
Much resembles terephthallo acid. On sab- 
limation it is partially converted into terephthalkl 
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ficid. Immediately oxidised by KMnO^. Forma 

with HBr. Sodium-amalgam in the cold re- 
duces it to a slight extent, forming the two 
isomeric A* tetrahydrides.— BaA" 4aq. Crystals, 
resembling its and A^.* isomerides. 

Mono-methyl ether MeHA". [225°]. 
Oot from Me.A'' and alcoholic potash. Needles 


(from hot*water). 

Di-methyl ether HeA". [130°]. ILF. 
172,700. Formed from the dihydride by-suc- 
<;essive treatment with PCI, (2 mols.) and 
MeDH. Monoclinio plates (from EtOAc) ; 
^i:6:c = l'62:l:2-79 ; j8 = c. 74°. SI. sol. water, 
m. sol. hot alcohol, v. e. sol. ether. Br in 
ClICl, yields a dibromide CJI^Br,(CO,Mc)., 
[90°J and a tetrabromide [150^]. Excess of Br 

yields CO,Mo.C,H,Br<[^^ [188°]. HBr forms 


I 


from the acid by snooeasive treatment with 
PCl^ and phenol. Monoclinio crystals ; a:b:c •• 
2*824:1:2*470, ip. sol. cold alcohol and ether, 
r dstram or (1,4, 6.6)- Tetrahydride 

CH(COJl)<^y':^g»>OH.CO,H. [0. 220°]. 

S. *17. Formed, by rodpciug A*»* dihydride and 
also the dibromide of the A*>* di hydride. Oxi- 
uised by KMnO, in the cold to succinic acid and 
a soluble acid [150°]. Alkaline K,FeCy, gives 
terephthalic acid. Yields three dibromidea 

[171°]. 

[51°], and [91°]. The Ba and Cd salts are more 
sol. water than those of the A* isomcrido. 
Methyl ether MoA". [o. 3°]. 

A mide. Diinctric noodles ; = 1:2*151. 

Diphenyl ether PliA". Formed, in two 
modifications [107°] and [c. 190°] by the succes- 
sive action of PClj and phenol (Jiaoyor a. Herb, 


C^H«Br,(CO,n), which yields 0,H,Br.,(CO,Me), 
[16G°]. 

Di-phenyl ether VKA!'. [191°]. Formed 
by treating the chloride with phenol (Baeycr a. 
Herb, A. 258, 31). Small scales (from hot 
MeOlI), si. sol. ether. 

or (5,G)- Dihydride 

8. -oosa in tl.« 

cold. Formed by the atdion of alcoholic potash 
on the dibromide of the A'^ tetrahydride and on 
the tetrahydride of di-bromo-terophthalic acid 
got by brom illation of the lioxahydride. Unites 
with hydrogen bromide (2 mols.) forming 

J[[{j,>CH.CO.U. Easily re- 

duced by Zn and HOAcand by sodium-amalgam 
to the two A'^ tetrahydridcs. Boiling water con- 
verts it into the (3,4)- isoraeride. Boiling 
NaOII.\q forma the (3,G)- isomerido. — BaA" 4a(i. 
Needles (from hot water). 

Methyl ether Me, A". [85°], Monoclinio 
plates; a:5:c *2*2 11:1:3*691 ; /3-87° 13'. Slowly 
converted by HBr into (2,3)-di-bromo-tere- I 
pbthalio acid hexahydrido, which is reduced by , 
zinc-dust and acetic acid to the A^ tetrahydride 
of terephthalic acid. Yields a dibromide [Gl°]. 

Di-phenyl ether Ph.A". [175°]. Largo 
needles (from MeOH), si. sol. cold alcohol. 

A* or (3, 4,5,0)- Tetrahydride. 

CH(CO ^C.CO,H. [above 300°]. 

S.-102 at 10° ; *83 at 100°. H.F. 214,200 (Stoh- 
mann, J.pr, [2] 43, 6). Formed by boiling a - 
solution of terephthalic acid (1 pt.) in NaOHAq 1 
for twenty hours with gradual addition of 4 p.c. j 
sodium-amalgam ^ (100 pts.) (Baeyer, D. 19, 
1805 *, A. 245, 160 ; 258, 32). Prisma, more sol. 
water than terephthalic acid or its dihydrides. 
Combines with HBr and with Br (1 mol.). Im- 
mediately reduces alkaline KMnO„yieldingoxalio 
acid. — BaA"d.]aq. M. sol. cold water, lleduced 
by HIAq at 240° to the hexahydride.— Ag^". 
Amorphous. 

Methyl ether Me [39°]. H.F. 196,200. 
Plates. Its ethereal soluition shows blue fluor- 
escence and gives a fugitive rose-red pp. with 
NaOEt. HBr gives C,H,Br(COaH)^ whence 
[95°]. Bromine forms 

^ "lii-phenyl-ether Ph^". [146°]. Formed 


A. 258, 39). The modification [c. 190°] proba- 
bly is a mixture containing the A^ isomoride. 

Dibenzyj 0 ether (C,H,)jA". [48°J. From 
Ag^A" and benzyl chloride. 

r cis A'* or (1,4, 5,0)- Tetrahydride. [150°- 
155°]. S. 2*7 in the cold. Formed^ together 
with the ciitrans isoiucndti, by reducing the A**‘ 
dihydrido by sodium-amalgam in the cold. The 
Ba, Cd, and Ag salts are amorphous. This acid 
and the ciabans isomoride are converted into 
tlio A' iflomeride by boiling with NuOUAq. 

. r cistram Hexahydrido 

COJI.ClI<^{[-'^[{‘^CH.CO,n. Fumaroid or 

stable modijicatiou. ' [:}0()'°]. S. *080 at iV ; 1*3 
at 100°. li.F. 236,500 (Stohmann, J.pr. [2] 43, 

7). Formed by heating the tetrahydride with 
HIAq for 0 hours at about 240 ' (Baeyer, B. 19, 
i800; *245, 170; 251, 257). Formed also by 
heating ethyl butane tetracarboxylato with 
NaOEt and ethylene bromide at 100® ; the pro- 
duct being hydrolysed and heated at 220° till * 
evolution of CO.^ ceases (Mackenzie a. Perkin, 
jun., C. J. 01, 174). Prepared by reducing the 
hexahydride of bromo-terepbtlialio acid with 
zinc-dust and HOAc. Small prisms, sol. hot 
water. May bo sublimed. Not oxidised by cold 
alkaline KMnO^. Br (2 mols. at 100°) forms 
C,iH„Br(CO;jH )2 [71°J, and a maleic isomeride 
[205°]. Treatment with PCI, followed by Br at 
150° forms C„lI„Br^(CO Jl),j in a fumaroid modi- 
fication which yields Me A" [150°] and a maleio 
raodiOcalion which yields Mo.^A" [08°] and an 
anilide [200°]. The K and Ba salts are v. sol. 
water; the Ca%altis si. sol. water. 

Methyl ether MeA". [71°]. S. *6 at. 

I 100 ^ H.F. 218,100. Exhibits no fluorescence. 
Volatile with steai^i. 

Diphenyl ether [161°]. Needles. 

r eta Hexahydride 

CO,a.CH<y[['^{[‘>C(CO,H)n. MalsU at 

labile modification. flC2°J. H.F. 287,400. 
Formed by reducing the very soluble hexa- 
hydride of bromo-terephthalio acid with xino- 
dust and HOAc. Plates (from water), v. iml. 
alcohol and ether. Changes on beating with 
HClAq at 180° into its isomeride. Its Ba salt 
and methyl ether do not crystallise. 

Beferencee. — Brouo-, Chlouo-, Nitsa-. and 

On- TEBEPHTHAlilO ACH). 
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^TEREPHTHALIO ALDEHYDE, 


TEBEFHTHALIC ALDEHYDE 

C«H,(CH0),[1:4J. [116®]. (247®). 8. 1*7 at 

100°. Formed by boiling C;H4(CH,01)j or 
C,H<(CJH 2 Br),^ (1 pt.) with lead nitrate (1 pt.) and 
water (20 pts.) (Grimaux, C. R. 83, 825 ; Ij5w, 
A. 231, 363). Formed also by the action ol 
fuming HNOa on di-«-Bromo-jtAxyIene (Ldw, B, 
18, 2072), and by boiling C^H,(CHClj,), with 
water (Colson a. Gautier, Bl. [2] 45, 6, 508). 
Obtained from CH,,(OH).C„H^.CH,OEt by suc- 
cessive treatment with PCI, and water (Colson, 
Bl. [2J 42, 162). 

Preparation. — p-Xylene (1 pt.) is heated with 
Br (6 pts.) at 140° to 200° with inverted con- 
denser. The crystalline totra-<o-bromo-xylene 
[169°] thus obtained is heated with three timesits 
weight of (S.G. 1 825 at 120°-130°), the 

product poured into water, and the needles that 
separate recrystallised from water (llonig, M, 9, 
1153). 

Properties. — Long needles, v. si. sol. hot 
water and cold ether, v. sol?’ alcohol. Slightly 
volatile with steam. Dissolves %n 25 pts. of 
saturated aqueous NaHSOg at 45°. 

Reactions. — 1. Oxidised by chromic acid 
mixture tOrp-aldehydo-benzoic acid and then to 
terephthalic acid. — 2. Cone. NaOHAq forms 
terephthalic acid, &>-oxy-toluio acid, and di-w- 
oxy-xyleno.— 3. KNO, and excess of HjSO, at 
110° form nitro-tercphthalic aldehyde.^4. Cold 
cone. NIIiAq forms tri-jf>-aldehydo-hydrobenzi- 
amide (CuU.,(CHO).Cn) 3 Na, a crystalline powder, 
insol. water, alcohol, and other, yielding on oxida- 
tion hy KMnO, crystalline N,{CII.CJI,.CO,U), 
(Oppcnhcinier, B. 19, 574).— 5. Dry or alcoholic 
NHj, forms crystalline 0„H^(CH:NIl)j. — 6.NaOAo 
and Ac.jO give ^’•“'Idchydo-cinnamic acid. — 
7. Acetone and dilute NaOH give a white pp. of 
CtfH^iCHtCH.CO.CHj).^, which crystallises from 
ether-acetone in matted needles [156°], insol. 
water and alcohol, and gives a deep-red solu- 
tion in cono. H.SO,. An intermediate body is 
0„H,(CH(OH).CH...CO.CH,)5.— 8. NPhMe, and 
ZnCl,fonnC«H,(OHO).CH(0„H,NMe,)„thelouco 
derivative of the aldehyde of malachite green. — 
9. Cold cono. aqueous KCy added to a cold saturatedT 
alcoholic solution of the aldehyde ppts. amor- 
phous C„H,oO,, which probably has the formula 
C«H,(CHO).CH(OH).CO.C.H,(CHO) [170°-174°]. 
This body reduces cold ammoniacal AgNO„ 
forming a mirror. It also reduces warm Fehling's 
solution and combines with phenyl-hydrazine. 
EMnO, oxidises it to benzoin di-p-carboxylic 
acid. NaOHAq dissolves it, farming benzoin 
di-p-carboxylic acid, di-w-oxy-p-xyleue, and other 
bodies (Oppeuheimer, B. 19, 1814), 

Phenyl-hydraeide [230°]. 

Oxim Cja,(CH:NOH)./ [200°]. Formed 
from the aldehyde and an alkaline solution of 
hydroxylamiup (Westenberger, B. 10, 2994). 
Crystalline, v. sol. alcohol and ether, si. sol. 
water. Yields 0,H,(CH;NOEt)- [55°] and 
0,H,(aH:NOAc), [165°]. 

Reference. — NrrRO-TKRF.pHXHAXiio aldehyde. 

TEREPHTHALIC AMIDINE C«H,,N, i,e. 
0,H,(C(NH).NH2),. The salt B"2HC1, formed 
by digesting terephthalic imido-ethyl ether 
with iQoohoDo NH,, is crystalline, and yields 
(Luckenbaoh, B. 17, 1486). 
TteSPHTKALOPflSNOirS Fbthalo. 
imifoxa. 


TEBPENES 0,oH„ ; also Sesqniterpsxies C, .H 
and Polyterpenes (C,oH„)„. The greater number 
ol these hydrocarbons exist ready formed as 
constituents of essential oils secreted by plants. 
Others are produced from the natural terpenes 
by the action of heat or of chemical agents. A 
dihydrocymene isomeric with the natural terpenes 
has been obtained synthetically from methyl- 
isopropyl succino-succinio ester and the homo- 
logous dihydroparaxylene and dihydrobenzene 
by corresponding processes (Baeyer, B. 25, 1840, 
2122 ; 26, 232). The natural terpenes are gene- 
rally optically active liquids, with right- or teft- 
handed rotatory power. The only exception is 
the racemic compound dipentene (j. v.). The fol- 
lowing isomeridcs are known : — 

•1. Pinene. This includes two varieties, 
australeno or dextropinene and terebenthene or 
Iffivopinene. American spirit of turpentine con- 
sists chielly of dextropinene. (156°). [a]j=+21’5 
(Bertbelot, A. 83, 105 ; 88, 345, 110, 367, Suppl. 
ii. 226). S.G. ; = *8765; J = -8586; Jg=.-8278 
(Tilden, unpubl. expts.). French turpentine oil 
consists almost wholly of la 3 vopinene. (156*5°). 
[a]j = - 40*32. S.G. I = *8767 ; « *8619 (Riban, 


C. 22. 78, 788; 79, 314). It is also present in 
oil of rosemary (Bruylants, J. 1879, 944), oil of 
lemon (Tilden, Ph. [3J 9, 654), sage and juniper 
(C. J. 31, 554), thyme and anise (Briihl, B. 21, 
156), and other essential oils. 

For production and properties of turpentine 
oils V . Oils, ksskntial, Thorpe’s Dictionary of 
Aitlied CiiEmsTuv. 


Different specimens of the pinenes, both 
dextro- and lievo-, obtained by fractional distilla- 
tiou from turpentine exhibit considerable varia- 
tions in their rotatory power. An optically in- 
active liquid has been obtained by Wallacb {A. 
258, 343) from pinene nitrosochloride by treat- 
ment with aniline, whereby a diazo- compound is 
formed, which with the neighbouring chlorine 
atom gives rise to dia/.obeuzoneehloiide and re- 
generates the hydrocarbon 
- CCl - C.NO - -f H ,NC„II, 

=.-CCi-C(N:NCoHO-+H,0 and 
-CC1-C(N:NC,I1,)- -C-C-.-fClN,C„H,. 

The hydrocarbon thus obtained boils at 155°- 
156°, has a density *858 at 20°, a refractive 
index for D l'4G5o3 at 21°, and is supposed to 
be identical in constitution with the pinenes. It is 
apparently not resolvable into a mixture of 
dextro- and Itevo- pinenes, but with nitrosyl 
chloride and other reagents it behaves in the 
same manner as pinene. 

Dry pinene Unites with one molecule of 
dry hydrogen chloride, forming a crystalline com 
pound formerly called artificial camphor [125°], 
which appears quite saturated, as it is unacted 
upon either by excess of hydrogen chloride or 
bromine. The hydrochloride prepared from dex- 
tropinene is dextrorotatory, while that from Itevo- 
pinene is laivorotatory. The compound is very 
stable; it may be distilled almost without change, 
mere traces of hydroge^ chloride being evolved ; 
and it is unacted upon by aqueous solutions of the 
alkalis, except at high temperatures under pres- 
sure. Heated with sodium stearate, benzoate, 
or acetate, or with alcoholic potash, it loses the 
elements of hydrogen chloride and ^elds solid 
oamphene (o. Cahpubns, infra). In the presenM 
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cf water, iloohol, ether, or aoeiio aoid, pinene 
takes up two mols. of hydrogen chloride, pro- 
ducing a compound of different character [50°], 
which on the application of heat is readily split up 
into hydrogen chloride and a mixture of liquid 
hydrocarbons (v, Dipentenk, infra), Nitrosyl 
chloride passed into a solution of pinene in 
chloroform at — 10® yields a compound 
C,„H,gNOCl [103®], which is ppd. as a white 
crystalline powder on the addition of alcohol 
(Tilden, C. J.% June 1875). The same com- 
pound is formed by adding hydrochloric acid to 
a pooled mixture of the terpene with amyl 
nitrite and glacial acetic acid (Wallach, A. 215, 
245). The nitrosochloride gently heated with 
alcoholic potash yields a nitroso- compound, 
C,oH,jNO [120®] (Tilden). For crystallography 
V. Story-Maskclync (C. June 1875, and P/iii. 
‘Mag.). Nitrosopinene unites with two atoms of 
bromine, forming a crystalline dibromide, which 
decomposes on melting [132®]. Mixed with al- 
cohol and nitric acid both pinoncs form crystal- 
lised terpin hydrate 0,^11, ^(OII).^.OH 2 (Wiggers, 
A. 33, 368; 67, 247; Tilden, G. J, 33, 217; 
Hempel, A. 180, 71). Pinene dissolved in carbon 
tetrachloride and mixed with bromine yields a 
mixture of products, from which a well-defined 
crystalline dibromido 0,olI,alirjj [100°-170'-’] 
may bo isolated. On heating this with aniline 
it gives up hydrogen 4)romide, and ordinary 
cymene is produced. The yield, however, 
amounts only to about 10 p.o. of the bromide 
employed (Wallach, A. 204, 1). Exposed to the 
action of air or oxygen, in sunlight, the pinones 
produce a crystallir.e compound C.oM.hO, 
(Sobrero, C. H. 33, 00) which when distilled 
with dilute acid yields a compound called by 
Armstrong ‘ Sobrerono ’ (Armstrong a. Pope, C. J. 
60, 311), which is identical with one of the pro- 
ducts of the action of nitrous acid on pinene, 
isolated by Wallach a. Otto, and called by them 
‘ Pinol ’ {A. 253, 240). Pinene dicLilled with 
bleaching powder and water yields a large 
quantity of chloroform. Picric acid has no 
action upon piiicnes in the cold, but at the b.p. 
of the latter a brisk reaction sets in, and if the 
liquid is afterwards allowed to cool a compound 
is deposited in colourless scales, which on boiling 
with alkali yield borneol (Lextreit, G. li. 102, 
556 ; Tilden a. Forster, G. J. 03, 138.S). 

2. Linionene. This compound, like pim ne, 
occurs in two optically active varieties. Dextro- 
limonene (176°-170®), S.G. -840, [«]„ - 100-8 

(Wallach, A. 252, 145) occurs in oils of the fruit 
of oranges and lemons, also in caraway and dill, 
Ac. The most convenient source is the essential 
oil of sweet orange, Citrus aurantium. La3VO- 
limonene is obtained from the oil distilled from 
the leaves of Finua sylvestris and P. picea. 
This oil occurs in the drug houses as ‘Fir-Wool 
oil,’ but is now much adulterated with common 
turpentine, and the commercial oil seldom yields 
more than a small percentage of limonene. 
<175®-176®), S.G. » -840, [a]i,- -105® (Wal- 
lach, A. 227, 287, 246, 221). The limonenes, 
treated with perfectly dry hydrogen chloride, 
yield a liquid monochloride. In the presence of 
alcohol they give, with excess of hydrogen chlor- 
ide, a quantitative yield of a dihydrochloride 
[ 50 ^, identical with the compound obtained 
from the pinenes. By the action of nitroiyl 


chloride (Tilden a. Shenitone, C. /. May, 1877), 
or by the use of amyl or ethyl nitrite and hydro- 
gen chloride (Wallach), they yield a crystalline 
nitrosochloride, which, whether formed from 
dextro- or l^vo-limonene, is always a mixture 
of two isumerldes separable from each other 
by cold chloroform or other. There are there- 
^re four isomeric limonene nitroso-chlorides, aa 
follows : 

FhOM d. LIMONENE I 

a compound [103®-104°] Oo- +313® 

0 „ [105®-10b®] ttu = + 240® 

FjIOM 1. LIMONENE : 

a compound [103®-101®J ap- -314® 

3 „ [100] Oo»-242® 

From the nitroso-chloriJcs by the action of 
heat (Tilden a. Shenstonc), or by boiling with 
alcohol (Goldschmidt a. Ziirrcr, li. 18, 2220), is 
produced an isonitroso-limoueno, which when 
made from lasvo-liinonene is identical in every 
respect with carvow'm C,uH,,N.OU, from carvol, 
extracted frour oil of caraway (Goldschmidt a. 
Ziirror, B. 18, 1732). For a comparison of the 
rotatory j)owcrs of the two limonenes and their 
derivatives, see Wallach (A. 252, 141). The 
limoiioncB are further characterised ^y the for- 
mation of a crystalline tetrabromido [104®-105®] 
bv direct addition of bromine (Wallach, A. 227, 
277). 

By mixing together equal qiiantiti(3S of dextro- 
and la3vo- limonenes an optically inactive mix- 
ture is obtained, which behaves in many respects 
as a distinct hydrocarbon, and ap|)eur»«to be 
identical with dipentene (7. v.). Htrong sul- 
idiuric acid acting upon citreiio ((i-limonuue), 
causes polymerisation, tlio chief product being a 
colophcno (311) -320®) (Boueliardat a. Lafout, 
C. li. 115, 1083). 

The oil of Llcarikanalicontiun^ a compound, 
licarcol C,oll,„0, from which a hydrocarbon, 
licarene is obtainal)le by the action of 

acetic anhydride at 150® (Barbier, C. It. 114, 
074, and C. It. 110, 003, and 1002). This terpene 
appears to consist of impure ^f-lirnonene, as it 
boils at 170®-178 b gives a tutrabromide [103®- 
104®], forms a nitrosochloride, from which carv- 
oxim [72 'J Is formed by alcoholic potagh ; but 
its specific rotatory power is low, [a]o = 7’61®. 

3. Sylvestrene occurs in Swedish turpentine 
(Atterbf-rg, B. 10, 1200) and in Ilussian turpen- 
tine (Wallach, A. 230, 245), in company with 
australcne and other liydrocarbons of higher 
boiling-point. (170®-177°). S.G. » -8510 ; 
V!- = -8470. [a] •» -f 00-32 (Wallach, A. 246, 107). 
The odour of sylvestrene differs from that of 
pinene and linionene, and resembles the odour 
of fresh firwood. It forms a liquid monohydro- 
chloride, and a crystalline dihydruohloride [72®], 
from which the hydrocarbon may be recovered 
unchanged by heating with aniline, bylves- 
trene also gives a nitrosochloride [106°-107°], 
which, by treatment with alcoholic potash, yields 
only oily products. The tetrabromide crystallises 
in monoclinic tables [136®] (Wallach, A. 289,29). 

4. Pbellandrene. The seeds of Fhellandrium 
aquaticum were found by Pesci {O. 16, 226) to 
yield about 2.i p.c. of a volatile oil, consisting 
chiefly of a dextrorotatory terpene (171®-172®). 
The same hydrocarbon is contained in the oil of 
bitter fennel, Fcnniculum vulgart (Wallach, A» 
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239, 40), and in the oil of elemi. Lcevo-pbel- 
lan^ene is found, according to Wallaoh {A. 246, 
232), in the oil of Eucalyptus amygdalina. 
Phelldndrene is characterised by the formation 
of a nitroso-nitrite OigHigN^O,. Pesci obtains it 
by the action of a nitrite and dilute sulphurio 
acid upon the hydrocarbon. «lt crystallises in 
needles [94*^], and although obtained from tho 
dextrorotatory hydrocarbon it rotates the plane 
of polarisation to the left. [a],» =» — 183*5® 
(Pesci). By reducing agents this compound is 
converted into a base C,pH,o(NH.J.. (209^-214°). 
Ammonia converts it into nitrophellandrcne 
CjoHigNO.^ and an acid. 

6. Bipentene, formerly called terpilene or 
terpinylene. As already stated, this compound 
is produced when equal quantities of doxtro- 
and liBVO- limonencs aro mixed together (see 
Pentylenes). It is formed by heating isoprene 
to a temperature of about 300°. It is also the 
chief constituent of * isoterebenthene,* formed 
by the action of heat on lfBv#-pinene. It occurs 
among the products of the destfuotive distilla- 
tion of caoutchouc. Dipentene is also produced, 
together with terpinone, terpinolene, and ter- 
pineol, by^.he action of sulpluiric acid or phos- 
phoric acid on terpin, or by tho action of sul- 
phuric acid on tho pinenes under certain condi- 
tions (Armstrong a. Tildcn, C. J. November, 1879). 
It is also formed from the dihydrochloride [50°J, 
whether made from pineno or limonene, either 
by the action of boat upon the chloride alone 
(Tilden, B. 12, 1133) or by boiling it with a 
mixtUf?e of sodium acetate and acetic acid, or 
with alcohol and aniline (Wallaclj). The pro- 
ducts thus obtained were formerly supposed to 
consist of a single hydrocarbon, to which the 
name ‘ terpilene ’ was given. The hydrocarbons 
known as cinene and cajoputene formed from 
cineol and cajeputol respectively also consist of 
dipentene. Dipentene occurs ready formed in 
the volatile oil of the camphor tree, also in oil 
of elemi and in Uussian and Swedish turpen- 
tines (Wall ach, A. 227, 296, Ac.). 

Dipentene boils at about 176°, and has a 
leasant smell of lemons. It combines with 
romine forming a tetrabromido [124°], and 
unites with 21101 forming a chloride [50°j, from 
which it may bo regenerated by methods given 
above. It is to bo noted, however, that in all 
cases more or less isomeric change occurs, and 
the hydrocarbon, whether reproduced by heat 
alone or by the action of aniline, always contains 
terpinene and terpinolene, besi(|p cymene and a 
small quantity of a parallinoid hydrocarbon 
(Tilden a. Williamson, C. J. 63, 292). The 
nitrosochloride C,gH,gNOCl yields an inactive 
carvoxim C,gH„NOH [93°,] {A. 245, 267). A 
mixture of equal volnmes of doxtro- and lasvo- 
limonene behaves in many respects as though 
it were a distinct hydrocarbon, as it was sup- 
posed to be previously to Wallach’s researches. 
Thus the tetrabromido melts at 124°, while the 
limonene compound melts at 104°. The inactive 
isonitrosodipentene or carvoxim, melting at 93°, 
is formed by mixing together equal quantities 
of Invo-carvoxim [72°] from dextro-limonene and 
dextoo-oarvoxim [72°J from Iravo-limonene. The 
resulting compound ^ves, by Baoult’s freezing- 
pcint method, a molecular weight corresponding 
to the simple formula C,oH,jNO (Wallaoh, A. 
«46,28<»). 


Certain derivatives of dipentene. exist in two 
optically inactive forms. When d-limonene- 
nitrosochloride, prepared from either dextro- or 
lievo-limonene, is warmed with an alcoholic solu- 
tion of piperidine, a mixture of two crystallisable 
nitrolamines is formed in each case, as follows : 

Nitrolpiperidines OioHigNONOjHig, proji 

XiSVOLUIONBNE : 

(o) [93°-94°] Rhombic, from alcohol., 
[a]n = — 67*60°. Hydrochloride 
dextrorotatory. 

{$) [110°-111°J. Monoclinic. 

[“]d =» + 60*18°, Hydrochlqpide 
almost inactive. 

From dbxtrolimonene : 

(a) [93°-94°]. Rhombic. Wo - -h 67*95°. 
Hydrochloride hevorotatory. 

($) .[110°-111°]. Monoclinio. 

[a]D= -60*48°. Hydrochloride (?). 
When the two a-piperidine bases [93°-94°] are 
dissolved in petroleum-spirit, and the solutions 
mixed, an inactive nitrolainine [154°] is at once 
precipitated. A second inactive compound [152°] 
is formed by mixing the /3-piperidino bases 
(Wallach, A. 252, 123). Similar results have 
been obtained by the employment of aniline and 
benzylaminc. Tho salts of the bases thus pro- 
duced possess a rotatory power opposite in di- 
rection to that of the free base. No method is 
at present known of firoducing from limonene 
active addition-compounds with two molecules of 
hydracid. With excess of hydrogen chloride the 
same inactive dipentene dihydrochlorido [50°] is 
always obtained. Tho corresponding dihydrio- 
dide seems to crystallis6 in two forms differing 
slightly in melting-point (Wallach, A, 239, 13). 

6. Terpinene. (180° about). Tliis compound 
is formed, together with dipentene, by the action 
of acids upon pineno and terpin, Ac. It is said 
to occur in oil of cardamoms (Kv. Weber, A, 
238, 98). Terpinene has not been obtained in 
an absolutely pure state, but is characterised by 
forming a nitrosonitrite C,oH,aN.p, [165°] 
(Wallach, A. 239, 33). The tetrabroraide is 
fluid, and it yields no crystallisable hydro- 
chloride. Tho nitrosonitrite by the action of 

bases yields nitrolamines 

^ [130»-131°], do. 

(A. 241, 315). 

7. Terpinolene. (185° about). This hydro- 
carbon is formed along with dipentene and ter- 
pinene by the action of acids upon pinene, Ac. 

With hydrogen chloride and hydrogen bro- 
mide terpinolene unites to form the dipentene 
dihydroohloride [50°] and dihydrobromide [64°]. 
It forms an optically inactive tetrabromido which 
crystallises in monoclinio tables [116°] but is 
gradually converted at ordinary temperatures 
into a porcolain-like mass. 

8. Fenohene. A liquid isomeride of camphor 
(190°-193°), obtained from oil of fennel, is 
treated with alcohol and sodium, by which it is 
reduced to the alcohol C,oH,,OH, a colourless 
crystalline oompoundf. By treating this with 
phosphoric chloride the chloride 0,gH|fGl is 
formed,Kand from this, by heating with aniline, 
fenohene 0,aH,g (158°-160°) may be obtained. 
Fenohene is optically inactive. It differs from 
other terpenes in resisting the action of nitriw 
aoid unless heated (Wallach, A. 263« 149), 
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StKOPSXS of TaJIPEKEI AND THEIR CbIEF DSBIVATtVlf. 
Boiling-points approximately stated. Rotatory power + , or 0. 


Pinene 

aw®) 

Limonene 

(1760) 

Dipentene 

(1760) 

Sylvestrene 

(1750) 

Fhellundrene 

(170°) 

Terplnene 

(1800) 

Terplnolene ’ 
(186*) 

Fenohene 

(160°) 

+ and — 

+ and - 



+ and — 

1 

0 

0 

0,oH„HCl 

aaturated 

tl25°] 

0„H.,HCI 

unsaturated 

Uquid 

unsaturated 

liiiuid 

o,on.,nci 

litiu/u 

— 


— 

liquid 

0,,n„2HCl 

[500] 

c,.H.. 2 nci 

[600] 

[50^^] 

0,.n,.2HCl 

[72°] 

— 

— 

— 

! — 

0„TT„Br, 

[I7u0] 

[10*0] 

1 

[124°] 

O.otl.nHi. 

[l3o-j 

— 

liquid 

0,„U,.Ur, 

Lllo'O 

Uquld 

0„H„NOCl 

[1030] 

o.„n,.NOoi 

four Isoraeriiles 
[lOQo to 106“] 

o„n,.Noci 

[101O-102O] 1 

0.,II,.N0C1 

[lOii°J 

[1U2°] 

[155°] 

— 

— 

[i2ao] 

[930]a 

1 [lO'JOja 

[710] 

— 

c,oir„N,o, 

[137°] 

— 

— 

'O..H„NO 1 
[132-] 1 

0,.Tr,.N.0H 

[720] 

a 

m 

o 

— 

— 

— 

— 

— 


Isotcrpcncs. 

Camphenes 0,^11, Pinene monohydroohlor- 
ide [125®] was formerly described under the 
name * artiticial camphor/ from its resemblance 
to camphor in appearrAice and to a certain ex- 
tent in odour. This compound is remarkably 
stable, but may be decomposed by heating with 
sodium stearate or benzoate, with potassium 
acetate, with alcoholic potash, or, better, with 
a mixture of sodium acetate and alcoholic soda 
(Briihl, B. 25, 147). The resulting hydrocarbon 
is a camphene [51®-52®] (1(50^), dextro- or l®vo- 
rotatory or inactive according to the nature of 
the hydrochloride used and the reagent em- 
ployed, though tlic exact conditions which deter- 
mine the production of one or other are scarcely 
known (liiban, A. Ch. [6] 0, 353). 

Camphene is also formed from hornyl chloride 1 
by the action of alcoholic potash (llihan), by the j 
action of water and magnesia (Kachler, A. 1U7, 
80), or by heating with aniline to the boiling- 
point of the latter (Wallach, A. 230, 234) ; it is 
also formed from can)phor chloride and from 
pinene hydrochloride by the action of sodium 
(Montgolfier, C. B. 89, 102). In the last cus'! it 
is accompanied by a liquid liydrocarbon (170 ), 
which behaves like a parallin, and is 
probably identical with a liquid obtained by the 
action of hydrogen iodide on turpentine (Beithc- 
lot), also by the action of iodine (Armstrong a. 
Gaskell, B. 12, 175G) and by the action of sul- 
phuric acid on turpentine (Armstrong, B. 12, 
1769). 

Camphene is also formed by the action of 
strong sulphurio acid on turpentine, and consti- 
tutes the characteristic ingredient in the liquid 
formerly known as ‘terebene’ (Armstrong a. 
Tilden, 0. J, 1879, 733). 

Camphene closely resembles camphor in 
appearance and even somewhat in odour. It i^ 
soluble in alcohol, ethA:, and benzene, and crys- 
tallises in leaflets from a concentrated solution. 
It is incapable of combining with lyromine, but 
it forms a compound [157°] with hydrogen 
chloride, which is distinguished from pinene 
bydroohloride by its instability, being rapidly 


decomposed by water with reproduction of cam- 
phene (Riban, C. B. 80, 1330). It h also disso- 
ciated into camphene and hydrogen cliloride 
when volatilised (Ehrhardt, C. N. 54, 239). 
Camphene hydrochloride is said to be identical 
witli hornyl chloride (Kachler a. Spitzer, A. 200, 
310 ; V. also Briihl, Ji. 25, KJO). Camphene 
docs not combine with nitrosyl cliloride. In 
contact with bromine it ia slowly attacked, form- 
ing an oily moiiobromo- derivative (2.30*i240®). 

Oxidised by chromic liquor, camphene yields 
c.amphor, dextro-, lu)vorotatory or inactive ac- 
conling to tlio character of the camphene. 

By the action of i)ho8phoru8 pontachloride 
on camphene, and subsequent treatment of the 
mass with an alkaline solution, salts of two pbos- 
phonic acids uro formed (Marsh a. Gardner, C. *1. 
<15, 35). 

When camphene is heated to about 300° it is 
converted into liquid products whicli seem to in- 
clude dipentene, but have not been sulllciently 
investigated. 

Jlomologucs of camphene. 

Ethyl-camphene obtained by Die conjoint 
action of sotliura and ethyl iodide upon cam- 
phor monochlorido C,^H,iCl, is a colourless 
incihilc liquid having a Brucll like turpentine 
(197-9° -199*9^, bar. 742-1 ram.). Isobutyl- 
camphene is also a liquid (228°-229°, bar. 760’4 
mm.) (Spitzef, D. 11, 1817). 

Sesquitcrjmiea 

Oils of clove, calamus, cascarilla, patobodli, 
and cubebs contain a hydrocarbon of this com- 
position (Gladstone, C. J. 1872), as also do the 
oils of galbanum, and savin and^* huile de code,' 
a kind of tar made by distillation of the wood 
of Jumperus oxycedrua (Wallach, A. 238, 81), 
The hydrocarbon obtained from cade or cubebs 
(274°-275°) (S.G. (;*=-*921) forms the following 
crystalline compounds; C,jH2,2HCl [117°-118°], 
C„H„2UBr [124°-125°], C,iH,.2HI [106M06°], 
The hydrocarbon, especially when partially 
resinified by exposure to the air, gives the fol- 
lowing characteristio colour reaction : dissolved 
in chloroform or glacial acetic acid and then 
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ihaken up with a few drops of strong sulphurio 
acid, the liquid assumes an intense green and 
then blue colour, which, when heated, passes into 
red (\^allach). An attempt to prepare from iso* 
prene a poljmeride of the composition 
proved unsuccessful (Wallach). 

Conimene C, 4 Ha 4 , a liquid ^64°) having a 
pleasant odour, is obtained from the incense 
resin (Icica heptaphylla) of British Guian& 
(Stenhouse a. Groves, C. J. 1871, i. 176). 

Fohjterpenes C. 0 H 3 J, <fic. 

This group includes ( 1 ) the constituents of i 
certain natural essential oils ; ( 2 ) products 
of artificial polymerisation of terpenes; and 
(3) caoutchouc and guttapercha. 

^ 1 . Oleo-resin or so-called ‘ balsam ’ of co- 
paiba {Copaifera Langsdorffii and other species) 
is a mixture of a resin with an oil (250°-260°). 
The latter unites with water and absorbs 
hydrogen chloride, with production of a deep 
violet colour but no crystalline hydrochloride. 
A similar hydrocarbon is obtHinei^from Gurjun 
balsam or ‘ wood oil,’ the product of varioifs 
species of Dijitcrocarpus growing in the East, 
and from other essential oils. 

2. Whex: turpentine oil and other terpenes 
are heated for some time to about 300 ^ or 
treated with concentrated sulphurio or phos- 
phoric acid or other agents, a largo part of the 
hydrocarbon undergoes polymerisation. The 
name * colophene ’ was given by Deville to the 
less volatile portions of the product obtained in 
this manner from French turpentine, apparently 
under the impression that it was closely related 
to the ^ oil obtained by distillation of rosin, 
liesin-oil, however, contains oxygen, and ex- 
hibits quite dilTerent characters. 

Colophene is a yellowish viscid fluid, usually 


fluorescent, which begins to boll at about 300**, 
but ^e distillation even under reduced pres- 
sure is attended by decomposition. The boiling- 
point continually rises, and even at a tempera- 
ture approaching dull redness a viscid residue is 
left which on cooling becomes nearly solid 
(Armstrong a. Tildeu, C. J. Nov. 1879). The 
portions which distil at 300° and upwards ap- 
pear to consist of saturated compounds, for 
they absorb mere traces of hydrogen chloride. " 
By the action of antimony trichloride upon tur- 
pentine a solid, is formed. This com- 

bines with hydrogen chloride to form two com- 
pounds O^oHs^HCl, and C;oH 4 , 2 HCl (Riban, 

C. n. 1874, 389). 

3. Caoutchouc v. vol. i. p. 677. For further 
information concerning the products of its de- 
composition by heat v. Pbntinknks (vol. iii. p. 
807) and Dipentrnb {supra). 

Guttatercha, V. vol. ii. p. 668. 

Caoutchouc is formed from isoprene by poly- 
merisation, which sometimes occurs spon- 
taneously under circumstances not fully under- 
stood (Tilden, C. jV., May 1892). 

Oxidised compounds connected with terpenes. 

A considerable number of oxidised compounds 
are known w’hich are evidently closely connected 
with the terpenes, and in many cases directly * 
derivable from them. Come of these, as, for 
example, borneol and camphor, occur as natural 
products in essential oils ; others, such as terpin, 
are the products of the addition of water to a 
terpene, or, like camphor and some of its iso- 
ineridos, may be formed fr<om tei-penes by oxida- 
tion. These compounds are enumerated in the 
following table, together with the hydrocarbons 
with which they are presumably immediately 
connected. 


Cymene (ii. 361) | Carveol C,„U,,OII (i. — 

711) 

Pinene (u. supra) j Myristicol and ab- Sobrerol C,oH,„(OH )2 

T-k- X T-r sinthol {v. infra) • (u. infra) 

Bipentene 0,oH„ (u. Torpinool C,„H„OH Terpin C,„H,,(OH)„ 

{V. infra) (u. in/ra) 

— Cineol C,„H„On (ii. 

187). Syn. Euca- 

lyptol, cajeputol 

Fenehene C,„H„ (r. Fencheol C,„H„OH — 

supra) (v. infra) 

Camphene Cmll,, (v. Borneol C,on„OH Camphene glycol 

(i. 6 i- 2 ) CMOB),(v.in/m) 

— Geramol C„H„OH — 

(ii. 609) 

— Liijalool 0,oH„OH I — 

(iii. 146) 


Menthene 0,oH„ (iii. Menthol 
„ 202 ) iii. 203) 

Dihydrocamphene 
^1(1^11, (u. Decxnxnb, 
ii. 867) 

retrahydrooamphene — 

(v. Degylems, 
ii. 869, et infra) 


Ketones (?) 

Ciirvol (i. 

711) 

Sobrerone (pinol) 

CjoHijO (u. infra) 


Fenchone 0,oH,,0 
(v. infra) 

Camphor 0,»H,,0 
(i. 669) 

Pulegone 0,oH„0 (v. 
infra) 

Puleone 0,oH„0 (o. 
infra) 

Tanacetone or Thu- 
jone 0 |,H „0 {v. 
infra) 

Menthone Oi.Hi.O 
(ill. 204) 
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Oymane 0,oH„ (176°) ; U. 361. 

Dipentena 0„H,a (176®) ; v. supra. 

Fenehana 0,oH„ (160®) ; v. supra, 

Camphana 0,oH,a (160®) ; v. supra, 

Menthene OioH,i (167®) ; iii. 202. 

Biliydrooaiiiphene G,oH,, v. D£cin£ne, ii. 367. 
The liquid produced, together with the solid 
monohydrochloride, by passing hydrogen chloride 
into pinene, yields when treated with sodium a 
* mixture jtrom which a liquid hydrocarbon C,oII,h 
( 148®-149°), having a smell of oranges, may bo 
separated by fractionation, <tc. (Bouveault, C. R, 
116, 1067). 

• Tetrahydrocamphene C,oHao (Decylene, ii. 
367). A liquid obtained by the action of hydro- 
gen iodide and phosphorus upon oil of turpen- 
tine (liorthelot) and another (160‘’) by action of 
phosphonium iodide on turpentine (Baeyer) have 
this composition. The same formula is ascribed 
by Armstrong {B. 12, 17.58) to a liquid (160®- 
170°) obtained by the action of iodine upon oil 
of turpentine and upon camphor, also by the 
action of sulphuric acid upon turpentine- All 
these products are insoluble in strong sulphuric 
acid, and resemble the paraffins in chemical 
characters. 

Carved C,„H„.On (210°) ; i. 711. 

Terpineol 0, oil,, .OH. [35°]. (215°.218°). 

Wiggers, A. 33, 358 ; 57, 217 ; Jnst, -I. 67, 362; 
TUden, O, J, 33, 247, ;ind 35, 286 ; Wallach, B. \ 
18, 618, Kef. ; KannonikplT a. Flawitzky, J.i^r. [2] j 
32, 407 ; Bouchardat a. V^oiry, C. li. 104, 006. 
Dextro- and la3vo-terpin(!ol are obtained by the 
action of alcoholic sulphuric acid upon d- and 
i-pinene respectively, or inactive by distilling 
terpiu witli very dilute sulphuric or liydro- 
chlorio acid. Torj)ineol as thus obtained is a 
viscous liquid, having an odour of white lilac. 
By fractional distillation under reduced pressure 
a portion is obtained (130°-135° at 40 m.m.), 
which may be crystallised by cooling to —60°, or 
by the introduction of a crystal of the same. ; 
These crystals melt at 30 -32°, and boil urideconi- j 
posed at 218° (Bouchardat a. Voiry, C. R. 101, 
996). Terpineol treated with sodium evolves 
hydrogen, but in consequence of its viscosity the 
action soon ceases. Contact with dilute acids 
converts terpineol into terpin hydrate. Hydrogen 
chloride and iodide react to form C,gH,„Cl.^ [50°] 
and 0 ,oH,hL^ [77°] respectively. Potassium hy- 
drogen sulphate at 200° produces dipentene. 
Terpineol unites with two atoms of bromine, but 
excess of bromine gives rise to dipentene tetra- 
bromide. With phenyl oyanate it yields phenyl- 
terpinyl-urethane 0,H,.NH.CO.OC,„II„ [110°]. 
These and other reactions have been repeated 
by Wallach, using crystallised terpineol (A, 
276, 103). Terpineol oxidised by permanganate 
yields a substance C,oH.oOs [121°-122°], which 
probably has the constitution of an oxyterpin 
C,oH„(OH),. Further oxidised by moans of 
chromic acid this yields a crystalline compound 
[62°-63°] (Wallach, A. 275, 146). 

Cmeol C,oH„0 (176°) ; ii. 187. Cineol appears 
• to contain no hydroxyl, since it is not acted 
upon by metallic s^ium nor by benzoyl 
chloride at 120°. It is also unaffected by 
hydroxylamine and by phenylhydrazine. Hence 
it appears to be neither an alcoBol nor a 
ketone. Its relation to terpineol {infra) is 
ehown by the fact that when heated with 


alcohol and salphurio acid oineol Is converted 
into terpinene and terpinolene : also that ter- 
pineol, and therefore also terpin, are partly con- 
verted into cineol prolonged heating with 
phosphoric acid. Cineol oxidised by perman- 
ganate of potassium yields the potassium salts 
of carbonic, oxalic, f^d cineolic acids, with a 
small quantity of acetic acid. Oineol yidlds 
' 45 p.c. of its weight of ciucolio acid. This com- 
pound forriis well'debncd anhydrous crystals, 
which dissolve in 70 pts. of water at 16°, and in 
: 1.5 pts. at 100°. They melt with decomposition 
I at 106°-107°. 

j Calcium cineolato 0,gll, ,Ca0^.4H.p is soluble 
I in cold water, but i.s completely precipitated by 
' boiling the aqueous solution. Silver cineolate 
; CigHnAg.O^.li.^O is soluble in both water and al- 
^ cohoi, but cannot be crystallised. Kthyl cineolate 
I C,oH,,(C.J 1 ,)j 04 , obtained by passing hydrogen 
; clilorido gas into an alcoholic solution of the acid, 
is a colourless liquid (15.5° under 11-12 mm.). 
By dry distillation cineolic acid yields cineolio 
! anhydride, ^ator, carbon dioxide, and a liquid 
which appears to consist of a monobasic acid 
{A. 246, 265). 

Fencheol C,pH,y.(OH). Fenclivl alcohol 
[40°-41°j. (201°). (Wiillach, A. 2o3, 143 ; 272, 
00-125). -033 (W.). (a]„ i 10-36 (W.). 

Dextro- and lievo-fonchyl alcohols arc obtained 
by the reduction with sodium ahd alcohol of 
lu)vo- and dextro-fenchonos re.spcctively, Con- 
centrated UNO, oxidises /-fencdiyl alcohol to d- 
fenchoiie. TClj gives rise to fenchyl chloride 
C,pH„Cl (84°- 86° at M mm.). .. 

Borneol C,„H„.01l, i. 522. 

Oeraniol ii. 600. 

Liualool C,gH„.OH, iii. L4(;. Linatool issaid 
to be convertible into the isomeric gerauiol by 
treatment with acetic anhydride, and saponify- 
ing the resulting ester with alcolmiio potash 
(Bouchardat, C. H. 116, 1253). 

Menthol C,oH,„(OIl), iii. 203. 

Terpin C.oHmiOH), [J04°-105°]. (268°) 

(Wiggers, A, 33, 358 ; 57, 247 ; Tilden, C, J. 33, 
247 ; 35, 286 ; Wallach, A. 230, 225-272). Ter- 
pin is best known in tho form of its hydrate 
C,„IL,„0,.H,0 [116-117°], a beautifully crystal- 
line compound which on heating to 100° loses 
i water and leaves terpiri as a vitreous mass. Ter- 
pin hydrate is readily obtained by shaking tur- 
pentine oil with alcohol acidified with sulphuric 
or nitric acid (Flawitzky, B. 12, 1022 ; Tilden, 
C, J, 33, 247 ; 35, 286), aiid leaving tho liquid 
to evaporate. It is an optically inactive, satu- 
rated comptAind, slightly soluble in boiling 
water, soluble in alcohol and crystallising in 
; rbombio prisms (Kamniolsbcrg, P. 03, 570; 

I Maskelyne, P. M. 1870). It x>osBesBe8 the charac- 
ters of a glycor and with hydrogen chloride 
; yields dipentene dihydrochlorido [50°]. Boiled 
with water containing a mere trace of mineral 
acid, terpin dissolves with production of ter- 
’ pineol and water. * 

Camphene glycol 0,pH„(OU)y [19?°] (O. 
Wagner, B. 23, 2311). 

Formation. — By the oxidation of camphene 
in benzene solution with a 1 p.c. solution of 
KMnO, (Z.C.). 

Prqpertica.— Colourless prismatic needles 
(from benzene) very readily soluble in ether, 
alcohol, CBy, and chloroform. Exhibits the 
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sam« phenomenon as oampbor when thrown on 
water. Sublimes when heated above 100°. 
Melts when warmed with water,, but only dis- 
solve's in it with dilHculty. Heated with aoetio 
anhydride in a closed tube at 120°, the greater 
part loses water, only a small portion being con- 
verted into the acetic ertcr. Treatment with 
difute HGl results in the loss o( 1 mol. of H.p,, 
giving rise to a solid body, C,oH,„0, isomeric j 
with camphor, which reduces ammoniacal AgNO, ; 
and reacts With hydroxylamine. j 

Carvel C,oH„0 (‘228^’), v. i. 711. 1 

Fenohone C,„H„0. [5°-G°]. (192^-193°) 

Wallaoh,A.263,130; 272,102). S.G. ^ *9465 
W.). 11x44-23 (W.). [a]„ + 71*70 and -66-94. 

Occurrence. — Dextro-fenchone is present in 
fennel oil, the fraction boiling between 190° and 
105° consisting almost exclusively of the ketone, ; 
together with traces of anethol; derived from 
Thuja oil, fenchone possesses lievorotatory op- 
tical properties. D- and Z-fenchone form a 
series of derivatives which bear to one another 
a relation similar to that subsistuig botweei^ 
the two tartaric acids, and tlie analogy extends 
to the formation of racemic modifications when 
equal proportions of the two classes of deriva- 
tives are mixed together. 

Pr^aration.— The fraction of fennel oil 
boiling between 190° and 195° is treated with 
concentrated HNO,, the ketone remaining un- 
attacked. After being freed from acid and dis- 
tilled in a current of steam, the dry oil is cooled, 
and the fenchone crystallises out. 

JReowJions.— With bromine in the cold, an 
addition compound is formed, substitution 
taking place if the mixture becomes heated. 
PjjOj, and PClj have the same action upon 
fenchone as upon camphor. Fenchone is dis- 
solved by cold conceritrated HCl, being thrown 
out of solution on warming. UNO, has but 
little action in the cold, but in a sealed tube at 
120° IlCN is formed (A. 263, 134). KMnO, , 
oxidises fenchone to a mixture of oxalic, acetic, 
and dimethyl-malonic acids. Z)- and Z-fenchone 
yield d- and Z-fonchyl alcohols respectively on | 
redaction with Na and alcohol [v. FcncJicol). On !* 
heating cZ- and Z-fenchone with ammonium | 
formate, Z- and d-fcnchylamines respectively 
are formed. Fenchone does not react with 
phenyl-hydrazine or with alkaline sulphites, 
but both varieties form oxims [161°] with | 
hydroxylamini'. j 

(i-Feuohon-oxim C,oH,„NOH [1G1°] (240°) 
loses water on treatment with dilute H.^SO„ an I 
unsaturated dextrorotatory nitrilfe* (218°) being 
formed. 

Z-Fenchon-oxim 0,on,„NOn [161°] behaves 
in a similar manner on treatment with dilute 
H^O,. The resulting nitrile yields with potash I 
a IcBVorotatory^ a-isoxim C„H, 5 .CONHj [114°- | 
115°] which is readily converted by dilate i 

into the iB-isoxim [130°- 137°]. ! 

Camphor C,oH,„0 (i. 669). 

Menthone C,„U„0 (206°) (iii. 204). 

Fulegone 0 ,oH,bO. (130°-131° under 60 mm.), i 
(Beckmann a. Ploissncr, A. 262, 1 ; Wallaoh, A. j 
^2, 122 ; Semmler, B. 25, 3515). S.O. ^ j 
•9823 (B. a. P.) ; 46-55 (B. a. P.) ; [o]d 22-89 j 

a. P.). Pnlegone is the chief constituent of i 
Bpwish oil of pennyroyal {Mentha pulcgium). | 
1ft U a dextrorotatory colourless liquid, having 


an odoiflr of peppermint, and rapidly beooming 
yellow on exposure to the air. . 

Reactions. — With HBr it oombines forming a 
laBVorotatory ([a]i>>- — 33*8) addition compound 
0,oH„O.HBr [40-6°]. When heated with am- 
monium formate, Wallach {A. 272, 123) failed 
to obtain a base isomeric with fenchylamine 
and thujonamine, a mixture of bases being 
formed. Slow oxidation with KMnO, gives rise 
to acetone and /3-methyl-adipio acid [84-6°J. 
Bapid oxidation with the same reagent yields a 
7 -valero-lacton- 7 -acetio acid (Semmler, B. 25, 
3516). Pulegone combines with hydroxylamiqe 
to form pulegonoxim 0,oH,pNO.^ [167°]. The 
oxim contains one molecule of H.^0 more than 
camphoroxim. It is laavorotatory (Md — 83*4) 
and forms a hydrochloride [117°-118°], a 
benzoyl ester [137°-138°], and an acetyl ester 
[149°]. On heating its hydriodide pulegonamina 
Ci^Hi^O.NH is formed. 

Pulegone hydrobromide C,oH,„O.HBr [40-5°] 
is Irevorotatory ; it forms an oxim [38°] which 
becomes converted on standing into normal 
pulegonoxim [l.')7°]. Pulegone hydrobromide, 
on treatment with moist silver or lead oxide, 
loses HBr, pulegone being regenerated. Distil- 
lation with zinc dust gives rise to an oil which 
resembles menthone in every respect but the 
melting-point of its oxim f85° instead of 59°), 

Constituticni. From tne results of oxidation 
experiments carried on under various conditions 
with KMnO^ Semmler {B.25t 3519) attributes to 
pulegone the coustitution : 

Pr 

/\ 

II Mo 

Puleone is the name given to a compound 
isomeric with camphor, obtained by Barbier (B, 
25, 110c), from pennyroyal oil, described as 
boiling at 222°-223°, and possessing the follow- 
ing physical properties : S.O. -9482 ; *9293 ; 

[a]„-h 29*15. Its oxim C„>H,u.NOH is an oil 
(170° under 48 ram.) yielding a liquid anhydride 
C,„H, 5 N on treatment with dilute H.^SO,. Chromic 
acid mixture oxidises it to carbonic, acetic, 
and propyl -succinic [89°-91°] acids. 

Tanacetone C,„H„0 (195°-196° ; 84-5 at 13 
ram.), identical with the thujone of Wallach 
(A. 272, 109; Bruylants, D. 11, 450; Semmler, 
B. 25, 3343, 3519 ; Wallach, Z.c.). S.O. ^ -9126 
(S.). B* 44-64 (S.). 

Tanacetone occurs in tansy, sage, wormwood, 
and thuja oils. It has ketonic properties, and 
possesses an optical rotatory power amounting, 
to + 38° 30' in a 2-dcm. column. 

BeacZtojw.— Sodium in alcoholic solution re- 
duces it to tanacetyl alcohol (92*6° at 13 mm.). 
With alkaline hypobromite it yields bromofornt 
and tanacetogen-dicarboxylio acid (113*6° at 11^ 
mm.). Oxidised with KMnO^ it yields tanaceto- 
carboxylic acid, which exists In two modifica- 
tions, the a and /3 thujaLetonic acids of Wallach 
(Z.C.), [75°-76°] and [78°-79°] respectively. 
Heated wjlth ammonium formate, it ^ves tan- 
acetylamine (198°-199°), the same b^y being^ 
formed when tanacetoxim (see below) is reduced 
with sodium and alcohol. The hydroohloiido of 
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this iMtsa on dry distillation yields fanacetene 
(172°-175**), a hydrocarbon of the formula C,oH, 4 , 
identical with Wallaoh’s thujene. Tanaoetone 
reacts with hydroiylamine to form tanacetoxim 
0„H„.NOH [61-60] (i360_i 86° at 22 mm.), which 
yields tanacetylamine on redaction, while treat- 
ment with dilute alcoholic H.SO^ converts it into 
a oymidine (Pr;Na/.Me:l:3:4), which gives carva^ 
crol with nitrous acid. Tauaoetophorone 
C,H„0 (89®-90® at 13 mm.). It^ 37 (>. When 
tanacetogen-dicarboxylio acid (produced by tho 
action of NaBrO upon tanaoeto-carboxylio acid) 

heated with soda-lime, tanacetophorono is 
formed. It has ketonio properties, and combines 
with hydroxylamine. 

Constitution . — Semmler {B. 26, 3519) sug- 
gests for tanacetone and tanacetogen-dicarboxylio 
acid the formulte 

Pr 


HC^ 


.Cn,.C(Me)a, 


CII./ 

Tauacetonc. 


^O.Ac and 


C.GOOII 
CH,— HC.COOH. 

Tiiuacetojfeu- 
tlicarboxylic aclil. 

SobreroneCioHi^O. Pmol. (183°-181°) (Wal- 
laoh, A\ 253, 254 ; Armstrong, C. J. Proc. 1890, 
100). a.G. -953 (W.) ; m., MOD (W.). So- 
brerone is obtained from the mother-liquors accu- 
mulated in tho preparation of pinene nitroso- 
chloride; also by tailing sobrerol with dilute 
LL^SOf (Armstrong, l.c.). 

Beactions.— It combines readily Avith Br to 
form a dibroniide [94 \i, from which, on treat- 
ment with alcoholic potash, sobrevono is regene- 
rated. Sobrorone and its dibromido yield tcre- 
bic acid [i75'-^-f70'^] on oxidation with KMnO*. 
HNO, produces tho same result. It forms a 
nitroao-ohloride [103'^] which, by tho action of 
bases, is readily converted into nitrolamincs, e.^/. 
sobrerone-nitrol-piperidino and sobrerone- 

nitrol-benzyl-ainiue [133 ^-13 1^^]. Tbedibromulo 
C„H„O.Br, [91^] (113°-144^ a. 11 mm.) yields 
on treatment with alcoholic potash, in addition 
to sobrerone, its glycol-etlicr CJ,„ 11 ,^ 0 {UC.^H ,)2 
[62°-53^]. Sobrerouc-glycol-diacetate is easily 
obtained by heating the dibromido to 150' wiMi 
lead acetate in glacial acetic acid solution. Wliea 
heated at 100” for three hours with formic acid, 
sobrerone dibromide is converted into pinene. 

Constitution . — Its behaviour towards bromine 
and nitrosyl chloride and its molecular refrac- 
tion indicate the existence of one ethylene 
linking, while its indifference towards acid chlor- 
ides, hydroxylamine, phenylbydrazine and 1I,S 
render it probable that the O- atom is united to 
two different G- atoms. From these facts, and 
from its behaviour on oxidation, Wallaoh (.1. 
263, 269) assumes the constitution 
Pr H 



Sobrerol [160”] (Sqjdrero, C. R. 

88 , 66 -, Armstrong, C. J. Prog. 1890, 100; 
O. /. 69, 316). Sobrerol ia obtained by oxi- 
6^Dg Stench tnd American turpentinoi in 


sunlight. It occurs in two optically active 
forma, both melting at 160”, and on allowing a. 
mixed sohvtion to crystallise inactive sobrerol. 
[181®] separates out. When boiled with dilute 
HaSO, it loses 1 mol. of H.p, sobrerone— iden- 
tical with Wallach's pinol — being formed. 

Eucalyptol C,«U„0 (170”) (Jabns. B. 17, 
2941 ; Bouchardat a. Voiry, C. li. 106, 663). 
Identical with cinool, spicol, cajeputol, and ter- 
pan (B. a. V.). 

Myristicpl C,oII,„0 .(224”) (IVright, B. 6, 
1320 ; Gladstone, C. J. 23, 147 ; 25, 1 ; Brilhl, B. 
21, 471). S.G. -Otll) (G.). R* 40*42 (G.). 
Myristicol is a dextrorotatory alcohol, obtained 
from the ethereal oil of nutmeg, Mi/ristica aw- 
viatica. It ybdds a chloride with PCI.,, and lb 
converted into cymene by tho actimi of ZnOl.^ 

Absinthol C,„I1,.0 (217”) (Bcilstein a. Kupf- 
fer, i?. 6, 1183; Wright, l.c. 1320; Gladstone, 
C. J. 45, 241 ; Briilil, B. 21,471). S.G. p *9128 
(G.). Ba 44 02 (G.). Absinthol ia obtained 
frotn oil of worinwoocf, and is dextrorotatory. 
It is converted by ZnCl., and P.^S^ into cyinone. 
In what form tho oxygen exists is at present 
unknown. 

Constitution of tho tcrpcjics. 

I. Pinene. The following facts must be takeir 
into consideration : 

1. Dry pinene conibine.s with one molecule ' 
of hydrogen chloride to form a .saturated oom- 

' pound, from which hydrogen ehlori<lo is with-* 

. drawn with diirnrulty, tho icsulting Ij^drocarbon 
^ being a solid oamphent^. Moist pinene combines 
i with 211G1, yielding dipentene-dihydrochloride. 
j This also is saturated. Tho formation of both 
! these compounds is undoubtedly attended by 
! isomeric change, inasmucdi as pinene cannot be 
; recovered from either of them ; but on removal 
j of tho clemonts of hydrogen chloride a new 
j hydrocarbon results. • 

2. Pinene seems to combine with two atoms 
{ or with four atoms of bromine, according to the 
1 method of operating. By adding bromine to a 
I cooled solution of pinene in cqrbon tetrachloride, 

I Wallach has obtained a crystalline dibromide 
• C,„H,„Br, [170”j. The yield is, however, very 
I small, about 7 p.c. of tho hydrocarbon employed 
! (.4v204, 1). By shaking up a solution of pinene 
. in cbloroforni, with an excess of sodium hypo- 
: broinitc, acidilied with hydrochloric acid, so as 
j to liberate tho bromine, and iramediutoly after- 
! wards determining the unabsorbed excess of 

bromine, 'l^lden obtained results which pointed 
to the union of tho terpene with four atoms of 
I bromine. Tho cornbinatior; is, however, very 
unstable, and hydrogen bromide is soon evolved 
(C. J. 53, 88^). Sciit-schukarolT finds that a 
chloroform solution of pinene takes up, in tho 
dark, four atoms of brornind^i but the bromide^ 
formed is unstable, and quickly gives off hydro- 
gen bromide, thus G,„I1,„B*‘« - HBr + CioHjjBfg, 
\b. 23, 432, Kef. , J. pr. 47, 19D0). 

3. Pinene combines with NOCl to form a 
saturated compound which is not an oxim but 
a nitroso- compound, and yields up the NO.Cl by 
the action of aniline, with liberation of an 
optically inactive pinene. 

4. liy addition of two atoms of bromine to 
pinene, and subsequently heating the product 
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Alone, OEv better, with aniline (Oppenheim, B» 5, 
629), oymene is formed. 

6. In contact with slightly dilu^d mineral 
acids, or vwhen heated above its boiling-point, 
pinene is gradually converted into an optically 
inactive mixture of dipentene with terpinene, 
terpinolene, and polymerj^ed te^ene (‘colo- 
phene ’). 

6. When heated to a temperature short of 
visible redness, pinene yields a considerable 
quantity of isoprene C^Hh, together with a 
notable amount of meid-xylene. * 

7. Pinene submitted to oxidation yields about 
1 p.c. of its weight of p-toluio or terephthalic 
acid. This is perhaps duo to the presence of a 
little oymene. It must, however, be remembered 
that the oxidising agent usually employed is 
either nitric acid or acidihed chromic liquor, 
and hence that the pinene is first changed into 
dipentene or one of the other hydrocarbons re- 
ferred to above (6). When nitric acid is used 
oxalic acid is the most aVundant^roduct, accom- 

(ciij.^c.CH(aooH).cn, 

ponied by terebio acid | I 

O CO 

, CH,C.COOn 

and dimethylfumario acid || (Otto a. 

CH^C.COOH 

Beokurts, J3. 18, 820). By treatment with 
' chromate and sulphuric acid pinene yields much 
acetic acid, together with some tcrebic acid and 
CJi,.CU.CH(C001I).CH, 
terpenylicyj,cid I | 

6 CO 

8. Natural pinene rotates the plane of 
polarisation to the right or to the left. It 
therefore must be supposed to contain an 
asymmetric atom of carbon. 

In order to epitomise these facts many for- 
mul(B have boon proposed. The most important 
fall under two classes— namely, those in which 
pinene is represented as a dihydrocymene, and 
those in which a cross- orpara-linkage is assumed. 

Of the former class, the first example is the 
formula given many years ago by Oppenheim 
(B. 6, U8)— 

CH 

CU'^j^JcH 


ch;^^'ch 


It has been shown that cymene, with wnich 
pinene is closely connected, contains tso- and not 
normal propyl (Widman, B, 24, 439). Hence 
pinene and its isomeridcs are believed also to be„ 
isopropyl compounds. 

Formula) containing cross- or para- linkages 
have been proposed as follows : — 

Kannonikoll Wallach (A. 239, 49i 


(J. pr. 32, 617) 
O 


Wallach {A. 239, 49) 
CoUio (B. 25, 1108) 

VI. 

C.H, 

C 



CH.(^CH 

['Men, 

cn,l Nch 

c 


CH, 

CH, 

Wallach 

Wagner 


(B. 24, 1539) 
VII. 

P.H, 

CH 

ch/\ch. 


(23. 24, 2187) 
VIII. 

PaH, 

CH 

r /\cTT 


C11*;^^'CH 

g 

CH, 


d^^lcH, 

CH, 


This kind of formula is now attributed with 
greater probability to limonene, and it must be 
remarked that of the possible formula of this 
type there are only four which contain ka asym- 
metric carbon atoth and iso-propyl. 


I. 

II. 



CH 

0 

CH.'^^CH 

* 

CHj^^CH 

oh' I'CH 

V 

ChII 'cH, 

Yh 

OH, 

CH, 


II. Limonene. — 1. Dry limonene combines 
with one molecule of hydrogen chloride, but 
unlike the hydrochloride derived from pinene 
I the resulting compound is optically active and 
; is not saturated, as it combines with halogens, 
; with nitrosyl chloride, and, in the presence of 
moisture, with a second molecule of hydrogen 
cliloride (Wallach, A. 270, 188). Limonene in 
the presence of water or alcohol readily yields 
dipentene dihydrochloride [50°J, identical with 
the product formed from pinene. The dihy^o- 
chloride is optically inactive. 

2. Limonene unites with four atoms of 
bromine, forming a crystalline tetrabromide. 

8. Limonene unites with one molecule of 
nitrosyl chloride. The product, of which two 
(stereo?) isomerides occur, gives the reactions of 
an oxim. 

4. Limonene readily yields abundance of 
cymene identical with that which is obtained 
from pinene (Oppenheim, B. 5, 628). 

5. Limonene is polymerised by heat much 
less readily than pinene, and is not convertible 
into camphene. 

G. Limonene vapour at a low red heat yields 
isoprene in the same way as pinene. 

7. Limonene oxidised nitric acid or by 
chromate yields oxalic, acetic, terebio or ter* 
penylic acids according to circumstances, usually 
without any*' trace of toluio or terephthalio 
acid. 

8. Limonene is dexiro- oi UByo-xotatory. ▲ 
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mixture of equal Tolumea of the active hydro- 
carbons constitutes dipentene, which, on account 
of its peculiarities, quite different from those of 
its components, was long regarded as a distinct 
hydrocarbon. 

The formula which agrees best with the 
characters of limonene Is either I. or II. given 
above (see Pinene). ^ 

In both of these there is an asymmetric 
carbon atom, and as the mono-hydrochloride is 
optically active while the dihydrochloride is in- 
active, these compounds will probably be re- 
presented by the following formula) : — 


Limonene 

Cfl 

ch'^’ch 

y 

IV 


Monohydrochloride 

It 

CH 

CH,/\CU 

ClCH^v^Jcil 

HQ 

It' 


Diliydroehlorlda 

It 

CH 

cicn'^'ciici 

ng 


Limonene nitrosochloride deprived of the 
elements of hydrogen clijoride yields a compound 
which has been identified with carvoxiin. If 
the following formuho bo assumed for carvacrol 
and carvol, the interrelation of these compounds 
is obvious. 

U!irvft<^rol Carvol 

g.H, cji, 

0 c 

cn/^CH cii/'^cn 




Cli 


g 

cu. 


Oorvoxlm 

g,H, 

0 

cii/^cn 


\^CO 

gii 

CH, 


CII 


'C;N. 

CH 

CH, 


The corresponding formula for limonene 
should be No. II., but if that correctly represents 
the constitution of the hydrocarbon, the pro- 
duction of the nitrosochloride, or of the oxim 
from it, must bo attended by isomeric change 
involving a ro-distribution of the hydrogen and 
3 f the double linkages. Thus ; — 


Limonone 

g,H, 

c 

ch/^ch 

I 

ChI /CH, 


OH, 


Nitrosoclilorlde 



Oxim 

g.H, 

CH.-^^cn 
NOHcl Jen 

CH, 

The oxim is optically active. 

The very ready conversion of pinene into 
dipentene ( =-*limoncne) is' a point of considerable 
importance, and it appears probable that the 
pro<lucts formed by the action of heat and acid 
oxidising agents are in reality derived, not 
directly from pinene, but from the isomeric 
hydrocarbon into which it is lirst converted. 
The splitting up of pinene by heat into iso- 
picno has been regarded (Wallacli, A. 23D, 48 ; 
Collie, J3. 25, 1111) as supporting the formula) 
already given VI. and VII., in wliich a para- or 
cross linkage is adopted.. But ri'memhering that 
isopreno is^onverted by polyiiit risation, not back 
again into pinene, but into ilipentone, this evi- 
dence is of little importance. On the otlisr 
hand, the diniculties invoheil in the assumption 
of a cross link in a cycloid of six carbon atoms 
are very considerable. In any closed ring of 
carbon atoms, the stability of the ring is easily 
accounted for upon simple meclianical princi]iles. 
For if wo consider six carbon atoms situated at 
the angles of a regular hexagon, and each at- 
' tractod to its two neighbours on either side, 
whatever bo the forces of attraction between 
i them the resultant of tlu>se forces willnave the 
' effect of urging each carbon atom toward the 
centre of the llgure. Thus, if the carlam atom 
a is attracted towards the carbon atom b with a 
force representc*! by p, and towards c witl) a force 
represented by 2^', in the tigure, the resultant of 
these two pre.ssurrs will be r, wliich acts towards 
the centre; and so with each of the five other* 
atoms. 



. This conception is, (d course, independent of 
any hyiiotlicsis ^concerning the fourth unit of 
valency, and the formula has no reference to the 
well-known ‘ centric ’ formula. The modern 
hypothesis according to whicirthe carbon atom 
is supposed to be situated at the centre of a 
regular tetrahedron while the radicles with 
which it is unitcl are placed at the angles of 
the same supplies no distinction between the 
force and the direction of the unit of affinity. 
The difference of spccifio volume observed 
between carbon compounds of the aromatic and 
fatty series seems to indicate that carbon atoms 
In the former are more closely united together, 
but it appears that no compounde are known in 
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-whieb the specific volume of carbon differs very 
greatly from its normal value. Hence it ap- 
pears probable that the carbon atoip, in uniting 
with other atoms, preserves a nearly constant 
distance from them, and in the figure above to 
suppose that a is combined with d as firmly as 
with b or c requires the asf(umptiqn that a car- 
bon atom is capable of acting through a distance 
twice as great in one case as in another. If this 
is possible, and we imagine the force of attrac- 
tion between a and d to bo as great as between 
a and b or c, then, unless c a<5ts upon e and b 
acts upon / at the same time with the same force 
the figure will be changed from the hexagon to a 
double square. 


The conversion of pinene into dipentenc 
throngh the dihydrochloiide is readily shown. 



A compound of this kind wcvild bo incapable 
•of many of the changes whicli arc clf/.racteristio 
of pinene, and a second cross linkage between c 
and e, or between b and /, would bo impossible. 
Hence the following formube, which are attri- 
buted by Wallaoh to nitrosopineno and pinyl- 
amine cannot bo accepted even if a single 
■diagonal is allowed in the formula of pinene. 


Pinono 

Nltrosopincne hy«lro- 
chloriile 


Q..H, 

CH 

CH 


ch<Y.ch, 

ch'^^ch 

ciciil Sen 



CH, 

Oil, 

Nltrosopincae 

Piny la mine 


Q3H, 



CH 

ClI 

cn.< 

(^Nch 


CH* 


Cllk^CH 


NO.g NU.g 

CH, CU3 

Formula} III. and IV. now remain to bo con- 
cidered. So far as the writer is aware, formula) 
of this type have not been proijosod for any of 
the torpenes. Nevertheless there is much to be 
said in favour of an expression of this kind for 
a compound so unstable as pinepe, whioh ap- 
pears to be incapable of withstanding the action 
of heat or of contact with any reagent without 
isomeric change. For example, the conversiou 
of pinene into dipentene, tcri/nene, and terpi- 
nolene may be explained with the minimum 
amount of hypothesis by the following formuhn, 
in which the tendency towards the conversion of 
an unsymmetrical into a symmetrical molecule 
is clearly showm. The question as to the relative 
positions of the methyl and propyl groups is 
-left open. 


-left open. 
Pineo* 


Tcrpiiieiie Terpiiiolene or 
or Terpinolooe Turpiuoue 


Pinene 

R 

CH 

Dipentene 

dihydrfHshloride 

Ijt 

CH 


CH,/\,CHH 

chMIo 

CIlJv IcHCl 

Q 

B' 

CIQ 

B' 

Dipentene 

14 


CH 

CH»/^CH 


Such a formula for pinene also explains the 
extreme instability of its tetrabromide. ^ 

111. Campuknk. Gamphene behaves towards 
all reagents— such as bromine and nitrosyl 
chloride— as a saturated compound, but with 
hydrogen chloride it unites, forming a com- 
pound which in external appearance resembles 
pinene monochloride, but dilXers from that com- 
pound by its instability.' When cainphene is 
oxidised by chromic acid it yields camphor, but 
when treated with permanganate a glycol is 
formed. Tliis compound crystallises in odour- 
less small monoclinic prisms, which sublime at 
temperatures above 100° (il)2° ca.). Its most 
oharacteristio property is seen in its reaction 
with dilute acids, whereby water is separated and 
a compound isomeric with camphor formed. 
This reaction appears to indicate the existence 
of one ethylenio bond in camphene (G. Wagner, 
B. 23, 2307). Briihl (B. 25, IGO) also finds, as 
the result of his latest determinations of the 
molecular refraction and dispersion of camphene, 
that this hydrocarbon contains one etliylenic 
linkage. Wallach (B. 24, 1565) upon other 
grounds appears to nold the same view. Cam- 
phene is, however, so closely connected with 
camphor that the constitution of the latter 
compound when settled may serve as a guide in 
determining the constitution of the former. The 
j formula for camphor given by Kekul6 (B. 6, 931) 
was based upon the supposed intimacy of its 
relation to oymene and carvacrol. 

CH 

CH,/^CH, 

CH 


There can be no serious doubt of Its character 
as a ketone, inasmuch as it yields an oxim, 
though it gives no compound with NaHSO,; but 
the action of dehydrating* agents upon camphor 
is very complicated, and there can be no doubt that 
the production of cymene is attended by iso- 
meric change. Armstrong a. Kipping (C. J., Jan. 
1893) have shown that among the products of 
the action of strong sulphuric acid upon camphor 
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there !i • eonsiderable quantity of aoetyU 
orthoxylene (OaH.^Me.Me.Ao, Me:Me:Ao 1:2:4). 
From observation of its molecular refraction 
Bruhl (B. 21, 467) suggests a formula containing 
a para* linkage, either 



C,H, 

c 

CH 

ch/^ch. 

ch/^oh 

or / 

ChJs^ y CO 

CllY /CO 

c 

CH 

CH, 

CH, 


The former of these two formula* has also been 
used by Wallacli {B. 24, 1555). These expres- 
sions are equivalent to representing camphor as 
a derivative of tetramethylene. 

A formula of a different character has been 
suggested by Armstrong a. Miller (B. 10, 2*200) 
{v. vol. i. p. 670), and another of somewhat 
similar type by Collie (B. 25, 1114) : 

* Annstroug 

CH, 

cn/'^cii — cn, 

! I 

CO 

ClI, 

Collie 

CIt, 

cnj.cn^^cH-^CH, 

i ' I • 

co'^^cii -cH.cn, 

CH, 

Camphor by oxidation with nitric acid yields 
camphoric acid in large quantity, and as the 
characteristic and chief product. Camidiorio 
acid is therefore probably derived from camphor 
by an operation of a simple kind without con- 
stitutional disturbance. The following formula 
proposed by Collie (B. 25, lllG) has been shown 
to possess a very high degree of probability 
OValker, C. April 18y3) ; 


CH,j'^\cH.COOH 

^^^\/C.(CH,)COOH 

CH, 

This formula sufficiently accounts for the 
chief facts concerning camphoric acid, viz. that 
it is a saturated dibasic acid, which readily 
yields the anhydride by heating; that it is 
optically active, and when treated with hydro- 
gen iodide yields tetrahydro- and hexahydro- 
m*xylene. 

From this formula are deducible the following 
formulse for camphor and camphene : 

Camphor Campheoe 

CH, CH, 

OH • CH 

CH,/NcH.CH, OH.'^CH . CH 


This formula for oampheue explains pretty 
well all its relations, except its derivation from 
pinene, if either of the formula) containing a 
para- linkage be adopted. The chief objsotions to 
such formulto are stated above. 

J. Brcdt (B. 26, 3047) has recently proposed 
formuhe for C'imphoi\p, camphor, and oamphorio 
acid, which are derived from a peutamethylena 
ring. 

Syntlu'sisi of Terrenes. 

Von Baeycr in* a seiios of papers has shown 
that various dihydro- derivatives of benzene and 
its honiologues may bo synthetically produced. 
Starting with succino-snccinic ester, this com* 
pound, by treatment with dilute sulphuric acid, 
yields diketo-hexainetliylone, ami tliis, by reduc- 
tion with Bodium-aiuiilgain, gives thecorrospond- 
ing glycol. This glycol posst sses the characters 
of a sugar, and has been mnned chinite or 
qiiinito (B. 25, 1037). It occurs in two isomeric 
forms, which by t» catmenVwith hydrtigcn bromide 
yield two di^romohexamethylones. Both of these 
• by heating with quinoline yield dihydrobenzeiie 
(B. 25, 1840), a liquid which haf^ nearly tlm same 
boiling-point ns benzene, but combines with 
lIBr and with Br,. It also rclTucos perman- 
ganate. By a corresponding series of processea 
dihydro- 7 )-xylene was obtained from dimethyl- 
succirio-succinic ester (B. 25, 2122). Dihydro- 
7 )-xyleno (134° circa) smellp of turpentine, unites 
witii hy<lrogon bromide, but forms no crystullia- 
able nitrosite. 

In order to produce a dihyflrocy»y*;no it is 
, necessary to start from the methyJ-propyl com- 
j pound of succino-sueeinic ester. This com- 
' pound was obtainml by heating tim sodium 
compound of the monoproj)yl ether with methyl 
iodide (B. 26, 233). M»*tl)yl-isopro])yl-(lihydro- 
benzene boils at about 171 It smells like tur- 
pentine and resinitii^s in the air. It decolourises 
permanganate and unites with bromine, forming* 
an uncrystallisable bromide.. Altliough closely 
resembling a tcri)enc, however, it is obvious that 
this hydrocarbon is • not identical with any 
natural terpene known, containing, as it does, no 
asymmetric carbon. It may bo identical with 
terpinono. The relations of the paradibromo- 
hexamethylehe, or of its alkyl derivatives, to the 
corresponding hydrocarbon is sliown in the 
following formulto (B, 25, 1810, 2122) : 


It Br 
\/ 

It 

R 

( 

C 

c 

0 

ch/^ch. 

CII,^,CR 

or 

cri/'^CH 


CH\^CH 

cuMch, 

c 

C 

c 


1 

R' 

i ' 

W. A. T. 


TERPENYLIO ACID C,H„0,. [72°j (Fittlg) ; 
[5S°] (Wallach). Formed, logetlier with terebio 
acid, by oxidising oil of turpentine and oUier 
terpones with chromic acid mixture (Hompol, B, 
8, 357 ; A. 180, 77 ; Fittig a. Kraffl, A. 208, 71). 
Formed also by oxidising pinol hydrate 
with KMnO^ (Wallach, A. 260, 318). Monoolioio 
prisms (containing aq). 

Beactiems.- 1. Yields acetio acid aod CO, on 
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farther oxidation by chromie acid, — 2. On dry 
dMtillation it yields teracrylio acid (218®), a very 
little oxy-heptoio lactone (212®)^ and other 
bodies (Amthor, J.pr, [2] 42,388). — 8. Bedaced 
by HI and P to jS-isopropyl-glutario acid 
(Schryver, O. J. 03, 1344). 

Salts. — BaA',. Amorphous ? powder, v. e. 
sol. water. Converted by boiling with baryta 
into barium diatorpenylate Ba( 0 JI„O 4 ) 2 aq, 
which separates in needles on heating the cold 
saturated solution and is v. si. sol. water. On 
adding an acid the liberated diaterponylic acid 
at once changes to its lactone, terpenylio acid. — 
CuA', £caq.— AgA'. Crystallino mass. Silver 
diaterpenylato AgCJI,jOji ppd. by adding 
AgNO, to a solution of barium diatorpenylate. 

Ethyl ether EtA'. [38'^]. (305° i.V.). 

Monoclinio crystals; a:6:c~ 1-051:1: *.381 ; 
/5=»60°58'. V. sol. alcohol and ether, si. sol. 
cold water. Sodium converts it into (a)- and 
(^)-diterpodilactone 0,jin.„0v 

(o)-Diterpodilactonn “ [154®].* 

Formed as above (Fittig, A. 250, A13). Long 
needles (from water), m. sol. alcohol. Yields 
CaO^Hj^O, Oaq, Ag,0,JI,,0„ and BaC,4H.,,0, Oaq 
crystallising in inonoclinic prisms ; a:h:c = 
*936:1; -696 ; /i^=« 65®, 54', which, \Yhen decomposed 
by HCl and immediately extracted with ether 
yields ^a)-diterpolactouio acid 0,,.lL,Oa [160®]. 
This acid ddeomposos above 160® into water and 
its lactone. 

(i8).Diterpodilactono [135®]. A 

product of the action of Na on terpenylio ether 
(Fittig, 256, 122). Needles, in. sol. alcohol. 
Converted by baryta into (/3).ditorpolactonic 
acid [187®] and (^)-ditcrpoxylic acid C,^Ho„0,. 
(i8).diterpolac tonic acid forms trimotrio crystals ; 
a:6;c -732:1: *259 and is re-converted by heat 
into the lactone. -Diterpoxy 1 ic acid forms the 

salts BaA"8.iaq, CaA", and Ag,A". 

(o)-Diterpylic acid {ayDiterpodU 

lactone carboxylic acid. [216®]. An inter- 
mediate product of the action of Na on terpenylio 
ether. Needles, m. sol. alcohol. Converted by 
boiling HClAq or by heating above 216® into 
(a)-diterpodilactono. 

TEBPILENE v. TKarnmes. 

TERFILENOL O,„ll„0. [o. 32®]. (o. 130® 
at 50 ram'.). S.G.o. -95. II. C. (inactive) 113,318 ; 
(active) 102,923 (Louguinino, G, R. 107, 1165). 
Got by saponification of the torpilene acetates 
C,„H,aHOAa or torpilene formates 0,„H,„CH..O.^ 
by alcoholic potash (Lafont, A. Ch. [6] 15, 205). 
Crystals, insol. water, v. sol. oil of turpentine, 
alcohol, and ether. Boils with decbni position at 
220®. Occurs in several forms varying in their 
action on polarised light. 

Reactions. — 1. HCl forms Q.,H,„2HCl [48®], 
which is inactive even if the terpilonol were 
active. — 2. Alcohpl and HNO, give C,oH.,j.Pj, 
[104®]. — 3. Phthalic anhydride forma terpilene 
0,oHj,. — 4. ACaO at 100° forma the acetyl de- 
rivative or terpilene acetate. 

Acetyl derivative C,„H„OAo or 
O.oH.bHOAo. (220®). S.G. -971. V.D. 6*6. 
Obtained by heating terpilene with HOAc at 
150®. Liquid (Bouchardat a. Lafont, 0, R. 102, 
156M. 

Formyl derivative 0,»H„O.CHO. 
[a]^ - -69® 25* , S.G. a *999. Formed from oil 
of torpen^e and cold formic acid (Lafont, G, B, 


106, 140). By heating with water at 100® 65 p.o. 
of the ether is saponified. 

TERFIK V , TaapENXs. 

TERFINEOL v, Tebi-bkes. 

TERPYLONIC ACID CbH,,0«. [135®]. A 

product of the oxidation of turpentine bychromio 
acid mixture (Schryver, G. J. 63, 1328). Needles, 

, V. e. sol. water, m. sol. ether. Differs from 
camphoronio acid in electrical conductivity. 

TETANINE v. Ptomaines. 

TETRADECANAPHTHENE (241® 

cor.). S.G. a *8.39. Occurs in petroleum from 
Baku (Markownikoff a. Ogloblin, J. R. 15, 339)i 

n-TETRADECANE Diheptyl. [4-67. 

(253°). S.G. 5*775; *768. Formed by heat - 

ifiyristio acid with HI and P (Krafft, B. 15, 
1700). Got also by the action of Na on n-heptyl 
iodide (Krafft, B, 19, 2223 ; Sorabji, O. J. 47, 
37). 

Reference. — Di-bromo-tetbadecane. 

TETRADECENOIC ACID i.e. 

CaH,j.CII:C(C,,H„).CO.^H. Amylhexylacrylic 
acid. Formed by the action of alcoholic potasli 
on oonanthol (Perkin, B. 15, 2803; 16, 211). 
Liquid, boiling in vactio at 275® to 280®. 

TETRADECENOIC ALDEHYDE C, ,H^O i.e. 
CH,[CH.J,ClI:C(CHO)[Cn,],Cri,. (278°). S.G. 
J 5 *819. Formed by the action of alcoholic 
potash or of ZnCl^ on conanthol (Perkin, C. J, 
43, 47). Oil, not solid at -20®. Forms 
crystalline C,|H,„ONanSOa. Yields hexoio 
and heptoic acids on oxidation. 

TETRADECENYL ALCOHOL 0„H^O, 
(282°). S.G. *852. Formed by reducing *tho 
preceding aldehyde witSi socliurn-amalgam 
(Perkin, B. 15, 2808). It is also a product of 
the action of sodium-amalgam on a solution of 
cenanthol in IIOAo (Perkin, G, J. 43, 68). Oil. 
May be reduced to 0,,II;,„0. 

Acetyl derivative 0|,hL,,OAo. (285°- 

200°). S.G. — *868. Combines with Br (2 
atoms). 

TETRADECINENE i.e. OMe;C.C„n.,. 

[6*5®]. (134® at 15 mm.). S.G. ^ *8064 ; 
•J8000. Formed from tetradccyleno bromide and 
alcoholic pota.sh at 150® (Krafft, J3. 17, 1372; 25, 
2249). 

TETRADECOIC ACID C,,H.,0.. i.e. 
C,H„.Cn(C,H„).CO.,H. (300®-3i0°). Got by 

the action of moist AgD on the corresponding 
aldehyde (Perkin, G. J. 4.3, 74). Liquid, not solid 
at -10®. 

Tetradecoio acid v. Myristio acid. 

Reference, — Oxytetradkcoic acid. 

TETRADECOIC ALDEHYDE 0,,IL,0 i.e. 
C,H„.CH(0,H„).CHO. [30®]. (267°). S.G. 

*827. A product of the action of Na on an 
ethereal solution of ocnanthol (Perkin, G. J, 43, 
71). Tables, v. sol. alcohol. Reduces am- 
moniacal AgNO,. Yields heptoic, hexoio, and 
acetic acids on oxidation. 

Isomeride v. Mtristic aldehyde. 

n-TETBADECYL ALCOHOL O^HjoO. [88®]. 
(167° at 15 mm.). S.G. V *8153. Formed by 
reducing myristic aldehyde (Krafft, B. 16, 1720). . 

Acetyl derivative CwHatOAc. [13®]. 
(176® at 16 .mm.). 

Tetradeoyl alcohol 0,H„.CH(0,H J.OH,OH. 
(270®-276°). S.O. U *8368. Formed by re- 
ducing the corresponding aldehyde or the ilde^ 
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hyde 0,*Ha.0 (Perkin, B. 16, 2811 ; 0. /. 43, 76). 
Liquid, iolidi^ng at -10®. 

Acetyl derivative Oi^Hg^OAo. (o. 278°). 
S.O. \x ‘866. Oil, not solid at - 10®. 
n-TETBADEOYLENE C„H.a i.e. 

[-12®]. (127® at 16 mm.) 

S.G. 5 '7852 ; ■7746. Formed by distilling 

tetradecyl palmitate at 500 mm. (Krafft, B. 16, 
3021). Liquid. 

Bromide V. Dl*nR0M0-TETRADECANE. 

TETBADECYLENE OLYCOL v. Di-iso-BmrL 

riNACONE. 

TETRADECYL-MALONIC ACID 
i.e,. C„Hjfc,CII(CO,H),. [118°]. Formed by i 
boiling its nitrile with alcoholic potash (Hell a. ; 
Jordanoff, B. 24, 088). White powder (from i 
HO.\c), insol. water, v. si. sol. ether, si. sol. | 
cold alcohol. At 150° -170® it is split up into 
COo and palmitic acid. -Ag..A" : white pp. 

Amide C„H,,.CH(CO,fl)(CONIl 2 ). Pearly 
scales. At o. 140® it yields palmitic amide. 

Nitrile C„H.....CII(COH).GN. [76®]. 
Formed by heating p-bromo-palmitic ether with 
alcoholic KCy. Silky plates (from HOAc). 

n-TErRA-ICOSANE ajI,o. [51°]. (213® at 

15 mm.). S.G. -703 ; -748. Formed by the 

action of HI and P on CpH.,.,.CCl.pC,H,, made 
from the ktdone obtained by distilling barium 
stearate with barium heptoate (Krafft, B, 15, 
1718). . 

TETRA-ICOSOIC ACID CjaH.-.CO.H. [72 r»®]. 
Occurs in the soap got by heating carnaiiba 
wax with aqueous NaOH (Stiircke, A. 223, 307). 
Crystalline powder, v. sol. hot alcohol.-- PbA'^ 
[111®]. Sol. toluene and hot HOAc. 

TETRAZOLE [l''>6®]. Formed 

by treating amido-phenyl-tetrazole carboxylic 
acid with alkaline KMnO, followed by HXO., 
(llladin, B. 2"», 1412). Plates (from toluene). 
Reddens blue litmus. 

TETRAZYL-HYDRAZINENH..NH.C<^jY]^. 

[190®]. Formed from amido-tetra/.otic acid by 
diaz.otisation and reduction by SnCl.^ (Thiele, A. 
273, 155). Yellowish crystalline aggregates, 
V. sol. hot water. — B"2HC!. [176®]. * Aceto- 

acetic ether [215®] 

crystallising in needles. 

TETRIC ACID C,„H„0, i.e, 

CII,:C(OH).CMe<^Q;^^^>CMe.C(On):CH, 

(Nef, A. 266, 92) or Cn 3 .CO.C(CO.,H):CH,. 
Acetyl-acrylic acid. [180®]. (262 ’). S. 1’5 at 
14®. Electrical condnetivity : Walden, B. 24, 
2027. Got by heating CHj.CO.CMeBr.CO.^Et at 
100®, but not by heating the isomeric acid 
CHiBr.CO.CHMe.CO.,Et (Nef ; c/. PawlolT, B. 
4b6). Formed by successive action of bromine 
and alcoholic potash on methyl-acetoacetic ether 
(Demar<?ay, C. B. 87, 361 ; 88, 126). Triclinio 
prisms (from water), v. sol. hot water, alcohol, 
and ether. Gives a violet-red colour with 
FeClj. PClj gives rise to several compounds 
boiling between 169® and 185® which take up 
chlorine forming OjH^CitO (Pawloll, Bl. [2] 45, 
181; C. B. 97, 99). Demar<jay obtained oily 
C.H .CLO (?) which united with Cl and»Br form- 
lijg 04 H,Cl 40 [48®] and O^H^Cl^Br.O [67®]. 
Ecsinified by dUnte HClAq at 160®. Poiash- 
Vof. TV. 


fusion gives formic and propionic acids. Dis- 
tillation with lime forms methyl ethyl ketone. 
Sodium-amalgam has no action. 

Salts.— (NH,).^". Crystals, v. sol. water. 

— Na»A" 6aq.--K,A". — BaA" 3aq. Needlds, v.e. 
sol. water. ~BaA" 2aq.—Baa(OH),^A". SI. sol. 
water. — CaA" 2aq. — Mg A" lOaij. ~ ZnA" aq. — 
CuA".— Ag.^.\". f Noodb'i;, si. sol. water. 

• [30°]. 

(180° at 70 mm.) (Moscheles, /i. 21, 2607). 

Amide Cjll NO.,. [212 ], Got by heating 

the acid with ah'oholic Nil,. 

TETROLE CYANURAMIDE v. Nitnle of 
Pyrrole cauroxylic acid. 

TETROLIC ACID C,H,0., i.i?. CH,.C:C.CO..H. 
Butyrolic acid. Mol. w. 81. [77®]. (20.3°). 

Formed by boiling 3'chloro-crotoiiio acid or /8- 
chloro-iso-crotonic acid with dilute potash 
(Geuther, Z. 1871, 215 ; Friedrich, ,1. 210, 313 ; 
Kahlbanin, B. 12, *2338). Formed also by the 
action of Na and COjonallylene chloride (Pinner, 

B. 14, lOHl). - • 

. l^repuKiti^i. — From acet»»ficetio ether and 
PClj, the product being freed from POCl, by 
heating to 115 % mixed with water, and freed from 
chloro-crotonic aei<l by distillation v’itli steam. 

I The residue is treated with al<roholic potash 
i (Fittig a. Cluttcrbuck, A. 268, 06 ; cf. Friedrich, 

I A. 210, .322). 

! /V(>/>cr//V.x.— Plates (from ligroVn). May be 
i sublimed. V. e. .sol. water, aleohol, and other. 

Not reduced by sodium-amalgam to erotonio 
acid (F. a. C. ; cf. Aroustein, B. 22, 1181). 
Slightly volatile with steam. *• 

Itcactions. - 1. Br forms di-hromo-crotonio 
acid [120®], which is reduced by sodiiiui-amalgam 
to tetrolic acid. Bromine also yields 0,H,Br./\. 
[IH'^J (Pinner). -2. HBr forms hronKi-croionio 
acid [01®].— 3. Heated with cone. KOHAq it 
forms acetone.— 4. Fuming UGlAq at 15® in a 
few weeks conv(?rta it into /j-chloro-crotonic acid * 
[01’5®]. — 5. Boiling with Na and Mel)H yields 
imlyric acid (A.).-- (». Chlorine, forms C^H,C1,0.;. 

7. On heating with in CIICI^ in sealed tubes 

! it yields di-iodo-crotonic acid (B. 26», 843). — 
i 8. Split up at 211® into CO^ and allyleno.— 9. 
j KMnO, foniiB acetic acid. 

Salts.— NaA'. Crystalline.— KA' (dried at 
100 '). Prisms (from alcolud). - NH,A'. - 
LiA' aq. — M,gA'.^ 3a(|. BaA'.^ 3aq. — CaA', 3aq. 
Small needles. - ZnA',2aq (Lagermark, J. it. 

12, 200). -ZnA'.2a<| (Fittig). Groups of, 

prisms.— CflA'j 4aq. - PbA'jaq. S. 1*5 in 02 p.o. 
alcohol at 20®. , 

Chloride C,H.,OCI. Fuming Ibiuid, car- 
bonised by heat. Quickly «lecomposed by water 
(Ltlgermark, Bl. [21 35, 171). 

DI-TETROLTJBEA v. Caiibonyl-ptruol. 

TETBOLE-URETHANE v. Ethyl ethyl of 
Pyrrole carboxylio acid. * 

TEUCRIN C2,H,,0„ or C ,,II.^O„. [2.30®]. A 
glucoside occurring in Tencrium fpicticanSf A 
! plant used in Sicily as febrifuge. Extracted by 
i alcohol (Oglialoro, O. 0, 440; 13, 408). Slender 
! yellow prisms. Boiling dilute nitric acid forms 
I anisic, tartaric, and oxalic acids. Boiling dilute 
HjSO, yields glucose and a yellow insoluble 
residue. 

TEWFIKOSE. [a]i> = 631®. A sugar occur- 
ring in the milk of the Egyptian buffalo {Bot 
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bubalut), Tields glucose on hydrolysis (Puppel 
ft. Kiohmond, C, J. 57, 759), v. Suoabs. 

THALICTBINE. Macrocarpine. Occurs in 
Thalietrum macrocarpum (Hanriot a. Doassans, 
Bl. [21 84, 83). Yellow needles, insol. water, 
sol. alcohol and ether. Besombles aconitine, 
but is less poisonous. 

THALLIN 17. OXY-QufNOLlNB.*' 

THALLIUM. Tl. At. w. 203-64. Mol. w. 
407*28 as gas at o. 1700° (v. infra). Melts at 
293-9° (Crookes, C. J. 17, 123 ; cf. Lamy, A. Gh. 
[3] G7, 385). Boils at full red heat. S.G. pressed 
11 *88, cast 11*81, in wire 11-91 (Crookes, l.c. ; cf. 
Laray, l.c. ; Werther, J. pr. 91, 385 ; do la Rive, 
C. R. 56, 588). V.D. 232-7 at 1636°, 203*7 at 
1728° (Biltz a. V. Meyer, B. 22, 725). S.H. 
•0325 (Lamy, l.c .) ; *0335 (17°-100°) (Regnault, 
A. Ch. [3] 67, 437). C.E. (linear) *00003021 at 
40°, *00003135 at 50° (Bizeau, C. R. 68, 1125). 
E.C. 5*225 at 0° (Ilg at 0°^ 1) (B6noit, P. M. [4] 
45, 314 *, cf. Matthiossen, P. 118, 431). II.O. 
[TB,0] = 42,240 {TJ(. 3, ^54). Latent heat 
of fusion c. 1040 for 203*6 g.<j(Heycock a. 
Neville, C. J. 65, 35). The characteristic 
green line of the emission spectrum has the 
wave-length 5347 according to Huggins (T. 1864. 
139), 6341/-6 according to Mascart {Aym. de 
Vdcol. norm., 4, 7 [1867]), and 5349*5 according 
to Thal6n {DAlcrmm. des long, d'onde des raies 
viHalliguts [Upsala, 1808]). Concerning the 
emission spectrum of Tl v. also Crookes, Pr. 12, 
530 ; Nicklds, C. R. 58, 132 ; Kirchoff a. Bunsen, 
/i. 165, 230, 366; Lockyer a. Roberts, Pr. 23, 
344 ; Jiivcing a. Dewar, Pr. 27, 132 ; Hartley a. 
Adeney, T. 1884. 104 ; Becquerel, G. B'. 99, 376 ; 
Wilde, Pr. 63, 369. 

Historical, — In 1861 Crookes was preparing 
Se from the due-dust of a sulphuric acid manu- 
factory at Tinkelrode in the Harz mountains, 
when on distilling the impure He he obtained a 
residue which showed a marked single green 
line in the spectrum ; this line was not known to 
belong to the spectrum of any element, hence 
Crookes supposed that the impure So contained 
a new element. Crookes isolated the element 
towards the end of 1861, and called it thallium, 
(from ea\\6s = a green bud) (v. C. N. 3, 193, 303). 
Lamy {A. Ch. [3] 67, 385) noticed a new green 
line in the spectrum of a leaden chamber deposit 
about the same time as Crookes was investigating 
the cause of the line he had observed ; in 1862 
Lamy isolated a specimen of the metal which 
Crookes had obtained a few months before. 

Occurrence. — Never uncombined. Com- 
pounds of Tl are widely distributed, but only in 
very small quantities. The sulphide occurs in 
minute quantities in many specimens of copper 
pifrites and iron pyrites {v. Crookes, C. J. 17, 
112; Lamy, l.c.\ Wdhler, A. 142, 263; Car- 
stanjen, J. pr. 102, 65 ; Gunning, Ar. N. 3, 86) ; 
also in native Sulphur from Lipari and Spain. 
Compounds of Tl are found in small quantities 
in many ores of As, Bi and Hg, and in prepara- 
tions from these ores; also in commercial Se 
and Te, probably as selenide and tclluride {v. 
Crookes, lx, ; R&ppler, Am. S. [2] 36, 420 ; Hera- 
path, Ph. 4, 802; Werther, J. pr. 89. 129). 
Some specimens of lepidolite contain small 
quantities of Tl compounds {v, Sohrdtter, 
W. A. B. 48 (ii.) 734 ; 60 (ii.) 268). A Swedish 


mineral called erookesite was found by Korden- 
skyold to contain from 16*8 to 18*65 p.o. Tl as 
selenide, along with selenidea of Cu and Ag (Bf. 
[2] 7. 409). Small quantities of T1G1 are found 
in some mineral springs and in the saline de- 
posits from such springs (v. BSttger, /. pr. 89, 
378 ; 90. 22 ; 96, 294). Traces of Tl alum have 
been found accompanying the double sulphates 
of Cs, Li, and Rb in alumite from the island of 
Volcano (Cossa, Acad, dei Lincei [3] 2). Small 
quantities of Tl compounds have been noticed in 
carnallite^ sylvine, and kainite (Schramm, A. 
219, 374). Many specimens of commercial sul- 
phuric and hydrochloric acids contain tracer of 
Tl compounds {v. Crookes, l.c.). 

Formafion.— (Crookes, l.c. ; or T. 1872.) — 1. 
By reducing Tl^CO, by fusion with KCN.— 2. By 
electrolysis of TLCO3 covered with water. - 3. 
By electrolysis of TLSO4. — 4. By heating 
TljC-^O* in a covered crucible. — 5. By ppg. by 
zinc from solution of a tlmllous salt to which 
excess of NH^^Aq or NaOHAq has been added. 

Preparation. — The most economical source 
is the duo-dust from sulphuric acid manufac- 
tories where pyrites or sulphur containing Tl 
compounds has been used. Many specimens of 
11 110-dust contain no Tl compounds ; in some 
specimens 8 p.c. Tl has been found, but only in 
a very few docs the quantity amount to *25 p.c. 
Tl (Crookes). After having been heated to dull 
redness, to remove ariy HCl, the dust is well 
stirred in wooden tubs with its own weight of 
boiling water and allowed to settle for 12 hours ; 
the liquid is siphoned off, and the residue is 
again stirred with boiling water and let settle; 
the mixed liquids are p|)d. by a considerable 
excess of cone. IIClAq ; the pp., which is crude 
TlCl, is well washed on a calico filter and 
squeezed dry. About 63 lbs. crude TlCl were thus 
obtained from 3 tons flue-dust (Crookes, T. 
1872). The crude TlCl is heated with its own 
weight of pure cone. H.,RO. in a Pt dish till all 
IlCl and most of the ifaRO, are removed ; tlio 
TIHSO^ is dissolved in c. 20 times its weight of 
water, the solution is nearly neutralised by 
CaCOa, filtered, ppd. by cone. HGlAq, and the 
TlCl sq obtained is well waslicd, and is then 
boiled for a few minutes with (NH,).,SAq ; the 
pp. of T1;^S is filtered off, well washed with 
water containing H^S, and dissolved in dilute 
H.,SO^Aq ; the solution is boiled to remove 
H.S, ammonia is added in slight excess, and 
after boiling the solution is filtered and crys- 
tallised ; (NH,),^SO^, being much more soluble in 
water than TljSO^, remains in solution when 
TLSO, crystallises out. 

If small quantities of Tl are to be prepared 
from Tl^SO., the salt is dissolved in c. 20 times 
its weight of water, the solution is acidulated 
with H SO^, and electrolysed, Pt electrodes being 
used. If large quantities of Tl are to be pre- 
pared, TI3SO4 is placed in a deep porcelain dish 
(holding about 4^ litres) and covered with water 
(0. 3 kilos TI2SO4 are used at a time) and plates 
of pure zinc are arranged vertically around the 
sides of the vessel; heat is applied, and the 
whole of the Tl separdrces in a few hours as a 
spongy mass easily detached from Uie sino by 
shaking. „ The spongy Tl is washed several 
times, pressed by the fingers, and then fused 
with ECy in a porcelain crucible to get it into ft 
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lamp (lor detaili v. Crookes, lx » ; v* also Gan- 

aingf 105, 843). 

Crookes (l.c.) gives several methods for pre- 
paring pare Tl. If the starting-point is oom- 
meroial Tl;tS 04 , he recommends to dissolve this 
salt in vrater, to saturate the cold solution vrith 
pore H.^S, filter, heat to boiling, and pour into 
bqjling, dilate, pure HClAq ; to filter while hot, 
and allow to cool ; to wash the TlCl that crystal- 
• lises out, by decantation, till the washings are 
free from and to purify by re-crystallising 

twice from water. The TlCi thus obtained is 
dried, mixed with pure NaaCO,, and projected, in 
snfall successive portions, into molten pure KCy 
in an unglazed porcelain crucible ; reduction to 
metal is rapid. After cooling, the contents of 
the crucible are treated with water, the ingot of 
Tl is boiled for some time in water, dried, and 
fused over a spirit lamp (coal-gas should not bo 
used on account of the S compounds in it) in an 
unglazed porcelain crucible, with free access of 
air and frequent stirring with a piece of unglazed 
porcelain, to facilitate oxidation, and the metal 
is poured into a porcelain mould. 

Properfies.— A Avhite metal without any tinge 
of blue ; when fused under coal-gas, liquid Tl is 
exactly like Hg ; may bo highly polished by 
rubbing under water ; very soft, may be cut with 
the nail, or scratched by lead. Less tenacious 
than load ; does not become brittle between 
- 18° and its m.p. ; very malleable, Lamy (.4, 
Ch, [3] 07, 385) says that plates mm. thick 

can be obtained; can be squeezed, but not drawn, 
into wire; very inelastic. Tl crystallises very 
easily in octahedral forms ; it crackles like 
tin when bent ; a wire of Tl seems amorphous 
when prepared, but under water it soon becomes 
crystalline. Tl quickly tarnishes in air; the film 
of oxide formed protects the mass of metal. The 
metal may be kept unchanged for years under 
water that has been deprived of air (u. Bottger, 
D. P. J. 197, 374). Tl melts easily (at 291°) 
without first becoming pasty ; it expands con- 
ciderably before melting is complete, and con- 
tracts much on cooling. Tl boils below whito 
heat ; it may be distilled in a current of H. 
Pieces of the metal may bo welded together by 
pressure at the ordinary temperature. Tl is 
nearly as diamagnetic as bismuth. Tl gives an 
intense green colour to a non-luminous flame 
{v. infra, Detection). Heated in air, Tl readily 
burns to TljO ; it combines with S, Se, P, Cl, 
Br, I, &c., when heated with these elements ; it 
dissolves in solutions of most acids {v, Ileac- 
iions). The compounds of Tl are very poison- 
ous, producing symptoms like those of lead 
poisoning. 

The at. w. of Tl has been determined (1) by 
ppg. Cl as AgCl from TlCl by AgNO^Aq (Lamy, 
A. Ch. [3] 67, 385 [1862]; Hebberling, A. 134, 
11 [1865]); (2) by ppg. I from Til by AgNO^ 
(Wertber, J. pr. 92, 136 [1864]) ; (3) by con- 
verting T^SO, into BaSO, (Lamy, l.c. ; Hebbcr- 
ling, Z.C.) ; (4) by converting Tl into TINO, 
(Crookes, T. 1873.277) ;,(5) by determining S.H. 
of Tl (Lamy, Z.c.; Hegnault, A. Ch. [8] 67, 437 
[1862]) ; (6) by determining V.D. of TlCl (Boscoe, 
Pr. 27, 426). • 

The mol. w. of Tl in the gaseous state is 
•doable tbe at. w. ; in other words, the gaseoos 


molecule is diatomic (BUte a. Meyer, B. 22, 725). 
Bamsay fC. J. 55, 521) determined the depres- 
sion produced in the vapour pressure of Hg by 
dissolving Tl 4n that solvent ; assuming that 
equal volumes of dilute solutions contain equal 
nnnibers of molecules, and that the mol. w. of 
liquid Hg is 200, the results obtained by B. indi- 
cated the molen-ulo of Tl dissolved in Hg to be 
cnonatomio. 

Tl is distinctly a Inetallio clement ; no com- 
pounds have been isolated wherein Tl certainly 
forms part of the negative radicle, although there 
are indications of the existence of such compounds 
(y. ThaTjUdm dioxide, p. 680 ) ; the compounds 
which TIBr,, TlCl,, and TII, form with alkali 
halides nmy contain Tl in the negative radicles. 
Tl is the last element in the odd -series family of 
Group III. ; this family comprises Al, Ga, In, 
and Tl. The element Tl also shows marked re- 
semblances to the alkali metals ; and in its 
physical properties it is more like lead than any 
other element. The position assigned to Tl by 
the periodic classiihiation Jl the elements clearly 
indicates theflrel aliens between this clement and 
other elements. The relations of Tl (TII.-ll) to 
Al (III.-3) should bo similar totliose of Hg (II.- 
11) to Mg (11.-3), and also similar to those 
between I’b (IV.-ll) and Si (1V.-3). The re- 
semblances between the comjiosilibns and pro- 
perties of the oxides of Hg and Mg pn the one 
hand, and of the oxides of Pb and Si on the 
other hand, are sbowm only in the highest oxides 
of these elements: there is lIg.O but no Mg,0, 
there is PbO but no SiO; JJgO and MgO are 
basic, PbO^. and SiO.^ are feebly acidic. •Never- 
theless Hg and Pb form lower oxides than HgO 
and PbOa ; those lower oxides, Hg.p and PbO, 
are basic; Hg.O feebly, and PbO strongly, basic. 
Hence it is likely that the resemblances between 
the oxides of Ti and Al will bo shown in the 
highest oxides. This supposition is confirmed; 

TI G, and Al/), aro basic, forming salts MjX,, ^ 
where X - tho radicle of a dibasic acid; these 
oxides aro more basic than PbO, and SiO„ but 
less basic than HgO and MgO. As Hg and Pb 
form lower oxides than HgO and PbO„ and those 
lower oxides are more basic than Hg() and PbO-, 

BO Tl will likely form an oxido lower than Tlj,0, 
and this oxido will be more basic than TI-^O, j 
Tl forms the strongly basic oxide Tl^O. Then 
consider the position of Tl in series 11. Con- 
sider the oxhles of the members of this series: 
the lower oxides Hg/), PbO, and Bi.^, are basic ; 
the higlier oxides HgO, PbO.„ and Bi^O, pass 
from basic (UgO) to feebly acidic (PbO., and 
Bi.OJ ; theremre it is probable that the higher 
o.\ide of Tl will be less basic than HgO, but that 
it'will not bo acidic ; Ti/), is a feebly basic 
oxide. • 

If tho chlorhles of series 11 are considered, 
the position of Tl in III.-ll ia^con to bo justi- 
fied : UgO gives HgCi.,, wdiioh can be gasified 
unchanged, PbO., gives PbCl,, which is verj 
easily decomposed by heat, no chloride corre- 
sponding with Bi.,0, has been isolated ; therefore 
T1,0, will probably give a chloride more stable 
towards heat than PbCl,, but less stable than 
HgG4. TlCl, is decomposed by heating to c. 
80° into TlCl and Cl. Hg.,0 gives HgCl, PbO 
gives PbCI„ and Bi,0, gives Bid,, and these 
chlorides can all be gasified unchanged ; there- 
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fore the ohloride of T1 corresponding with 71,6 
will probably not be decomposed by heat J TlCl 
hfts oeen gasified unchanged. The relations 
between the elements Hg, Tl, Pfi, Bi, and Mg, 
Al, Si may be summarised in the expressions 
Tl : Hg : Pb ^ Al .* Mg : Si ; and Tl :Hg = Pb: Tl 
»Bi : Pb. (For a further working out of the 
relations of Tl, V, MenddluefT, Cr, N. 1880. 2; v. 
also Alkalis, jiktals of the, voi. i. p. 114 ; and* 
JEJaktiis, metals ok tjir, vol. ii. p. 424.) The 
atom of Tl is monovalent in the gaseous mole- 
cule TlCl ; the V.D. of no other compound of Tl 
has been determined. 

Reactions and Cotnbinations. — 1. Exposed 
to air or oxygen, a film of TljO is at once formed ; 
when heated in air or O to somewhat below red- 
ness (o. 300°) Tl burns to TLO3, and at a higher 
temperature this gives TI^O and 0 (Bamy, A. Ch. 
[8] 67, 385). Moist ozone acta on Tl giving 
TlO;,H.,.- 2. A compact piece of Tl does not de- 
compose boiling water, decomposition begins at a 
red heat ; but spongy Tl, as pj)^. by zinc, dissolves 
in water forming TlOHAq. - 3. Tt dLssolvcs in 
solutions of most acids, forming thalloiis salts 
Tl*X. where X -- 2C1, 2NO3, HO„ *tc.-4. Tl com- 
bines with sulphur and scienion {v. sulphides and 
eelenid.es). ~X). Forms alloys with many metals 
(v. alloys). — 6. Forma compounds with antimony 
and arsenic {v. antimonide and arsenide).— 
7. A phosphide is formed by heating Tl in vapour 
ot phosphorus {v, phosphide).— ii. Combines with 
chlorine, bromine, and iodine, when heated with 
those elements {v. chlorides, bromides, and 
iodide^ — 9. Tl ppts.theno6/e metals, oXsocopiyer, 
lead, and mercury from solutions of salts of 
tlieso metals (Iteid, C. N. 12, 242). 

Detection and Estimation. — Tl is best de- 
tected by the intense green colour which the 
metal and its compounds give to the non-lunii- 
nous flame of the Bunsen lamp ; according to 
Lamy (/.c.) mgm. can be detected by the 
Use of the spectroscope ; if induction sparks are 
used it is said that wiToixllKw detected 

(Cappel, P. 139,628). TT is generally estimated 
as Til or TIBO^; it can also be determined 
volumctrically by KMnO^Aq (Willm, Z. 1863. 
479). 

Thallium, alloys of. Several alloys of Tl 
Were prepared by Carstanjen in 1867 (J. pr. 102, 
62) by healing the metals together. Many of the 
alloys are soft, and most of them readily tarnish in 
the air ; the alloy with } pt. Sb is fairly hard ; and 
4hose with Bi and Pb, Bi and Cd, and Bi and Sn 
are hard and brittle. Alloys are^described with 
,Al, Sb, Cd, Ou, Pb, Mg {v. also Mellor, C. N. 19, 
246), Hg (u. also Crookes, l.c., and Begnauld, 
C. R. 64, 60), K, Na, and Zn,; also with Bi and 
Od, Bi and Pb, and Bi and Sii. 

Thallium, antimonide of. A hard, grey, crys- 
talline solid was obtained by fusing together 
5:1 and Sb in the ratio Tl : Sb ; with cold dilute 
'H,S04Aq the substance gave off SbH, (Carstan- 
ien^ l.c.). „ . . 

Thaillnm, arsenide of. Carstanjen (l.c.) ob- 
tained a white, crystalline, soft substance by 
fusing Tl and As in the ratio Tl ; As ; with cold 
> acids AsHa was formed. 

... Thallium, bromides of. The compounds 
iClBc and TlBr^ have been isolated, and also two 
oompounds the simplest formulm of which are 


Tl^Br, and TlBr,, As none of the bromides hns 
been gasified, the formulee are not necessarily 
molecular ; but from the analogy of TlCl, tlio 
formula TlBr probably represents the compos i- 
tion of the gaseous molecule of this compound. 

TnALLous naoMiDE TlBr. {Thallium mono, 
bromide.) Tl reacts very slowly with Br. 
Thalloiis bromide is obtained, as a white pp., 
by adding IIBrAq or solution of a bromide to 
solution of a thallous salt ; almost insoluble iu * 
water (Willm, A. Ch. [4] 5, 28). TlBr melts at 
458° to a brownish-yellow liquid, which solidifies 
to a yellow solid (Carnelley, G. J. 33, 278). 
Thomsen gives H.F. [Tl,Br] = 41,200 {Th. 3, 3^4). 

TnAT.i.ic nuoMiDE TlBrj. (Thallium tri.- 
bromide.) Prepared by adding Br to TlBr sus- 
pended in water until solution is effected, and 
evaporating in vacuo. TlBr, forms a yellow, 
crystalline solid; it is very deliquescent, becom- 
ing gradually brown and giving off Br. Very 
soluble in water, also in alcohol. Beduced to 
TlBr by SO^Aq and other reducing agents (Willm, 
I.C.). Thomsen gives II.F. [Tl,Br^Aq] = 66,450 
{Th. 3, 354). TlBr, combines with NH, to form 
TlBrs-SNU, ; a white solid that gives off NH, and 
Br at 100°, and when more strongly heated 
leaves TlBr (W., l.c). Also combines with NH,Br 
andKBr, formingTlBr3.NII4BrandTlBr3.KBr.2aq 
(W., l.c. ; Nickl5s, C. Ji. 58, 537). Bammclsberg 
(P. 140, 597) described aTlBr3.3KBr. 3aq. 

Thallium DinaoMiDE Tllir, (or TUlr.TlBr, 
■»TlJ3rJ. Obtained in long, yellow, noodles 
by adding TlBr to boiling TlBr3Aq, in the 
ratio TlBrtTlBr,, and cooling. Not decom- 
posed at 100° ; water fonna TlBi’yAq and TlBr, 
{v. infra) (W., l.c). 

Thallium sksquibuomidk TlBr,, or 
TlBr3.3TlBr::^Tl,Br,|. (T hall o-t hall ic bromide) 
Orango-red hexagonal leaflets ; obtained by 
adding IIBrAq to a mixture of a thallous and u 
thallic salt in solution ; also by adding TlBr to 
TlBr3Aq, or by adding a little water to TlBr.^ 
(3TlBr3 + Aej - Tyjr , + TlBiaAq) ( W., I.O.). 

Thallium, chlorides of. Tl and Cl combine 
to form at least four compounds ; TlCl, TL^Cl,, 
TlCl^and TlCl,. 

Thaij.ous chloridp. TlCl. Mol. w. 239'01. 
Melts at 427° (Carnelley, C. J. 33, 277). Boils 
at 708°-719° (C. a. Williams, C. J. 33, 284). 
S.O. 7'02, after fusion (Lamy, J. 16, 184). V.D. 
at 830° to 1025° = 117-8 (Boscoe, Pr. 27, 426). 

S. -19 at 0°, -2? at 16°, -28 at 16-5°, 1-6 at 63° 
(Hebberling, A. 134, 15). H.F. [Tl.ClJ « 48,580 ; 
[Tl, Cl, Aq] = 38,480 {Th. 3, 354). 

Formation. — 1. By heating Tl in Cl, keeping 
the Tl in excess.— 2. By boiling powdered Tl in 
HClAq, and dissolving the film of TlCl that 
forms in much boiling water. — 8. By adding 
SO^AqtoTlCljAq. 

Preparation. — HClAq, or solution of a 
chloride, is added to the solution of a thallous 
salt; the white curdy pp. that forms is washed 
with cold water, dissolved in a large quantity of 
boiling water, and the salt that separates as the 
solution cools is purified by two or three re- 
crystallisations from boiling water (Crookes, C. J- 

17.112). 

Pregeerties and Reactions. — A white, crystal- 
line solid; resembling PbCl^ but separating 
from solution in hot water in amaUer and law 
■hining crystala than PbCl,. Becomes slowly 
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\iolet oolonred when exposed to light (Hebber- 
ling, A. 134, 15). Melts at 427® to a clear yellow 
liquid, which solidifies to a white crystalline 
mass. Very slightly soluble in water {v. supra); 
less soluble in water containing a little HCl ; in* 
soluble in alcohol; insoluble in ammonia; 
soluble in hot NaaCOgAq, KOHAq, or Na.SO,Aq. 
Hot cone, sulphuric acid forms TLSO^ and HCl ; 

• oxidisers such as ClAq, aqua regia, KMnO^Aq 
and HClAq, form TlClj, Tl^Cla, or TlCl.^ {y. these 
chlorides). TlCl is reduced to T1 by zbtc and 
sulphuric acid, also by adding aluminium to 
TUJlAq at 90^ (Cossa, Acail, dci Lined [3] 2). 
Fusion with sodium hydrogrn sulphate produces 
T 1 jjS 04 (Krause, D, P. J. 217, 323; Nietzki, 
D. P. L 219, 262). 

Combinations. — 1. With platinic chloride 
to form 2 TlCl.rtCl 4 ( = Tlj^PtCly) ; obtained, as a 
pale-yellow, crystalline powder, by mixing 
solutions of TiCl and PtCl, ; this salt is ex* 
tremely insoluble in water, one part dissolving in ! 
15,5b5 parts water at 15®, and in 1948 parts | 
boiling water (Crookes, 2. With mercuric 

chloride, to form TlCl.HgCl.^ ; white lustrous 
needles, separating from a hot solution of TlCl 
in HgCljjAq ; all IlgCl^ is removed at 200® 
(Carstanjen, J. pr. 102, 141; Jorgensen, j 

[2] 0, 82).— 3. With ferric chloride to form 
UTlCl.FeCl, ; small red prisms; obtained by 
adding TlCl to a hot solution of FeCl,, in lIClAq, 
and crystallising the re<l pp. from hot cone. 
HClAq ; decomposed to its constituent salts by 
water (Wohler, .1. 144, 350).— 4. With chromic 
chloride, to form 3TlCl.CrCla (v. Neumann, A. 
244, 328).— 6. According to JiCpierre a. Lachaud 
{C. It. 113, 190), a cone, solution of chromium \ 
trioxidc reacts with TlCl to form small red ' 
prisms of CrOa.TlCl [CrO_.(OTl)Cl], which are | 
decomposed by water to TlCl and CrOaAq. 

Thalmc cniiOiuDE TlClj. Mol. w. not cer- 
tainly known ; from analogy of AlCl,, GaCl„ and 
InClj,, the formula TlCl, is probably molecular. 

i'ormation.—l. By heating TlCl with liot 
aqua regia and evaporating the solution in Cl 
(Willm, A. Ch. [4] 5, 28). — 2. By dissolving 
freshly ppd. TlOJl, in HClAq, adding HNO^Aq, 
and evaporating in Cl.- - 3. By heating TlCl at its 
melting-point in Cl ; it is doubtful whether the 
product is pure TlCly, or contains also TlCl^ or 
Tl^Clg (Lamy, l.c.). 

Preparation. — Cl is passed into water con- 
taining TlCl in suspension until a little of tlie 
solution ceases to give a turbidity with PtCl,Aq ; 
excess of Cl is removed by a stream of CO._„ and j 
the solution is evaporated in vacuo. Crystals of 
TlClylL^O separate, which lose water at c. 40^ 
(Werther, J. pr. 91, 385). 

Properties and Reactions. — The hydrate 
forms large colourless prisms ; the dehydrated 
salt is a white crystalline solid. Werther (he.) 
also obtained a hydrate 2TlCl,.15HjO from a 
solution of TlClj prepared as described. Cl 
begins to be given off at c. 60^ to 00® ; at 100® 
a mixture of TlCl and chlorides intermediate 
between TlCl and TICL remains (Werther, l.c. ; 
Lamy,hc.). TICL is very delique.sccnt; itdissolves ! 
fery easily in water. Thomsen gives [Tl, Cl’, Aq} 
*89,250 (Th. 3, 354). On diluting a cone, 
aqueous solution considerable quantities of 
and HClAq are formed. Beducing agents, 
•oeh as SOjj, form TlCl. 


Combinations*-^!, With ammonia to form 
T1CL.3NH, (Willm, A, Ch. [4] 5, 28). A white, 
crystalline pcwvder. Obtained by passing NH, 
over TlCl, ; by adding an alooholic solution of 
NH., to TlCl, suspended in absolute alcohol ; or 
by boiling T10,H, with coho. NH^ClAq, ppg. by 
NH,Aq, washii^ with.alooholio ammonia, then 
/vitli absolute alcohol, and drying in vacuo. 
The compound is unchanged in air ; water 
I forms NH^ClAq and Tip, ; when lieated NU^ 
NIipi, and N are given off and TlCl remains. 
Dissolves in HClAq, forming TlCL.3NUpi.— 
2. With ammonium chloride to form 
T1CL.3NILCI; obtained by adding Nlipi to a 
solution of TlOjli, in HClAq, and evai)«»rating in 
vacuo ; large, white;, quadratic crystals, pro- 
bably with 2lip (llammelsberg, 1\ 14(1, 597 ; V. 
alsoNickli8,tJ.2’/i.[4J 1,25). — 3. Comimundswith 
potassium chloride, aesium chloride, and rubi- 
dium chloride, T1C1;,.3MC1. a uq, have been ob- 
tained (v. llammclsbcrg, l.c., also B'. 10, 709 ; 
Oodeffroy, ^dt. ties allgSmcin. iisterr. Apothe- 
kerver. 1880#t^io.9 ; Neumann, ,4.244, 348 ; Willm, 
l.c.). Neumann (l.c.) also describes a compound 
of TlCl, with beryllium chloride.— i. Willm (he.) 
describes a compound with cupric chloride, 
2TlCL.CuCl,.-5. According to NickhNs (C. li. 
68, 537) TlCil, forms a compound with ether aitd 
hydrochloric acid, to which he gives the com- 
position TlCL.Ftp.HCl.lIp ; it is described as a 
yellow fuming liquid. 

T 11 ALLIU.M mcnLoiiiiuo TlCl^ (or TlCl.TlCIg 
-TLCJ^), Lamy (.4. Ch. [3] 07, 402) obtained a 
yellow, slightly hydroscopic, easily fusibte solid, 
to which he assigned the composition TICL, by 
heating Tl and TiCl in a stream of Cl so that 
the product always remained liipiid, and allow 
ing to cool when saturated ; the substance gave off 
Cl, and Tipi, remained. 

TiiAF.i.icM BKSCiUicnLoniDK TipL ; or 
T1CL.3T1C1 = TLCL. {Thallothallic chloruie.) , 
Formed by heating dry TlCl, somewhat above 
100® as long as Cl is given off ; the brown liquid 
cools to a clear yellow, crystalline mass (Lamy, 
he., p. 403). Also formed by the direct combina- 
tion of Cl with molten Tl (L., he.) ; also by ppg, 
a solution containing a thallous and a thalUo 
salt by HClAq (Willm, l.c.). Also obtained by 
dissolving Tl or TlCl in aqua regia, evaporating, 
heating till Cl ceases to be given off, and crystal- 
lising Lorn water sliglitly acidi/ied with aqua 
regia (fiamy, l.c. ; Crookes a. Church, C. N. 8, 1), 
According to Werther {J. pr. 91, 390) the product 
of this reaction, dried at 100®, is a iiiixturo of oom* 
pounds of TlCl and TlCl,, besides Tlpl,, Tipi, 
crystalllseB in yellow, liexugonal leaflets ; uu- 
, changed in air ; melting between 400® and 600® 

I to a dark-brown l^juid that solidifies with much 
[ contraction, forming a yellowish mass with S.G. 
5*9 (Lamy, l.c.). Very slightly soluble in water; 

S. *20 at 15®, *29 at 17®, 19 at 100 > (Crookes; 

; Hebberling, A. 134, 21). The solution is said to 
I show the reactions both of thallous. and tballio 
[ compounds. Heated above 500® Cl is given off ; 
heating in H,y produces Tip, S, and HOI 
(Hebberling, l.c.). Heating in Nil, produces 
TlCl, NH.Cl, and N (Crookes a. Church, C. N. 8, 

1). TipL reacts with KOHAq to form 
TlCl, and KCl. 

OXBEU TUALLO-TUALLIC CULOHIOBS. AoOOrd* 

ifig to Werther (J. pr. 91, 390), two compoaods 
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beiidet TlfClg are obtained by eraporating TlOl 
In agua regia, heating till Cl ceasee to be giyen 
ofiP, oryetallising from water slightly aoidified 
with a^ua regia, and drying at 100^. To these 
oompoimds W. gives the formulra 3TlGL4TlClg 
»T1,C1„ and T1C1.16T1C1,-T1,.C1„. 

Thallium, cyanide oi; v. voV r. p. 347. 

Thallium, ferrocyanide of; v. vol. ii. p. 337« 

Thallium, fluorides of. V Only one fluoride of 
T1 has been isolated with certainty; there are 
indications of the existence of another. 

Thalloub fluoride TIF. Formula probably 
molecular, from analogy of TlCl. Prepared by 
dissolving Tl.^CO, in IlFAq, evaporating to dry- 
ness, heating gently to remove HF, and crystal- 
lising from water; forma white, lustrous, regular 
octahedra (Biichner, J. irr. 90, 404). TIF is also 
said to be formed as a white sublimate by heating 
Tip in HF gas (Kuhlmann, G. R. 58, 1037). 
Sol. in water ; S. = 80 at 15°, and increases with 
increase of temperature ; solution in water has 
alkaline reaction ; sotncwhat^sol. in alcohol. A 
hydrate TlF.lip forms in monodinic crystals 
by evaporating a solution of Tip or TipOj in 
liFAq ; it is deliquescent, and acts on glass 
(Kuhlmann#, Z.c. ; Willin, A. Ch. [4] 6, 5). A 
ccmipoundwith Jluorhydricacid, T1F.IIJP - TllIF^, 
is obtained by evaporating a solution of TIF in 
HFAq over H^SO^. Decomposed above 100° to 
TIF and HP. V. sol. water ; S. - 100 at ordinary 
temperature ; the solution has an acid reaction 
(Biichner, l.c.), 

Thallio fluoride. By digesting, TIOJl, 
with R'FAq, and also by adding HFAq to 
Tl(N08),Aq, Willm {A. Ch. [4J 5, 6) obtained a 
dark olive-green solid, becoming brown when 
heated, and melting to an orange-yellow liquid 
that became white on cooling, insoluble in 
water and in cold HClAq. This substance was 
probably thallic fluoride, or perhaps a thallo- 
€ thallic fluoride ; no analyses are given. 

Thallium, hydride of. Ilorapath {Ph. 4, 
802) supposed that a compound of T1 and U 
existed ; but Crookes (C. J. 17, 132) failed to 
obtain any compound either by the interaction 
of an acid Avith Tl-Zu alloy, or by heating TT in 
a stream of H ; the escaping H burnt with a 
green flame, but this was found to be due to 
particles of T1 carried by the stream of H. 

Thallium, hydroxides of. TT forms throe 
compounds with O and H, namely, TlOH, TTO.JI 
(or TIO.OH), and TIO3H,. 

Thallous hydroxide TlOH. {Hydrated 
thallous oxide Tip.lip.) Mol. not known 
with certainty. Thomsen {Th. .3, 354) gives 
H.P. [T1,0,H] = 50,915 ; [T1-,0,H 'O] = 45,470 ; 
IT1’0,H0] = 3,230. 

Formation. — 1. By dissolving T1 in water 
containing air, and evaporating. — 2. By decom- 
posing TlpO^Aq by BaOAq, filtering, and e%'a- 
porating. — 3. By the interaction of CaOAq and 
Tipp,Aq.— 4. By dissolving Tip in water and 
evaporating. 

Preparation. — 1. T1 ppd. by zinc is allowed 
to oxidise in warm, moist air, and the oxide is 
dissolved in boiling water ; these operations are 
repeated till a saturated hot solution is obtained, 
and this solution is evaporated a little, filtered 
from any TipO, that may have separated, and 
allowed to crystallise (Crookes, 0. J. 17, 132). — 
S* TlgS04Aq is mixed with the proper quantity 


of BaOAq, and the solution, filtered fromBaSO , 
is crystallised in vacuo ; this method is tediousi 
and there is much difficulty in getting rid of all 
BaO.— 3- Thin plates of T1 are suspended over 
a shallow dish containing absolute alcohol, 
within a bell-jar from which air has been ex- 
hausted, and pure 0 is passed into the jar, the 
temperature being kept at 20°-26° ; after seve- 
ral hours or days, Cp^TlO is formed as an oil 
in the dish ; excess of alcohol is removed by 
heating to 100° ; a little water is added, whereby 
TlOH is ppd. ; the pp. is drained, and exposed 
to warm dry air till all water and alcohol are 
removed (Laray, A, Ch. [3J 07, 385). 

^ Properties and lieaclions. — Pale-yellow, 
prismatic crystals. At 100° in air, or in vacuo 
over H^SO^ at the ordinary temperature, the 
crystals become black from formation of Tip, 
without altering their crystalline form. Easily 
soluble in water; Thomsen {Th. 3, 354) gives 
[T10H,Aq'] = - 3,155. The .solution in water 
resembles KOHAq and NaOHAq in its proper- 
ties ; it is strongly alkaline, absorbs COj, ppts. 
heavy metals as hydroxides or oxides, feels 
soapy to the touch, stains the skin, neutralises 
acids, &o. The solution absorbs a little O on 
heating ; when evaporated to dryness and the 
residue re-dissolved, a little Tip^ generally re- 
mains. 

Thallic hydroxides. Two thallio hydroxidea 
are known, TTO.OH and TIO3H3. 

I. Monohydrated thallic oxide, TIO.OH =* 
TiPa-TI.p. Mol. w. not known with certainty. 

Formation.— 1. By pp;^^ TTCl^Aq by alkali 
and drying at 100° (Lamy, A. Ch. [3J67,385).— 
2. By passing ozonised air through TlOHAq 
(Schonbein, J.pr. 93, 35).— 3. By the action of 
Iip.^Aq on TT; according to Weltzien {A. 138, 
129) a mixture of TIOII and TTO.OH is thus ob- 
tained. — 4. Various oxidisers — e.g. KMnO^Aq, 
hypochlorite solutions, &o. — convert TlOH into 
TTO.OH (Schonbein, l.c .). — 5. By electrolysing a 
neutral or ammoniacal solution of TT.^(SOJ^ 
or T^NOg),; the hydroxide separates on the posi- 
tive (Pt) electrode (Flemming, J. Z. 1809. 292). 

Preparation.— is ppd. by a slight ex- 
cess of KOHAq or NH^Aq, the pp. is thoroughly 
washed, and dried at 100° (liamy.A. Ch. [3] 07, 
397 ; Crookes, C. J. 17, 132 ; Werther, J. pr. 91, 
388). The air-dried pp. has the composition 
TIO.OH (Carnelloy a. Walker, C. J. 53, 88). 

Properties and Reactions. — A brown powder ; 
insoluble in water and dilute alkali solutions* 
Heated to c. 00° begins to lose water ; completely 
dehydrated at 115°, according to Werther {J. pr.. 
91, 385), but the residue contains some Tip, 
as well as Tip, (c/. Birnbaum, A. 138, 133)* 
According to CarnolJey a. Walker (C. J. 63, 88), 
dehydration is complete at 230°, and the residue 
is Tip,, which is stable to 360°. Dissolves in 
HClAq, forming TTClj ; in cone, acid Cl is given 
off and some TlCl is produced. Dissolves in dilute 
HpO^Aq ; wdth cone, acid some O is given off. 
Dissolves in SO,Aq, AsP,Aq, hot tartaric acid 
solution, and boiling oxajjc acid solution, in each 
case forming a salt of Tip. TIO.OH dissolve® 
in warm cone. NHpiAq, giving off NH, and 
forfning T!iCl,.3NH,; on adding water Tl^O^ ia 
ppd. as a black powder (Willm, A. Ch, [4] 6, 5). 

U. Trihydrated thallio oxide, T10,H,«» 
TlyOa-SHp. Formed, as light-brown, liutroti% 
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mieroBOOpie, hexagonal plates, hj dissolving 
TIO.OH m molten KOH, fusing for some time, 
aooling, washing with hot water, then with 
alcohol, and drying at 100^. Insoluble in water. 
Not decomposed at 340^ ; soluble in dilute acids 
(Carnegie, C. N. 60, 113). 

Thailinm, iodides of. T1 combines directly 
with I. At least two compounds are known : 

• TU and Tl^I, ; Tllj, and probably one, or perhaps 
more than one, other compound of TU end TII3, 
seem also to exist. 

Thallous iodidb TU. {Thallium viouo- 
iochde.) Mol. w. not known with certainty, but 
formula TU is probably molecular from ansdogy 
of TlCl. 

Formation. — 1. By heating together Tl 
and I in the ratio T1:I.— 2. By adding KlAq to 
solution of a thallous salt. 

Preparation. — KIAq is added to a dilute 
solution of a thallous salt, and the yellow pp. is 
thoroughly washed with water and dried at 100'^ 
(Lamy, A. Ch. [3] 67, 405; Crookes, C. J. 17, 
137). 

Properties and Rcactiom . — A citron-yellow 
powder ; melts at 439® (Carnelley, G. J. 33, 27S), 
and boils at 800®-800® (C. a. Williams, C. J. 33, ! 
284). S.G. 7-072 at 15*5®, after fusion 7 0975 
at 14*7® (Twitchell, Clarke's Table of S 2 )ec. j 
Orav. [2na edit.] 35). ^cry slightly soluble in j 
water. Determinations of solubility vary con- j 
siderably; Werther {J. pr. 92, 130) says that i 
1 pt. requires 20,000 pts. water to dissolve it at j 
15®, and Crookes (Z.c.) gives solubility as 1 in 1 
4430 of water at 13® {v, also licbberling, A. 134, j 
16). Crookes says Til is somewhat more soluble, 
Hebberling says it is decidedly less soluble, in , 
KIAq than in water. , 

When heated to 0. 190® TU becomes red, and , 
when it melts a red liquid is formed which i 
solidifies to a red crystalline mass having tho | 
composition TU (Hebberling, l.c., p, 18) ; the ! 
red variety is also obtained by crystallising from 
hot KOHAq (Willm, A, tfh. [4j 6, 28) -, also by 
crystallising from hot KCdljO^Aq (Werther, l.c.). 
The red form of TU is produced by ad<ling 
KIAq to a warm cone, solution of a thallons 
salt (Hebberling, l.c., p. IG). lied Til crystallises 
in octahedral forms (W., l.c.). The red variety 
slowly changes on keeping to the yellow form. 

When freshly ppd. yellow TU is exposed to 
the sun’s rays it becomes green and crystalline 
without any change in composition. The green 
variety of TU is somewhat more soluble in hot 
water than the yellow form ; it crystallises from 
hot water in green microscopic crystals that are 
very refractive. The green variety changes 
slowly to the yellow on keeping ; the change is 
hastened by heating in water containing I or KI, 
but not by heating with pure water. When 
strongly heated, green TU becomes red {v. Knosel, 
B. 7, 676, 893). 

TU is decomposed by warm HNO,Aq, with 
separation of I. It is dissolved, without 1 being 
separated, by ClAq or aqua regia \ Willm {l.c.) 
supposes that an iodoc)^ride is formed. Fusion 
with KON produces Tl ^erther, l.c ). 

Tballig lOBins TU,. This compound has 
not been isolated with certainty. treating 
Tl with an ethereal solution of X, Nicklds (C. If. 

637) obtained a brown liquid from which 
bBOwn needles gradually separated. These crys- 


tals may have been TU,; no analyses are 
given. 

Double salts of TU, with alkali iodides have 
been prepared by digesting TU with solutions of 
I and alkali iodides in ether ; these salts have 
the composition TlIj.MI.xHgO, where M«NH, 
and K {v. llie’clds, J.»Ph. [4] 1, 26; Willm, 
•4. Ch. [4] 6, 5 ; Rammelsberg, P. 146, 697). A 
compound TUs.CuIa/NII, is described by J6r- 
gensen {J.pr. [2] 6, 82). 

I Thallium sehoui-iodide T1,I, or TU,.3TU - 
I Tl4lrt. {Thallothallic iodide.) Black, lustrous 
j needles ; insoluble in water, slightly soluble cold 
alcohol, decomposed by boiling alcohol ; docom- 
! posed slowly at ordinary temperature, quickly 
on heating ; obtained by long -continued heating 
yellow TU with excess of lAq (Knosel, B. 7, 676, 

, 893). 

; OiHEa thallo-thallic iodides. By evapora- 
ting a solution of TU in HIAq, in presence of I, 
at 70 ’, small, brown, rhombic, crystals were ob- 
tained by Jorgensen (l.c.).t The composition of 
*he crystals ft represented by J. as GTII.T!!,, or 
perhaps 3TU.T1I.,. Tho same compound is said 
to be obtained by digesting TU with an ethereal 
solution of I. Heating to c. 100®, drives off I, 
and leaves yellow TU ; boiling alcohol, and also 
KIAq, withdraws I, forming TU. 

Thallium, oxides of. Two oxideq have been 
isolated, T1.D and TIDh; there is evidence in 
favour of tho existence of a third oxide, probably 
TIO.,. 

Tiialbous oxide TI.3O. {ThiilUum monoxide.) 
Mol. w. not known with certainty, t‘#1^0]«> 
42,240 (Th. 3, 334). Prepared by heaiitjg Tl in 
air to not above 100® (to prevent formation of 
TIjO,) ; also by heating TlOII to 100® out of con- 
tact with air ; also by heating TI.^O, to full red- 
ness. A black powder; melting at 0. 300® to a 
davk-yellow liquid, which acts on glass, forming 
a silicate of Tl. Tl^O absorbs moisture from the , 
air, forming TlOlI ; it dissolves easily in water, 
i forming a strongly alkaline solution of TlOU (u. 

; Thallous hydroxide, p. 078). Soluble in abso- , 
lute alcohol, forming CJI^.OTl, a colourless, 
heavy oil (S.G. 3-55) ; this oil is decomposed 
, by a little water with separation of TIDH (u. 
j Thallous hydroxide, Prcparalion, No, 8, p. 678). 
j (Crookes, C. J. 17, 128; Lamy, A. Ch. [3] 67, 
j 385). Tl.^0 is reduced to Tl by heating to r«d- 

: ness in 11, or in CO, or with Mg (Winkler, B. 
23, 788). 

Thallic oxide TI3O3. Mol. w. not known 
; with certainti^ Pro])ared by ppg. a thallic salt 
i with KOHAq or NII^Aq, wjishing the pp. 

thoroughly, drying, and heating it to c. 260® 

1 (Crookes, f.c,, p. 132). Also formed by burning 
j Tl in air to a little below redness; at a lower 
j temperature the product is chiefly Tl^O, and at 
a full red heat TLO* is dccomppseJ to TL^O and 
O (Lamy, l.c.). is also formed by passing 

an electric current (from a couple of Grove cells) 
through neutral TLS04Aq, using Pl;electrodes'; 

Tl deposits on the negative electrode, and TLO, 
forms, as a brown cake, on the positive electrode ; 
the H3S04Aq formed should be neutralised from 
time to time by NH^Aq (Crookes, l.c.). For 
other methods of formation v, Wohler (A, 146, 
263, 376), and Willm (A. Ch. [4] 6, 19). Tl^Og 
is a brownish-black solid ; insoluble in water 
Melts at 0. 760® (?) (Carnelley a. O’Shea, C. 
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41^ 409). Gives off 0 at a full red heat, formhig 
T1,0. Dissolves in hot H^SO^Aq, forming 
TlgSO^Aq and giving off 0. Soluble oold HClAq, 
formi^ TlCljAq, and some TlGl with evolution 
of Cl. Takes fire in dry HjS, forming TI,Sj 
(Garstanjen, J. pr. 102, 65). A mixture of 
Tip, and S takes fire when rtr.ick (Battger, 
J.pr. 90, 27). Iteduoed by heating in H or CO 
to Tip, and then to Tl. Tip, absorbs NH, 
when heated in that gas ; no definite compound 
has been isolated. For compounds with Hp v, 
TilALLIO IlTOllOXIDES, p. G78). 

Thallium dioxioe (?T10,). When a rapid 
stream of Cl is passed into cone. KOHAq, hold- 
ing freslily ppd. TIO.OH in suspension, a violet- 
coloured solution is obtained; mineraW acids 
added to this solution form thallous salts, and 
give off 0, or Cl with HClAq. Garstanjen {J.pr. 
101, 66) supposed the violet solution to contain a 
thallato of potassium. Piccini (O'. 17, 450) ob- 
tained a violet pp. by adding Ba(NO,) 2 Aq to the 
violet solution ; ana^scs of*’this pp. were not 
satisfactory, but the results indicS^ted that an 
oxide of Tl of the composition TIO, is formed by 
the method described. Piccini says that the 
same violet solution is obtained by electrolysing 
30 p.o. KOHAq, using a plate of Tl as anode ; 
also by digesting 1 pt. KOH with 4 pts. KCIO, 
in water, and adding TlpO^. 

Thalliuni, phosphide of. No compound of Tl 
and P has been isolated with certainty. According 
to Crookes (C. J. 17, 135), the black substance 
formed by passing P hydride into anrmoniacal 
Tl.pOfiq is a phos[diido of Tl. Garstanjen 
(J. pr. 102, 80) failed to obtain a phosphide by 
reducing Tl,P 04 by C or II, or by heating the 
elements together. Flemming {BL [2] 10, 35) 
noticed that a thin, black coating formed on 
molten Tl when pieces of P were thrown on to 
it ; by heating solution of a thallous salt with P 
in a sealed tube, ho obtained a black solid, 
perhaps a phosphide, and also a phosphite and 
hydride of P {cf. Willm, A. Gh. [4] 6, 6). 

Thallium, platino-cyanide of : v. vol. ii. p. 
345. 

Thallium, salts of. Two aeries of salts are 
formed by replacing the II of acids by Tl ; 
thallous salts, T1.,X, and tliallio salts, Tl.X^, 
where X = SO,, CO„ 2NO„ 2IO„ PO^, Ac. The 
chief thallous salts of oxyacids are arsenates, 
carbonates, chlorate and perchlorate, chroinate, 
dichroniate and trichroniatc, dithionate and 
irithionate, hypophosphitc, iodate and period- 
ate, molybdates, nitrate, phospJ^tes, selenite 
and selenates, silicates, sulphates and sulphite, 
tellurate, thiosulphate. The principal thallio 
salts are arsenate, iodate and periodate, nitraie, 
phosphates, sulphates {v. Cakvonates, Nitrates, 
Sulphates, <tc.). Several double salts of both 
series are also k,nown. 

Thallium, salts of oxyacids of. No com- 
pounds of this kind have been isolated with 
oe^inty, but there is evidence in favour of the 
existence of salts of the hypothetical thallic acid, 
probably analogous to plumbates (v. Thallium 
DIOXIDE, supra). 

Thallium, selenides of. Tl.Se has been 
isolated ; another selenide, perhaps Tl-Se., pro- 
bab^ exists. 

Thallous sxlxnidb Tl^Se. Mol. w. not 
Itnown. Obtained by fusing the elements toge- 


ther in the ratio 2Tl:Se (Willm, A, OK {4J 5, 5 • 
Garstanjen, J, pr. 102, 79); also hr ppg.’ 
Tl^CO^q by H^Se (Euhlmann, BA [2J 1, 330). 
A grey, lustrous, crystalline solid ; melting at c. 
840® (Kuhlmann, l.c.). Dissolves in H.SO.Aq 
and HClAq, giving off H^Se. 

Thallio selenide (? TL^Se,). By fusing the 
elements together in the ratio 2Tl;3Se, Capstan- 
jen (Ac.) obtained greyish-black prismatic crys- < 
lalSj resembling Sb; not acted on by dilute 
HBO^Aq ; decomposed by hot cone. HBO^, with 
separation of Se and evolution of SOj. The 
composition of this substance has not been deter- 
mined. 

Thallium, silicofluoride of, TL^SiPj. Ob- 
tained by dissolving TLCO, in H^SiFgAq, and 
evaporating. Colourless, regular, ootahedra 
(Werther, J. pr. 91, 385). According to Kuhl- 
mann (BA [2J 1,330), thccrystals are TLSiF^^.HD. 
Easily soluble in water. Volatile without decom- 
position, according to Kuhlmann (Ac.). 

Thallium, sulphides of. Tl.B and Tl^Sj have 
been isolated, and also probably more than one 
compound of these two sulphides. 

Thallous sulphide Tl B. Mol. w." not 
known. 

Formation. — 1. By fusing the elements toge 
ther in the ratio 2T1:S (Garstanjen, J. pr. 102, 
76).— 2. By ppg. an alk.aline solution of a thal- 
lons salt by H..S.— 3. By ppg. slightly acidified 
TlBOAq by H,S (llebberling, A. 134, 11).— 

4. By heating an alkaline solution of a thallous 
salt with Na-BaOj (C., Ac.). 

Preparation. cold,^ fairly cone., aqueous 
solution of Tl.BO, is acidulated with a trace of 
II^S 04 Aq, and saturated with H.B, and the 
bluish-black pp., consisting of microscopic crys- 
tals, is washed with HoSAq and dried over H.SO. 
(Hebberling, Ac.). 

Properties ajid Reactions. — Prepared by ppn. 
from slightly acidulated Tl.BO^Aq, Tl.^8 forms 
very minute, blue-black, lustrous tetrahedra; 
prepared by heating together Tl and S it is a 
black, crystalline, brittle solid ; prepared by 
ppn. from alkaline solutions it is a black amor- 
phous solid. When the amorphous solid is 
dried, and strongly heated, it molts, and 
solidifies on cooling to a black crystalline mass. 
After melting, S.G. is 8*0 (Lainy, J. 16, 186). 
H.F. [T1-,S]- 21,660 {Th. 3,354). Moist ppd. 
TL^S oxidises in air to TL^SO^. On long con- 
tinued heating TljS is completely decomposed 
(Laniy, l.c.). Tl^S is insoluble in solutions of 
alkalis, alkali sulphides, carbonates, and cyanides ; 
it dissolves readily in H^SO^Aq and HNO^q, and 
less readily in HClAq. By ppg. from a very 
dilute solution of a thallous salt, and dialysing, 
Winssinger (BA [2] 49, 452) obtained a reddish- 
brown aqueous solution of colloidal Tl^vS. 

Combination. — By passing H.S into Tl^SO^Aq 
containing AsPaAq, and acidulated with dilate 
HBO.Aq, Gunning {Ar. N. 3, 86) obtained a red 
pp. of TlaS.ASjjS, ; the same compound was ob- 
tained by mixing a solution of Asp, in NH,Aq 
with an ammoniacal solution of a thallous salt. 
Heat decomposes the compound into its consti- 
tuent sulphides; alkali solutions dissolve out 
Aa^S,, leaving Tl^S. 

Thallio sulphide T1,S,. Obtained as a 
blaok, amorphous, easily fusible, solid, by melt^ 
ing Tl with excess of S, and removing onooniii 
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tined S by beating ont of contact witH air (Gar- 
etanjen, J. pr. 102^ 65), Below 12° Tl^S, is hard 
and brittle ; above 12° it is so soft that it may 
be drawn out like pitch. It dissolves in warm 
dilute H 3 S 04 Aq without separation of S. Strccker 
{J. pr, [2j 2, 162) obtained a lustrous, brown- 
black pp. by passing H^S into a solution of a 
thallic salt mixed with sodium tartrate and ex- , 
• cess of NH^Aq, follow'ed by boiling ; this pp. was 
Tl.^Sa according to Strecker. When H .S is passed j 
into an aqueous solution of a thallic salt, the 
pp. is a mixture of Tl^S and S. TI.,,S, combines \ 
vnth potassium and sodium sulphides, forming ■ 
TLSj.KjS and TljS^-NaoS. These compounds j 
are obtained by fusing together 1 pt. Tl^SO,, I 
a pts. S, and 0 pts. K.jCOj or Na^CO,, and | 
washing the fused mass with water. The K | 
compound is more stable than the compound of j 
Na; when heated it melts, and then gives off S, | 
leaving K...S and Tl.^S ; it is not changed by i 
water or alkali solutions, but is decomposed by | 
mineral acids {v. Schneider, A. 135, 215 ; cf. ' 
Kriiss, B. 19, 2738). These compounds may bo 
regarded as KTIS,. and NaTlS^, that is, as salts { 
of a hypothetical thio-thallic acid. j 

Tiiallo-thallic bulphidks. By adding \ 
(NHdaSAq to a solution of Tl^Cl,, a black pp. ! 
is obtained which is more fusible than Tl^.S, and • 
after melting solidifies to large grcyisli-black 
prisms. This pp. contains Tl and S. Similar i 
substances are formed by heating together Tl^^S i 
and TljjS;,, and by moiling Tl with more S than 
2T1:S, and less than 2T1:3S; Carstanjen (J.pr. 
102, 65) gave the formulie 5T1,,S.3T1.,S, -Tl„jS, 4 , 
and TljS.TLSj = TlS‘ to compounds obtained 
in this way. By heating T4S.,.Na,,,S (i». supra) 
with water, Schneider (A, 135, 2i5) obtained 
a compound to which he gave the formula 
T1,S.2T1 jS3-T1„S,. 

Thallium, sulphocyanide of; v. vol. ii. p.352. 

Thallium, thiosalts of. The compounds of 
Tl.S, with K.^S and Na.S may be regarded as K 
and Na thiothallates (u. Thallic sulphide, 
supra). M. M. P. M. 

THALLIUM ETHIDE TlEt. Has not been 
obtained in the free state. 

EthylO’Chloride TlEt^jCl. S. 2-76 in the 
cold; 3-37 at 92^ S. (alcohol) *33 at 78°. 
Formed from TlCl, and ZnEt^ in ether (Hart- 
wig, A. 170, 257). Scales (from water), explodes 
feebly at 190°, yielding TlCl. Beads with silver 
salts forming; TlEtjNO,, S. 6*67 at 10 \ ex- 
ploding ut 236°. — (TlEtal-^SO,, S. 65-4 in the cold ; 
87'3 at 90° ; exploding at 205° and converted by 
Balj into TlEt^^, S. *1, exploding at 195°. — 
<TlEtj),P 04 , 8. 23-7 in the cold; 20-7 at 75°, 
exploding at 189°.— TlEt^Ao orystallising in 
needles [212°] (245°), exploding if rapidly heated. 

Ethylo-hydroxide TlEt.OH. S. 151 in 
the cold ; 8 at 88°. Formed from (TlE^l^SO* i 
and baryta. Silky needles (from water). More i 
flol. cold than hot water, forming an alkaline | 
aolution. Does not unite with CO^ but forms 
the above salts with other acids. 

THAPSIC ACID C„H,„ 04 . [124°]. Obtained 
from the root-bark of Thapsia garganica. The 
t>ark is extracted with ether, which leaves on 
■evaiKnratioo an amber-coloured resin.* The resin 
dissolves in potash with evolution of heat, and 
the solution, on acidification, yields a neutral 
min, n-octoio acid and thapsie acid. The 


alkaline solution on standing deposits {Mtaaeimii 
thapsate (Canzoneri, 0, 13, 614). White 
(from aloohoi), nearly insoJ. water and benzene, 
sol. alcohol and ether. * 

Salts K A'^ xaq. Prisms.— BaA'' (dried 

at 120°). Crystalline pp. — Ag.jA'' ; amorphous. 

AnhydtiAe C,«H^O,. [71°J. Crystalline 

pow'der (from oenzeut). 

Anilide C„H./).,(NHPh),. [163°]. 

THEBAiNE C'H„N0,. [193°]. S.G. 1‘8. 
[a]j=. -219° in 97 p.c. alcohol at 15°; «*■ —230° 
in CHCh; S. (ether) -7 at 10°; S. (isoamyl alco- 
hol) 1*67 in the cold ; S. (benzene) 5*27 in the 
cold (Kubly, J. 1866, 823). Occurs in opium to 
the extent of about *6 p.c. (Pelletier, J. Ph. 21, 
5C9;-Coucrbc, A. Ch. [2] 59. 155 ; Kane, A. 19, 
9; Anderson, A. 86, 179 ; Hesse, D. 3,367 ; A, 
153, 47 ; 176, 196). Prepared by treating the 
aqueous extract of opium with Na.,CO, or lime, 
exhausting the filtrate with ether, agitating the 
ether with dilute acetic acid, and pouring the 
acid liquid into dilute KAllAq. The pp. is col- 
lected aftcr«24 hours, warmed with dilute alcohol 
and dilute HOAc is added till just acid. The 
alcohol is evaporated off at 50°, papaverine and 
narcotine removed by filtration, and thebaine 
acid tartrate ppd. by adding powdered tartaric 
acid to the filtrate. The tartrate is ro-crystallised 
from water (Hesse, A. Suppl. 8, 262). Thebaine 
may also bo obtained by adding NaOAo to a 
solution of the hydrochlorides of the opium al- 
kaloids, allowing to stand, filtering, evaporating, 
again filtering, and adding sodium salicylate. 
After 24 hours thebaine salicvlato ciyBtalliset 
I (Pluggo, Ar. Ph. [3] 24, 993 ; 25, 343). 

Properties. — Coloiirloss leaflets (from dilute 
' alcohol) or prisms (from cone, alcohol). Tasteless. 

! Alkaline in reaction. Very poisonous. Begins to 
sublime at 135° ; at 160° the sublimate contains 
needles, cubes, and prisms (Blyth). V. sol. 
alcohol and cliloroform. Ppd. by alkalis and^ 
alkaline carbonates, the pp. being slightly soluble 
in NHjAq and lime-water. Cone. II .SO, gives a 
; deep-red solution. Boiling dilute H.^HO, converts 
it into thebenino and thebuVeino. Hot oono. 
IlClAq at 90° yields MeCl and morphothobaine 
(Howard,!?. 17, 527). HI \q gives Mel (2 mols.) 

; (Howard a. Boscr, B. 19, 1597). Bromine-water 
, forms C,.,H..„BrNO„ a flocculent pp. converted by 
I excess of Br into C,„Ha>Br,,NO:„ a yellow pp. 

Solutions of its salts give a pp. of the dichroraate 
i on adding K^Cr.O,. 

' Salts. —B'ilClaq. Large trimetrio prisms. 

: S. 6-3 at, 10°. [a], = - 168*32 + 2-33p. -- 

I B'sH^PtCl, 2aq. Amorphous pp., quickly chan- 
: ging to orange prisms. Decomposed by boiling 
Neater (O. De Coninck, Bl. [2] 45, 131). — 
i B'.,HAO,6aq. ii. 1 03 at 10 '. - BlLCp^aq. S. 
2-3 at 20^.— B'C^H^Ottaq. Prisms, very soluble 
in hot alcohol. S. *77 at U/)°. — Meconatt 
B'jC^HiO, 6aq. White prisms (from alcohol).-* 
B\H,FeCy, (Plugge, Ar. Ph. [3] 25, 793). 

AlethylO'iodide B'Mel. Crystollises from 
alcohol in prisms (containing EtOH), m. loL 
water. 

Ethylo-chloridc B'FitCl. Needles. 

Ethylo ^iodide B'Etl. Needles (from al- 
cohol) (Howard, B. 17, 527). 

Bemylo 'Chloride B'C,H,C1. Crystals. 

Morpho-theba’ine C„H„0,N [191°]. Obtained 
by heating thebaine with strong aqueous HCl or 
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HBr, Med (or Etd) being split off ; the yield 
being 60 p.o. of the thebi^e. Yellowish crystals. 
Soluble in alcohol, ether, and ben^iene, sparingly 
in water. It dissolves in £[2804 to a colourless 
solution. 

Salta.— B'HGl. Small glistening crystals, 
sol water, insol. alcohol,. — B'HOrA, fine silky 
needle8.~B'HN08 2aq: small white crystals, v.« 
sol water and alcohol. — h'.^H.^S0.7aq : small 
crystals, v. sol. water, insol. alcohol. The 
oxalate is a sparingly soluble amorphous pp. 
The picrate is a yellow pp. which melts under 
water. Insoluble pps. are produced with 
l^tassiiun ferrocyanide, ammonium molybdate, 
HgCLJKylx* HjCraO,, and bismuth-potassium 
iodide. 

Acetyl derivative CiJIjaAcO^N. [183"^]: 
glistening plates ^Howav<l, B. 17, 529). 

Ethylo-iodide ^B'Etl. Crystallises from 
acetic acid. 

Methylo-iodide lH’Mel. Dlmetric tables, 
insol. alcohol, sol. IlOMic. * 

Bemylo-chloride '‘B'C,n,Cl.'Nceclles, m.» 
sol. water, si. sol. alcohol (Ilowaid a. Itoser, 13. 10, 
1696). 

Thebenln/' 0,ftH.^iN03. Formed by boiling 
thebai'ne with HClAq (S.G. 104) (Hesse, A. 153, 
691. Amorphous. Insol. benzene and ether, si. 
sol. boiling alcohol. Cone. forms a blue 

solution. V. sol. KOPlAq.— B'HCl 3aq. S. 1. 
Plates. — B'.^jH^HgCl^ 2aq. Very long elHoresceiit 
prisms. — B'.,,H.8SO^ 2aq. Plates, insol. cold water. 
— B'H,C204 aq. Prisms, si. sol. hot water. 

Thefca'ioine. Formed by boiling thebaine or 
thebenine with cone. HClAq (Hesse). Yellow 
amorphous pp., insol. other, benzene, and water, 
al. sol. hot alcohol, v. sol. KOI! Aq. Cone. 11^804 j 
forms a dark-blue solution. The salts are resin* 
ous. 

The'ine v. CaffiVinhi. 

, THEOBROMINE 0,114X402 i.e. 

«^/NMe.Q:CH.NMo ^ ,0,. 

(jQ . Mol. w. 180. Di- 

methyl-xanthine. S. 062 at I?*"; *7 at 100'\ 
S. (alcohol) *02 at 17'" ; -2 at TS*". S. (ether) 
•006 in the cold ; *17 at 35°. S. (boiling CllCl,) ] 
1, Occurs in the seeds of Theobroma crtC(fo to | 
the extent o5f 1’3 to Idi p.o. (Woskresensky, A. \ 
41, 125 ; Glasson, A. 61, 335 ; Keller, A. 92, 71 ; | 
Rochleder, A. 71, 9 ; 79, 124 ; Strccker, A. 118, 


16J). Formed by heating the lead salt of 
x« }hino 0jH2PbN402 (4 pts.) with Mol (5 pta.) 
for twelve hours at 130° (Fischer, 13. 15, 454 ; 
A. 215, 311). Prepared by ppg.^ the aqueous 
extract of the seeds with lead acetate, filtering, 
removing excess of lead by ILSO4, adding MgCO,, 
evaporating to dryness, and extracting with alc6* 
hoi (Dragendorff, Ar. Ph. [3j 13, 1). Got also by 
freeing cacao from oil by i)res3ure, adding slaked 
lime, and extracting with 80 p.c. alcohol (Schmidt 
a. Pressler, A. 217, 287). 

Prqperfws.-— Minute trimetric crystals, si. 
soL hot wat/)r, alcohol, and ether. Tastes bitter. 
At 184° it begins to sublime ; at 170° (Blyth) or 
290° (S. a. P.) it yields a crystalline sublimate. 
Very slowly attacked by pure HNO, (Franchi- 
mont, R. T, C. 6, 223). Not attacked by boiling 
EOHAq.’ Its salts are more or less easily de- 
oompos^ by water. Ammoniacal AgNO, gives 
a gdatinous pp. which dissolves on warming, 
and deposits, on boiling, crystalline OyH^AgNfO, 


(Streoker). Theobromine is ppd. by sodium 
phosphotungstate (Wolfram, 0. J, 36, 406 ; 

18, 846). 

Reactions. — 1. Yields methyl-parabanio acid 
on oxidation by CrOa.'-’2. ECIO, and HClAq 
at 60° yield methyl-alloxan and methyl-urea 
(Fischer, A. 215, 304). Chlorine- water yields 
amalio acid. — 3. Will not combine with Mel to 
form a methyloiodide. But in presence of dilute 
alcoholic KOH it reacts with Mel, forming 
caffeine, even in the cold ; better at 100°. But 
the reaction is never complete, some theo- 
bromine being decomposed. — 4. Cone. HCl has 
no action below 200°. At 250° it decomposes it, 
producing formic acid, carbonic acid, ammonia, 
mcthylamino and sarcosine, C,HgN402 + OHjO 
= 2CO2 + NMeH^ + 2NHg + CgH^NOa + CHP, ; the 
NH3 and NMeHa occur in the proportion in- 
dicated by the formula (Schmidt, A. 217, 298). 
Boiling aqueous Ba(OH)2 effects in 40 hours the 
same decomposition. — 5. HNO^ forms COj, 
methyl-parabanic acid and methylamine, but no 
ammonia. 

Salt s. — B'HCl aq. Rosettes of needles. — 
B'HBraq. Tables. — B'^H^PtCl,, 4aq. — 
B'-jr^PtCl^Saq. — B'HAuCl,. — B'^HNO^. — 
B'JIOAc. — B'.JI.J h. Nearly black prisms, de- 
composed by alcohol (Jorgenssen, Z. [2] 6, 
676). — BTIAg(N03)2. Sijvery noodles, v. si. sol. 
water. - C,HjAgN40”2l^aq.— Ba(C;lLN40.J,,(driG<i 
at 105°). Got by adding theobromine to baryta- 
water (Maly a. Andrcasch, M. 4, 379). Needles 
(from hot water). 

Bromo-theobromine CjH,N402Br. From theo- 
bromine and bromine (Fischer, A. 215, 305). 
Crystalline powder. SI. sol. hot water. Sol. 
HCl, but reppd. by water. Sol. aqueous NaOH, 
not in NH^. Does not give an ethoxy- derivative 
with alcoholic KOH (unlike bromo-oaffeine). 
After warming with ammonia it gives with am- 
moniacal AgNOj a silver salt that can bo con- 
verted by Ktl into bromo-ethyl-theobromino 
C,H4EtN402Br, whence alcoholic KOH forms 
eth - oxy - ethyl - theobromine C7H4EtN40.4(0Et^ 
[153°] as needles. Boiling IlCl converts this 
’into EtCl and oxy • ethyl - theobromine 
C,HaEtN40.(OH), whenco bromine and alcohol 
form the di-ethyl derivative of tri-oxy-di-hydro- 
ethyl-theobromineC,H4EtN,0._,(On)(OEt)...[162°]. 
This body on treatment with hot dilute HCl 
gives methylamine and apo-ethyl-theobro- 
mine (?) ; and with chlorine at — 10° forms hypo- 
ethyl-thoobromine C.HgNjOj [142°]. 

Methyl-theobromine is Caff£ 1 nb. 

Ethyl-theobr'omine C,H7EtN40j. [above 270°]. 
Formed from C,H,AgN402 and EtI (Philips, B. 9,, 
1308). Small crystals, m. sol. hot water. WeaJk 
base. 

THEOPHYLLIN C,ngN402 i.e. 
CKn^C.NMo.'^'’- Ooouts in aloo- 

holic extract of tea, from which it may be 
separated by means of its Ag salt (Kossel, B. 21,. 
2164). Mouoclinio tables (containing v. e. 
sol. warm water and very dilute ammonia. Ma^ 
be sublimed. When evaporated with chlorine- 
water it yields a scarlet residue, which i». 
coloured violet by NH,Aq. Mel converts its Ag: 
salt into caffeine. EClOg and HClAq yield di- 
methyl-alloxan. 
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Salt AgOjHjN^O, Jaq. Amorphous pp., 
which may be orystallised from NH^q. 

THSTIHES. A name given by Crum- 
Brown and Letts to compounds of the form 
CO^.CH^.SRg.OH or their anhydrides 

where R is a hydrocarbon radicle ; o. 

Di-kthyl-thktinb and Di-mbthyl-thetine. , 
THEVETIN C„H,A4 3aq. [170°j. S. 8 at 
14°, a— — 85-5°. A poisonous glucosiJe occur- 
ring in the kernels of Thevetia ncreifolia (Bias, 
/. 1808, 768 ; De Vrij, R. T. C. 3, 107 ; Warden, 
Wi. [3J 12, 417). Crystalline powder, v. sol. hot 
water and alcohol, insol. ether. Sol. acids and 
alkalis. Lievorotatory. Cone. H^SO^ gives a 
dirty-brown colour. Decomposed by boiling 
dilute HClAq into glucose and thovoresiu 
C^nH^OiT^aq. a white powder [140°], v. si. sol. | 
cold water, sol. alkalis. 

THl ACETIC ACID v. Thio -acetic acid. 
THIALDINE Le. 

Mol. w. 103. [43«]. 

Formed by passing AS for four hours into a solu- 
tion of aldehyde-ammonia (1 pt.) in \vater (15 
pts.),and a little NH^Aq (Wolilcr a. Liebig, A. 61, 
2 ; Hofman, A. 103, 03 ; Brusewitz a. Cathauder, 
J. pr. 08, 315). Monoclinic crystals (from ether- 
alcohol). May be distilled with steam. V. si. 
Bol. w'ater, v. sol. alcoflol, v. c. sol. ether. Boil- 
ing dilute HgSO, forms thio- acetic aldehyde. 
KMnO^ forms CA.CH(SO,,K)., (Guareschi, D. 11, 
1384, 1002). Boiling AgNO.Aq forms aldehyde. 
Mol in etner forms crystalline ChHisMoNS.J 
(Hofmann, A. 103, 03). I in Kl forms amor- 
phous (CHMo).^S, (i’assbendor, IJ. 20, 460). 

Salts.— B'HCl. Brisms, v. sol. water.— 
B'IlBr.-B'HI.-B'lINO,.-B'H,SO,. Prisms.— 
B'HglAaq. Needles, v. sol. water. 

THIAZOLE (110-8° cor.). S.CK 

‘•7 1*1070 ; t? 1*1008. Formed by the action of 
boiling alcohol on the diazo- compound of auiido- 
tlilazulc, obtained from di-cliloro-di-cthyl ojiido 
and thio-urca (Hantzsch a. Popp, B. 21, 2;.>82 ; 

A. 250, 274). Formed also from 


and the corresponding /Li-bromo-tliiazolo by re- 
duction with zinc-dust and HO Ac (Schatzmann, 
A. 261, 12). Mobile liquid, very volatile, hygro- 
scopic, and highly refractive. Miscible w’ith 
water, alcohol, and ether. Insol. KOHAq. 
Smells like pyridine. Neutral in reaction. - 
Salts.— B'.A^I’tCl. 2aq. - B'HAuCl*. [250^].— 
B'CAsAO,. [151°]. — B'HHgCl,. [104 J. — 
B'HgCL, [204°]. Crystalline pp., si. sol. water, 

/t-Amido-thiazol6 N^^cH^icH’ 

/i7ie. Thiazylainine. [90°]. Formed by the 
action of chloro-acetic aldehyde on thm-nrea 
(Traumann, A. 249, 36). Prepared by boiling 
CH.,Cl.CHC1.0Et (1 pt.) with thio-urea (1 pt.) and 
water (5 pts.}. Yellowish plates, si. sol. water, 
alcohol, ana ether. Strong base. B HCl aq. 
Needles.— B'aAI’tCl,,. Yellow tables. 

Acetyl derivative, [203°]. Needles. 

THI^OLE-TEIAZOLE (so called) 


Formed by life action of 

HClAq on methyl-nitroso-imido-thiazoline (Niif, 
A. 266, 123). Liquid, v. sol. water. Alkaline ; 


reduces Fehling*s solution. Nitrous a<^d repro* 
duces nitroso • methyl - imido • thiazoliue. — 
B'HCl 2aq. {220°]. Needles.— B'HBr 2aq. 

THIENONE is Di-tuibnyl ketone. * 

DITHIENYL C,H«S, C*HsS.CA,S. [83°]. 
(266° cor.). Formed on passing thiophene 
through a icd-hot tube (Nahnacn, B, 17, 789, 
2197). Plates (froBft alcohol). ^ Couo. H.SO*. 
gives a reddish- br^’n solution with deep-greeiv 
fluorescence. Oir warming with isatin and. 
ASO4 it gives a violet-blue colour. 

Sulphonic acid C„HA(^All)* 
heating with II.^SO, (20 pts.) at 100°. Yields a 
crystalline BaA'.^ aq. 

Reference. — HE.YA-BUOMo-inTUiKNVii. 

THIENYL- ACETIC ACID C,H,S.CACO.H- 
[76°]. Formed from C4H,S.ClI(t)H).CO.,H [115°], 
HIAq, and P (Frnst, B. 19, 32.S1). Crystalline, 
sol. hot water, alcohol and ether.— Ba' A, (dried 
at 130°). Crystals. —AgA' : pp. 

i2e/ercnc^.— OxY-TuiENYL-ACETic acid. 

THIENYL-ACHYLIC J ACID 0,H,SO, i.«. 
.04AS.CH:«H.C0.A- [138°]. Formed by 

boiling thiophenio aldehyde with NaOAo and 
Ac.p (Biedermann, B. 19, 1855). Needles (from 
water), sol. hot water and alcohol^ P’oCl* gives 
an amorphous orange pp. — AgA' : white pp. 

THIENYLAMINE v. Amido-tjuupiienb. 

THIENYL-BROMO-ETHANE V, Bbomo- 

XmENYL-ETHANE. 

THIENYL BROMO-ETHYLENE v. BiioMO- 

TUIKN YL-KTII YLEN E. 

THIf:NYL BROMO-METHYL KETONE 

C.Il.,S.CO.CH..Br. wliromoacctcSHiienone, 

Formed by adding Br (2 at.) to thienyl methyl 
ketone (1 mol.) dissolve.! in CS, (Brunswig, B, 
19, 2891). Pungent yellow oil, may be distilled 
in vacuo. V. .sol. alcohol and ether. Solidified 
by cold. Alcoholic Nil, forms a deep-blue colour. 
Oxidi.scd to (o)-tliioplienic acid 1126*5°]. Aniline 
yields C.H,S.CO.C]l,NllPh [80°]. 

Thienyl di-bromo-metliyl ketone 
C^H.S.CO.CIlBr... [c. 0°J. Formed from thienyl 
methyl ketone ‘and Br. Pungent oil, almost 
insol. li groin. 

(^).THIENYL-CARBINOL OJI,S.CH,OH. 
(207° cor.). Formed by shaking (/3)-thiophenio 
aldcliy.Io with R<iueou.s pota.sh (Biedermann, B. 
19, 639). Liquid. HCl forms CiAS.CH.^Cl, a 
pung.-nt oil boiling with partial decomposition 
at 175°. 

THIENYL CHLORO-ETHANE w. Culoro- 


TIJIENVL-LTIIANE. 

THIENYL-CHLORO-ETHYLENE v. Chdoro- 

TUIE.NYn-ETlrtl.ENi:. 

(o)-THIENYL CHLORO-METHYL KETONE 

C,H\s.CO.(:n ,Cl. [47 'J. (259 > cor.). Formed 

by chlorination of tljienyl metliyl ketone (Peter, 

B. 18, 539). Pungent white crystals. Yields 

(a)-thiophenic acid on o.xi'lutiun. 

^ ^ THIENYL-ETHYL-AMINfi C„H,NS %.e* 

C, H,S.CUMe.Nir. (186 ). Got by reducing 
the oxim of thienyl methyl ketone in 
solution by adding sodium -amalganl and MUAd 
(Gold.schmidt a. .Schultbess, B. iO, 1700). 
Liquid, sol. water. Absorbs CO, from the air.— 
B'HOAc. Needles, v. e. sol. water. 

Benzoyl derivative. [95 ]. N^l(^ 
THIEN^ ETHYL KETONE C^H^S.CO.OjH^ 
Prcmwthieiwne. (228° cor.). Form^ from pro- 
piooyl chloride, thiophene, and AlCl, (Krekeler, 
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: B. 19, 677). Liquid. Hot cone. HaS 04 forms 



Oxi^ C,H,S.CBt:NOH. [66®]. 

THIENYL DIETHYL PHOSPHINE 
^O.H,S)PEt.^. (225°). Formed from thienyl- 

■<shIoro-phosphine and ZnEt^ in cthe( (Sachs, B. 
26, 1617). \ 

Ethylo-iodide (C^Ha^PEtJ. 
Methylo-iodide (C,HaS)PEt,MeI. [122°]. 
White powder, v. sol. water insol. ether. 

THIENYLGL YCOLLIC ACID v. Oxy-tuientl. 

ACETIC ACID. 

(a).THIENYL.GLYOXYLIC ACID 
CJl,SOaaqt.«. 0,HaS.C0.C0,H. [91°]. Foimed 
by oxidising thienyl methyl ketone with alkaline 
KMnO^ (Peter, B. 18, 637 ; Bicdermann, B, 19, 
637 ; Bradley, B. 19, 2115). Formed also, to- 
gether with thiophene (o) -carboxylic acid, by 
oxidation of (a)-cthyl-thiophene by alkaline 
KMnO^, Crystals (containing aq, possibly as 
C4lIaS.C(OII)j.CO.JI), sol. waxm water. Melts at 
69° when hydrated. May bo extraclid by ether, 
from its aqueous solution. If a drop of crude 
benzene, followed by bo added to its solu- 

tion in HOA(v a brown colour is formed, which on 
addition of more H.^SO^ passes through blue-green, 
green, violet, red, and bluish-violet, to blue. 

Reactions. — 1. On heating it splits up into 
COj, and thlophenic aldehyde.— 2. On heating 
with di-methyUaniline and ZnCl... it yields the 
leuco-base of a green dye C4HaS.CH(C,,H4NMej5),. 
— 8. PClj forms thiophenio chloride, u 

Saltii. — BaA'gaq. Slender efflorescent 
needles, v. sol. water. — CaA'g2aq.— CuA'a2aq. — 
ZnA'g 2aq. — AgA' aq : amorphous pp., probably 
C4U,S.C(OH)g.COgAg. 

Methyl ether idok*. [28*5°J. 

Ethyl ether YAk\ (2(55° uncor.). Oil. 
Amide O4HgS.CO.CO.NH.,. [88°]. Needles, 

, almost insol. water, v. sol. alcohol and ether. 

Oxim C4lI,S.C(NOn).CO.,n. [140°]. 
^Hantzsch, B. 24, 48). Slender white needles. 
Exhibits Liebermann’s reaction (Bradley, B. 19, 
2119).— BaA'a IgUq. — AgA': amorphous pp. — 
MeA' [105°]. Converted by NaOMe and Mel 
into liquid C4HgS.C(NOMe).COgMe. — EtA'. 
[123°]. Needles. 

Acetyl derivative of the oxim. [87°J. 
Phenyl-liydrazidc 

C,HgS.C(N,piIPh).CO.gU. [IG5°]. Deep-yellow 
needles (from ether). 

Reference. — NiTHO-xniENVL-aLYoxYLio acid. 
TmENYL HEXYL KETONE C„H„SO i.c. 
C^HgS.CO.OJI,,. (304° cor.). Formed from 
thiophene, heptoyl chloride, and AlCl, in ligroin 
•(Schleicher, B. 19, 604). Yellow oil, yieldinJif 
<a) -thiophenio acid on oxidation. Cone. H.,S04 
forma thiophene (a)-salphonioand heptbio acids. 
Oxim [49°]. r. Crystals (from alcohol). 
THIENYL-INDOLE C,,H„NS i.e. 

C.H4<^^^0.C4H,S. [162°]. Formed by heat- 

ing the phenyl-hydrazide of thienyl methyl 
ketone with ZnCl, (Brunck, A. 272, 201). Light- 
yeUow needles, insol. water, v. sol. ether, m. sol. 
alcohol. Colours pine-w'ood, moistened with 
HCl, bluish-violet. Yields C,gH,Br.NS [278°] 
and O.H*OH(C,ANS)g [245°]. — B'C^H^.O^ 
(187°]. Dark red plates, y. sol. alcohol. 
Eitrosamine C,A(NO)Na [241<^. 


DI.THIENYL KETONE (04H,S).400. [88°]. 
(826° unoor.). Formed from thiophene, COOl,, 
and AlCl,. Obtained also by distilling calcium 
a-thiophenate (Qattermann, B, 18, 8012). 
Needles or plates, sol. alcohol. 

Bhenyl-hydragide [137% 

THIENYL MERCAPTAN (C4HgS).SH. (166°). 
Got by reducing thiophene (a)-sulphinio acid 
with zinc and HClAq (Biedermann, B. 19, 1616). 
Got also in small quantity from succinic acid 
and P.,Sj (V. Meyer a. Neure, B. 20, 1757). 
Stinking oil, volatile with steam.— AgS.C4HaS. 

Acetyl derivative (C,H.,S).SAc. (231°)^ 

AfefAyZ ctAcr (C4HgS)SMe. (186°). 

DI-TmENYL METHANE C„H,Sg i.e. 
CHg(C4H,S)g. (267°). Got by adding HgS04 to 
a solution of thiophene and methylal in HOAc 
(Peter, B. 17, 1345). Oil, smelling like oranges. 
Volatile with steam. Gives a red colour with 
isatin and H.,S04. 

(a) -THIENYL METHYL KETONE C^H^SO 
i.e. C4HaS.CO.CU3. Acetothienone. (213° cor.). 
S.G. 1*167. Formed from thiopliene, AcCl, 
and AlClg (Peter, B. 17, 2643 ; Biedermann, B. 
19, G36; Bradley, B. 19, 2116). Formed also 
from C4Ha(HgCl)S and AcCl (Volhard, A. 267, 
178). Liquid, smolling like acetophenone. Gives 
a blue colour with isatin and UgS04. Oxidised 
by KMn04to (o)-thicnyl-glyoxylic and thiophenio 
acids. Mercuric chloride and NaOAc form the 
compound (CH3.CO.C4H3S)ligClg crystallising 
in white needles. Oxalic ether (1 mol.) and 
NaOEt give C4HaS.CO.CHa.CO.COgEt [42°], 
which forms large yellow crystals, converted by 
boiling alcoholic hydroxy famine hydrochloride 

into the compound C4HaS.C‘^j^^^*^"^^‘‘^* or 

COgEt-C-^^^'^'^^^^^ crystallising in oolour- 

less needles [48°] (Aiigeli, B. 24, 232). 

Oxim C,H„S(NOH). [112°]. 

Phenyl-hydrazide 0^11.8 (N^nPh). [96°]. 

Reference. — Bkomo-, Ciiloro-, Iodo-, and 
Nitko-tuienyl mkthyl ketone. 

THIENYL PHENYL - AMIDO - METHYL 
KETONE C4HaS.CO.CII,.NHPh. [80°]. Formed 
by mixing C4H;,S.CO.CH.Br with aniline in al- 
cohol (Brunswig, B. 19, 2892). Plates. Yields a 
nitrosomine C4HaS.CO.CHg.NPh(NO) [81°], and 
acetyl derivative C,HaS.CO.CH...NPhAc [142°]. 

THIENYL PHENYL KETONE 
C,H,S.CO.C,Il3. [65°J. (0. 300°). Formed by 

the action of AlCl, on a mixture of thiophene 
and BzCl (Comey, B. 17, 790). Formed also by 
heating C4H3(HgCl)S with BzCl at 100° (Volhard, 
A. 267, 179). Long needles (from dilute alcohol), 
insol. water. Gives a blue colour on heating 
with isatin and HgS04. Yields thiophene and 
benzoic acid on heating with soda-lime. 

Oxim a C4H,S.CPh:NOH. Hydroxylamine 
forms two stereo-isomeric (?) oxims [93°] and 
[114°] (Hantzsch, B. 23, 2332 ; 24, 59). 

THIENYL-PHENTL-METHANE 
CHgPh.C4H3S. (265°). Formed by the action 
of HgS04 on a mixture of thiophene and benzyl 
alcohol dissolved in HOko (Peter, B. 17, 1346). 
Liquid with fruity smell, volatile with steam. 
Gives a reik colour with isatin' and ]^S04. 

ThienyMi-pbenyl-methane CHPh3.G4H3S. 
[63°]. (330°- 340°). Formed from thiophene, 
di-phenyl-carbinol, and (Iievi, B. 19, 1624). 
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Plates (from aleohol) or needles (from ligroln), 
V. sol. HOAo, alcohol, and ether. Crystallises 
from cold benzene in needles 0 , 7 H,,SG.IL [48^1. 

THIENYL ISOPKOPYL KETONE 
C4H5S.CO.CHMe2. (232® cor.). Formed from 
isobntyryl chloride, thiophene, and AlCl, 
(Krekeler, B, 19, G75). Liquid. Yields (a), 
thiophenic acid on oxidation. Fuming H^SO^ 
reacts with formation of the sulphonio acid 
C4H3(SO,H)S.CO.CHMeo, which yields the salts 
BaA'g, PbA'^araq, and is converted by phenyl-hydra- 
zine into C4H,(SOaN.^4ini)S.C{N,Jirh).CliMe„ 
crystallising from hot water in plates. 

Oxim C4H3S.C{NOII).CHMea. [108°]. Pearly 
plates (from dilute alcohol). 

THIENYL 8TYBYL KETONE v. Stvryl 

THIENYL KETONE. 

THIENYL DISULPHIDE (C^HsS)^,. [50®]. 
Formed by atmospheric oxidation of a solution of 
thienyl mercaptan in alcoholic NH3 (Meyer a. 
Neure, B. 20, 1767). Needles. 

THIENYL SULPHOCYANO - METHYL 
KETONE CH3(SCy).CO.C4H3S. [88°]. Formed 
from CHjjBr.CO.OjHjS and KSCy in alcohol 
(Brunswig, B. 19, 2893). Plates (from ether), si. 
sol. water and ligroin, m. sol. alcohol. 

DI-THIENYL-THIOPHENE C.SII.iC^Sna).. 
[147°]. (357°). V.D. 8*0. Ono of the* prod acts 
of the passage of benzene and sulphur-vapour 
through a red-hot tube (Benard, 0. li. 112, 49). 
Yellowish needles (from alcohol), m.sol. benzene. 
HgSO^ forms a rose-coloured solution, turned 
violet and finally blue on heating. B’uming HjSO, 
at 120® forms a trisulphonio acid, whicli yields 
(C,..vH3S3(S03)3)3Ca,, as an amorphous powder, v. 
sol. water. Funiing UNO, at 100® forms 
C,2n,S.p, [313°], crystallising in while plates, v. 
si. sol. benzene. Br forms C,.,li-Br,Sa [282 ], and 
amorphous CjjH^Br.iSj. 

THIENYL TOLYL KETONE C,H„SO i.c. 
C^H^Me.CO.C^HjS. Formed from o - toluio 
chloride, thiophene, and AlCl, (Ernst, B. 19, 
3279). Oil. Yields an oily oxim. 

THI0-. This prefix is employed to denote 
the replacement of 0 by S. Most inorganic salts 
of thio- acids are described under the heading of 
the oxy- salts ; thus thio-carho)iates are describcif 
under Carbonates. In some cases thio- salts are 
described under the heading of the characteristic 
element of the salts : thio -arsenates are to bo found 
under Arsenic. Certain thio -salts are described 
under headings placed in their strictly alpha- 
betical position ; for instance, TniosuLniATEH. 
Thiocyanides are described as Sur.pnocYANimcs. 

The following addition should be made to the 
sub-article THio-oxYORTUOPnosrHATES (p. 147). 
By heating metallic chlorides or sulphides with 
excess of P.^Sj Glatzel has prepared a number of 
tetrathio - oxyorthoplussphatesj i.e. salts of the 
hypothetical acid H^PS, {Zeit. fUr anorg, Chemie^ 
4 , 186). These salts are crystalline -generally 
green to black in colour ; they are burnt in air, 
giving off SO, ; some are decomposed to sulphides 
apd P2S3, but the mercuric and arsenic salts dis- 
til unchanged when heated out of contact with air. 
These salts are insol. 4n dilute acids ; they are 
decomposed by strong acids. G. isolated the 
thiophosphatee of Sb, As, Bi, Cd,Gu(oys),]re(ous), 
Fb, Mo, Hg(ic), Ni, Ag, Tl, Sn(ou^, and Zn ; he 
•ould not obtain the of Ca, K, Na, or Sr. 

U. M. P. M. 


THIOACETAMILE cn^-GS-NH,. [108®]*^ 
Formed from acetonitrile and H-S (Bernthsen, A. ' 
192, 46), and^from acetamide and PjS, (Hofmann* 
B. 11, 340). *Monoolinio plates, v. sol. \¥ater and 
alcohol, m. sol. ether. HgO forms HgS. AgNO, 

I gives AgjS. CUSO4 and Pb(OAo), give, on boiling, 
j GuS and PjjS- HgGL forms a crystalline com- 
pound. tJ- fcromo /ncetoacctio ether forma » 

• CH3.G(NII).S.CH..^.GIL.G02Et [94®]. and 

q/CMe:N/ 

nnaiiy :O.CH,.CO,Et (239°), the ether 

I of methyl-thiiizyl-acetic acid [121®] (Stoude, .d. 

I 261, 36). The ether melting at 94° is converted 
' by warming with water into the compound 
I CH3.CO.S.CH,.CO.CII,.C02Et (155° at 16 mm.)., 
i whence RjSO. forms an acid CJI^SO.. [168®]. 

THIO-ACETIC ACID C.H^SO ix. CH^.CO.SII. 
!Mol. w. 76. (93°). S.G. 1 074. Prepared by 
, distilling acetic acid with P.,S,, (Kekiil6, .1. 90, 
j 311; Ulrich, A. 109, 272 ; ‘Kekul6 a. Linne- 
niann, A. 123, 273). Obtained also from AcCl 
' and KSII (Jacqi^min m Vossolinann, J. 1869, 

! 354), by ^mating lead '^acetate with NaB.^O* 

* (Frohde, Z. 1866, 643), and by the action of 
' KSH on an alcoholic solution of PhSAo {Kekul6, 
j Z. [2] 3, 196). Colourless liquid, turning yellow 
; on keeping. Smells like acetic *cid and HjS. 

Not solid at - 17°. M. sol. warm water, v. sol. al- 
cohol and ether. Violently attacked by fuming 
: HNO3. PCI, yields AcCl. PSCkft and HCL 
i Its neutral solutions give pps. witli AgNO, and ‘ 
; HgCL, which quickly turn black. Molten ZnCl, 

' forms C.Me:S,:CMe [225 '], which may bo crystal- 
i lisod frSm hot alcohol (lh>ng!irt/., B, Ij), 2182).. 

; UCl passed into a mixture of Ihio-acotio acid 
and benzoic aldehyde forms (CII.,.CO.S),CHPb 
; [148®], crystallising from hot ether in slender 
needles. 

Salts. —KA'. Crystals, v. sol. water and 
alcohol.— NaA' .^aq.- BaA', 3aq. — BrA', 2aq.-- 
CaA'a 2aq. — PbA',. Silky needles (from hot 
water or alcohol). Quickly decomposes, with* 

; separation of PbS. 

Methyl ether McA\ (90°). Formed by 
heating AcBr with Me.,S at 100® (Cahours, BL 
26, 562; Wallach a. Bleil)tveii, Jh 12, 1002). 

; Formed also from AcCl and Pb(8Mo)a (Ober- 
; meyor, B. 20, 2920). 

Ethyl ether KtA'. (116® i.V.). Formee 
i from AcCl and NaSEt (Saytzeff, Z. [2] 4, 642 { 
i Beckmann, J.pr. [2J 17, 401). Formed also frorm 
! PhOAc and NaSEt (SeilTert, J. pr. [2] 31, 468). 

Colourless lirpiid, with alliaceous odour. Oxi- 
. dised by Ag.MnO^ to acetic acid and ethane sal- 
phonic acid. ♦ 

n-Propyl ether PrA\ (130°). 

* Isopropyl ether PrA'. (120®). 

Isobutyl ether CH.,PrA'. (149®). 

Anhydride V . Acetyo hulphiub. 

Thio-acetic acid CH.,,CS.OH. 

Amide v. TniOACETAMir>E!T 

Anilide CHj.CS.NllPh. [75°]. Formed 
from CH,.CCl:NPh and H.S (Leo, B. 10, 2134). 
Prepared by heating acetanilide With P^Sj at 
100® (Hofmann, B. 11, 339 ; .Jacobsen, B. 19* 
1071). Yellowish needles (from water). Sol. 
NaOHAq and reppd. by acids. On oxidation 
with alkaline KjFeCyfl it yields ethenyl-amido* 
phenyl mercaptan. Mel forms C,H*N8MeI or 
(CH,.CS.NPhMe)UI [139®], which yields an 
aqueous solution from which AgNO, at once 
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jplfc Agir md which i« conyerted by AgCl into 
£.H.NSMeCI, whence (OAN8MeOI),PtCl4 may 
"be got (Bemthsen, A, 192, 66). NaOEt foma 
<3H,.C(SNa):NPh, whence Mel yields the ether 
c£.C(SMe);NPh (245°) (Wallach a. Bleibtren, 
J3. 12 f 1061 ; 13, 529), which is decomposed by 
Mel at 100° into ijiethyl thioacetate and methyl- 
aniline. NaOEt and EtBivyield tlfe Correspond- 
ing CH,.C(SEt):NPh, a he^ oil, insol. alkalis, 
split up by warm HClAq i^to thioacetic ether 
and aniline. * Ethyl-iso-thioacetanilide * yields 
(0,oH„NS),H,PtCle. 

Methyl anilide CH,.CS.NMePh. [59°1. 
i(290°). Formed from AoNMePh and P.^S, (Wal- 
Jooh, B, 13, 628). Monoclinio tables, ▼. sol. 
xiloohol. 

o^Toluide CH,.CS.NHO,H,. [68°]. Yields 
€H,.C(SEt):NC«H^Me (262°), an oil which reacts 
with bases forming amidines and EtSH. 

p-Toluide [132'^]. Yields oily 
<3H,.C(SEt):NC,U,. (273°) (Wallach a. Wusten, 
B. 16, 147). 

Xylidide CH,.C^.NHCJI,Mo,. [80°] (G.); 

a (.Tacobscn). Formed by heating acetyl-" 
ne with PjiSj on the water-bath (Gudeman, 
B, 21, 2551). 

^.CumUide CH,.CS.NHC,H,Me3. [114°]. 
Prisms (Jacobsen a. Ellcy, B. 22, 007). 

{a)-Naphthalide CHa.CS.NHCjoII,. [96°]. 
Tables. Formed from iiaphthyl-acetamidine 
-and eSj (Bemthsen a. Trompetter, B. 11, 1760). 

(3)-Naphthalidc. [146 ]. Needles or plates 
(Jacobsen, B. 21, 2627). Oxidised by K,FeCy, 


to [81°]. 


Tri-thio-ortho-acetio acid Cn3.C(SH),. 

Ethyl ether CH;,.C(SEt)3. Formed from 
mercaptan, CIIClj, and NaOH at 100° (Laves, 
B» 25, 854). Brownish liipiid. Oxidised by 
KMnO. and H..SO, to the trisulphono. 

Benzyl \thei CH3.C(SC,II,)3. [46°]. 

Formed from benzyl mercaptan, CllCls, and 
(2 p.o.) NaOHAq (Laves). Crystals, v, sol. 
OHOl,, m. sol. alcohol. 

THIO-ACETIG ALDEHYDE. On passing 
H.^S into on aqueous solution of aldehyde, crude 
thioacetic aldehyde separates as an oil, which 
solidifies at -8°, and then melts at -2°. This 
oil [V.D. GO (U =■ 1)] is a mixture of thioacetic 
aldehyde and its polymerides, and may be repre- 
sented, in a state of vapour, as 0^11,8 + C^IIi.^S, 
(Pinner, B. 4, 258; Klinger, B. 9, 1893; 10, 
1877 ; 11, 1023). On distillation, or on passing 
HCl through the liquid, it is converted into the 
polymeric tri-thio-tri-acctic aldehyde. 

Trl-thio-tri-acetio aldehyde CttPli.-S,. MoL 
w. 180. [46°]. V.D. 89-7 (calc. 90) (Hoi- 
mann, B. 3, 589 ; Z. [2] 6, O'iO). Formed by 
passing H^S into an acid solution of aldehyde 
(Klinger; c/. Weidenbusch, A. 66, 152; Crafts, 
C. B. 64, 1279). Formed also from paraldehyde 
and HgS. White needles, sol. alcohol and ether. 
Smells likr garlic. AgNO, added to its alco- 
holic solution forms crystalline C^II,. 385,2 AgNO,. 
Clilorine forms ethylidene chloride (Pinner, A. 
179,21). KMnO* oxidises it to CH,.CH(S05,H).3 
and oxysulphides, including CaH,jS,0, [217°], 
which crystallises from hot water in needles 
(Ouareachi, A, 222, 801), Zinc permanganate 
^produces 0,H„Sa04, which does not melt below 


248», OAAO, [113‘.U6% Md O.H„S.O 
[m<’-381°] (cf. Baumann, B. 26, 8074). * 

(a).Tri.thio.tri.acetio aldehyde 

CHM<f°f“®>S. P02»J. (247»). V.D. 6 

(air a 1). Formed by the long-continued action 
of H.3S on a mixture of equal parts of water, cone. 
HClAq'and aldehyde. Longprisms (from acetone). 
Beduced by HI to EtaS,. Oxidised by KMnO, 
to C,H,,S30, [284°] (8. 1 at 100°; *116 at 

20°), and C.H,,S,0. or 

which softens at 340° and is converted by 
Mel into C„H,hS, 0, [302°]. Yields crystalline 
C^H.^S^AgNO, and C^H^S^.^AgNO,. 

(/8)-Tri.thio-tri-acetic aldehyde OuHijS,. 
[126°]. (247°). V.D. 6*0. Formed by the ac- 
tion of AcCl or H.^SO^ on its (a) - isomeride. Pre- 
pared by passing H^S into a mixture of aldehyde 
(1 pt.) and alcohol previously saturated with 
HCl (3 pts.) (Baumann a. Fromm, B. 22, 2600 ; 
26,2074). Long needles (from alcohol). Oxidised 
by KMnO^ to the same sulphones as the (o)- 
isomeride. Beads with Mel, yielding SMe,I. 
Distillation with Cu forms »f^-butylene. Forms 
crystalline CaHijS^AgNO;, and C^Ui BaS AgNO,. 

(7)-Tri-thio-acetic aldehyde CaHi-B,. [76°]. 
(242°). Formed, together with C^HuNS;,, by 
boiling thialdine sulphocyanido with water 
(Marckwald, B. 19, 182^ ; 20, 2817). Needles 
(from alcohol), insol. water, v. sol. ether and 
I CS.j. Volatile with steam. Sol. cone, ^ H3SO4 
i and reppd. by water. When mixed with EtI 
(4 pts.) and loft for some weeks it suddenly 
changes to a crystalline mass of the (3)-i80- 
nieride. C^Hi.^SyaAgNOs. '‘Plates, v. sol. water. 
Yields Ag-^S on boiling with alcohol. 

♦ Di - thialdehyde thiocarbimide * 
CjHjNS,. [138°]. Formed as above. Needles, 
ni. sol. ether. Yields OjK^NSaAgNO, v. sol. 
water, and 

Di-thio-acetic orthoaldehyde. Ethyl 
c/Aer CH3.CH(SEt).3. Formed by passing HCl 
into a mixture of acetic aldehyde and EtSH 
(Baumann, B. 18,881). Mobile oil, 

THIOACETIC ANHYDKIDE v. Acetyi, sul- 

THIO- ACETONE “CH^.CS.CH,. A product 
of the action of H-^S on acetone, and formed also 
when CMo.3(SEt).3 is heated above 160 ’ (Bau- 
mann a. Fromm, B, 22, 2592). Volatile oil, 
with very persistent and disagreeable smell. 
Unstable. 

Duplo-thioacetone CuH,.Ba i.e. 

V.D. 5-08 (calc. 6*11). (184° cor.). Formed by 

heating acetone with P.-S, at 125° ( Wislioenus, Z. 
[2] 5, 324; Autenrieth, B. 20, 376). Formed 
also by heating tri-thio-tri -acetone at 200° for 
some time (Fromm a. Baumann, B. 22, 1043). 
Oil. Its alcoholic solution gives a white pp. 
with HgCl,. Beduced by sodium-amalgam to 
isopropyl mercaptan (Spring, Bl. [2] 40, 69). 
Oxidised by « 5 p.c. solution of KMn04 to the 

diaalphone SO,<®y“‘>SO. [220°-225°]. 
Tri-thio-tri-acetone 0,H,hS, t.e. 

, Formed,* together with C,iH28S4 [17l°], by pass- 
! ing H3S into a cooled mixture of acetone and 
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oone. HOlAq (Fromm a. l^anmann, B. 22, 1037, 
2507). Needles (from alcohol) j insol. water, t. 
sol. alcohol and ether. Boils, with much de- 
composition, at 225®-230°. Gives a white pp. 
with HgCl, and a yellow pp. with lead acetate. 
Potassium permanganate and HjSO^ yield the 

trisulphone [802°] and 

8 <CmS;so:>CM*. C208°i. 

Duplo-di-thio-acetone (Me2CS2)2. [98®]. 

(c. 243°). Formed from acetone and yellow 
ammonium sulphide in the cold (Willgerodt, B. 
20, 2467). Dimetric crystals, a:c = 1: *868, insol. 
water. Partially decomposed on distillation. 

Di-thio>orthacetone. Di- ethyl ether 

CMejjCSEt)^ AcetoJie-cthyhviercaptol. (191®). 

Formed by passing dry HCl into a mixture of 
acetone (1 pt.) and mercaptan (2 pts.) (Baumann, 
J5. 18, 887). Liquid. 

Di-phenyl ether CMe 2 {SPh) 2 *, v. Di- 

PHENVL-PROPYUDENE DISUl.PniDK. 

THIOACETONUEAMIC ACID v. Acktonyl 

THIOOARBAMATB. : 

THIO - ACETOPHENONE C.H^.CS.Cn,. ' 
[11 9 5'’]. Formed by the action of alcoholic 
ammonium sulphide on acetophenone (Engler, ' 

B. 11, 930). Colourless Icallcts or needles, 
insol. water, sl. sol. alcohol, v. sol. ether. May 
be sublimed. 

THIO-ACETYL-TOL^TIDINE v. Toluule of 
Tnio-ACETio Acin. j 

THIO-ALLOPH ANIC ACID. Ethyl ether \ 

C. HgN2S02 t.c. NH.,.CO.NH.CO.SEt. [180°]. | 
Formed by heating urea with Cl.CO.SEt at 
80®-90° (Peitzsch a. Salomon, Xpr. [2j 7,477). 
Pearly needles (from water), v. sl. sol. cold 
water and alcohol. Aqueous at 100° forms 
biuret and mercaptan. Boiling baryta-water 
gives allophanic acid and mercaptan. Aniline 
yields di-plienyl-biuret and mercaptan. 

I&oamyl ether NH2.CO.NH.CO.SC,II„. 
[170®]. Needles (Schone, J. pr. [2] 32, 251). 
AcCl yields an acetyl derivative [85°]. 

Phenyl ether [218®] (Gattermann, A. 
244, 43). 

laotbio-allophanic ether NHa.CS.NII.CO^Et.* 
[170®-175®]. Formed by the action of tliio-nreaon 
COCl.CO^Et (Peitz.sch, B. 7, 896). Prisms (from 
alcohol). 

Di-thio-allophanic ether Nn^.CS.NII.CO.SEt. 
Formed from KSCy, alcohol, and HCl (Blan- 
kenhorn, J, pr. [2] 10, 358). Pearly prisms, 
iusol. cold water, sol. hot ether. Alcoholic NII3 
at 150° forms thio-urea. Baryta-water yields 
mercaptan, CO.,, and thio-urea. 

DI-THIO-AMMELIDE C.H^N^S* i.«. 
C,N,(NH2)(SH)2. S. -3 at 100®. Formed by boil- 
ing pseudosulphocyanogen C,HN,S, with KSH or 
ammonium sulphide solution (Jamieson, A. 59, 
339 ; PonomarefI, J. R. 8, 222). Small needles, 
nearly insol. cold water, alcohol and ether, v. sol. 
aqueous ammonium sulphocyanide. Acid in re- 
action, decomposing carbonates. 

Reactions. — 1. Yields cyanuidc acid when 
heated with HClAq.— 2. NIljAq forms melamine 
by heating in a Scaled tube. 

S a Z f a. — NaH A" 1 ^ aq. Tables. — KH A" 2aq. 
"White prisms, v. e. sol. water and»alcohol. — 
MgE^^jCaq. — CaH2A"3 2aq. — BaHjA^gSaq.— 
BaH^'^fdaq. Monoclinio erystals, sl. soU oold 


water.— SrH2A'',4a4.~AgHA^'. Floooalent 
insol. water. 

Methyl ether 0,N,(NHJ(SMe),. [200% 
Formed by l^ating 0 ,N 2 (SMe), with alcoholio 
NH, for five hours at 100® (Hofmann, B. 
18, 2756). Trimetrio tables, v. sl. sol. water, v. 
sol. alcohol. Boiling cone. HClAq forms MeSH, 
cyanuric acii, and NEL.— B'HAuCl 4 . Needles. 

, Ethyl ^ether l^A". [112°]. Formed by 
heating tri-thio-cyararic ether with alcohol NH^ 
I at 180® (Klason, J. pr. [2J 33, 298). Trimetrio 
I prisms- Converted by acids into ammelide. 

JsoamyZ cZ/icr (CsH„)oA". [82®J. 

Di - thio - methyl* ammelide di • methyl 
I ether Cy2(NnMe)(SMe)2. [175®]. Formed by 
heating Cys(SMe)a with aqueous NMoHj (Hof* 
mann, B. 18, 2761). Needles or prisms (from 
dilute alcohol). 

THIO-AMMELINE CsHaN.S i.e. 

Formed by adding HCl to an aqueous solution 
of dievan-diamidcand aiui^ionium sulphocyanide 
pi 100® (Rjethko, B. 18, 3106; 20, 1059; 23, 
1075). Formed also from CaN,(NH2),Cl and KSH 
(Klason, J. pr. [2] 33, 296) and by heating 
^(/-sulphocyanogen with cone NlLAq at 100® 
(Ponomareff, C. B. 80, 1381;. Needles, si. sol. 
hot w'atcr, v. sol. acids and alkalis. Yields a 
canary-yellow pp. on boiling witli ammoniacal 
(.hiSO,. Cone. HClAq at 130® yields cy^inuric acid, 
H.^S, andNH,. Ethylcncbromidefonns crystalline 
C,H,NjSHBr. Cone. NTI,\q at 200® forms 
melainin<p. Boiling NaOHAc} yields ammoline. 
Annnoniacal silver nitrate ppts. Cair,Nj,SAg and 
CjHaNjSAgj. Bromine ad(led to a solution of 
thio-ammeline in HBrAq forms S..(C,N;,(NH,)j)„ 
which di.9solve3 in alkalis, and is split up by 
boiling with acids into ammoline, thio-ammeline, 
and S. 

Salts. -B’lINOj. Needles. -B'jHaSO^Saq. 
-•B'JI,jCaO,aq. Needles, v. sl. sol. cold water. 

liicthyl ether MeA'. [208®]. Formed by** 
heating tri-methyl tri-thiooyanurate for five 
hours with cone. alcoholic NIL, at 100® (Hofmann, 

B. 18, 2757). Tables (from water). — B'yUgPtCl,. . 

Ethyl ether Eik\ [165®]. 

Isoamyl ether C,.TI,,A'. [178®]. 

7?c/crence. - Tri-1’Uknyi.-tiiio-ammki.inb. 

THIO-ANILINE v. Di-amido-di-I'Iienyl sul- 

PIII1»E. 

THIOANISOIC ACID (so called) 0,„H„SO,. 
Got by boiling anethol with HNO3 (iS.G. 1*1), dis- 
tilling the product and shaking the fraction 215®- 
245® with cone. NaHSO,Aq and some alcohol 
(Stiideler a. Wiichter, A. 116, 163). Crystalline 
(containing 2aq), v. e. sol. water, alcohol, and 
eiher. — NU,A'aq. — NaA'aq. S. 15 in the cold.— 
BaA'oBan. S. f^-5 in the cold.- CaA'3 2aq. — 
MgA'j Sail-— AgA'. Plates, m. sol. water. 

THIOBENZAtfIDE v. Afni^e of TnioDBKZOto 

ACID. 

(a).THIO.BENZOIC ACID CJIj.CO.SH. Mol 
w. 138. [c. 24®]. 

Formation.—l. From BzCl and alcoholio 
K.jS (Engelhardt a. LatschinofT, Z. [2] 4, 863). — 

2. By boiling EtOBz, PhOBz, and Bz,0 with 
alcoholic KSH. 

ProperZics.—Yellow oil or white crystalline 
mass with unpleasant smell, volatile with steam. 
Decomposed by distillation. "V. sol. alcohol and 
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Its’ solutions* wlien exposed to air, de- 
posit orystsls of Bz^S^. Nitric acid also oxidises 
it to benzoyl disulphide. A neutral solution 
gives with OuSO^ a greenish-yellow pp., turning 
bright rbd ; the pp. then containing BzjS^ 

SaltB.— KA'. Large prisms (from alcohol), 
?. sol. water. — NaA'. — BaA'x ***■<!• Aminas (from 
alcohol).— PbA'j.—AgA'. v Yellowjalo-white pp. 

Methyl ether C.^^.-COSMe. (232=')., 
Formed from Pb(SMe)j and BzCl (Obermeyer, B. 
20 , 2022 ). 

Ethyl ether 'E,tk\ (243°). Formed by the 
action of BzCl on Pb(SEt)a in presence of ether 
(Tiitscheff, Petersb. Acad. Bull. 6, 296), and got 
also by boiling AgA' and EtI, and from PhOBz 
and NaSEt (Seiffert, J. pr. [2] 31, 471). Oil, 
with unpleasant smell, sol. alcohol and ether. 
Boiling alcoholic KOII forms KOBz and KSEt. 
Alcoholic KSH yields KSBz and KSEt. Oxidised 
by AgMnO* to benzoic and ethane sulphonic acids 
(Beckmann, J.pr. [2] 17, 4G1). 

Isoamyl ether CJI,,A'. (271°). 

Phenyl ether <l'hS.BZl [66°]. Formed 
from phenyl mercaptan and BzCl^^Schillcr a. 
Otto, 5.9, 1635). Needles (from benzene). 

JDi-nitro-phenyl ether C^HalNO^).^'. 
[118°]. Foamed from (a)-chloro-w-di-nitro- 
benzene, alcoholic KvSH, and BzCl (Willge- 
rodt, B. 18, 328). Needles (from alcohol). 

Benzyl ether [39*6°]. Formed 

from benzyl mercaptan and BzCl (Otto a. Liiders, 
B. 13, 1285). Triclinic crystals, yielding 

PhCH.,.SO.,H on oxidation. 

p^Tolyl ether C^H^A'. [75°] (S. a. O.). 

Anhydride v. Bknzotl SDLrniDK. 

(^).Thio-benzoio acid C,.IIvCS.OH. Formed 
by boiling thiobenzoic aldeliyde with nitric acid 
(S.G. 1-3) (Fleischer, A. 140, 234). Needles 
(containing ^aq), sol. alcohol and benzene. More 
sol. hot water than benzoic acid. When heated 
strongly it blackens without melting, — BaA '2 4aq. 
Small nodules, v. sol. water and ppd. by alcohol. 

Amide CbHj.CS.NTL. Thiobctizaynide. [116°]. 
Formed by passing H.^S into an alcoholic solution 
of benzonitrile containing a little Nil,, and 
heating on a water-bath (Cahours, C. B. 27,329 ; 
Bernthsen, B. 10, 1241; A. 192, 49; Gabriel n. 
Heymann, B. 23, 157). Formed also by heating 
benzylamine (2 mols.) with S (1 mol.) at ISO'' 
(Wallach, A. 259, 304). Long needles (from hot 
water). Decomposed by HgO, yielding IlgS and 
benzonitrile. Sodium-amalgam acting on its 
alcoholic solution forms amorphous thiobenzoic 
aldehyde, benzonitrile, benzylamine, and benzoic 
aldehyde. Iodine added to its alccholic solution 
reacts with formation of di-ben zenyl-azo-sulphim 

crystallising in long 

colourless needles [90°] converted by boiling 
H^SO, into a basw OnH^N, [71°], which yields 
B'^^PtCl, (Hofmann, B. 2, 645 ; B. 25, 1687 ; 
Wanstrat, B. 6, 335). Zinc and HCl reduce thio- 
benzamide in alcoholic solution to benzylamine. 
Hydroxylamine forms C„Hs.C(NOH).NH,. 
Ethylene bromide at 100° forms the compound 
Cya,(S.C(NH)C.H 4 ).^HBr [233°] decomposed by 
boiling water into 0,H,(SBz), (Gabriel a. Hey- 
mann, B. 24, 783). Chloral (1 mol.) forms, on 
warming, a compound OgHgCljNSO or 
D»H«.CB.NH.CH(OH).CCl, (?) orystaUising in 


silky plates [104°], si. sol. water, ▼. sol. alcohol 
(Spica, Q. 16, 182). 

AniHdeC,H,.CS.NHPhorO.Hj.C(SH):NPh. 
Thiobeneanilide. [102°]. Formed by the action 
of (Ipt*) on benzanilide (2pts.), and by 
heating phenyl-benzamidine or s-di-phenyl- 
benzamidine CPh(NPh)(NPhH) with H.B or with 
CSj (Bernthsen, B, 11, 503 ; A. 192, 31). Formed 
also by passing H^S into a solution of 
C,jHj.CCl:NPh in benzene (Leo,B. 10, 2133), and 
from benzophenone oxim and P^Sj (Dodge, A. 
264, 184). Obtained by heating benzyl-aniline 
(1 mol.) with S (2 at.) at 220° as long as H^S 
escapes (Wallach, A, 259, 301). Thin prisms 
(from EtOAc), nearly insol. boiling water, v. sol. 
alcohol and ether. V. sol. KOHAq. Converted 
into benzanilide by heating with dry PbO or 
with alcoholic potash at 150°. Yields benzenyl- 
o-amido-phenyl-mcrcaptan on dry distillation, on 
heating with S, and also on treatment in alkaline 
solution with KjEeCy, (Jacobsen, B. 19, 1068). 
Hydroxylamine yields C«H,.C(NOH).NHPh. 

0‘Toluide C„H,.CS.NUC„n,Me[l:2]. [86°]. 
Formed by melting EzNllCJI^Mo with P^Sj, 
(Stieglitz, B. 22, 3160). Yellow, six-sided prisms 
(from benzene). Hydroxylamine in alcohol forms, 
on heating, C,n,.C(NOH).NHC,H, [147°], crys- 
tallising in needles. 

p-Toluide. [129°]. Formed in like manner 
(Miiller, B. 22, 2405), and also by the action of 
H,S on C«H,.CC1:NC,H, (Leo, B. 10, 2134 ; 
Pfitzinger a. Gattermann, B. 22, 1065), and by 
heating p-tolyl-benzami<lino with CS., (Bernth- 
sen a. Trompetter, B. 11, 1759). Long yellow 
needles, insol. water, v. sol. alcohol, ether, and 
NaOHAq. 

Xylide C«nj.CS.NHCJI,Mo,. [90°]. Formed 
by heating the benzoyl derivative of (4,2,1)- 
xylidine with P^S, (Gudeman, B. 21, 2552). 
Small needles (from alcohol). Oxidised by 

K,FeCy, to oily 0,H.,Mo,<g^CPh. 

Di-phenyl-amide CgHj.CS.NPh,. [151°J» 
Triclinic crystals (Bernthsen, A. 192, 37). 

(a) Naphthalide v. vol. iii. p. 474. 

* Di-thio-benzoic Acid C^H.,.CS.Sn. Formed 
by adding an alcoholic solution of K^S to- 
CjHs.CClj (Engelhardt a. Latschinoff, Z. [2]: 
4, 455 ; Klinger, B. 16, 862). Heavy, red oil, v^ 
sol. alcohol and other. Its dilute ethereal solu- 
tion is crimson. Rcsinifies when exi^osed to air^ 
— PbA',. Thin orange-red needles (from alcohol 
or xylene). — HgA'j. Golden plates (from alcohol). 
— AgA'. Brown pp., insol. water and benzene. 

References. — Oxy-tiho-benzoic acid and 

AailDO-TniO-BENZAMIDE. 

(a)-THIO-BENZOIC ALDEHYDE C.Hj.CHS.- 
Bensylidene sulphide. Formed by passing 
HB into on alcoholio solution of benzoic 
aldehyde (Laurent, A. Ch. [3] 1, 292 ; Klinger,. 
B. 9, 1895 ; 15, 863 ; Bottinger, B. 12, 1056), 
or of hydrobenzamido (Cahours, C. R. 25, 457). 
T^ite amorphous powder, softening at 85°, de- 
composed at a higher temperature. Insol. water 
and cold alcohol, v. e. s^l. benzene and chloro- 
form. Does not combine with KHSO, or HCy. 
Potash-fusion yields benzyl mercaptan. On. 
heating with copper it forms CuS and s-di-phenyl- 
ethylene. Alcoholio KSH on heating form* 
Ph.CS.SE and di-benzyl disulphide. Thioglj-' 
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oolllo acid forma 0 «H|. 0 H(S. 0 H,.C 03 H), [124^] 
(Bongartz, B, 21, 479). 

(/S)-Thio-benioio aldehyde (0,Hj.0HS)x. 
[226^. Formed from the (a), isomeride oy 
treatment with AcCl, EtI, or a little iodine in 
benzene (Klinger, B. 10, 1877). Prepared by 
passing H 2 S into a mixture of benzoic aldehyde 
and alcoholic HCl (Baumann a. Fromm, B. 22 , 
2604). Needles. Crystallises from benzene as 
(C,H,S)aC,iHu, and gives off its benzene at IdO*^- 
140°. V. sol. hot HOAc, m. sol. alcohol. On 
heating with copper-powdor it yields CuS and 
di -phenyl-ethylene. An oily compound 
(CiH^SV^HiS is formed, together with benzyl di- 
sulphide and di-thio-be’nzoic acid, by the action 
of alcoholic KSH on benzylidene chloride 
(Klinger, B. 15, 864). This compound yields 
benzoic acid on treatment with dilute HNO 3 . 

( 7 )-Thio-benzoic aldehyde CJlsCHS. [167°]. 
Occurs in the benzene mother-liquor in the pre- 
paration of the (/3)- isomeride (B. a. F.). Small 
pointed needles, much more sol. benzene and 
chloroform than the (/3)-rnodilication, si. sol. 
alcohol and ether. Its crystals do not contain 
benzene of crystallisation. By adding iodine to 
its solution in benzene it is changed to the 
(jS)- isomeride. 

Thio-benzoic orthaldehydo C,jHj.CfI(SII)._.. 

Methyl ChH*CH(SMo).m Formed by 

passing HCl into a mixture of benzoic aldehyde 
and MeSH (Bongartz, B. 21, 487). Oil. Oxi- 
dised by KMnO, to C,H..CH(S().CH 3 ), [166°]. 

Ethyl ether C,H,.CH(SEt) 2 . Oil (Bau- 
mann, B, 18, 885). ^ 

p~Bromophenyl ether 
0„H,.Cri(SC,n,Br),,. [80°]. Silky needles (Bau- 
mann, B. 18, 885). 

Reference, — Nitro.tiiio-iikn/.oic aldkfiydk. 

THIO-BENZOPHENONE C,H,.CS.CJI,. 
Formed by heating CSClj (5g.) with ben/one 
(25 g.) and AlCl, (9 g.) (Bergreen, B. 21, 367). 
Keddish-brown oil, v. sol. ether, benzene, and 
hot alcohol. Decomposed by distillation. Re- 
acts with hydroxylamine, forming Ph.^CiNOfl 
and with phenyl-hydrazine, with production of 
CPhatN^HPh. 

Thio - benzophenone (CSPh.Jx* [146-5°]. 
Formed from CCl^Ph^ and K^S (Engler, B. li, 
922). Small white needles. Convertefd by CrO., 
and HOAc into benzophenone. Does not react 
with hydroxylamine or phenyl-hydrazine. 

THIO-BENZOYL-(a).NAPHTHYLAMINE v. 
vol. iii. p. 474 . 

THIOBENZPINACONE C.A-S. i.e. 
CPh 2 (SH).CPh,(SH) or CPh 2 H.S.S.CPh,JI. 
[151°]. Formed from benzophenone by the 
action of alcoholic ammonium sulphide (Engler, 
B. U, 922) or P^Sj (Japp a. Roschen, C. J. 49, 
479 ), and, together with thiobenzophenone, by 
the action of KSH on CaH 5 .CCl 2 .C„nj (Bchr, B. 
5, 970). Formed also by the action of alcoholic 
KSH on (CbHJ^CHCI, and of PjSj on di-phcnyl- 
carbinol. Slender needles (from alcohol), v. sol. 
CSj. In alcoholic solution it is converted by 
finely-divided copper in|p tetra-phenyl - ethane 
OHPh 2 .CHPh 2 . , . . 

THIO-BIUEET CjHaN.OS. Formed by boil- 
ing carbimido-nrea amidodicyanib acid ’) 
tdth ammonium sulphide (Wunderlich, B. 19, 
452). .Needlei (containing aq). SoL hot water 
and aUtaUs, ?. ii 8ol ether. GiYes a white pp 
Toil. XV* 


with copper salts. By ammoniaoal AgNO, it is 
converted back into earbimido*urca. 

THIO-BUTYBIC ACID O^H.SO i.e. 
CH,.Cn 2 .CH 2 .CO.SH. (130°). Formed hy dis- 
tilling butyric acid with P^Sj (Ulrich, A. 109, 
280). Liquid with disgusting smell, v. si. sol. 
water, v. soj klcohol^PbA'.j. Small crystals 
«(from hot water^ ^ 

Tbio-isobutyric Of^id. Methyl ether 
CjH,„SO i.e. Pr.Co'sMe. (c. 142°). V.D. 67*5. 
Formed from Pb(SMe )2 and isobutyryl chloride 
(Obermeyor, B. 20, 2922). Oil. 

THIO-ISOBUTYRIC ALDEHYDE PrCHS. 
(70°-90°). A product of the action of 8 on 
isobutyric aldehyde at 180° (Barbaglia, O. 18, 
85). Oil. 

(a)-THIO-CABBAMIC ACID NH^.CO.SH. 

This acid, set free by adding acids to a solu- 
tion of its ammonium salt, splits up at once into 
COS and ammonia. The ammonium salt 
NlL.CO.SNH 4 is prepared by passing gaseous 
COS into alcoholic^llj (lArtluilot, J. 1868, 160) 
®r into Nll?A(i at 0° (Sebmidt, B. 10, 191; 
Kretzsclirnar, J. [2J 7, 474). It forms colour- 
less crystals, v. 0 . sol. water, m. sol. alcohol, 
iiisol. ether. The dry salt becomes jtollow in air, 
forming ammonium sulpbocyanido. The dry 
salt forms tbio-uroa when heated in a sealed 
tube at 165°. Thio-urca is also fonmod when 
Pb(OH )2 is added to its cold aqueous solution. 
HgO forms, in the cold, ammonium oyanate 
(Fleischer, B. 9, 468). Water at 100° forms 
NM,SH Und (NHJUCO,. FcCl, gives a rod 
liquid, and finally a red pp. (Mulder, A. 168, 
228). 

Methyl ether N 1 1 ,.CO. SMo. [r 98°]. 
Formed, together with a sniail quautity of the ( 8 )- 
isomeride, by adding flCl to a solution of potas- 
sium sulphocyanide in boiling MeOH (Blanken- 
horn, J. pr. [2] 10, 375). Monoclinio prisms 
(from ether). Decomposed by alcoholic Nil, 

; into McSlI and urea. Aniline at 100° forms 
MoSII, s-di-phcnyl-iiroa and NH,. 

Ethyl ether NII^.CO.SEt. [102°] (Pinner, 
B. 14, 1083); [108°] (F.). Formed in like 
manner (B.) and also by passing NH, into 
Cl.CO.SEt (Salomon, J. pr. [ 2 ] 7, 266) and by 
the action of EtBr on NIL.CO.SNH, (Fleischer, 
B. 9, 991). Plates, v. sol. hot water, alcohol, 
and ether. Decomposed at 150° into mercaptan 
and oyanuric acid. PjOj converts it into ethyl 
sulphocyanide. 

Isoaviyl ether CO(NHJ.SO,H„. [107°]. 
From CO(SC,,U,,)Cl and NH, (SchOuo, J. pr. [2] 
32, 247). Glittering plates (from ether). Sol. 
h(^ water, but decomposed by boiling water. 
O^es amorphous pps., insol. water, alcohol, and 
ether withuAgNOa, IlgCl, and PtCl 4 . 

Heaeftons.— Alcoholic NH, forms urea and 
amyl mercaptan. — 2. Alcohulio KOH fonui 
KjCOj, NHj and amyl mercaptan.— 8 . Heated 
with aniline it forms NH,, HSOjH,i, and di- 
phenyl-urea. 

(iS)-Tbio-carbamic acid NH 2 .CS.OH. 

Methyl cf/ier NH^.CS.OMe. [48°]. Formed 
by the action of alcoholic NH, on MeO.CS. 8 Me 
or on MeO.CS.SEt (Salomon, J. pr. [2] 8,115). 

Ethyl ef AerNH,(.CS.OEt. XanthogtrumAde* 
[38°]. Formed by the action of NEL on zantho- 
genic ether EtS.CS.OEt, on MeS.CS.OEt, and on 
(EtO.CS)A (UebuB, A. 72, 1 ; 76, 121 ; 82^26$; 
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Chancel, J. 1851, 613 ; Salomon a. Maintz, 
/. pr, [2] 8, 114). Monoclinio prisms, si. sol. 
water, miscible with alcohol an8 ether. De- 
composed on distillation into mercaptan and 
cyanic acid. Boiling KOIIAq resolves it into 
alcohol and potassium sulphocwnide. PoOj 
forms ethyl sulphocyanWe (Co^irirl, J. pr. [2] 
10, 34). Nitrous acid psjsed into water con-* 
taining xanthogenamide ,in solution forms 
crystalline C,H,„N,SO.« CuSO, followed by 
HClAq ppta. C JI^NOSCitCl as a while crystalline 
powder, nearly insol. water, sol. hot alcohol. 
Compounds of CuCl with 2, .3, and 4 mols. of 
xanthogenamide may be obtained. KI added to 
a boiling alcoholic solution of (C.,HjNOS)3CuCl 
forms crystals of {C,TI,N()S).,Cul and 
(CaH,NOS),CuI. Compounds {C,lI,N6s),HCaSCy 
and ChH.N OSC uSCy may also be prepared ( Debus). 
Isovaleric aldehyde in presence of IICI and alco- 
hoi forms G,H„.CH(NH.CH.OEt).,[10H^’) (Bischolf, 
B. 7, 1083). ^ - lodo - pronionio acid forma 

NH,,CO.a.ClI,.CII,.Gfe,H fl47-r>°l, which yields 
GaA'.j3aq, BaA',_, ‘2aq, and Ag.A" (Ti'hnglet, 21.24, 
3849). j3-lodopropionio acid and Ag,0 yield 

sinapano pjtoplonio acid ;co>“^= 

[160®], V. sol. hot water, converted by ITgO into 
the mercaptido of ^-thiolactic acid. 

IsohuJ.yl ether NIL.CS.OCH^Pr. [.3G°]. 
Tables (from alcohol or ether) (Mylius, B. 5, 
976; Blankonhorn, J.pr, [2] 16, 380). 

Isoamyl ether N1I,.CS.0C,U„. Oil 
(Johnson, C. X 6.242). ‘ ^ 

Di\hio-carbamic acid NI1..CS.SII. Mol. w. 
98. The ammonium salt "NH,.CS.SN1I, is 
formed by passing NH3 (from 160 pts. NIi,Cl) 
into 95 p.o. alcohol (000 pis.) containing CS. 
(96 pts.) (Mulder a. Bcttink, J. -pr. 103, 178 • 
c/. Zeiso, A. 48, 9.5 ; Debus, A. 73, 26). It is 
also formed by heating (NII,).;CS,, On gradu- 
ally adding HOlAq to a cooled cone, solution of 
the ammonium salt the free acid separates as 
colourless needles, v. sol. water, alcohol, and 
ether ; acid in reaction. An alcoholic solution of 
the acid gradually decomposes into CS^. and the 
NH< salt. An aqueous solution of the acid de- 
composes on heating into II.S and HCyS. Tho 
di-thio-carbamates also split at 100® into II.S 
and siilphocyanides. An alcoholic solution of 
Iodine decomposes NH,,.CS.SNn„ forming 
KtNCS and EtNlI., (Hofmann, [2] 6, 671). 
Ammonio di-thio-carbamato treated with HCl 
and solution of I gives crystals of the bisulphide 
S2(CS.NH,), nU&son, J. pr, [2] 62). FeCl, 

added to a solution of tho NH^ salt gives a bhack 
pp. turned white by excess. AgNOa gives a 
yellow pp., turning black. A solution of alile- 
hyde forms carbothialdine nn.^.CS.SN(C3H,),. 
Benzoic aldehyde, isovaleric aldehyde, and 
acrolein form airalogous bodies. 

Salts . — NH,A'. Deliquescent lemon-yellow 
prisms. On heating with KOHAq it forma K^S, 
KSCy, and NHa. — CuA',. Yellow powder, insol. 
water. — PbA'j. White pp., blackening on boiling 
with water.— ZnA'g ; white pp. 

Ethyl ether NH,.CS.SEt. Mol. w. 121. 
[42®], Formed by passing H,^S under pressure 
Into ethyl sulphooyanide at 100® (Jean jean, J, 
1866, 601 ; Salomon a. Conrad, J.pr. [2] 10, 29). 
Trimetrio crystals (from ether), insol. water, v. e. 
■ol. ^oolitd. Alooho^o NH, or KOHAq in th« 


cold forms mercaptan and anunonimn snlpluK 

cyanide. 

Isopropyl ether NEL^.CS.SPr, [97®]. 
Trimetrio plates (Gerlich, A. 178, 82). 

Acetyl derivative of Che ethyl ether 
NHAc.CS.SEt. [123®]. Formed by heating 
thio-acetic acid with ethyl surphocyanide (Chan- 
laroff, B. 15, 1987). Yellow needles (from alco- 
hol), V. sol. hot water. Decomposed by distilla- 
tion into thio-acetic acid and ethyl sulpho- 
cyanide. Boiling baryta-water forms mercaptan 
and acetic acid. Hot dilute HClAq forms 
NH,.CS.SEt. 

Isothiocarbamic ether v. Di-ETHYL-(a)-Tnio- 
CAiiiJONATE. Amid c. 

THIO-CARB AMIDE v. Thio-ttrea. 

THIOCARBAMYL SULPHIDE C.H.NjSai.e. 
(NHa.CS)^^ (?) Very unstable oil, got by adding 
HCl to its ammonium salt. Quickly decom- 
poses into CSo, sulphur, H,_.S, and ammonium 
8ulph«)cyanido. Tho ammonium salt 
C,H.^(Nl[,).jN.H, is a product of tho action of 
CS. on alcoholic Nil, in the cold (Zeise, B. J. 4, 
98 ; Illasiwot/. a. Kachler, A. 166, 137). It 
forms colourless prisms, y. sol. water, m. sol. 
alcohol, si. sol. ether. The moist salt slowly 
decomposes into H.S and ammonium sulpho- 
cyanide. The cupric salt CuG;jnaN,Sa is 
canary-yellow. 

, Thiocarbamyl disulphide C.^H^N.B, t.s. 
(NII,.CS)jS 2. Formed by tho action of Cl on a 
solution of tho ammonium salt of tho preceding 
body, and on ammo)iium di-thio-carbamate 
(Debus, A. 73, 27). I’edrly plates, v. sol. hot 
alcohol, insol. water. Decomposed by boiling 
water into CS^, ammonium sulphooyanide, 
and S. 

THI0CARBIMIDE8. MiLstard oils. Com- 
pounds IIN:CS. Essential oil of mustard is 
allyl thiocarbimide. They are formed by the 
action of CSCl^ on primary aminos (llathke, 
A. 167, 218), and by the action of aqueous 
IlgClj on tho dithiocarbamatea 11NH.CS.SNH,R 
obtained by heating primary amines with CSjand 
alcohol or ether (Hofmann, B. 1, 171; 2,452; 
7. 811; 8, lOG; Rudueff, J. It. 10, 188). 
Methyl sulphocyanido is partially converted into 
methyl tltiocarbimide by heating at 180®. Allyl 
sulphocyanido changes to the mustard oil on 
boiling. Tliiocarbiinidcs are also got by distil- 
ling alkyl cyanatos with (Miohael a. Palmer, 
Am, 6, 258). The thiocarbimidos are pungent 
oils. They are reduced by Zn and HClAq to 
aminos and CH.S, whereas sulphocyanides yield 
HGy, mercaptans, and other products. Amines 
convert thiocarbimides into thio-i^reaa ; thus 
aniline combines with phenyl thiocarbimide, 
forming s-di-phenyl-thio- urea. Alcoholic potash, 
or alcohol at 100® forms thio-carbamic ethers 
NHR.CS.OEt (Hofmann, B. 2, 117; SchiU, J5. 
9, 1316). Water at 200®, or HClAq at 100®, 
forms amine, COj, and II.B, while with sulpho- 
cyanidcs it yields EtjS, CO„ and NH,. Cone. 
H.jSO^ forms amino end COS. HNO, forms 
amine and CO.^ ; whereas with the isomeric 
sulphocyanides it forms a sulphonio acid. Hy- 
droxylam*lne unites with thiocarbimides, forming 
oxy-thio-ureas NHB.CO.NH.OH (Tiemann, B, 
22, 1939). Chlorine unites with PhN:OS, form- 
ing unstable (PbNOS),Olp whence boiling watef 
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forms (PliK08),0 [118^, orjataHiaing in jellov 
needles (Helmers, B, 20, 786). 

THIOCABBIMIBO-ACETIO ACID O.H.NSO, 
ie. OH,(N:CS).COjH. Formed by boiling thio- 
hydantom witn HClAq (Volliard, J. pr. [2] 9, 6), 
and by boiling isoamyl sulphocyano-aoetate with 
fuming HClAq (GlaSsson, B. 10, 1352 ; Heintz, 
A. 136, 232). Trimetrio plates, v. e. sol. hot 
•water. Oxidised by HNO3 to Il.SO, and oxalio 
acid. Weak acid. — JlaA'^ aq. Four-sided prisms, 
si. sol. cold water. Benzoio aldchydo and 
NaOHAq (I mol.) react, forming the compound 
CHf‘h:C(CO,Na).S.CO.NII., which crystallises 
with IJaq and is converted by HCl into 

[242=] (Andreasoh, JIT. 10, 73). 

THIOOABBIKIDO-BENZOIC ACIS t>. rn- 

AniDO-BENZOIO ACID. 

THIOCAEBONIC ACID. 

Thiocarbonates v. vol. i. p. 703. The thio- 
carbonio ethers that have not been treated of in 
former articles are described below. 

Methyl thiocarbonates v. vol. iii. p. 390. 

Methyl iso-dithiocarbonate CO(SMe).,. 
(169®). Formed by warming methyl sulpho*- 
cyanide with H.^SO. (Schmitt a. Glutz, li. 1, 
166). 

Ethyl thiocarbonates v. vol. ii. p. 620. 

Ethylene thiocarbonates v. vol. ii. p. 403. 

Ethylene di-ethyl di-thio-di-carbonato* 
C.H^(S.CO,Ft).,,. Formed by heating CJl,Hr. 
with KS.CO.Fit in alcohol (Weldo, J. ;)r. [2] 15j 
62). Thick oil, converted by alcoholio ijotash 
into 02H^(SH)2 and KO.CO .Kt. 

Isobntyl di-thio-carbonic acid Cll.Pr.O.OS 11. 

Salts.— NaA'. Formed from 0 ji,.()Na ami 
CS.^. Yellowish white needles, v. e. sol. water 
and alcohol. — K A'. Needles (from alcohol). 
S.G. 1*371 (Clarke, B. 11, 1505). Chlorino 
gas passed into its aqueous solution forms oily 
(CH2PrO.CS).,S.2 (Mylius, D. 5, 976). 

Ethyl ether KtA'. (228®). 

Isobutyl ether CH.,Pr.O.CS.SCII.Pr. 
(249®). S.G. ia 1-009 (Mylius, 5, 975). ‘ 

Isoamyl ether OHjPr.O.CS.SGJI,,. 
(265°-270°) (Mylius). 

Isoamyl di-thio-carbonio acid 
CjH,,.O.CS.SH. Oil, with unpleasant smell. 

Salts. —KA'. Formed from fusel oil, KOIT, 
and CSj (Balard, A. Ch. [3] 12, 307 ; Erdmann, 
J.pr. 31, 4 ; Desains, A. Ch. [3] 20, 605 ; Jolm- 
Bon, C. J. 6, 142). Gives a lemon-yellow pp. 
with CuSO^.— PbA'j. Plates. Iodine forms oily 
(C,H„0.CS)2S2. 

Bi-isoamyl s-di-thio-carhonate CO(SCj,II„)2. 
(281®) (Schrn^itt a. Glutz). 

Cetyl di-thiocarbonate o. vol. i. p. 728. 

Iso-bntyl-tri-thio-carbonio acid C^H„S.CS JI. 
Formed from C^H^SNa and CSj (Mylius, B.‘ 6, 
816). TheNa salt crystallises in yellow needles, v. 
sol. alcohol and ether. 

Isobutyl ether (C,H,S)2CS. (237®). Got 
by heating aqueous K^GS, with isobutyl iodide. 
Yellow oil with faint odov. 

Di-iBoamyl-trl-thiocarbonate (CsH, , S)2CS. 
(247®). S.G. *88 (Husemann, A. 126, 297). Oil, 
with unpleasant smelL * 

Di-allyl tri-thio-oarbonate (€LH3).,GS. 
mO®-176®). S.Q. -94. Fonned from allyl 
Icdtde and Na,GS| in th« cold (HaBemann, A. 


126, 269). Pungent yellow oil, with offensive 
odour. 

THIOCAEBONYL - AOETOAOETIC ETHEE 

CSrCAo.CO^Kt. [166®-.162®J. Formed froiA thio- 
carbonyl chloride and accioacetio ether (Bor- 
green, B. 21, .*^7). Yellow needles, si. Bol. ether 
and ligroin. ^ . 

. THIO - C AEBONYL/DI AMIDO-DI-BENZOIO 
ACID V. w-Amido-ukvzoio acid. 

THIOCAEBONYL'. BENZOYL - ACETIC 
ETHEE CS;CBz.C02Et. [164®]. Formed from 
CSCl. and benzoylacetio ether (Bergrccn, B. 21, 
351). Yellow noodles, sol, alcohol-chloroform. 

THIO CAEBONYL CHLORIDE b. Sulpha- 

chloride of Caudos. 

Thio-carbonyl tetrachloride w. Pr.n-ciiLOBO- 

METIl YL- MKUCAPTAM. 

THIO - CARBONYL - ETHYL . o - AMIDO- 
PHENOL [112®]. (above 

300®). Formed from ethyl-o-amido ])henol and 
CSCI2 (Seidel, J. pr. (2) •/i, 419, 457). Insol. 
wito.r and dilnto NaOlIAq, m. sol. cold alcohol. 
llGlAq at 170° forms ethyl-amido-phenol, CO„ 

and H2S. PClj yields 

THIO - CARBONYL - METHYL - AMIDO- 

PHENOL [128®]. (above 

300®). Formed by the action of CSCI2 on motliyl- 
o-jimido-phenol (Seidel, J. pr. [2J 42, 462). 
Needles, insol. water, si. sol. cold alcohol. 

THIO .^CARBONYL - DI - (/3) - NAPHTHYL- 

THIO - OKEA C.,U,.N<qN'^^>S. [162=]. 

Formed from di - (/3) .naphthyl-thio-uroa and 
OSOI2 in benzene (Freund a. Wolf, B. 25, 1466). 
Slellato groups of needles, m, sol. hot honzone. 
Melts at 152' with evolution of gas, forming a 
solid melting at 224®. 

THIO-CARBONYL.DI-p.TOLYL-THIO.UEEA 
[109®]. Formed from 

di p-tolyl-thio-urea [172®] and CSCl, in ether 
(Freund a. Wolf, /i. 25, 1 165). Yellowish needles, 
y. sol. liot alcohol and ether. Converted by HgO 
into carbonyl-di-tolyl-thio-iirea [112®]. 

THIOCHEONIC ACID C„H„S.O„ i.e. 
Co(011)(SO,H)(SOj,II)^. Formed by udtiing totra- 
chloro-quinone to a cone, solution of Kj^SO, 
(Hesse, A. 114, 313 ; Gracbo, A. 116, 40). Yellow 
trimetrio prism ;, v. sol. hot water, insol. alcohol. 
Coloured hrow'nish-rcd by FoCI,, Jloduces AgNO,. 
Converted intothydroquinojie disulpbonio acid 
by heating with water at 135 ', or by boiling with 
liCLVii. 

Euthiochronic acid C„II,S^O,o i.e, 
C„(OJI);^0.,,[fiO.,H)2. *J)i.-ory-fiuivo7i0 disulphonie 
acid. Formed by boiling thiocJironio acid with 
KOHAq. Deliquescent yellow Ticodles, v. sol. 
water and alcoliol. lleduced by tin and HClAq 
to C,iI,S.^O,o, which yields Na5jA"2aq ana 
K.^A"2aq, which are rc-oxidisod in aqueous solu- 
tion by air to euthiochronahjs. — Na,A'’aq (dried 
at 150®). — K,A'''2aq. Minute lemon • yellow 
prisms, v. sol. water. — K,IlA''aq. Small orange- 
red four-sided lirisms.— Ba,A'’'4aq. Oohre* 
yellow pp. - Ag,A‘* : amorphous pp. 

(a) - THIO - CINNAMIC ACID 0^80 U, 
04 H^GH:CH.C 0 .SH. Formed from oinnaznoyl 
obloride and Pb(SEt)(, the resulting oilv ether 
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being boiled with alcoholic ESH (Engelhardt, Z. 
[2] 4, 859).- KA'. Crystalline. 

(/8)-Xhio-oinnainio acid. Amtde GgH^S.NH^. 
[112*J. Formed by passing H,jS into a solution 
of cinnamic nitrile in alcoholic NH, (Rossum,^. 
18GG, 3G2 ; Kriisa, B. 17, 1768). Gblden plates. 

(a).TflIO.CINNAMld ALDiyUTDE (C„H„S) 3 . 

Formed by pAsing HjS into oil o€ 
cinnamon dissolved in alcc^olio HCl (Baumann 
a Fromm, B. 24, 1452). Crystalline, v. e. sol. 
benzene, si. sol. alcohol. 

(i8).Thio-cinnamic aldehyde (C„H„S);,. [2ipj. 
Formed at the same tirne as the (a)-isomerido. 
Prisms, v. si. sol. cold benzene and alcohol. 

Thio - cinnamic orthaldehyde. Phenyl 
ether OJl,CII:CH.CH(SPh).,. [81°]. Formed 
by passing dry HCl into a mixture of cinnamic 
aldehyde and phenyl mercaptan (Baumann, B. 
18, 885). Needles (from ligroin). 

2 )-Bronio-phevi/l ether 
CHPh:CH.ClI(S.C,ll'Br),. [^07°]. Needles (from 
alcohol or ether). * ^ 

Gly colh/l ether * 

CHPh:CH.CI'l (H.C1I,.C0,II),. [143°]. Formed 

from cinnamic aldehyde and thioglycollic acid 
(BorigartZj^ii. 21, 481). Plates {hovx water). 
Zinc-dust in alkaline solution converts it into 
CfIPh;CII.ClI,.S.CH,.COIl [77°], crystallising 
from dihV;e alcohol in plates. 

TRI.THIO-CITRIC ETHER C3H,0(C0.SEt)3. 
Formed from tri-phenyl citrate and NaSEt in 
presence of other (SeilTort, J. pr. [2] 31, 470). 
Oil, smelling like mercaptan. * 

CU*CII 

THIO-COUMARIN CJI,<^ *1 . [101°]. 

\0 .CS 

Formed by heating equal parts of coumarin and 
P.^.S^at 120° ; the yield is 50 p.c. Also by heating 
o-coumaric acid with P.-S.,. liong yellow needles, 
V. sol. alcohol, ether, an<l ben/.cno ; insol. water. 
Sublimable. By heating with aqueous alcoholic 
KOH it is reconverted into coumarin. Unlike 
coumarin it readily reacts with hydroxylamino 
and with phenyl-hydrazine (Tiemann, J3, 19, 
1061). 

THIO-CRESOL v. Tolvl MnucArrAN. 

THIO-CROCONIC ACID CJlp.S, probably 

^^'CejoH) CO * saturating a warm 

solution of potassium croconato treated with 2 
mols. of HCl, with ILS.— BaA" 2aq : brownish- 
yellow amorphous pp., v. sol. dilute IICl, which 
after some time changes to reddish-brown 
crystals with violet retlex, inrol. dilate HCl 
(Nietzki a. Benkiser, B. 19, 299). 

THIO-CUMINIC ACID. Amide 0,pH,.NS 
t.e. CjHj.CbH^.CS.NH... Formed by passing H..S 
into a solution of cuminio S^itrile m alcoholic 
NH, (Czumpelik, B. 2, 185). Needles, v. sol. 
hot alcohol. Cbnverted in alcoholic solution by 
iodine into C 2 oH.„N..S [45°] crystallising in 
prisms fW^anstrat, JB. 6, 822). 

THIODICYANDIAMIDINE v. Guanyl thio- 
urea. 

THIOCYANIC ACID v. Sdlphocyanic acid. 

.THIOCYAHO- V. Sdlpiiocyano-. 

DI-THIO-CYANURIC ACID Cy3(SH)3(OH)aq. 

Preparation. — An alcoholic solution of KCyS 
is mixed wi^ the calculated quantity of HCl, 
filtered from KCl, and evaporated at 40°. The 
residue is extracted with strong NH,Aq and 


BaCI, is added to the filtrate. The barium salt 
gradually separates in globular crystals (Klason, 
J.pr. [2] 83, 121). Yield, very small. 

Properties, — White scales (from hot water). 
Sol. NaOHAq. A solution of the potassium salt 
gives pps. with AgNOj, HgCl.^, and Pb(OAc) 3 . 

Reactions. — 1. Cone. HCl at 130° gives cyan- 
uric acid and H^S. — 2. Cold KMnO^Aq and hot 
HNOjAq form cyanuric acid.— 3. Iodine forms* 
(HOCy.,).S 4 as a white crystalline powder. 

Saits. — KHjA'". Silvery mass of micro- 
scopic prisms. — BaHA'"2aq. 

Tri-thio -cyanuric acid Cy 3 (SH)j. Forined 
by warming powdered CjN.jCl, (1 mol.) with cone, 
aqueous KSH (4 mols.) (Hofmann, B. 18, 219G; 
Klason, J. pr. [2] 33, 116). Minute prisms, when 
ppd. from dilute solutions ; amorphous, from 
cone, solutions. NearTy insol. hot water, alcohol 
and ether. Not decomposed at 200°. FeCl^ 
gives no colour in solutions of the acid, but in 
cone, solutions of the K salt it gives a white pp. 
and a yellow solution. 

Reactions. ~1. HClAq at 1.30° gives cyanuric 
acid and H.B. 2. Alkaline KMnO^ at 20° gives 
cyanuric acid. — 3. Warm IINOj forms cyanuric 
acid.— 4. At 3G0° it gives off CSjj and some 
HCyS and leaves ineleru C,jH,.N,o. 

Salts.— KaA'"3aq.—K3a,A"V5aa*—NaH3A'". 
Crystals, v. sol. watcy. — BaHA'"3Rq. Yellow 
crystals, ppd. by addition of BaCh and Nn..,Aq. — 
*BaH4A%2aq. Prisms,m. sol. water. — SrHA"'5aq. 
— CaHA'"5aq. Prisms, m. sol. water. 

Methyl ether [189°]. Got by 

heating methyl sulphocy.anido with a few drops 
of HClAq at 100” (Hofmann, B. 13, 1351 ; 18,2197, 
2755,2771; 19,2005). Hexagonal crystals. An 
alcoholic solution of othylaminc at 100° forms 
Cy 3 (NIIEt)(SMe)„ [114°J while at 140° it yields 
Cy 3 (NnEt),SMo [84°J. Alcoholic Nil, forms, in 
like manner, Cy 3 (NH.,)(SMe) 3 and Cy 3 (NH 2 ) 3 SMe. 

Ethyl ether [27°J. (350°). Formed 

from CygCla and NaSEt. Colourless tablets (from 
IIOAc) converted by alcoholic NH, at 180° into 
Cy:,(NlL)(SEt )2 [112°] (crystallising in trimetrio 
forms ; 'a:6:c = ’GGO:!: -391, v. sol. ether), accom- 
panied by Cy 3 (NU 2 ). 2 (SEt) [165°], which is insol. 
ether (Klason, J.pr. [2] 33, 298). 

Amyl ether (CiH,,) 3 A'". Oil. Yields 
Cy 3 (NH,.)(SC,H „)3 [82°J and Cy 3 (NH.,) 3 SC 3 H„ 
[178°J. 

P lieriyl ether [97°]. Prisms (from 

HOAc). 

p.Tolyl ether [114°]. 

' THIO-DI-ETHYL-ANILINE v. Tetra-ethyl- 

DI-AMIDO-DI-PHENYL SULPHIDE. 

THIO-ETHYL-COUMARIN 

[94°]. Formed by heating (o)-ethyl-coumarin 
with P,iS, at 120° (Aldringcn, B. 24, 84G2). 
Yellowish-red plates, sol. alcohol. May be sub- 
limed. 

THIO-ETHYLENE GLYCOL v. Ethylene 

MERCAPTAN. 

THIO-FORMIC ACID H.CO.SH (?) [120°]. 
Formed by the actiocrof H^S on lead formate 
(Wohler, A. 91, 125; Limpricht, A, 97, 861), 
but not from and formic acid (Horst, A. 
126, 6S). Small transparent crystals (from 
alcohol) with alliaceous odour, insol. water. 
May be sublimed. According to Nicol (Pr. S, 
10, 425) a solution of thioformio odd, got fromr 
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PbA^f Mad HgS, rapidlj decomposes, yielding 
formic acid. 

Salts. — H.Gd^.SE. Formed from OHCl, and 
alcoholic K 2 S (Nicol, T. E. 29, 631). Needles, 
sol. water and alcohol, nearly insol. dilute alco* 
hoi. AgNOj added to its aqueous solution forms 
a white pp., turning black on standing. IINO 3 
yields S and formic acid. HgO also gives formic 
• acid.-(H.CO.S)2Pb. 

Anilide H.CS.NHPh. Thiofonnanilide. 
[137^]. Formed from dry phenyl carbamine and 
HjS (Hofmann, B. 10, 1096, 1238). Formed also 
by passing dry U.,S over di-phcnyl-formamidine 
NPh:CH.NHPh at 150° (Bernthsen, A. 192, 35). 
Prepared by warming formamidine (5 pts.) with 
P.jSj (3 pts.), the yield being GO p.c.-of the theo- 
retical (Hofmann, B. 11, 338). Thin plates 
(from water), partially decomposed on di.stilla- 
tion into H-^S and phenyl carbamine. Its solu- 
tion tastes bitter. Decomposed by hot KOHAq 
into aniline, H„S, and formic acid. Heated in a 
sealed tube at i80° it yields C,^H,.,N,.S [ 110 ^] v. 
sol. alcohol (Nicol, B. 15, 211). Nab lit and FtBr 
yield oily CH(SEt);NPh ( 0 . 235°) (WaUach a. 
Wiisten, B. IG, 145). 

o-Toluide H.CS.NHCJI, [9C°]. Got by 
heating formyl-toluide with P.^Sj (Senior, C. 

47, 762). 

p-Toluide. Yellow needles. 

Xylide HCS.NHCAMo.. [105°]. Small 
needles (from alcohol) (Gudeman, B. 21, 2549). . 

Thio-orthoformic acid. Ethyl ether 
CIl(SEt)s. Formed by boiling chloroform with 
aqueous NaSEt (Gabriel, B. 10, 18G ; Claesiion, 
J.pr. [2] 15, 174). Oil^, with nasty smell, partly 
decomposed on boiling. Oxidi.scd by UNO;, to 
ethane sulphonic acid. Fuming UClAq yields 
formic acid and mercaptan 

Benzyl ether [98°J. Formed 

from NaBCjH, and chloroform (Dennstedt, B. 
11, 2265). White crystals. 

Phenyl ether Cll(SPh) 3 . [39-5°]. Tri- 
metric tables. Oxidised by potas.sium perman- 
ganate to PhS.CH(S 02 Pb )2 [17G°J (Laves, B. 23, 
1416 ; 25, 347). 

Reference. — Culoboformio acid. 

THIO-FOBMIC ALDEHYDES 

Thio-formio paraldehyde (CfLS)^. Methyl- 
ene sulphide. Mol. w. 138. [ 21 G°J. V.D. 5-68 
(obsj. 

For^nation,—!. By heating Na.S with inethyl- 
eno iodide (Husemaim, A. 126, 293). — 2. By re- 
ducing CS .2 with Zn and HClAq (Girard, A. 100, 
806). — 3. By the action of HjS on formic alde- 
hyde or trioxymethylenc. 

Preparation.—By saturating a mixture of 
formic aldehyde (2 vols.) and cone. HClAq 
(4 vols.) with H^S (Baumann, B. 23, 67). 

Properties. — Prisms, smelling like onions. 
InsoL cold water, si. sol. alcohol and ether, m. 
sol. benzene and CSj. May be sublimed. Oxi- 
dised by EMnO^ to a trisulpbone and also 
C,HeS, 0 , crystallising in colourless needles. — 
Forms : 0 ,H, 8 , 2 AgN 03 . - C^H.SaAgNO^ faq. ~ 
OASsHgCl*.- (C^H.SJ^JJjPtCl,. -(C^H^Sj^PtCl. 
(Hofniaim, B, 2, 162 ; 3, d 84 j Girard, 0. li. 70, 
625). 

Thio-formio orthaldehyde. * 

Ethyl ether CH 3 (SEt),. (184°) (0.); 
(180°) (F.). B.a. “*987. Formed from CHX 
AMd (CUeMOO. J.pr. £2J 16, 17G). Liquid 


with unpleasant smell. Oxidised by HNO, to 
ethane sulplionio acid. EMuO, and H 3 SO 4 
yield CH.,(SOAH,), (Fromm, A. 263, 165). 

Thio-formio metaldehyde (CH,S),t. X^7G°]. 
Formed, as a white amorphous substance, on 
warming an aqueous or alcoholic solution of 
hexamethyle*|e-^unmo saturated with H«S (Wohl, 
p. 19, 23441. Insol. /uost solvents. DecoiA- 
posed wlieii heated above its melting-point. 

Di-thio -formic jdiraldehyde (CalLS-^O), aq. 
Dithuhjlyceric aldehyde. [82°J. (180°-185°). 
Formed by passing II B into a solution obtained 
by electrolysis of dilute! glycerin (lleiuird, .4. Ch. 
[5J 17, 307). Amorphous waxy mass, sol. warm 
water, insol. alcohol and other. 

(a)-THIO-FURFURALDEHYDE (0,11,80),. 
[128°]. Formed, together with tin; (/i)-isomoride, 
by passing ll.B into a solution of fin furaUlchyde 
(10 g.) in alcohol (100 c.c.) and llC’lAq (20 c.o.) 
at -5° (Baumann n. Fromm. B. 24, 3593). 
Crystals, v. 0 . sol- alcohol and chloroform, insol. 
water. ° • 

(/3)-Thio-f«rfuraldeliydo (CJI,80),. [229°]. 
Needles, v. si. sol. alcohol, v. sol. chloroform. 

Thio-furfuraldehyde (Cjir^SO),, [»i.i=20 to 24J. 
Mol. w. (by Kaoult’s method) 2182. •Formed by 
mixing an alcoholic solution of furfiiialdohyde 
with alcoholic ammonium sulphide (Cahours./l. 
09,85; B.a.F.). White crystalline ])ow(ier, softens 
at 80° and is melted at 91°. Thiofiirfuraldeliyde 
is decomi)oscd by warm aniline, yielding furfural- 
dehyde and II, S (SchiJT, B. 19, 2153). 

THIO-«LYCERIN v. GiACKJiiN. 

THIO-GLYCOL v. Etuylk.njs MinicAPTAf. 

THIO-GLYCOLLIC ACID CH,(8H).CO,H. 
Sulphydro-acctic acid. 

Fonmition. — 1. By reducing the compound 
C1SO...CHC1.COCI with tin and lIClAq (Siemens, 
B. 6 , G59). -2. By adding CU.Cl.CG.Il (1 mol.) 
to coiic. KSllAq (2 mols.) (blacsson, A. 187, 
113). — 3. By the action of II^S on glyoxylic acid 
in presence of Agd) (Botlinger, A. 198, 215). — 
4. By boiling thiohydanloin with baryta- 
water (Andrcasch, B. 12 , 1385).— 5. Together 
with HSCy, by the decomposition of rhodanio 
acid OaH^NS/) with baryta-water (Ginsberg a. 
Bondzynski, B. 19, 113). 

Properties. — OiI,mi.scibIc with water, alcohol, 

! and ether. Decompo.ses when quickly heated. 
Very dilute FeClj gives a fugitive indigo-blue> 
colour, changed by a few drop, s of NII^Aq to dark 
red and then to violet. Excess of Fe(d, oxidises 
I it to di-sulphido-di-acetio acid *S;;(CJ1,.C0.H),, 
i which is also Readily formed by atmospiieric 
; oxidation of the alkaline solution. A solution of 
i the K salt added to CuSO, gives a bluish-black 
I pp.* reduced by further addition of the K salt to 
I the white e^iproustfalt CU;^(S.Cll 3 .CO.^U),j. HCl 
I passed through a mixture of thioglycollic acid 
and acetoacetio ether gives rij^j to crystalline 
CO,Et.CH,.CMe(S.CJl 3 .CU.,H)., [96°J (Bongartz, 
B. 21, 485). Acetyl-propionic acid forms, in 
like manner, C 0 .,H.CH 3 .CH,.C.Me{ 8 .CH,.C 03 H), 
[15 1°J. Aldehydes react, forming the compound 
CJIH(S.CH,.C 0 .^) 2 , compounds which arc pro- 
duced either on standing, on warming, or on treat- 
ment with ZnClj or dry HCl (Bongartz, B.19, 1981 ; 
21, 479). Such compounds obtain^ by using 
acetic, benzoic, cinnamic, o-oxy-benzoic, and o>, 
m-, and p-nitro-benzoic aldehydes melt at 108°, 
124°, 146°, 148°, 123°, 130°, and 162° respeo- 
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lively* Thioglycollio acid reacts with ketones 
in presence of ZnCl, or HOI, forming acids 
OEB'(S.CH^.COj;H) 2 ; such compounds obtained 
from hcetone, acetophenone, and benzophenone 
melt at 135°, 139°, and 164° respectively. 

Salts. — KHA^aq (from w|,ter). — KHA" 
(from alcohol). Decoruposea forming 

«HiSK).00,,K.— BaA” Jliq : crystalline pp.-r 
BuiV . : gummy.-CdA".-Hg(S.CH,.CO,H),, 
Needles or flat prisms, v*. sol. hot water and 
alcohol.~Hg.,(S.CH2.CO,) .BaH^. Minute crys- 
tals.— Hg3(S.OH,.CO,)„AlII,. — Hg,MnH,A'\. — 
HgPbA'V-HgA".— BbA*'.— Bi(HA").. [c. 33"]. 

Yellow pp.-Cu,H2A'V White pp.—Cu.,BaA"*.— 
AgA".— Ag,:(NH,)A"(N03).-Ag,IIgA",. 

Ethyl ether EtA'. Eoriped by boiling 
thioglycollio acid with alcohol and a little 
H48O4 (Olaesson, A. 187, 116). Oil with nasty 
smell. Slowly decomposed by boiling into II^S 
and S(CH,,.CO..Et)a. Alcoholic IlgClj ppts. 
ClHg.S.CHa.CO.^Et, converted by excess of the 
ether into IIg(S.Cll,,.CO,El), (\yisliccnus. A, 
146, 146). 

Ethyl derivative CH..{^Et).CO.H. 
Formed by mixing CllXl.COJilt with NaSEt 
and alcolKfl (Olaesson, B. 8, 120). Liquid, v. sol. 
alcohol and ether, m. sol. water. Decomposed 
by heat, but may be distilled with steam. - 
KA'.— BaAV ™ CaA',,— MgA'., 3aq. — Zn A', 2aq. 
— CdA'jaq. [85"].-CoA',2aq. [90"].— NiA',2aq. 
— CuA',2aq. - AgA'aq. Crystalline pp. 

Ethyl ether of the ethyl derivative 
CH.,(SEt).CO,Et. (IBS'"). 8.0. ^ 10169. Oil. 

Converted by EtI at 120° into crystalline 
CH..(SEU),CO,Et. 

Ethyl ether of the isoamyl 
vative CH,^(SC5H,,).COEt. (230"). . 

'9797. Oil. 

Phenyl derivative v. PuENYL-Tmo-OLV- 

COLLIO ACID. 

Benzyl derivative CHEh.S.Cll2.CO.^II. 
[69°]. Formed from CH.Cl.CO.H and benzyl 
mercaptan (Gabriel, B. 12, 1641), Flat tables. 
Yields EtA' (275°-290'") and the amide 
CHjrh.S.CHa.CONII.j [97°] crystallising in flat 
plates. 

P henyl -'phenyl derivative 
C.HBh.S.CH,.CO,U. [170°]. Crystals. 

A mide CH,(SII).CO.NH,. A product of the 
passage of II.^S through an alcoholic solution of 
chloro-aoetoinide . containing a little NHj 
(Schulze, Z. 1865, 73). Groups of small prisms. 

Ethyl derivative of the amide 
CH»(SEt).CONH3. [44°J. ^Formed from 
CH,(SEt).CO.^t and ammonia. Thin prisms. 

Beference. — NiTBoso-Tnio-OLYCoiiLic ACiq. 

THIO aLYCOLLIC ORTHALDEHYDE. Ethyl 
derivative of t/ie ef Acr CHa(SEC).CH(OEt),f. 
(169°). Forcqpd from CH,,Cl.CH(OEt)2 and 
NaSEt (Autenrieth, B, 24, 162). Volatile in 
steam. 

Phenyl derivative of the ethyl ether 
OH,(SPh).CH(OEt)j. (273°). Got in like manner. 

THIO-HYDANTOXC ACID CJEaN-^SOa t.c. 
NH,,CS.NH.CH^CO,H or ^ 

NH.^C(NH).S.CHj.CO.H. Formed by heating 
sodium chloro-acetate in aqueous solution with 
thio-urea (Maly, A. 189, 380). Crystallme 
powder, si. sol. water, v. sol. acids and alkalis. 
Jp^mpos^ by head Converted into thio* 


dcri- 
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hydantoin by wanning with Ka^C0,Aq of ‘ 
HClAq.. 

THlOHYDANTOlN C,H4N,BO U. 

Formation. — 1. By heating thio-urea 'with 
chloro-acetic acid or chloro-acetamide (Volhard, 

A. 166, 383 ; Mulder^ B. 8, 1264 ; Maly, A. 168, 
133 ; B. 10, 1853 ; Claesson, li, 10, 1352). — 2. By • 
heating thioglycollio acid (2 mols.) with cyan- 
amide (1 mol.) in aqueous solution (Andreasch, 

B. 13, 1421 ; A/. 1, 442). 

Preparatimi. — Thio-urea (50 g.) dissolved in 
water (500 c o.) is mixed with chloro-acetic acid 
(02 g.) in water (50 c.c.), heated to 90°, cooled, 
and mixed with the calculated quantity of NaOU 
(Andreasch, M. 8, 414). 

Properties. — Long needles (from hot water)^ 
insol. alcohol and ether. Decomposes about 
200°. Since it cannot be desulphurised by HgO, 
Liebermann (A. 207, 132) suggests that it does 
not contain the group CS. 

JRcactions. — 1. Chlorine passed into its cooled 
solution in IIClAq forms thio-oxy-hydantoin 
(Kramps, B. 13, 788).— 2. Br forms di-bromo- 
thio-hydantoin. — 3. KCIO3 and HCl yield 
G3H.,KN,.S0-„ crystallising in monoclinio tables, 

S. 1-7 at 22° ; 23*3 at 100°, converted by nitrous 
acid into SO3II.CH3.CQ.H, and by baryta-water 
into sulpho-acetio acid and urea (Andreasch, B. 
13, 1423 ; M. 4, 131). —4. Baryta-water forms thio- 
glycollic acid and dicyandiainide. — 6. Boiling 
IlClAq forms thiocarbimido-acetic aoid. 

Halts. — Ag..C3HjN.,SO.— B',.H,S04. Plates. 
— B'lINOs. - B'JiCl.- Bll.C^aq. Prisms.— 
B'JLPtCl^.— B'CJIsN.O,. Minute yellow needles. 

Itefcrenccs.-Di-Biioiio- and Nitroso-thio- 

nYDANTOIN. 

DI-THIO-HYDROatflNONE C,H4(SH),. [98°]. 
Formed by reducing benzene p-disulijhonio 
chloride with tin and IIClAq (Korner a. Mon- 
selise, O. 6, 112). Formed also from 

(C^H4(NII.i))3Sa by diazotisation, treatment with 
potassium xanthato, and saponification of the 
product with alcoholic iiotash (Leuckart, J". pr. 
[2] 41, 205). Six-sided plates, slowly oxidised by 
air. 

THIO-ISATYDE v. Isatyde. 

THIO-LACTIC ACID CH3.Cn(SH).CO,H, 
a-Siilphydro-prop>ionic acid. 

Formation. — 1. From a-chloro -propionic acid 
and KIIS (Schacht, A. 129, 1 ; Lov6n, J. pr. [2] 
29, 368).— 2. By the action of H^S on silver o- 
chloro -propionate or silver pyruvate (Bottinger, 
A. 188, 320 ; B. 9, 404, 804, 1061; 11, 1561 ; 18, 
480). ■ . 

Preparation. — By saturating a solution of 
pyruvic acid with H^S, and adding cone. HClAq 
and zinc (Lov6n). 

Properties. —Syrup, miscible with water, alco- 
hol, and ether. May be distilled in vacuo. ^ Ita 
odour is unpleasant. FeGlg gives a transient 
indigo colour, and then oxidises it to sulpludo- 
dipropionic acid. CUSO4 gives a violet solution ; 
a smaller quantity of CUSO4 ppts. the caprona 
salt. Cobalt acetate and air gives a brown 
colour. ' 

Salts.— BaA' (at 130°). Gummy masa,— 
H8(§ CHM*.C0^r 


Hg(S.CHMe.CO|J«Ba - 
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-M( 8 . 0 aife. 00 ;^,. — I>t(S.CHMe.CO,H)- — 
OQS.OHM4.GO2H. Yellow pp.— PbCjH. 0 .8. 

Ethyl ether EtA'. Oil. Yields 
CaS.CHMe.COjEt as a yellowish powder. 

THIO-BILACTYLIG ACID v, Sulfiiido-oi- 

PBOPIOMIO ACID. 

THIO'MALIG ACID C^HySO^. Formed from 
bromo-BUCcinio acid anej aqueous KSH at 110^ i 
(Carius, A. 129, 6), Dchtiuescent maj^s, oxidised | 
by dilute HNO3 to sulxdio-succinio acid. -Ba/V". 
— Ag.,A”. Bulky pp., readily blackening. 

THIO-MESITOL V. Tai-METltYL-niKN’YL MER- 
CAPTAN. 

THIO-DI-METHYL-ANILINE v, Tktua- 
methyl-di-amido-di-phenyl auramiDE. 

thio-methyl-coumarilic ether 

0„H„S0, i.e. C.H,<;™“^C.CO.SEt. L'Jl'']. 

Formed from methyl-coumarilic ether and 1*.S. 
(Hantzsch, B. 19, 2400). Yellow needles (from 
alcohol), V. sol. ether. 

THIO-(a)-METHYL.COUMARIN C,„H,SO i.e. 

Formed by heating 

(a)-methyl-coumaiin with P.Sj at 120^ (Aldrin- 
gen, B. 24, 3100). Yellow needles, insol. water, 

V. sol. alcohol. Converted by alcoholic potash 
into (a)-methyl-couinarin. 

THIO - METHYL - DI - PHENYL - AMINE v. 

METHYL-lMIDO-nI-P^IE^^•L SULPHIOJ:. 

THIO-METHYL-URACIL CJloN^SO i.e. 

(?). S. •0o4at21®. Formed 

by the action of alcoholic polash on the needles 
which separate after some days frotn a solution 
of thio-urea (1 mol.) and acetoaeetie ether (1 mol.) 
in alcohol to which a little HCl lias been adde(l 
(Nenoki a. Sieber, J.x>r. [2] 25,72 ; Li.st, .1. 2.‘jG, 

1 ; Behrend, B. J9, 2 10). Plates, v. si. sol. ether. 
Decomposed at 280'^. 

Reactions. — I. The K salt reacts with F,tt 
forming C;,n5N.BOEt [145^], and with Mel 
forming CJIsN.SOMe [220"’], which yields 
C,,H,AgN,,SO. — 2. ChJoro-acctic ether forms 
C,H,N.,s6(CH,.CO,Et) [143®], which yields 
C,H,N,S0(CH2.C0,II) [204®]. 2. Br form« 
methyl-uracil, andfinallydi-oxy-methy 1-uracil. Cl 
acts in like manner, forming C-ll,iCl.jN.X),,. -3. On 
warming with load hydrate in strongly alki^Iine 
solution it is converted into methyl-uracil. 
Cone. HClAq at 150°, cone. NH,Aq at ioO®, and 
AOjO at 185® also form methyl-uracil. 

Salts. — C5H^Ag2N,SO. — C,,ri,CuN,SO. 

— (CjHjN.,SO)2ng. — C,H,N..NaSO 2aq. — 
C^HjNoKSO iaq. 

THIONAMIC ACID. II. Bose {V. 33, 235 ; 
42, 416) found that SOjj and NH., combined in 
equal volumes, when dry NII.^ was mixed with 
excess of dry SO.^, to form a yellowish whito 
solid, which quickly decomposed in solution, or 
moist air, giving (NIIJ^SO, and ammonium salts 
of other sulphur oxyacids. Bose concluded that 
the substance was SO2.NH3 from the fact that 
it was formed by combining equal volumes of the : 
two gases ; if this empirical formula is accepted j 
the compound may be S>Oa.NHa.H orSO.OH.NR,. 
When dry SO, was mixed with excess of dry 
NH„ Rose found that 1 vol. SO3 combined with 
2 vols. KH,; the product— an amorphous, white 
iolid— may be j8O2.NH3.NH4 or SO.ONH4.NII2. 

M. M. P. M. 


TH ION AMIDE. By passing NH, into cooled 
S.^Clj Schiflf (A. 102, 111) obtained a white solid 
which was ^decomposed by warm water to 
(NII,).BOaAq. The solid contained* NH4CI ; 
Schiff regarded it as a mixture of this salt 
with SO{NIIJ.. ; ho did not attempt to separate 
the supposed thionamidc from NH,01. 

* J M. M. P. M. 

(a).THIO-NAPHTHOIC ACID. 

Amide 0,„1[.#CS.N If.,. [12(1®]. Formed 

from (a)-nnphLh«uc nitrile and alcoholic ammo- 
nium sulphide at 30®-:;r>^ (Ih.fmann, B. 1, 40; 
Bamborgtr, B. 21, 54). Crystals, v. sol. alcohol, 
Tetr a hydride of the amide 

^ Funm d by digesting 

a solution of totrahydrido of ((d-uaphthonitrlle 
in ahroholic ammonia saiinatt'd with n,S for 
some day. y at 3(r-l0® (Bamberger a. Bordt, B. 
22, (>29). Dark-yellow oil. 

f/^)-Thio-naplithoic acid. Amide 
; C,„lI..CSNiF. f 19®]. ^'’ormed from (^)-napb- 
i thonitrilo and ainmonimii .sulphide at 35®~40® 
(Bamberger a. Bockrnann, /h 20, 1116). Noodles, 

■ V. sol. alcohol. Dissolves in hot water, being 
slowly converted info the nitrile. 

THIO-NAPHTHOL v. Nash rut n mercaptan. 

I THIO-DI-NAPHTHYL-AMINE v. Imido-di- 

i naphthyl bulphioe. 

j THIONATES. Salts of tlu) Dtionic acids 

(q. v., p. G9H). Four scries of lliionatos are 
known; a fifth probably exists: M.^S^Os^di- 
tliionafgs; tritliioiiatos ; MB^O^ratotra- 

tbionalcs ; M„S,0„ ->]a'utatbionateK ; p^id pro- 
bably lioxatbionates. The tliionatcs 

are formed by the action of alkalis on the liquid 
obtained by jjassing JI.H into saturated SO^Aq ; 
also by the oxidation of sulphites, tliiosulphates, 
and mixtures of tlicBe, and iu other reactions 
(<•/. Thionic acids, ]>. GOB). For general quali- 
tative reactions of tliionatcs and thiosulphates t?. 
Debus J. 53, 29H). • 

DlTlJlONATl'iS, and 

M"‘...(S..O„);,. {Tfi/posnlphafes.) The alkali salts 
arc formed by the interaction of a dilute solu- 
tion of I in KIA<] and dilute NallSO^Aq (Spring 
a. Bourgeois, Dl. [2] 4G, 151 ; Sokoloff a. Matt- 
BchelTski, B. 11, 2058) ; also by the reaction of 
KMnOjAq'on thiosulphates in acetic acid solu- 
tion, or on sulpliites or Iritbionatea (Hdnig a. 
Zatzek, M. 4, 738 ; Fordos a. Qi'dis, J. Ph. [3] 
3G,*113). The Ba salt is harmed bypassing SOj 
into water holding MiiO., in Buspeosion, jfiltcring, 
and adding BaOAq (for more details v. Dithionio 
ACID, p. GOB*) ; moat of the other dithionates 
are obtained by tho interaction of BaS20,Aq 
;#nd sulphates; several have bern prepared by 
digesting HR^^Aq with metallic hydroxides. 
Tho ditBionateS are sol. water; the salts of 
the alkali and alkaline car^li metals are not 
readily dccoinposeij, either in solution or as 
solids ; solutions of most of tlic other salts are 
decomposed by heat, giving oiT .SO, fv. KliisB, A, 
24G, 179, 284 ; Geutber, A. 220, 232). 

Dithionates give off SO, when heated to red* 
ness, leaving normal sulphates; thus MjSjO, 

- SO,-f-M,SO, ; this reaction is characteristic ; 
so also is the reaction of H,S04Aq or HOlAq 
with boiling solutions of dithionates, whereby 
H,SO,Aq is formed and SO, if giyen oil, without 
leparation of S. 







AmmoniTim ditliiooata Ob- 

tained by dooomposing the Ba salt m solution by 
(KH4)2S04Aq, filtering and crystallising. S.O. 
1-704 (TnpsoS, C. C. 4, 76). Kluss {A. 246, 179, 
284) gives formula 2Am2S20a.aq, and says the 
salt crystallises in monoclinio needles. Very 
sol. water; insol. alcohol. Aque^s solution 
may be boiled without change. * Firms double 
salts with AmCl (Fock a. Kluss, B. 24, 3017) ; 
also with the dithionates of «A1, Gd, Co, Gu, Fe, 
Mn, Ni, and Zn ^K., l.c.). 

Barium dithlonate BdSjOB. 2aq. Formed by 
passing SOjinto water at 0*0° holding coarsely- 
powdered MnO, in suspension, till the MnOj is 
dissolved (MnOj + SO, + Aq = MnS04Aq ; and 
also MnOa + 2SOa + Aq = MnS:,0„Aq) , filtering if 
necessary, adding BaOAq to alkaline reaction 
(MnS^OgAq + BaO.Jl2Aq = BaS.^OuAq + MnO^H,.), 
filtering from MnO.^H.^, evaporating, and recry stal- 
lising from water (c/. Stas, Gliem. ProporL 117). 
White prisms; S. 24-75 at 18°, 90-9 at 100°, 
100*6 at 102° = b.p. of |aturatal solution; insol. 
alcohol. The crystals elHoresce in# air, losing 
2H.4O ; a hydrate with 4H.^O is obtained by slow 
evaporation (1;, Hecren, P. 7, 55 ; Gay-Lussac, 
A. Ch. [2] 10. 312 ; Baker, C. N. 36, 203 ; cf. 
Spring a. Bourgeois, BL [2J 46, 151. For crys- 
talline form V. Senarmont, J. 1857. 142 ; Kam- 
melsberg, P. 68, 295 ; von Lang, W. A. B. 45 
[2] 27). Sohiff {A. 105, 239) described double 
salts with MgSoOj and Na^SaOa {cf. Kraut, A. 
118, 96); Bodiiinder {Chem. Zeit. 14, 1140) 
described a double salt with Rb.jS.Qfl-, and 
KlUss {A. 246, 179,284) double salts with AgjjS.p, 
and TljSaOs. 

Many of the other dithionates are prepared 
from the Ba salt. 

Potassium dithiouate Prepared 

from a solution of the Ba salt by adding an 
equivalent quantity of K.,S04 in solution, vrarm- 
ing, filtering, and evaporating ; also by boiling 
* KjSOgAq with MnO, filtering, and separating 
from KjS 04 by fractional crystallisation (K.^SO, 
is much less sol. water than K.^S.40g). White, 
hexagonal crystals ; unchanged in air ; decrepi- 
tates when heated and then gives oil SO^ and 
leaves K^SO, ; S.G. 2*277 (Topsoe, Bl. [2] 19, 
246). The crystals rotate the plane of polarisa- 
tion of light ; an aqueous solution is optically 
inactive (Pape, P. 139, 221). S. 0. 6 at ordinary 
temperature, 0. 66 at 100° ; insol. alcohol 
(Heeren, P. 7, 66). 

Sodium dithionate Na^S.^g. 2aq. Prepared 
similarly to the K salt. *Aiso formed, accord- 
ing toBunte (B, 7, 646), by lieatirTg Na.Et.S._,0, 
lor some time at 100° (Et-Bj distils off). Large, 
lustrous, rhombic prisms; unchanged in air*, 
S.G. 2-176 at 11° (Boker, C. 2031. S. 47*6 
at 16° ; 90 9 at 100° -, insol. alcohol. Solution 
is slowly reduced by sodium-amalgam to 
NOaSO^q (Spring, B. 7, 1161). Kraut (A. 117, 
97) described a hydrate with 6ILO. 

Dithionates of the following metals have 


also been described (the figures indicate the 
references) ; A1 (1) (3) ; Be (3) ; Bi (3) ; Cd (1) 
(2) (4) ; Ca (1) (4) (5) ; Or (3) ; Co (1) (2) (3) (4) ; 
bu(8); Fe (1) (3) (4); Pb (1) (4) (6); Li (2) 
(4) ; Mg (1) U) (6) ; Mn (41 ; Hg (1) (2) (3) ; 

(2 (4) (V;^b (6); Ag(l) (2) (4) (5); Sr (2) 
U) UV. Sn (8) ; U (3) ; Zn (1) (2) (4). 

Heeren, P. 7, 72, 171 ; (2) Bammelsberg, 


i 

! 


P. 68, 298 ; (8) Elfiss, A. 246, 1^9, 284 ; (4) Hop. 
sob, C. O. 4, 76 ; (6) Baker, 0. N. 86, 203 ; (6> 
Piccard, J. pr. 86, 466. 

TRITHIONATESM*,S,0,andM“S,0,. The 
alkali salts are formed by digesting cone. 
MHSO,Aq with S at 60°-60° (6MHSO^q + 2S 
- 2MjS30,Aq -I- M,Sj03Aq + 3H,0)(Pelouze,A.Cfc. 

[3] 79, 85) ; also by hpating dilute MHSO,Aq, 
or keeping the solution for a long time in a . 
closed tube (Saint-Pierre, C. B. 62, 632) ; by 
passing SOj into M.^SaOaAq (2M2S.j03Aq -4-3802 
= 2M2S30gAq + S) ; by passing 862 into MjSAq 
(Chancel a. Diacon, J. pr. 90, 35 ; Rathkp, 

J. pr. 95, 11) ; by the interaction of I and 
a mixture of M.SOj and M-.S-Pa’in solution 
(M^SOjAq + M^S^O^Aq + I., = M.^S^O^Aq -i 2MIAq) 
(Spring, B. 7, 1157) ; by the interaction of boil- 
ing water on AgKS.^Oa or rigNa2(S203)2, whereby 
ICS;,OaAq or Na^SsOaAq is formed, along with 
Ag.^S or HgS (Spring, l.c.) ; by reacting on 
M-^SOaAq with S.^Cla (Spring, B. 6, 1108) ; by de- 
composing M.^SaOaAq by a non-oxidising acid, 
e.g. by ILSO, (Spring a. Levy, Bull, de VAcad, 
roy. de Belgc^ 42, 108) ; by heating (NHJ.^SO, 
with P.^Sj, Spring (P. 7, 1158) obtained a little 
(NHJ2S363, along with much (NHJ2S2O3, sonae 
NH, polysulphides, and P compounds ; KjSjO* is 
also obtained from Wackenroder’s solution. 

The trithionates arc soluble in water ; they 
very readily decompose t heated with water 
they give off SO.^, deposit S, and form sulphates 
in solution. Addition of excess of CuSOiAq to 
solution of a trithionato causes ppn. of CuS and 
evolution of SO2 (Spring, B. 6, 1108). 

Sei.enotuituionatks M.jScS.O,, are described 
as dilhio-triselenatcs under Selenates (p. 434). 

Potassium trithionate K2S3O3. A cone, solu- 
tion of K2S2O3 is formed by dissolving the salt 
in 8 pts. water and 1 pt. alcohol till the alcohol 
separates from the aqueous solution ; SO.j is 
passed into this solution at 25°~30°, solid 
KjS^Oa being added from time to time, till the 
liquid is yellow and smells of SOj ; the crystals 
that separate are dissolved in water at 60°-70°, 
the solution is filtered from S, mixed with eight 
times its volume of 84 p.c. alcohol, warmed 
gently, and allowed to crystallise (Plessy, A.Ch, 

[3J 20, 162; for other methods of preparation 
V. L/inglois, A. Ch. [2J 79, 77 ; Bathke, J. 1864. 

164 ; Chancel a. Diacon, C. B. 56, 710). White 
rhombic needles (Baker, G. N. 36, 203). Very 
sol. water, insol. alcohol. Aqueous solution 
gives K^SO^Aq, SO„ and S when heated. Debus 
(C. J. 53, 313) fount that KaSsO^Aq slowly changes 
at the ordinary temperature, giving KjSO^Aq, 
K^S^OaAq, and KjSsOoAq without separation of 
S. According to C. a. D. {l.c.), K^SjO^Aq inter- 
acts with KgS Aq to give only K.BaOjAq ; with 
HjS the products are K.SOjAq, KjS^OjAq, and S 
(Debus, C. J. 63, 329). So^um-amalgam reacts 
readily, producing KNaS-P, and ENaSO^ (Spring, 

B. 7, 1161). 

The other trithionates that have been iso- 
lated are those of Ba (Kessler, P. 74, 253); 

Pb (K., l.c . ; Chancel a. Diacon, O, B. 66, 710) ; 

Na (K., Z.C. ; Bathke, J. ftr. 95, 18 ; Villiers, C. 

B. 106, 1356) ; and Zn (Fordos a. Qblis, A, Ch. 

[3] 22, 66). t 

TETliATHIONATES M^jSP, and 
The alkali salts are formed by triturating MpPf 
with J, adding a little water and pouring into 
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atooliol (yon ^obolcofP, 18, 1869 ; Eltasberg, 
B, 19, 822 ; Fook a. Eltiss, B. 28, 2429) ; the 
Fb salt is formed by the prolonged interaction of 
I and PbSaOj, also by the interaction of HaS04Aq 
and a mixture of PbS^O, with PbO.^ (Chancel a. 
Diacon, J. pr. 90, 55) ; tetrathionates arc also 
formed, according to Spring a. Levy {Bull, de 
VAcad. roy, de Beige, 4^ 108), by the interaction, 
of thiosulphates and ferrous or cuprous salts, 
KMn04Aq, hypochlorites, or KCIO, dissolved in 
HoS04Aq. KJS4O, is obtained by neutralising 
Wackcnroder’s solution by KC0H3O.J (v. Debus, 
61. J. 53, 278 ; cf. Curtius a. Henkel, J.pr. [2J i 
87, 137). The tetrathionates are 0. sol. water, I 
but insol. alcohol ; aqueous solutions are gene- 
rally decomposed on evaporation. 

Potassium tetrathionate K^SjO^. Formed 
by adding I, little by little, to cone. K^SjO^Aq till 
a permanent reddish-brown colour is produced, 
dissolving the crystals that separate in warm 
water, filtering from S, adding alcohol till the 
pp. that forma is re-dissolved, and allowing to 
crystallise (Kessler, P. 74, 253). Si)ontaneous 
decomposition of cone. K^^S^OHAq gives K.^S40g 
and S (Debus, G. J. 53, 311). Perfectly dry j 
can be kept unchanged in a dry atmo- 
sphere ; but in ordinary air, after a time, SO^, is j 
formed ; an aqueous solution of 1^840^ slowly j 
changes to K.S,,0,iAq, K^SjO^iAq, K.SO,Aq, and j 
SOi (D., I.C.). " 13rA(i reacts to form H..S04Aq, S, | 
and KBr ; but if the BrAq is added very gradu- | 
ally the S that is formed combines with residual | 
KjSiOfl to form ; similarly, if a little K^SO, 

is added to K.^S40„Aq, and is then passed 
in, KjSO, and *S are t'ornicd, and the S combines 
with unclianged K.S40« to form K,,8,,0„ (D., l.c. 
p. 316). Sodium-amalgam forms KNaS^OjAq 
(Spring, B. 7, 1101). 

The other tcirathlonates that have been iso- 
lated are those of Ba (Lewes, G. J. 39, 09; 
Fordos a. 061is, A. Gh. [3] 22, 60 ; Curtius a. 
Henkel, J. pr. [2] 37, 137) ; Cd (Kessler, P. 74, 
263) ; Cu (Chancel a. Diacon, 0. H. 50, 510) ; 
Fe (F. a. G.) ; Pb (K. ; C. a. D.) ; Na (K. ; von 
Klobukoff, B. 18, 1809) ; Sr (K.) ; and Zn (F. 
a. G.). 

PENTATHIONATES M'AO, and M»SA- 
Wackenroder, in 1845 {A. 00, 189), asserted 
that the liquid formed by passing Il.S •into 
SOjAq contained pentathionic acid ILS^O,, ; 
other chemists confirmed his results, and pre- 
pared a few salts of the acid (u. Lenoir, A. 02, 
253 ; Fordos a. G61is, A. Gh^] 22, 00 ; Kessler, 
P. 74, 257 ; Ludwig, Ar. P}u[2] 85, 9 ; Chancel 
a. Diacon, G. R. 50, 710). At a later time the 
existence of pentathionates was denied, chiefly 
by Spring (B. 12, 2254; 13, 924; 15, 2018), but 
upheld by Kessler {B. 13, 424 ; v. also Takat- j 
matsu a. Smith, B. 13, 1976). In 1881 Lewes 
(C. J. 89, 68) seemed to have isolated BaS^O, 
and EjS^Og, but Spring failed to confirm his re- 
sults. Shaw, however {G. J, 43, 357), repeated 
Lewes’s experiments, and obtained K^S.O,. In 
1888 Debus (C. J. 53, 278) made an elaborate 
investigation of Wac^enroder’s solution, and 
prepared K 2 S 50 t therefrom. Curtius a. Henkel 
(/. pr. [2] 37, 187) assert that Waokenroder’s 
solution contains acid tetrathionatdb, in which 
the ratio of S to Ba is greater than 4S:Ba, and 
that Aese have been mistaken for pentathionates. 
JBnt Debiu't experiments seem to have settled 


the dispute in favour of tho oxlstende df penta- 
thionates. Ammoniacal AgNO,Aq gives very dis- 
tinct brown colouration, followed by a black pp. 
with pentathionates ; this reaction distinguisnes 
them from salts of other S oxyaoids (u. Debue, 
I.C., p. 297) I 

Potassium pentathionate 2 K 2 S 50 «. 3aq. 
Debus (C. 294) prepared this salt from 

solution (i>. p, G98) by adding 
I D)“06 g. KC.dIjO.. ^^roviously fused) to 43 c.O. of 
the solution of S.G. J 343; tho KC^ftO, was 
dissolved in as little water as possible acidu- 
lated with a few drof)s of iicetio acid ; the solu- 
tion was placed in a largo flat dish in a current 
of air until tho liquid ha(l evaporated ; tho orys- 
tallino residue (weighing 20 g.) was repeatedly 
pressed between filter-paper, and then dissolved 
in 50 c.c. water + 1 c.c. II.S04, ^ 5 the minute 

quantity of S that separated (0. -005 g.) was 
filtered off, and tho filtrate was allowed to crya- 
I talliso in a flat. dish. The crystals that sepa- 
I rated (18-75 g.) \,oro a anixturo of K.B4O, and 
KoS.O,,; tUny were dried by placing them on 
blotting paper, and the crystals of pentathionate 
wore picked out (5-75 g. wore obtained), crystal- 
lised twice from water acidulato<J| witn a little 
ILSO,Aq, and dried over H.SO4. Tho crystals 
of pentathionate form four-sided rhombic plates, 
or six-sided star-like i)lates; those of tetra- 
thionato form six-.sided prisms, with pyramids 
only on one end, and with the side on which 
they rest much developed. Lowes (G. J. 39, 76) 
dosorib#d three salts : K.S;,Ort, K.B.pj.H.p, and 
K,S50„.2ir.0 ; Dcibus’s sait was 2K.B..,Ou.3H.^O. 
According to Fock a. Kliiss (/?. 23, 2428), this is 
j the only salt that cxi.sts [cf. D., l.c., p. 297). Tho 
salt can also bo obtained by passing ILS into 
I K.,S,O.Aq acidulated with U.^S04Aq (D.,*Z.c,, p. 

! 3i5). 

I Crystals of 2K.^S^O„.3np begin to dccom- 
I pose, when kept in a stoppered bottle, after % 
i month or so, giving eventually a yellow, pulpy 
mass of KoS40fl, S, and water ; the decomposi- 
tion is caused by water in tho interstices of the 
crystals. By powdering finely, washing with 
dilute alcohol, and placing over H2SO4, Debus 
{l.c. p. 295) kept the salt unchanged for two or 
! three years. 2K2S5OB.3H3O dissolves in 0. 2 
j parts water, forming a clear, neutral solution, 
j which soon decomposes with separation of S 
I and formation of K,^8,0„Aq (D., l.c., p. 811) ; 

: addition of a drop of dilute KOHAq to the solu- 
j tion causes separation of 9 (p. 291) ; H^S ppts. 

I much H, nn(]^ K.^S^O,, and are formed in 

the solution (p. 328) ; SO,, produces K^S,0,Aq 
and EjSjOgAq (p. 332) ; tho salt is insoluble in 
Ulcohol. 

Bari|^m pen^thionate BaS^Oa. 3aq ; obtained 
by Lewes {G. J. 39, 68) by partially neutralising 
Wackenroder’s solution by BnOAq, crystallising 
over H29O4, pouring oil from BaS40„ and again 
crystallising. 

Copper pentathionate GuStOy 4a(>; obtained by 
Debus {lx., p. 300) in blue, prismatic crystals, 
by adding Cu(C2H,O.J,Aq to Wackenroder's 
solution and allowing to evaporate. Debns 
probably obtained zinc pentathionate, bat not 
in a pure state {l.c., p. 299). 

HEXATHIONATES. By adding K02H,0,Aq 
to the mother -liquor from and 

{v. supra), evaporating in a ounent of air, dia* 
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solving in water with a little HaSO^Aq, i^owing 
to evaporate in portions, and collecting the 
crystals separately, Debus (0. J, C8ir^01) obtained- 
a salt ia which the ratio of S to O was almost 
6S:60, as required \iy votassium hexathionate^ 
M.,M. P. M. 

THIONESSAL v. Tetba-phbnyl-imiopiiene. 

THIOHIC ACIDS. The , acids llji’x0„, where , 
3, 4, 5, and probably 6, are generally 
called thionio acids, and arc distinguished as di-, 
tri-, Ac., thionio acid. The acids are known only 
in aqueous solutions ; most of these solutions 
readily oxidise to H.^SO^Aq* Dithionio acid is 
produced by the action of certain oxidisers on 
H^SO^Aq ; dithionates are formed by oxidising 
sulphites and thiosulphates ; trithionatcs are 
formed when rnixturcs of sulphites and thio- 
sulphates are oxidised, also when SOoAq inter- 
acts with alkali thiosulphates ; tetrathionates 
result by the action of certain oxidisers on thio- 
sulphates. These processes may be represented 
diagramraatically as follows! (the actual re- 
actions are much more complex) : • ^ 

(1) 2Il,S0,,Aq + O = H S.O, Aq + IJ,0 ; 

(2) 2M..S0,Aq + O = ^l,.S..O„Aq + M..0 ; 

MaS,03Aq.-4- 30 - ISLS AAq ; 

(3) M^SO^Aq + M..S..O,Aq + O - M.,S,0,Aq + M,0; 

2M..S..0,Aq + dSO.Aq - 2M,.S AAq + S ; 

(4) 2MX0;.Aq + 0 -l\I,S.O«Aq M,0. 

After passing H.jS for a long time into nearly 
saturated II.^SO^Aq, the solution contains 
HjSjO,,, much II.SjO,, and probably 

II^SuOu, along with H^SO^, dissolved colloidal ] 
S, and or little S in suspension. This solution is 
known as Wackcjiroder^s solution (Wackonrodcr, 
A. 60, 189 [1815]). It has been examined by 
many chemists ; a very thorough investigation 
was made by Debus in 1888 (C. J. 53, 278; 
where references will bo found to other memoirs). 
The solution examined by Debus \ya3 prepared 
by passing a slow current of H^S into 480 c.c» 

* nearly liaturated SO^Aq at a little above 0° for 
two hours, keeping in a stoppered bottle for 
fortf-cight hours at the ordinary temperature, 
passing in HgS for two hours, after forty-eight 
hours again passing in and repeating these 
treatments until the liquid no longer smelled of 
SO., after standing for a couple of hours at the 
ordinary temperature (about two weeks w’cre re- 
. quired before the action was completed). The 
liquid thus obtained contains a largo quantity 
of S, partly as a hard brittle solid, partly ^s a 
soft and gummy mass, and jjartly in suspension 
in minute particles which pass Uirough filter 
paper ; the liquid remains milky alter filtration, 
and does not become clear on standing for tw'o 
or three weeks (regarding the variety of S ih 
solution, V. SuLPUUK, Allotropic forms of, p. 
608). Debus {l.c,, p. 348) thinks that the pro- 
duct of the direct interaction of SOjAq and 
H.,SAq isH^S^O, (3SO.,Aq-HH,SAq = H.,S,0„Aq) ; 
that part of this H,S,Ob reacts with excess 
of SO.,Aq form II,S.,O^Aq and IIoS-PsAq 
(? H,S,0«Aq + HaSO^Aq = + H.,S„0,Aq), 

and that part of the H.,S40„Aq reacting with 
‘ms HgSgO^Aq 

f H.,S, 03 Aq « H^SjO^Aq + H3SO,Aq) 
833) ; that the H.,S reacts with 
form H,0 and S, part of the S com- 
^bimhg^ as it is formed, with H^SaO^Aq to form 
H>AAq and and part 


H.S*0^q for 
(? BiaS40^q- 
p., I.C., p. 
H,8.0«Aq to 


remaining in solution as colloidal S. If S.,S Is 
passed into Wackenroder’s solution, more 
is formed ; and if the passage of H.,S 
is oontinued until all reaction ceases the 
thionio acids are decomposed, and the final 
products are S and H.,0, so that the equation 
SO.Aq -H 2H2SAq « 3S -J- 2H.,OAq correctly repre- 
sents the interaction of. SO^Aq with H^SAq so 
far as the final products are concerned (v. D.,2.c., 
p. 351). 

Solutions of the thionic acids more or loss 
rapidly decompose, the final products being 
H.jSO^Aq, SO.Aq, and S ; oxidisers such as 
Cl or HNOaAq— in some cases air is suDicient — 
convert them into K-SO^Aq ; reducers, such as 
Na amalgam, produce H^S.^OsAq, sometimes 
also H-.SOaAq, and in some cases HjSAq. 
None of the acids has been isolated apart from 
water; salts of all are known {v. Thionates, 
p. 695). The acids are all dibasic. 

Kegarding tho constitution of the thionio 
acids V. Mendel6elT, ]i. 3, 870 ; Michaelis, A. 170, 
31 ; Spring, B. 6, 1108; Debus, C. J. 53, 351. 

DiTJioNio AGIO H.SD^Aq. (ITijposulphiiric 
acid.) A solution of this acid is formed by 
suspending coarsely-powdered MnO, in water, 
and passing in SO., while the liquid is kept at 
o. 0^; filtering, adding BaOAq to alkaline re- 
action, and filtering from DaSO, and MnO.,H., ; 
evaporating, crystallising^ out 13uS.,Ou. 2aq, and 
decomposing thi.s salt in solution by tho equiva- 
lent quantity of H,SO,Aq ; filtering from BaSO„ 
and ovaiiorating in vacuo till a liquid of S.G. 
1‘317 is obtained (MnO., + 2SOAq - MnS.,O^Aq; 
Mn0.,4-S02Aq = MuS04Aq)*(Spring a. Bourgeois, 
Bl, [2J 40, 151). If evaporation is continued 
beyond this concentration, II.jSO^Aq and SO., 
are formed ; tho same decomposition occurs when 
lI.,S.,0,(Aq is evaporated by heat. n.,S20aAq 
is reduced by Zn and HClAq to ILSOaAq at 0® 
(Otto, A. 147, 187) ; it is oxidised to H.,S04Aq 
by Cl, HNOg, IvClO:, and HCl &c. ; it slowly 
oxidisc.s in air (c/. Dithionates, p. 695), Thom- 
sen {Th. 2, 2;Vj) gives tho following heats of 
formation of H.,S.,0,iAq : — [S-,0’’,Aii] -211,080; 
£2SO%0,Aq] = 68,920 ; [‘2SO-.\q,0] « 53,520 ; for 
the heat of oxidation of H.S,.0„Aq to U-.SO^Aq 
he gives (S..O,Aq -h 0 = 2SO,Aq) [S-6'Aq,0] 
^ 7«.710. 

Tiutiiionio acid n.BjO^Aq. A dilute solu- 
tion of. this acid is formed by decomposing 
K,S.,0„Aq ■ by tho equivalent quantity of 


HClO^Aq or II., 
KCIO, or K.,SiB,lLo 


jAq, and filtering from 
langlois, C. It. 10, 461 ; 62, 
842; Kessler, P.” 74, 250). Tho dilute solution 
cannot he evaporated, oven in vacuo, without 
partial decomposition, w'ith formation of SOj 
and S; when heated it rapidly changes to 
H.BOjAq, SO., and S. The dilute solution is 
colourless and odourless, and has a sour and 
bitter taste (c/. Tkitiiionates, p. 696). Tho K 
salt, from which the acid solution is obtained, 
may be prepared by dissolving K,S.,0, in water 
containing one-eighth part of alcohol, adding tho 
salt till the alcohol separates from the aqueous 
solution, passing in SO,, ^ith addition from time 
to time of a little K,S,0„ temperature being kept 
at 25°-30®,< tiU the liquid is yellow and smelli 
of SO3, setting aside till crystals separate, and 
re- crystallising from warm water (filtering from 
separated S) (Pleasy, A. Oh. £8J 11, 183). 
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TEtlutnXoMO ACID HaS«0,Aq. PbS^O.Aq is 
decomposed by the equivalent quantity ol 
H-.SOiAq (not by HjS, which reacts with 
ana the filtrate from rbS04 is concen- 
trated on the water-bath, and then in vacuo 
over II1SO4 (Fordos a. G61is, C. R, 115, 920). 
PbS^O* may be prepared by pouring a solution of 
2 ptff. Na;,6^0,.6H;^0 inenuch warm water into a 
dilute warm solution of 3 pis. lead acetate, and 
thoroughly washing the ppd. PbS.Oj with warm 
water, adding water enough to partially dissolve 
the PbSjO,, then adding 1 pt. I, and letting 
«etand for some days, with frequent shaking, 
filtering from Pbl^, evaporating and crys- 
taUising (2PbS,03 + 21 + Aq = PbS AAq t PbL). 

HjjS^OaAq is colourless and odourless ; it has 
a sour taste. Dilute Il^S^O^Aq may be boiled 
without change, but the cone, solution decom- 
poses to ILSO^Aq, SO.J, and S. Dilute IlClAq or 
IIjSO^Aq does not interact with cold IPS,0,iAq ; 
on warming II.S is given off ; HNOyAq or Cl 
rapidly oxidises ILS,0,jAq to H.SO^Aq (c/. 
Tetratuionatks, p. C'JG). Thomsen (Th. 2 
262) gives the following data for II.F. : — 
[S',Os,Aq] = 192,430 ; [2«0MS-,0,Aq] = 50,270 ; 

[2SO-Aq,S^O] = 31.870 ; [2 S-0-Aq,Oj = 53,490. 

Pentatuionic acid H.:SjOuAq, and Hexa- 
THioNio ACID II.^SuO^Aq. These acids very pro- 
bably exist in Wackpirodcr’s solution {v.siqnu, 
p. 098), as salts of and probably also of 

HjjSaO^, have been obtained from that solution; 
solutions of tlie acids have not been isolated 
(tj. Pbntatuionatks, p. 697, and IIexatiiionatks, 
p. 697)'. M. M. P. M. 

THIONINE. The group ^ 

it. C.H,(NHJ<^,>C.H.;NU (Bcrntlison a. 
Goske, B. 20, 031). 

THIOKOL C,,H,NSO, 

Formed by heating imido-di-phenyl sulphide 
with dilute BL^SO, at 150°-1G0'' (liernthsen, A. 
230, 188). Brownish-red powder,” which acquires 
green lustre on rubbing, liisol. cold water, sol. 
acids and alkalis, forming a violet solution. YieWs 
di-oxy*imido-diphenyl sulphide (q. v.) on reduc- 
tion.— B'jHjSO^. Green needles. — B'BaO (dried at 
100®). Plates with green lustre.— -B'Ag;jO*(dricd 
at 100°). Brown amorphous pp. • 

THIOEOLINE l>. OxY-AMIDO-IMIDO-DU*UEKYn 
iULPniDB. 

THIONUKIC ACID C^H^NsSO^ i.e. 
CO<^yQQ>CH.NH.SO,H. Formed by the 

simultaneous action of NH, and SO^ on alloxan ' 
in aqueous solution (Liebig a. Wohler, A. 26, 
268, 314, 331). Formed also by warming nitroso- 
barbituric acid with ammonium sulphite (Baeyer, 
A. 127, 210). Crystalline mass of needles, v. sol. 
water. Decomposed by boiling water into uranil 
and H,S04. Keduces ammoniaoal AgNO, to & 
mirror.— (NH4)aA"aq. Four-sided tables, si. sol. 
oold water. At 2(^° it yields (NIi4)2S04 and 
xanthinine (Finck, il. 132, 298).— (NHJHA". 
White needles. — CaA". Prisms.- PbA" aq. 

THlOllYL-m-AlflDO-BENZOIf ACID 
SO;N.OACO:,H. 

‘ Msthyl 0 th§r MeA'. 157% (212® ai 100 
QUO.). FoniMd from methyl ns-anudo-benzoate 


and SOC4 (Michaelis, At 274, 250). TeUow 
crystalline mass, v. sol. ether and benzene. 

Ethyl ither EtA'. Oil. 

THIONTL -DIAMIDO- DI-PSENTL-ETHYL- 

ENE 0,,H4(0,n4.N:S0),. [202®J. Formed from 
di amido-^ilbene and SOCL (Michaelis, A. 274, 
265). lied needles, m. sol. Lonzene and CHGl,. 

THIOAYL-AMIJDO-FHENOL. Ethyl de- 
rivative C,II,(OEt).N:SO. [82°]. (220° at 

200 mm.). Fon>ed from p amido-phonctol and 
yOCl.j (Michaelis, A. 274, 246). Light-yellow 
needles, v. sol. ether. Slowly decomposed by 
water. » 

THIONYL-AMYLAMINE SO:NC,n„. (87® at 
60 min.), p’ormed from amybimino (103°) in 
ether and SOCl.^ (Michaelis, A. 274, 191). Oil, 
decomposed by water, 

THIONYL-ANILINE C,ll,N:SO. (200°). S.G. 
1- 1*236. Formedfiom aniliuein benzene solution 
aridSOCL(Michaeli3,B.23,3ls0;21,745). Liquid 
with peculiar odour, sol. alcohol. Converted by 
alkalis into aniline and^sulj)hit.e. Chlorine forms 
tri-chlorc^anrflne [78^]. Cone. lIClAq also forms 
aniline and KO^. The compound C„lI.Br^N:SO 
[75°J is formed from tri-brojno-anilino in benzene 
and SOCL. The conq)ounds [l;2jC„Il4Cl.N:SO 
[-8"), [i:3] C..li,Cl.N;SO (233") and [1:4] 

C,il4Ci.N;SO [36 (237°) aro funned in like 
manner, o-, ?n-, and j)- Thionyl-bronio-nnilines 
melt at 4°, .32 ', and 61° re,spectivdly (Michaelis,^ 
A. 274, 221). Tltienyl-tetru-bromo-aniline melts 
at 78°. Thionyl ji-iodo-aniline [54°J and [4:2:1] 
C„ll Jf.N:yO [74"J are also erystalline. 

Reference. — NlTUO-TIUONYD-ANILlNIi. 

THIONYL BROMIDE SOBrj v. Suumuaoxv- 
BBUMIDES, p. 617. 

THIONYL-ISOBUTYLAMINE C,lI„NSO t.c. 
CHMe.,.ClI,.N:yO. (116°). Formed from SOCl, 
and isobutylamino in other (Michaelis, A. 274, 
191). Liquid, with pleasant smell. 

THIONYL CHLORIDE SOCl, V, Sulpuur 
oxYciiiiOianKH, p. 617. 

THIONYL-CUMIDINE C,II,Pr.N:SO. (168°). 
Got from SOCL and the cuniidine obtained 
from isopropyl-bcnzcno by nitnitiou and reduc- 
tion (Michaelis, A. 274, 239). Oil, not decom- 
posed by boiling water. 

Thionyl-if-cumidino C„HyMoa.N;SO. [ — 10°]. 
(216°). Oil, V. sol. alcohol and other. 

THIONYL-ETHYLAMINE EtN:SO. (73°). 
Formed by adding SOCi.^ to an ethereal solution 
o^ cthylainino cooled below 0° (Michaelis, B, 
24, 756). 

THION^L-MESIDINE .O«H2M0,.N:SO. 
[-11°]. (241°). S.G. 1-121. Volatile with 
steam (Michaelis, A. 274, 240). 

THIONYL-METHYLAMINE MeN:SO. (50°). 
Liqui(>(Mich<bli8, A. 274, 187). 

THIONYL-METHYL-ANILINE 
SO(C,H4.NHMe)2. [154°].’ Formed from SOCl, 
and methyl-aniline in ethereal solution In pre- 
sence of AICI3 (Michaelis a. Godohaux, B. 23, 
3019). Colourless needles, v.* sol. alcohol* 
Yielas anitrosamine SO(C„H 4 .NMe.NO),. [171°]. 

THIONYL.(a) -NAPHTHYLAMIHB 
C,oH,.N:SO. [33°]. (226° at 100 mm.). Formed 
from (a)-naphthylamine in benzene and 8001, 
(Michaelis, A. 274, 258). Heddish yellow needles, 
dowly converted by water into naphtbylamino^ 
snlplute. 
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^niiO]iyl-(iS)*naplithylftmine [63*^. Needles, captan. Dry NH, forms meroaptaii «ik( 
The thionyl aeriyatiye of bromo-(^)-naphthyl- C02Et.C0NH2. 

amino [68^ melts at 118°. ♦ (j8).Thio.oxaUo acid NH*.CS.CO^. The salt 

THIOHYL-o-NITRO-ANILINE C^H^NjSOat.e. CjHjjKNSOa is formed by the action of cold 
CaH4(N02).N:S0. [62°], the m- oompound melts cono. EOHAq on the ethers. It crystallises in 
at 68°, while the ^’•isomeride mel^s at 70° needles, v. sol. water and decomposed by evapo- 
(Michaelis, A. 274, 225). rating. The free acid is unstable. 

THIONYL-NITEO-MESIDINB «• CtjE, 0^,80, Amide of the methyl ether, 

t.c. OaHMea(N02).N;SO. [77°]. Got from nitro- NHj.CS.CO.^e. [86°]. Formed by passing dry 
mesidine [74°] (Michaelis, A. ^74, 241). Light H.,S into Cy.CO,Me (Wcddige, J. pr. [2] 7, 70 ; 
yellow needles, y. e. sol. benzene. 9, 133 ; 10, 193). Light-yellow crystals, sol. 

Thionyl-di-nitro-mesidine. [127°]. Formed water, alcohol, and ether, 
from di-nitro-mesidine [193°). Amide of the ethyl ether Nn2.CS.CO..,Etj> 

THIONTL'NITBO-NAFHTHYLAMINE Mol. w. 133. [64°]. Formed in like manner. 

C,oHa(N02).N:SO. Nitro-naphthylamines [191°] Lemon-yellow crystals, lie-converted by boiling 
and [119°] yield thionyl derivatives melting at with alcohol and Pb(OH).i into cyanoformio 
89° and 136° respectively (Michaelis, A. 274, 258). ether. Mcthylamine and cthylamine form the 
THIONYL-NITKO-TOLUIDINE C,HaN,SO, crystalline compounds CO(NHMG).CS.NHa and 
i.e. OaH,Me(NOa).N:SO. The compounds from CO(NHEt).CS.NH.^ respectively. 

(2.1.4) -nitro-toluidine [75°] and (3,1,4) -nitro- Amide of the isobutyl ether 

toluidine [114°] melt at 44° and 39° respectively NH^.CS.CO.C^Hy. [58°]. Lemon-yellow crys- 
(Michaolis, A. 274, 232)^ • tals, si. sol. water. 

DI-THIONYL.PHENYLENE-WAMINE ^ jDi-nwi<Zc CO(NH2).CS.NH.,. Formed from 

C„H4(N:S0)2. The w- and jo- compounds melt at CO^Et.CS.NH.^ and alcoholic ammonia (Weddige, 
44° and 116° respectively (Michaelis, .4.274,261). J. pr. [2J 9, 137). Lemon-yellow needles (from 
THIONYL-PHENYLETHYL-AMINE alcohol), si. sol. water. 

PhCHa.OH3.N:So. (172° at 25 mm.). Liquid, Di-thio-oxalic acid. Amide 
decomposed by water into SO^ and base. SO.^ CS(NIl2).CS(NITJ. Hydrogen ruheanide. Mol.w. 
passed into its ethereal solution forms amorphous 120. Formed, together with yellow Cy.CS.NH^, 

, rhCH3.0H,.,NH.S0..H, whence benzoic aldehyde by combination of cyanogen with II.S (Wohler, 
yields rh0H3.CH;N(S02H).CHPh.0U [114°] P. 3, 177 ; Volckel, 4. 38, 315). Formed also by 
(Michaelis, B. 26, 2167). passing cyanogen into an alcoholic solution of 

THIONYL-PHENYL-HYDRAZINE v. Action NaSH and ppg. by HCl (Wollner, J. pr, [2] 29, 
of SOOlj fn PHiiNYL-HYDRAZiNE. 129 ; Ephraim, B. 22, 2305). Prepared by 

THIONYL-PHENYL-PROPYLAMINE passing H.^S into an ammdiiiacal solution of 

CH3Ph.CH2.0H2.N:S0. Formed from phenyl- CuSO, which has been decolourised by KCy 
propylamine hydrochloride and SOCL (Michaelis (Form4nck, B. 22, 2655). Small yellowish-red 
a. Jacobi, B. 26, 2161). SO3 passed into its crystals, si. sol. water, sol. alcohol and ether, 
ethereal solution forms the amorphous compound Dilute KOHAq forms oxalic acid, cone. KOHAq 
NH(S02n).CsHBph, which reacts with lonzoio forms KCy and KCyS. Boiling HClAq forms 
aldehyde forming S02H.N(CHPh.0H).Cj,HaPh oxalic acid. Mel and MeOII at 150° form 
[l06°]. SMe,!. Alcoholic hydroxylamine hydrochloride 

THION YL-PROPYL AMINE PrN:SO. (104°). (2 mols.) forms 0.2(NH2)o(N0H)3 and H.^S. 

Smells like bleaohing-powdor (Michaelis, A, 274, Benzoic aldohjilo, acting on a boiling solution, 
190). forms a compound [209°] which is apparently 

toONYL-TOLUIDINE C.H.Mc.N.SO. • S. 

Formed from toluidine and SOCI.,. The 0- com- CnPh<^^^C.C'^^]]>CHPh (Ephraim, JB. 24, 
pound is liquid (184° at 100 mm.). The 7»- com- 
pound is liquid (220°). The p- isomerido [7°] 1027)i*— PbC..,ll.;N2S.. : orange pp. (Wallaoh, B* 

(0.224°) may be crystallised by cooling (Michaelis 13, 628). Yields *PbS on boiling with water, 
a. Herz, B. 23, 8482; 24, 753; A. 274, 231). Anilide CS(NHPh).CS(NHPh). [133°]. 
The thionyl derivatives of (3,1,4)- and (5,1,2)- Formed from oxanilide by suecessive treatment 
bromo-toluidines melt at 47° and 50° respectively, with PClj and H^S (Wallach, B. 13, 627). Golden 
THIO-ORCIN CuH,Me(SH)2. [35°]. Formed plates, 
by reducing CjfegMe(S02Cl),. with tin'andHClAq Di-mothyl-di-amide 

(Gabriel, B. 12, 1640).— Pb6,H„S.,. CS(NHMe).CS(NHMe). [140°]. Formed from 

THIONYL-XYLIDINE CuH3Me..N:SO. The thiocyanio acid, alcohol, and methylamina 

(1.2.4) - compound [-9°] (131° , at 20 mm.), (Wallach, 4. 262, 360). Yellow crystals, si. sol. 

(1.3.4) - compound (238°), and (1,4,2)- isdmerido alcohol. Converted by NaOEt and propyl 
[ — 8°] (119° in vacuo) are all oily (Michaelis, 4. chloride into C(NMe)(SCgH,).C(NMe)(SCgH,) 
274, 287). Thionyl-fluoro-xylidine (144° at 45 (170°-176°). 

tnm.) is also an oil. Di’ethyl’di-amide CS(NHEt).CS(NHEt). 

THIO-OXALIO ACID. Ethyl ether [68°]. Formed in like manner. Yellowish-red 

0«H.«SO, t.e. CO2Et.CO.SEt. (217° cor.). S.G.s crystals, insol. water. Converted by NaOEt and 
l-lil Formed by the action of Cl.CO.CO.gEt on EtI into C(NEt)(SEt).C(NEt)(SEt) (126°-129°). 
meroaptan (Morley a. Saint, C. J. 43, 400). Di-amyl-di-amide ^ 

Colourless liquid with faint odour like garlic. CS(NHCjH,„).CS(NHC5H,o). [60°]. Formed 
Decomposed by KOHAq into mercaptan, alcohol, from thiocyanio acid, alcohol, and -amylamine 
and oxalate. Alcoholic KOH (1 mol.) forms (Wallaoh, A, 262, 362). Bed prisms. 

£tSH and C03Et.C02K. Water slowly deoom- Di-henayl-diamide • 

pOBea ik, forming oxaUc acid, iJoohol, and mer- CS(NHCH2Ph}.CS(NHCH3Pii). [115°]. Fonned 
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from thiooyanic acid, Edcohol, and benzylamine. 
Yellowish-red crystals, al. sol. warm alcohol. 

Hexa-thio-ortho-oxalio acid. Ethyl ether 
C.,(SEt),. Formed from OaCl, and NaSEt 
(Claesson, J. pr. [2] 16, 212). Heavy oil. 
THIO-OXY- V. SuLPHVDtto-. 
THIO-PARABANIC ACID. Methyl deri- 

vativev. METinL-THie-PARABANIC ACID. ^ 

A.lly I derivative CeHaN^SO., i.e. 

Oxahjl - thio - sinaminc. 

[90°]. Formed by warming the dicyanide of 
<iallyl-thio-urea with dilute (Maly, Z. 1809, 

260). Lemon-yellow needles, m. sol. cold water. 

THIOPHENE C,H,S i.e. (84° 

cor.). V.D. 3-0 (calc. 2-9). S.G. 1002 ; 

4 1-0884; 1-0705 (K. Schiff, B. 18, 1601). 

5. V. 84-9. Boo 41-4 (Nasini a. Scala, O. 17, 70). 
H.C.p. 670,900 (Berthelot a. Matignon, C. It. Ill, 
10; BL [3] 4, 252). H.F.- 14900. Critical 
tempcraUire 317° (Pawlewski, B. 21, 2141). 
Critical pressure 47*7 atmospheres. Occurs in 
coal-tar bonzcn.» to the extent of about *5 p.c. 
(V. Meyer, B. 16, 1471). 

Fort}uitio)i.~l. In small quantity bypassing 
acetylene through boiling sulphur (V. Meyer a. 
Sandmeyer, B. 16, 2170). — 2. By heating suc- 
cinic anhydride with l\!8j. — 3. By heating sodium 
succinate with PoS* the yield being 50 p.c. of 
the theoretical amount (Volhard n. Erdmann, 
B. 18, 454). It is not formed by heating 
«-di-bromo-succinio acid with P.^Sa or P.^S^ 
(Ossipoff, J. R. 20, 245). 4. By heating ery- 
thrite with P-^Bj [Paul a. Tafcl, B. 18, 688). 

6. From its (o)-carbo.vylic acid, which is ob- 
tained by heating rnucio acid with BaS (Paal a. 
Tafel, B. 18, 456).— 6. In small quantifies by 
passing Et.,S through a red-hot tube (Meyer, B, 
18, 217).— 7. In small quantities by passing 
ethylene, coal-gas, or ligroin-vapour over heated 
iron pyrites. — 8. In small quantities by heating 
PgSj with crotonic acid, with n-butyric acid, with 
paraldehyde, or with ether (Meyer). 

Isolation. — 20 pts. commercial ‘ pure * benz- 
ene is shaken for four hours with 1 pt.*of 
H^SO^. The acid is diluted with two or three 
times its weight of water and treated at once 
with steam. Nearly pure thiophene passi» over. 
Yield, about 3.^ p.c. by volume of the II.SO, 
used (Schulze, B. 18, 497). 

Broperties. — Liquid with faint odour, not 
decomposed below 335°. Not solid at - 20°. 
Greatly resembles benzene. Oxidised by UNO., 
with great violence. On shaking with isatin 
and HjSO^ it yields a blue colouring matter 
(indophenine). Not affected by boiling with* 
sodium. Benzene that contains thiophene gives 
a bright-blue colour to H.SO^ containing nitrous 
acid. Thiophene (10 g.)' shaken with alcohol 
(100 g.), cold saturated ilgCl, solution (1,000 g.), 
and NaOAo (70 g.) dissolved in water (130 g.) 
forms a white pp. containing 04H3(HgCl)S, 
which, crystallises from alcohol in white plates 
[183°], and C<H2(HffCl),3S, a white powder, insol. 
alcohol (Volhard, ir267, 172). The compound 
04H,(HgCl)S is converted by AcCl into a-thicnyl 
methyl ketone and by I into di-iedo-thiopbene. 
Thiophene combines with CHPb, and with di- 
bromo-di-(iS)-napbthyl oxide (Liebermann, B, 
26, 863). 


Reactions.-- 1, Chloral and H«S 04 yield 
CC1,.CH(0,H,S)5. — 2. BzOl and AlCl, form 
thienyl phenyl ketone. — 3. PhenyUglyoxylio 
acid and H55SO4 form OuH^NSO*, which dissolves 
in chloroform with crimson, and in Il.,S04 with 
purple colour. — 4. Cl and Br yield chiloro- and 
bromo- derivatives.— 5. ILSO4 forms a brown 
solution t^niaining a sulphonio acid, and slowly 
decomposes tho thiophene, forming HjS, SO, 
and an amorphous pp. — C. Il.^SO. and KNO^ 
form a compound called ‘ n it roso-ui thiophene 

HO.N<^^*^-g>0 j[?), ppd. by water as a dork 

insoluble powder (Liebermann, B. 20, 8231).-— 
7. Passed with PClj through a red-hot tube it 
forms C^HaS.PCl,^ (218°) which is decomposed by 
water into C,H.,S.P(011).. [70 '] and is converted 
by Cl into C^HsS.PCl^, which is converted by SO, 
into C,H.,S.POCl.. (259 ) and by water into 
i C,1I.,8.P()(0]1)., [159 ] (Sachs, B. 25, 1614).— 8. 

I Diazubcnce.nc chloride and AlCl, forms (6)- 
I phenyl-thiopheille [57°i (Mohlau a. Berger, B. 
26, 2001)f 

References . — Amido-, Buomo-, Di-nnoMO-ni- 
NiTiio-ciiLono-, Tui-ciiTiOno-Ninio-, I0D0-, Iodo- 
NITK0-, and Nrriio- tiiioi’JIKNK. 

THIOPHENE (a)-CABBOXYLIC ACID 

CJI,SO, i.e. Thiophene '$'■ 

carboxylic acid. (2C,0° cor.). II.F-' 

85,400. H.C.p. 591,900 (Stobmaun, J.pr. [2] 43, 
12). ^’’ormed by adding sodiinn-amalgam to a 
mixture of Cl.CO.Et with (a).ioaotbiopbcno, with 
di-iodo-thiopliene, or with di-bromo-thiophene 
(Nabnsen, B. 17, 2192 ; 18, 2304 ; Bonz, B. 18, 
2306). Fonwod also by beating mucio acid with 
BaS for 6 hours at 205°, the yield being 12 p.c. 
of tho theoretical (Paal a. Tafel, B. 18, 466). 
Obtained by oxidation of (a) -ethyl-thiophene 
(Sohleiclu r, B. 18, 3017), of (a)-propyl-thiopheno 
(Uulli, B. 20, 1710), of thienyl methyl keUree 
(Peter, B. 17, 2645; 18, 542), and of thienyl 
1 ethyl ketono (Ernst, B. 20, 618) with alkaline 
' KMnO^. „ 

Prqp<?r/tcs.~ Slender white needles (from 
water) or long flat needles (by sublimation), v. 

; sol. hot water, si. sol. cold, v. e. sol. alcohol and 
' ether, m. sol. chloroform, si. sol. ligroin. Gives 
• a blue colour on warming with isatin and H.3SO4 
j (indophenine reaction). Yields thiophene on 
! iHstillidg with lime. Yields a di-bromo- deriva- 
tive [211°j. 

Salts. -BaA'o 2aq. Small crystals, S. 22*19 
at 14'5°.— ^aA'2 3aq. S. 18*6 tft 18*5°.— ZnA', 
(dried). S. 14 at 15°. - PbA'.^ (dried) 5 at 18*6°. 
— AgA'; plates or needles. S. *196 at 11°. 

Ethyl ether EtA'. (218° cor.). S.G. M 
1-116^. LiqflTid, smelling like benzoic ether. 

Chloride CJI^S.COgl. (190° unoor.). 
Liquid, smelling like benzoyl chloride. 

Amide C,H,S.CONII.,. [174°] (Meyer, A. 
236 210). Prisms, m. sol. ether. Phenyl thio- 
carbimido forms C4H3S.COrNH.CO.NHPh, 

: [206°] 

Anilide C 4 H,S.CONHrh. [140°1. Formed 
by tho action of phenyl cyanato on thiophene in 
I presence of AlClj (Leuchart a. Sohmidti S» 18( 
2340). Iridescent plates. 

Amidoxim C4H,S.C(NOH).NHa. [92°). 

1 Formed by the action of hydroxylamine on tfa< 
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nitrile (Meyer, A, 236, 213). Long prisms (from 
benzene). 

Nitrile (192'=) (D.) ; (200® cor.) tPeter, B. 18, 
648). Formed by distilling thienyl-glyoxylio 
acid with aqueous hydroxylamine (Douglas, B. 
25, 1311). > 

Tetrahydride 

H.P. 114,900. IT.C.p. 700,400. Formed bp-o- 
ducing the acid, in alkaline solution, with sodium- 
amalgam (Ernst, B. 19, 3278 ; 20, 618). Plates 
or needles (from ligroin), v. e. sol. water and 
alcohol, V. sol. ether. Vokitilo with steam. 
Much decomposed on distillation, lleduces 
ommoniacal AgNO,. Salts.— CaA'^Saq, Crys- 
talline, sol. water. — AgA'. M. sol. water. 
Methyl ether McA'. (c. 200°). Ethyl 
ether EtA'. Liquid. 

Thiophene (/3) -carboxylic acid’ 

®<CHioSo,H- W-J'Aioijfenic acid. [13C°]. 
S. *44 at 17°. Formed lj,v the a*ition of alkaline 
KMnO, on (/3)-methyl-thiophenc (Muhkirt, Ti. 18, 
3003) or (;3) -ethyl-thiophene, the yield being 
about 8 p.c. (Danisky, B. 19, 3281). Needles 
(from water), ^ol. ether, volatile with steam. 
Gives the imlopheniuo reaction, — CaA'.j ija<i. S. 
(of CaA',) 7*92 at 14*5°.— DaA', (dried). S. 11*64 
. at 17°. — AgA'. Needles or plates, v. si. sol. Aq. 
, Amide (?JI,S.CONII,. [178°]. Convoitcd 
by phenyl cyanate into C,iljS.CO.NII.CO.NUPh. 
[ 200 °]. 

Thiophene ‘ a ’-carboxylic acid. fll8°]. 
(268° cor<). This is a mixture of the (a)- and 
(i8)- acids. It is got by sajionifying the mixed 
nitrile which is formed by distilling a mixture of 
potassium thiophene (a) and (/3) sulphonates wdth 
KCy (V. Meyer, B. 10, 2174; 18, 2315; Bonz, 
B. 18, 2308). Formed also by oxidising a mix- 
ture .of (a) -methyl-thiophene (2 pts.) and (/3) 
methyl-thiophene (3 pts.) and by slow evapura- 
tfon of an aqueous solution of the mixed thio- 
phene carboxylic acids in the cold (Egli, B. 18, 
648 ; V. Meyer, B. 19, 2891 ; ^.230, 221). Vola- 
tile with steam. Can bo separated into the (a)- 
and {&)- acids by crystallisation. 

Tniophene dicarboxylio acid 

®<C^O,H);C(CQ,H)- formed by oxi- 

dising the corresponding di-methyl-thiophene 
with alkaline KMnO, (Griinewald, B. 2Q, 25861. 
Formed also by oxidising (j3)-methyl-thienyl 
methyl ketone (Gcrlagh, A. 207, 163). Long 
needles (from water), v. e. sol. ether. ^ Not vola- 
tile with steam, llesorcin at 200° forms a fluor- 
esceTn which exhibits yellowish-green fluor- 
escence in alkaline solution. — PbA". — BaA". 


Crystals, si. sol. cold water. -Ag.^". White pp. 

Methyl ether [69*6°], Plates. 

Thiophene dloarbcxylic acid 
q/C(CO,H):CH 
^\0(CO.^):CH- 

Formation^ — 1. By oxidation by alkaline 
KMn04 of dl-methyl-thiophone from coal tar 
(Messlnger, B. 18, 667), from (a) -ethyl-thienyl 
methyl ketone, from (a)-ethyl-thiophene (a)-oarb- 
oxylio acid /Sclileicner, B. 18, 3020), from 
methyl-thienyl methyl ketone (Derauth, B. 18, 
8026), and from (a)-methyl-thiopbene carboxylic 
acid (Levi, B. 19, 666). — 2, By saponifying its 
Qitxil^ which may be got by fusing potassinm 


thiophene disnlphonate with ECy (Jaekel, B. 19, 
191).— 8. By saponifying its ether which is got 
by the action of sodium-amalgam on a ^xture 
of di-bromo-thiophene and ClCO-Et (Bonz, B. 
18, 2306). 

Prqperto.— Crystalline powder, v. si. sol. 
cold water, sol. ether. Not melted at 300°. 
pocs not give the fluorescein reaction. 

Salts. — BaA"aq. Crystalline, v. si. scd. 
cold water. — CaA"3aq. — Ag.^A": white pp. 

Methyl ether [145°] (J.) ; [147°] 

(S.) ; [151°] (D.). White needles from alcohol. 

Ethyl ether Et,A". [47°] (J.) ; [52°} 

(S.). Long needles (from alcohol). 

Nitrile C4H,SCy.,. [92°]. Crystals. 

Tetrahydride [162» 

cor.]. Formed by reducing the acid in alkaline 
solution by sodium- amalgam (Ernst, B. 19, 
3275). Plates, v. sol. water, sol. ether. Ko- 
duces hot ainmoniacal AgNO,. Hot cone, 

, ILSO, evolves CO (1 mol.). — BaA" : scales. — 

! : white powder. — Me^A". Oil. 

' Thiophene dicarboxylio acid 
! a/CII - - C.COJI 

j ^ • *oriii6(l Dy oxiu&tion oi 

; the corresponding di-methyl-thiophene by alka- 

■ line KMnO^ (Zelinsky, B. 20, 2022). Needles, 
si. sol. cold water. Decomposes and partially 
sublimes at 280°, v. sol. hoi water. — AgjA". 

Methyl ether Mo.^A". [121°]. Plates. 
Ethyl ether Et^". [30°]. 

Thiophene tri- carboxylic acid C^SHfCOjH),. 
Formed by oxidation of di-methyl-thicnyl methyl 
ketone with KMn04 (Mcssin{^er, B. 18, 2302), 
Methyl ether Me,A'". [118°] Plates, v. 
sol. alcohol and ether. 

lie/ercnces. — Bromo- and lono- thiophenk 

CARllOXYLIC ACID and NiTRO-TniOPIIKNIO ACID. 

THIOPHKNE GREEN C,,Hy,N,S. The.leuco- 
I base C4SIIs.CII(On)(C,H,N Me.Jj is got by beating 

■ thiophenio aldehyde with di - methyl aniline, 

! ZnCL, and a little alcohol at 100° (Levi, B. 

20, 613). It crystallises in needles [93°], 
and is readily oxidised to thiophene green 
C,)OH..C(OH)(C,H4NxMe,).., which is an oil and 
forms the salts (C„H,.XS)aZnCl, 2aq, B'H.,S04, 
B'a3HX.P4 2aq, and B'2C,iHjNjO„ crystallising 
in sca^s with coppery lustre. 

Leuco-thiopheue green v. Tktra-uethyl-di- 

AMIDO-DI-PIIENYL-THIENYL-METnANE. 

THIOPHENE (a)-SULPHlNlG ACID 
C,H3 S.SO,jH. [67°J. Formed by the action of 
' zinc-dust on an alcoholic solution of thiophene 
Bulplionio chloride (Weitz, B. 17, 800), Needles, 

V. sol. water, alcohol, and ether. . Gives the in- 
' dophenine reaction. — BaA , 2aq. White plates, 

V. sol. water. — ZnA'^Saq. — AgA'. Crystalline pp. 

THIOPHENE ’a’-SULPHONlC ACID 
C4n3S.S03H. Formed by shaking thiophene 
(20 g.) dissolved in ligroin (2,000 o.o.) with 
H.^S04 (300 c.o.) for 2 hours (V. Meyer a. Ereis, 

' iB. 16, 2172 ; Biedermann, B. 19, 1616). Deli- 
quescent mass. Yields thiophene on distillation. 

. It is doubtless a mixture of^the (c^ and {0) ooide. 

— N a A' aq. — BaA', 3aq.— Ca A'^ — PbA', aq. Very 
soluble powder.~AgA' 3aq. Plates (Weiti, B. 
17, 796). 

Ethyl ether EtA'. Oil. 

Chloride OJl,Se80^CL [28°]. (abo7e200*). * 
Oil or colourless exystoU. 
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Amide C^HsS.COKH8. [142°] (Langer, B, 
17, 1668). Needles (from water). — 
O^HiS.CO.NHAg. Pearly Boalea. 

Anilide C 4 H,S.CONHPh. [96°]. 

Thiophene (/3)-sulphonio acid 

S^CH'C^OjB* formed by the action of 
sodium- amalgam on dt-bromo-thiophene (/3)- 
sulpbonic acid, which is got by snlphonation of ‘ 
di-bromo -thiophene (Langer, B. 17, 1567 ; 18, 
653). Obtained in like manner from iodo- 
thiopheno sulphonio acid, and from tri-bromo- 
tljiophene sulphonio acid (llosonberg, li. 18, 
1776). Crystalline solid, v. sol. water. Gives a 
blue colour with isatin and HoSO^. — BaA'.,. 

Chloride C^HaS.SOaCl. ["id®]. Plates, v, 
sol. ether, insol. ligroin. 

Amide C,H,S.SO.,Nn 2 . [148°]. Tables. 
Thiophene disulphonio acid CilLSfSO^H).. 
Formed by reduction of di-bromo-thiophono 
*0 ’ - di - Bulidionio acid by sodium - amalgam 
(Langer, B. 18, 554, 1114; llosenborg, ii. IS, 
3030). Crystalline, v. sol. water.- -BaA" 2'. aq. 
Chloride C,H..S(SO,Cl)... [140°]. Scales. 
Amide C^H.SiSO.NH,),,. [ 0 . 280 °]. Noodles. 
Thiophene disulphonic acid C,ILS{SO.,H) 2 . 
Formed by reducing iodo-thiopheno (a;3)-di- 
Bulphonic acid with sodium-amalgam (Langer, 
B. 18, 560). 

Amide C,II,S(Si\Nn,),. [142°]. Plates. 
Gives the indopheninc reaction. 

Thiophene disulphonio acid CJToS(S 03 ll) 2 . 
Formed from lead thiophene sulphonate and 
fuming H^SO, (JaokoJ, B. 10, 185, 1066). 
Crystalline, v. sol. water and alcohol. — K.A"aq : 
prisms, V. sol. water. — Nn.A"3aq. Needles, v. 
sol. water. — BaA" 3aq. Flat prisms, si. sol. 
water.— CaA"4aq. Blue needles.— Ag., A", 

Chloride 0,n2S(SO.,Cl).,. [77-5°J* Needles 
(from ether). 

A m i d e C,n,S(SO.,Nn 2 ),. [211*5]. 
Betferances. — i)i-r$uoMO-, lono- and Nitro- 

TUIOPHENB SULPHONIO ACID. 

THIOPHENIC ACID v. TiiToiitr.NE card- 

OXVLIO ACID. 

THIOPHENIC ALDEHYDE C,U,S.CnO. 
(198° cor.). S.G. 2.1. 1-215. Formed by distilling 
(o)-thienyl-glyoxylio acid (Biodcrniann, J5. 10, 
637, 1853). Formed also by the action ofjil^S 

on CIHC1<^^^;™^ (Hantzsch, B. 22. 283S). 

Oil, smelling like benzoic aldehyde. Oxidi.scd 
by air to thiophene (a)-carbo\ylic acid. 

Ozim CiHjS.CHjNOH). Thiophene synaU 
doxim. [128°]. Needles (from ether). Con- 
verted by NaOHAq into thioph^e carboxylic 
nitrile (Hantzsch, B. 24, 47). Yields an acetyl- 
derivative [75°-80°]. NaOMe and Mel in MeOlI 

yield C*SH,.CH<^^^° [120°]. crystallising in 

tables ; converted by dilute H^SO, into the alde- 
hyde and (;5) -methyl -hydroxyl amine (Gold- 
schmidt a. Zanoli, B. 25, 2588). Phenyl oyanate 
in ether forms C^SH,.CH:NO.CO.NHPh [70°J, 
crystallising in needles. 

Oxim C^HjS.CHffNOH. Thiophene anti’ 
aldoxim. Formed by the action of hydroxyl- 
amine hydrochloride, NaOHAq and Na-^CO^ on 
the aldehyde (Goldschmidt a. Zanoli, B. 25, 
«690). Converted by phenyl cyan ate inlo 
C<SH 3 .CH;NO.CO.NHPh [144"^, whence NsOH 


forms C^SHa.CHrN.NHPh [46®]. o-ToIyl oyanate 
forms C^H,S.CH:NO.CO.NH.C,H, [60°]. 

Phenyl . hydrazide 04 SH,.CH;N-HPlu 
[134*5°]. Needles (from alcohol). , 

THIOPHENIC IMIDO-ETHYL ETHEB 

C.n,S.C(OEj);Nn. The salt B'HCI is formed 
by the action of dry IlCl on the nitrile of 
thiophene tartoxylio acid (Bouglaa, B. 25, 1312). 
' It isfc crystalline, and is converted by hydroxyl- 
amino into C,H,S.G(OLt):NOJI [67°j. 
THIOPHENINE i.s Amido-thiopiikne. 
THIOPHENOL v. Piiknyl aikucaptan. 
THIOPHENURK; acid C.lI.NSOa. [172°]. 
Excreted in the urine of rabbits after injection 
of sodium thioidicnc (a)-carboxylio acid (JaffS a. 
Lovi, B. 21, 3158). ri isms, rest'uibling hippurio 
acid (from water), v. si. sol. ether, v. sol. alcohol. 
Split up by boiling baryta-water into glyeocoll 
and thioplieno (ci)-carboxylio acid. -BaA'j,2aq. 
Needles, v. sol. water.- CaA'^j-aq. - AgA'. 

THIO-PHENYL-ACETIC ACID. Amide 
CJlj.CIF.CS.NH.^ [98°I. Fornu d by heating 
piienyl-acoiamido (3 pts.fwitli IVS, (2 pts.), and 
* also by allowing a solution of phenyl-acotonitrilo 
in alcoholic annnonium sulphide to stand forsomo 
days (Bi rntlison, B. 11, 503 ; A, 184, 292). Tri- 
metric crystals (from alcohol), discomposed on 
distillation into H,,S and C,.H,.C.11„.CN. 

llcacfions. — 1. Boiling N Ii;,Aq forms phenyl- 
acetamide.- 2. HgO forms phonyI-aLt!tonitrilo. — 
3. Zn and HfJlAq form phenyl -ethyl -amine 
(Colombo a. Spi<‘a, Ji. 8, 821). — 4. Bemoie 
aldeUyd^. forms oily Cj..,ll.,,N,,S.(?) — 6. Sodiuvi- 
amalgam forms l*h.ClL,.(UI.,N 11.^ and. a com- 
pound C jlL.NS., [108 '].— 6. iodine added to a 
I hot alcolioHc solution forms C„.ir,,N,l‘l [42°]. — 
7. Mel forms (CII,l’)i.C(NH).HMc)l£I [139°], 

' which gives rise to (C,,il,,NSj.4IJHCla. — 8. EtI 
forms (C,oH,,NS)lU [110° |, wliich is v. o. sol. 
j water, and yields, on treatment with NaOHAq, 
the free bnse CIIJ.’h.C(NiI).SEt, which is an oil 
that quickly decomposes into mercaptan and* 
phenyl-acetonitrile. The salts (C,ollinNS)HCl 
[c. 120°], B',lI,l>tClrt [below 130°), and B'ilBr 
are crystalline. — 0. Aniline forms the compound 
Cn..Ph.C(NII,):NPh. 

THIO - PHENYL - ALLOPHANIO ACID v. 

PlIKNYL-XniO-ALLOPIIANlO ACID. 

THIO - DI - PHENXX* - AMINE t>. lanno-Di- 

PHENYL SULPHIDK. 

THIO - PHENYL . CARBAMIC ACID v, 

PlUINYL-TlIIO-CAUIUMKJ ACID. 

THIO - DI - PHENYL KETONE v. Tnio- 

RENZOPHENONK. 

THIO - lA - PHENYL - METHYL - AMINE v. 

METIIYL-IMrr»0-DI-PHr.NYL HULPIIU>B. 

. DI-THIO PHTHALIC ACID C,II,(CO.SH)« 
The salt K.A" is formed by dissolving K8H 
(2 raols.) in a?! alcoholic solution of phenyl 
phthalate (1 mol.). The fre^ acid splits up at 
onco into H.H and thiophthalio anhydride 
(Schredcr, B. 7, 706). 

, (a) - Di - thio - isophthalio acid. The K salt, 

formed by the action of KSH® on phenyl 
isophthalate, crystallises In yellow needles. 

Ethyl ether EtaA". Formed by adding 
water to the hydrochloride of C,H.(C(NH).SEt)y 
(Luckenbach, B. 17, 1436). Small needles. 

(3) • Di - thio - isophthalio aeid. Amide 
C,H,(CSNH,)j. [200°]. Formed by heating 
isophthalio nitrile with alcoholic ammoninia 
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tnlphida (L.). Neodles, sol. hot alcohol. Be- 
oonverted into tho nitrile by lead acetate. Boil* 
ing EOHAq forms isophthalic acid, 

THIQ.PHTHALIC ANHYDBIDE 0,H,S0atA 

action of KSH on phthalyl chloride, or on 
phenyl phthalate (Graebe a. Zsehdkke, B. 17, 
1176). Formed also by the action of As-^S^ on 
phthalyl chloride (Rayman^^ BL [2] 47, 898). 
Plates, V. Bol. hot alcohol, ether, and chloro- 
form, si. sol. water. Volatile with steam. Sol. al- 
kalis and converted by long, boiling with alkalis 
intophthalic acid. Ammonia forms phthalimide. 
Resorcin and H^SO^ give a thiofluoresoein, tho 
alkaline solution of which is deep red with green 
Huorescence. 

THIO-BHTHALIDE 0,H,<pQ>a. [67°]. 

Formed by heating C„Il4Cy.Cn...SGy with cone. 
HClAq for 6 hours at 180® (Day a. Gabriel, B. 
23, 2480). Thin needles (from dilute alcohol). 
THIO-PHTHALIMlDlNE CJl.NS Lc. 

or C,H,Cy.CH,SH. [02°]. 

Formed by warming o-cyano-benzyl sulpho- 
cyanide with^lI.^SO^ at 65° (Day a. Gabriel, B. 
23, 2481). Formed also by adding KSHAq to 
o-cyano-benzyl chloride in alcohol. Needles, 
which darken in air, v. sol. alcohol and ether. 
Boiling NaOHAq forms thiophthalide. KSH 
added to its alcoholic solution forms 0,eH,„S.„ 
crystallising from nitrobenzene in nee<|le8 with 
green Ipstre. — B'lICl. Needles. — B',H,PtCl,. 
Orange - yellow prisms. — B'HI, Needles. — 
P i c r a t e : slender needles. 

THIOPHTHENE C«H,S., i.e. cH.Zo.aCH 

i 225° cor.). Formed by distilling citric acid 
1 pU with P.^Sj, (2 pts,), adding NaOIIAq, and 
listilling with steam (Biedermann a. Jacobson, 

' B. 19,2444). Oil, not solid at - 10°. Gives the 
indophenine reaction. — B'C^IsN^O,. [133°]. 
Yellow needles, v. sol. alcohol and benzene. 
Reference. — TETiu-nuoMO-xiiioriiTHrsNE. 
THIOPHYLLINE C,H«N,0,. [264°]. Occurs, 
in small quantity, in extract of tea (Kossol, B. 
21, 2164). Crystals (containing aq), more sol. 
water and alcohol than thcolMomine, v. sol. 
NHjAq. Forms salts with acids. On evapora- 
tion with chlorine-water it leaves a scarlet 
residue, turned violet by NH.,Aq. — C,H,AgN<^0^ 
Amorphous, converted by Mel into caffeine 
0,H,MeN,0, [229°]. 

(a) - THIO-PEOPIONIC ACID 0,H,0S. 
Methyl 'ether CH,.CH,.CO.SMe. (120°). 
V.D. 61*23. Formed from propionyl chloridu 
and lead merckptide in the cold (Obermeyer, 
B 20 2922) ' 

(/3)-Thio-propiQoio acid Et.OS.OH. The 
salt NaA'aq formed by boiling propionitrile with 
alcoholic ammonium sulphide is crystalline 
(Dupr6,Bf.r2] 29, 304). 

Awide EtC(NH).SH. [42°]. Formed by 
heating propionamide (5 mols.) with (1 mol.) 
in benzene for a short time (Hubacher, A. 269, 
229). Yellowish plates, v. e. sol. benzene. 

THIO-lSOPBOPYL*COUMABIN Gi^H^SO U, 

[81°]. Formed by heating 
Isopropyl-ooumann with PgS^at 120° (Aldringen, 


B. 24, 8463). Beddish-yellow needles, sol. hot 
alcohol, el. eol. ether. 

THIO . PBUSSIAMIO ACIDS. By heating 
ammonium sulphocyanide there is formed, be- 
sides thio-urea, dithiodiprussiamic acid G«H,N„S^ 
a yellowish-white powder, si. sol. hot water; thio- 
diprussiamic acid GsHgNjoS, amorphous, m. sol. 
hot water ; and ammoiyam dithiotriprussiamate 
C^HjaNisSj, which crystallises from water. The 
first acid gives no colour with FeClj, the two 
other bodies give a red colour. The lead salts of 
these acids dissolve in hot water. 

THIOTETBAPYBIDINE, so called, , 

G.^oH,gNjS(?). [155°]. Formed by heating nicotino 
(1 pt.) with sulphur (6 pts.) at 150° till the mass 
is chrome-green (Cahours a. Etard, Bl. [2] 34, 
452). Yellow prisms (from alcohol). — B'2HC1. — 
B'HHgCls.— B'HPtClfi : yellow amorphous pp. 
THIO - PYBOCATECHIN v. Oxy-phbnyl 

MERCAPTAN. 

THIO-PYBOMUCIC ACID. Amide 
G4H3O.CS.NII0. [127°]. Formed by passing H3S 
into a solution of furfuronitrilo in alcohol-ether 
(Douglas, B. 25, 1314). Yellowish crystals, si. 
sol. cold water, v. sol. alcohol. 

THIO-PYEUVIC ACID. The compound 
(C3H40.3S)C3H403 [87°J separates as a powder 
wlien ILS is passed into pyruvic acid (Bottinger, 
A. 188, 325). It is v. e. sol. water and is con- 
verted by boiling HIAq inlo CH3.0n(SH).COjtH. 
Boiling water forms H..S and thiopyruvio acid. 

DI-THI0-KES0BCINC,H,(Sn)o. Mol. w. 142. 
[27°]. (213°). Formed by reducing the sulpho- 
chloride OJl4(SOGl), with tin and HClAq 
(Patschke, J. pr. [2] 2, 418 , Korner, O. 6, 140). 
Crystals, smelling like some geraniums. Pb(OAc)2 
1 added to its alcoholic solution ppts. orange 
Ofln,S.,Pb, whence McI forms CeH4(SMe)a (278°) 
(Obermeyer, B. 20, 2927). 

THIO-BUFIC ACID C.^HnSA. Formed by 
the action of CS.^ on a mixture of NaOEt and 
acetoacetic ether (Norton a. Oppenheim, B. 10, 
701). Pearly orange scales, nearly insol. water. 
— NaA'; brick-rod needles. — CaA',: red needles. 
THIO SALICYLIC ACID v. Oxy-thio- 

EENZOIC ACID. 

THIOSIN AMINE v. Ai.lyl-thio-urea. 
THIO-SUCCINIC ACID. Anhydride 

• SulplMsucdnyl.' [31°]. (226'=). 

Formed by adding sucoinyl chloride dissolved 
in benzene or CSo to an aqueous solution of 
Na^B. Got also by distilling succinic acid 
(100 g.) with P3S3 (100 g.) (Auger, A. Ch. [6] 
22, 333). White crystals. Its aqueous solu- 
tion gives off H.4S on heating. Phenyl- 
hydrazine forms CO.aH.C2n4.C(SH);N.NHPh 

[120»] andOJI,<g^^^>0[216«]. which oa 

distillation changes to succinyl-phenyl-hydra- 
zine [165°]. Phenyl-hydrazine also produces 

C. ;a4(CO.NJH.Ph), [219°] (Zanetti, C. C. 1889, 
668). Sodium-amalgam forms C^HaNaSO,, 
converted by phenyl-hydrazine acetate into 
CO.,H.C2H4.CH:N.;EIPh [0. 175°]. 

Di - thio - succinic ' acid G 2 H 4 (GO.SH),. 
The salt K^", got by boiling sucoinyl-phenol 
with KSH in alcohol, crystallises in minute 
needles, v. sol. water, alcohol, and ether 
(Weselsky, B. 2, 618). Its aqueous solution fa 
decomposed by spontaneous evaporation. Adda 
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•pllt it ap Into H,S and thiosaocinio anhydride 
iv. supra)* 

Ethyl sther O^/OO.SEt)^ (271°). 
Formed from di -phenyl euooinate (42 g.) and 
sodium mercaptide (30 g.) in dry ether in the 
cold (Seifferti J, pr, [2] 81, 4G9). Oil, smelling 
of garlic. 

THIO.BUCCINUEIC ACID C,H«N,SO,. [211°]. 
Formed by heating succinic anhydride with thio- 
urea at 140° (Pike, B. 6, 1105). Yellowish powder, 
insol. alcohol and ether, al. sol. water and HO Ac. 
Decomposed by alkalis into thio-urea and 
succinic acid. 

• (a) - DI . THIO - TEREPHTHALIC ACID 

CHHjSj,02t.e.CBH,(C0.SII)2. Formed by the action 
of alcoholio KSH on di-phonyl terephthalate 
(Schreder, B, 7, 708). Amorphous, v. si. sol. 
alcohol. 

{$) - Di - thio • terephthalio acid. Amide 
C,H,(CS.Nn,)2. [203°]. Formed by heating 
terephthalio nitrile with alcoholio ammonium 
sulphide (Luckenbach, B. 17, 1430). Yellow 
amorphous powder, insol. alcohol. Boiling with 
lead acetate reproduces the nitrile. 

THIOSULPHATES. Salts of the hypothetical 
thiosulphuric acid H.^SaO,. These salts were 
called hyposulphites before the isolation of the 
true hyposulphites (MjS^O^, p. 692). Na^S/V 5aq 
is still, however, commonly known as sodium 
hyposulphite. Thiosu|phatea are formed by 
boding normal alkali sulphites in solution with 
8 ; (MjSOjAq 4 8 = M^S^OjAq) ; caustic alkali 
solutions and milk of lime also give thiosulphates 
by boiling with 8. Thiosulphates are pro- 
duced by the action of air, SO., or K^Cr.p,Aq 
on the alkali and alkaline earth polysulphidcs 
in solution (MjSjAq + 30 = MjS^O^Aq + 38 ; 
2M2S,Aq + SSO^Aq ‘iM^SPiAq + 98 ; 

2M2S,Aq + dM^OrP, Aq + H ,0 
»6M2S.AAq + 4Cr,0, + 2MblIAq (Dopping, A. 
46, 172). Spring (D. 7, 1157) by heating 
(NHJjSO^ with P-^Sj got a large quantity of 
(NH/laSPr along with (NH4)2S„ and also some 
(NHJ^SaOa, andP compounds ; and by the inter- 
action of H,jS and SOj.NHj.ONH, ho obtained 
(NH4).2S.20,. A little HijS-^OyAq is said to be 
formed by the interaction of steam and molten^ 
8 (Myers, A. 129, 351). 

The alkali salts, also the Ga and Sr salts, are 
readily soluble in water ; many of the others^rc 
insoluble or only slightly soluble ; the insoluble 
salts are often obtained from solutions of the 
alkali salts by double decomposition. Thio- 
sulphates are decomposed by heating strongly ; 
alkali salts leave a mixture of sulphate and 
sulphide ; other salts also give off H^S and S. 
Aqueous solutions of thiosulphates evolve H^8 
when boiled, forming sulphates, or sulphides 
if the metal of the thiosulphate is ppd. by 

Aqueous solutions of thiosulphates are de- 
composed by dilute mineral acids, with separa- 
tion of S and evolution of SO.^. Balts of the acid 
used are formed, and H^S^OjAq, which then de- 
composes to H^SOaAq and 8. This reaction has 
been studied by several chemists {v. Berthelot, 
C. R. 108, 971 ; Vaubel,^. 22, 1686, 2703 ; Vort- 
mann, B. 22, 2307 ; Foussereau, C.R. 104, 1842). 
Golefax (O. J. 61, 176) in 1892 examined the 
interaction of Na^,0,Aq and acids f he found 
that when the products of the change are not 
removed the interaction stops before all the 
You IV. 


RjS^OjAq is decomposed. 0, determined the 
effects on the velocity and the limit of the re- 
action of concentration, increasing the relative 
mass of the ac^id used, the nature of the acid, 
temperature, and the presence of 80^ in the 
solution before acidification (reference to older 
memoirs aro^iven by 0.). 

Thiosulphates are converted into tetrathion- 
,ate8 by the ictfon of I ; oxidisers such as IiNO„ 
KCIOa and HCIAq, and KMnO^Aq produoe sul- 
phates. Accordinp^ to Honig a. Zatssek (M. 4, 
738), KMnO^ in solution in acetic acid produces 
dithionates. 

For the general qialitativo reactions of thio- 
sulphates compared with those of thionates v» 
Debus (O. J. 63, 298). 

SEiiKNoTuiosuLPjiATKs M^ScSOj, are described 
as Thioselenates, under Ski.enates (p. 434). 

Constitution of thiosulphntes. The formula 
S0.2.0M.BM is generally adopted for the normal 
thiosulphates of monovalent metals (Odling, 
C. N. 29, 153 ; cf. Schorlemmor, (\ J, [2] 7, 
251; Williamson,' C. [2] 7, 269). Some 
/dicmists, cctisidering the rescMublarioes between 
thiosulphates and sulphites, have suggested the 
^OM 

formula SO (v. Blomstrand, Die Chemie 
\O.RM ' 

der Jetztzeit [Heidelberg, 1869], 258 ; Buchanan, 
B. 3, 485 ; Michaelis, G. O. [6th ed.] 1, 7451. The 
formation of thiosulphates by boilin*g sulphites 
with 8 is readily represented by either formula, 
according as sulphites are regarde*! as SO,.OM.M 
or 80.0M.0M. As the balance of evidence is in 
favour of the formula SO^.OM.M, it is likely that 
the salts formed by adding 8 to the sulphites are 

80.. 0M.SM. The production of (NHJ.HjO, by the 
interaction of (NHJ^BOi and (Bpring, B, 
7, 1158) also conlirms the formula SO2.OM.8M, 
inasmuch as a thiosulphate is i)roduucd in this re- 
action from a sulphate {S0.2.0NH,.0NH, giving 
B0.2.0NH,.8N H,). Spring’s synthesis of IL^S^O, 
from SO, and ll.^S— for the actual reaction carried 
out, viz. formation of (NH,),2820, by first com- 
bining SO, and Nil,, and then interacting with 
H^S, is equivalent to the synthesis of H.28,0, 
(u. 8., f.c.)— is also in keeping with the formula 
SO2.OM.SM. By warming EtBr with NajSjOjAq, 
Bunto {B. 7, 640) obtained the salt EtNaSA. 
This salt is decomposed by dilute acids giving 
EtSH andSO.,.OH.ONa ; when heated it gives off 

and SO,, leaving Na.^SO,. These reactions 
indicate that EtNaS^O, is SO,Nn.KtS ; hence the 
formula of Na^SA is probably SO,Na.NaS. One 
of the Na atoyis in Na^SA Is then probably in 
direct union with an atom of 8 ; and as EtNaS-^O, 
easily gives SO^-OH.ONa, along with EtSH, 
it’ is likely that the formula of this salt is 
SOa-ONa.SEt, apd hence that the formolit 
for Na^SjO, is 80.2.0Na.SNa. The formal^ 

50.. 0H.SH makes possible the existence of two 
isomeric salts MM'S-^O,, viz. 80,.0M.SM' and 
S02.0M'.S.\I ; two such salts are known where 
M - Na and M' « K. (v. Potassich TEj^OBULFBATS, 

p. 706). 

Ammonium thiosulphate (NH,) Obtained 

by the interaction of (NH4).2CO, and OeS^,Aq, 
filtering and evaporating (Kammelsberg, P. 60, 
298); white, rhombic, deliquescent leaflets, 
crystallising with xU^O. Fock a. Klflss (B. 
22, 3099; 23, 634) obtained the anhydrous 

ZZ 
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Mlt by reacting on SOjAq with (NH4).^S«, 
evaporating at a low temperature and finally 
over and thoroughly drying between 

filter paper (cf. Arppe, A, 90, 118). The 
anhydrous salt is not deliquescent (F. a. E.). 
Double salts are described by F. a. E. 
also B, 23, 1763): (1) with CdS,0,; (2) with 
MgS^O,; (3) with Ej^^Oa* the salt obtained' 
was SOa.OK.SNH4. F. a. E. oohld not obtain 
SOa.ONH4.SE ; (4) with CUaSaO, and CUal,, also 
with Cual, and NH,I (Brun. C. H. 114, 667) ; 

(5) with PbSaO, (llammelsberg, P, 56, 308) ; 

(6) with HgS.aO, (R., Ic.), 

Barium thiosulphate BaSaOj.aq. A white 
pp. obtained by mixing Ba(G.airs0.a)aAq and 
NaaSaO^Aq, and completing ppn. by alcohol; 
loses all water at 170°, at red heat gives 
BaS, BaSO„ BaSO^, and S (H. Rose, P. 21, 437 ; 
Rammelsberg, P. 56,296). 

■ Double salts. (1) With OdS^O, (Fock a. 
Kluss, B, 23, 1763) ; (2) with CuaSaO, (Cohen, 
G, J. 61, 38) ; (3) with PbSaO, (llammelsberg, 
P. 66. 808). 

Cadmium thiosulphate CdSaO^. 2aq (F. a. E., 
B. 23, 634); double salts with (1) NaaS^Oa, 
(2) EaSaO,, (3) SrSaO, (F. a. K., B. 23, 1763 ; 
Vortmann a. Padberg, B, 22, 2637). 

Calcium thiosulphate CaSaO,. 6aq. Formed 
by mixing hot oono. solutions of GaGLa and 
Na.aS.aO4, ev^vporating under 60°, separating NaGl, 
which orystallises first, and allowing to cool 
(Kessler, P.74,282). Also obtained by heating 
GaSO, and S with water, or by boiling milk of 
lime with S, passing in SO,, and crysliallising 
below 60° (Herschel, N. Ed. P. /. 1, 8, 296 ; 2, 
164). Forms large, clear, six-sided, triclinio 
prisms, that effloresce in air at 40° ; S. 100 at 
3° (H., l.e.). Gone, solution gives GaSO, and .8 
by heating above 60°. Rammelsberg (P. 66, 
808) describes Sk double sa/t with PhS-aO,. 

Cobalt thiosulphate GoS.aO4.6aq (Rammels- 
-berg, P. 66, 898 ; Fook a. Kliiss, B. 22, 3310). 
A double salt with No-aSaO, is described by 
Vortmann a. Padberg (B. 22, 2637). 

Copper thiosulphates. According to von 
Hauer {W. A. B. 13, 443) an acid cuprotis salt 
Gu.aH4(S40,)„ is obtained, in microscopic, golden- 
yellow needles, by adding oono. CuSO^Aq to 
NaaS.aO,Aqtill the liquid is deep yellow, and gently 
warming, washing the pp. with water and alco- 
hoi, and drying over HaSO,. Double salts of 
0048.404 :(1) with BaS.aO, (Cohen, C. /. 61, 38) ; 
(2) with ^SaO, (0., Z.C. ; Rammelsberg, P. 66, 
321) ; (3) with Ag^SaO, (0., l.c .) ; (4) with NaaS^O, 

g jenz, A. 40, 99 ; Siewert, J. 1806. 267 ; Kessel, 
. 10, 1677, 2000 ; Sohiltte, J. pr. 70, 249 ; Vort- 
mann, M, 9, 166). 

Iron thiosulphate. The ferrous salt 
Fe8,0,. 6aq was obtained by Vortmann a. Pad- 
berg (B. 22, 2637) by rubbing BaS^O, with cono. 
FeS04Aq (the saltb being present in the ratio 
of equal numbers of molecules), filtering from 
BaSO., adding a mixture of alcohol and ether, 
and allowing the green, oily liquid that sepa- 
rated to stand for some days. Small green 
crystals; very sol. water; solution is decom- 
posed by boiling, with separation of FeS. A 
double salt with Na^S^Of is described by 
V. a. P. (Z.C.). For accounts of former attempts 
to prepare pure ferrous thiosulphate v. Fordos 
a. G^s {J. PK [8] 4 , 333) ; Berthelot (A. Ch. 


[6] 2, 68) ; Vogel {J. pr. 8, 102) ; Eoene (P. 68, 
245, 431) ; Rammelsberg (P. 5o, 306). 

No ferric thiosulphate has been isolated. 

Lead thiosulphate PbS^Oj. Obtained by 
adding Naj,S.40jAq to Pb(NO,)2Aq, or 
Pb(G.4H402)^q, and washing the pp. with cold 
water. A white solid; very si. sol. water; sol. solu- 
tions of alkali thiosulphates (v. Pape, J. 1864. 
67 ; Letts, O. J. [2] 8,''424). For reaction with 
PCI4— giving PbClj, HCl, SO2, SOCI2, POCl, and 
probably PSCl, — v. Buchanan (B. 8, 486). Ram- 
melsberg (P. 66, 808) has described double 
salts with the thiosulphates of NH4, Ba, Ga, 
K (v. also Spring, B. 7, 1167), and Na (v. al&o 
Vortmann a. Padberg, B. 22, 2637). 

Lithium thiosulphate Ll^S^O,. Saq (v. Fook a. 
Kliiss, B. 22, 3096). 

Magnesium thiosulphate MgS.p,. 6aq. By 
passing SO.^ into MgSAq till colourless, boiling 
MgSOg in SO^Aq with S, or adding BaS404Aq to 
MgSO^Aq and filtering, a solution is obtained 
which on evaporation at a low temperature gives 
small, white, prismatic crystals of this salt. 
Loses 3ILO at 170°, and gives off SO.4 and S at 
red heat, leaving MgSO^ and MgO (Herschel, 

N. Ed. P. J. 1, 8, 296 ; 2, 164 ; Rammelsberg, 
P. 66, 303; Fock a. Kliiss, B. 22, 3310). 
Double salts (1) with (NH4)48aOs, (2) with 
K4S2O, are described by R. \l.c . ; v. also Kessler, 
P. 74, 256 ; also F. a. K,. B. 23, 634). 

Manganese thiosulphate MnS^O,. 6aq. 
Formed similarly to FeS^O,. 5aq (Vortmann a. 
Padberg, B. 22, 2637). A double salt with 
Na^SaO, is described by V. a. P. (l.c.). 

Mercury thiosulphates. Neither the mer- 
curous nor the mercuric salt lias been isolated. 
Addition of a thiosulphate to solution of a mer- 
curous salt ppts. Hg.B ; with a mercuric salt, a 
compound of HgS with the mercuric salt em- 
ployed is said to bo formed (Rammelsberg, P. 66, 
314). Double salts ol mercurous thiosulphate 
with (1) (NHdaSaO,, (2) GuaSaO,, (3) NUaSaO, are 
described by Rammelsberg (Z.c.) ; and a double 
salt of mercuric thiosulphate with Ea8aO, by 
Vortmann a. Padberg (B. 24, 1351). 

Nickel thiosulphate NiSaOj. 6aq (Rammels- 
berg, P. 66, 309 ; Fock a. Kluss, B. 22, 3310). 
For 0 , double salt with Na^SaO, v. Vortmann 
a. Padberg (B. 22, 2637). 

Vlatinum thiosulphate. Not isolated ; but 
Schottlander (A. 140, 200) describes a double 
salt PtS,O,.3NaaSaO,.10aq. 

Potassium thiosulphate EjS-aO,. Obtained 
by boiling cono. EaSO, with excess of 8 ; or by 
adding hot EaGraO^Aq to hot E^S^Aq, little by 
little, waiting after each addition till the 
separated GraO, is pure green in colour 
(2KaS,Aq + 4KaGraO, Aq -j- HaO 
- bKaSaOaAq ^ 2KOHAq + dGrjO,) ; 
(Ddpping, A. 46, 172 ; Kessler, P. 74, 274). In 
either case the filtered solution is evaporated to 
the crystallising point, and the crystals of 
KaSaO,.a;HaO are heated to o. 180°. By evapo- 
rating at 30°, thin, four-sided, deliquescent prisms 
are obtained of the hydrated salt 8E48aOa.HaO 
(Rammelsberg, P. 66, 29€. ; Kessler, Z.C.; Fook a. 
Kluss, B. 22. 8096). This hydrate is very soL 
water, but , jnsol. alcohol ; it loses all water at 

O. 180° ; heated more strongly it decomposes to 
K,8a and KjSO, (R., Z.c.). Other hydrates are 
described by D. a* P., lx. (v. also Plessy, A. Ca* 
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[ 8 ] 11» 182 ; F. a. E., LoJ- The final produota of 
the action of SO, on K,S,0,Aq are E,S,0,Aq, 
KjS^O.Aq, and K,S,0,Aq (Debus, 0. J. 63, 343). 

Double «aZts.—(l) with (NHJ,S,0, (Fock 
a. Kliiss, B, 23, 634); the salt obtained was 
SO2.OK.SNH4, the isomerio salt SO2.ONH4.SK 
could not be isolated ; (2) with Bi,(S,0,), (Carnot, 
C. B. 83, 338) ; (3) with CdSA (I^* a. K., H.23, 
634) ; (4) with CUjSjO, •(Cohen, 0, J. 61, 38) ; 
(5) with HgCy, (F. a. K.. B. 24, 1351) ; (6) with ' 
HgSO, (F. a. K., Ic) ; (7) withPbS^O, (Uammols- 
berg, P. 56, 308 ; Spring, B. 7. 1167) ; (8) with 
Ag-S-A (Cohen, C. J. 51, 38 ; Schwicker, B. 22, 
If 28, describes KAgS^Oj.NA). (!)) WithNa.SA 
two salts are obtained : (i.) SO,.OK.NaS. 2aq, by 
the interaction of Am^S^Aq and NaKS02.2aq; 
(ii.) SO2.SK.ONa.2aq, by the interaction of 
AmAAq and KNaSO, (u. Sulpuites, p. 687) ; the 
first salt melts at c. 67° and has S. = 213-7 at 15^, 
heated with EtBr it gives SO.^.OK.SEt ; the second 
salt melts at c. 02 ' and has S.~ 105-3 at 15^, 
heated with EtBr itgivcsS02.0Na.SEt(Schwicker, 
B. 22, 1728). , 

Silver thiosulphate Ag-^S-A* This salt has 
probably not been isolated pure. On adding 
dilute AgNO.,Aq to A^AAq a white pp. is 
formed, and is dissolved on shaking ; addition 
of more AgNO^Aq produces a greyish, fiocculcnt 
pp., which is a mixture of Ag^S.Pa and Ag^S. 
By treating this pp. wi^h NH,Aq, filtering from 
Ag.jS, exactly neutrjuising the filtrate by 
HNOgAq, and quickly drying the white flocculont 
pp. that formed between filter paper, Jferschcl 
\N. Ed, P. J. 1, 26, 3U8 ; 2, 154) obtained fairly 
pure Ag^SA* A white powder ; slightly soluble 
water ; solution has a sweet taste ; decomposes 
readily to Ag^S and ll2S04Aq. 

Double salts. Ag.p and Ag salts generally 
dissolve readily in solutions of alkali thiosul- 
phates, forming double salts, either of the form 
2AgMyA*0'<li or of the form Ag2M4(S20;,)3.2aq 
(Herschel, f.c.). (1) With (N 114)2820, ; by adding 
excess of AgCl to (Nll4)2S.AAq, and waaliing the 
white crystalline pp., 2Ag(Nfl4)SA-^Q is ob- 
tained. Using less AgCl and ppg. the solution 
by alcohol produces Ag.4(NH4)4(S.A)8-2aq (H., 
I.C.). (2) With NaAO,; addition of AgNO,Aq, 
drop by drop, with constant shaking, to 
NaB^OjAq, till a permanent pp. begins to form, 
followed by addition of alcohol, Ji^ls. 
Ag2Na4(SA)8*2aq ; the -salt is washed with 
alcohol, and dried xji vacuo (Lenz, A. 40, 94) ; 
when the mother-liquor from this salt is allowed 
to evaporate 2AgNaS20,.aq is deposited (Her- 
Bchel, l.c. ; cf. Lenz, l.c.). The second of these 
salts is much less soluble in water than the 
first ; it dissolves in NaAOiAq, with formation 
of Ag2Na4(SaOj)j. 2aq. Both salts are decom- 
posed by boiling their aqueous solutions, 
with formation of AgA (3) With KjSA J *wo 
salts are known similar to the sodium salts. 
Schwicker (B. 22, 1738) describes the compound 
AgKSA'^A* Herschel {l.c.) obtained double 
salts with CaS.A <^^d with SrSA* 

Sodium thiosulphate 

Formation. — 1. Bj boiling Na^SOjAq with 
8. — 2. By passing SO, into solution of sodium 
poly sulphides.— 3. By the action of SOL on soda 
waste suspended in water, whereby uaSjOgAq is 
formed ; followed by addition of Naj{S04, filtration 
from CaSO,, and evaporation. 


Preparation. — Na,SO,. (taq Is dissolved in a 
little water, the solution is boiled withflowersof 
sulphur for a considerable time, and filtered ; 
the clear, ooiourless liquid is evaporated to 
the crystallising point, and the crystals that 
separate are purified by rcorystallisation from 
water. •* 

Properties. — Large, white, monoclinic prisms ; 
S.G. 1*736 at 10° (Kopp, J. 8, 45 ; cf. Schiff, /. 
12, 41 ; Smith, A7n. J. Pharm. 6.3, 148). Melts 
at 45° in the watqr of crystallisation (Kopp, J. 

8 , 46) ; at 48-.5'" (Tilden, G. J. 45, 268). The 
crystals are dehydrated by koo]>ing i?! vacuo 
over H,S04, or by heating to 100 '. S. 49-75 at 
0°, 69-44 at 20", 104-16 at 40^", 192-3 at 60° 
(Kremcra, P. 09, 60). An aqueous solution of 
the salt is easily supersaturated; tlnis Schifl 
(A. 113, 3.50) dissolved 171 parts NaAA-^*^^ 
(*=108-9 parts Na^S^O,) in 11)0 parts water at 
191°, and Kroniors obtained a solution of 217-4 
parts NaAA parts water at the ordinary 

temperature. According to B.'iumhancr {J. pr. 
104, 148), a supersaturiktcd solution may be 
cooled to ••lO" without crystallising; addition 
of a crystal of the salt causes rapid crystallisa- 
tion, with the evolution of much heat (cf. Par- 
menticr a. Amat, 0. B. 98, 736] Solution of 
NaBA^'^aq in water is accoinpanicd by the dis- 
appearance of much heat; lliidorll (B. 2, 68) 
says that 110 parts NaoS.^Oj.naq (^ssolving in 
100 parts water lower the temperature from • 
10-7'" to - 8 i.e. through 18'7°. Bchiff (A. 113, 
SJiO') gives the following data for S.G. and com- 
positioi^of aqueous solutions of Na^SA'^U'Q 


S.Q.of 

P.o. 

r.c. 

1 8.0. of 

P.O. 

P.O. 

80 I. Ntt.S.O,, 6aq Na»S,0, 

Bol. RjiO Na,S,Oa 

1-0052 

1 

0-637 

1-1440 

26 

16*664 

1-0105 

2 

1-274 

1-1499 

27 

17-201 

1-0158 

8 

1-911 

1*1558 

28 

17-888 

1-0211 

4 

2-584 

1*1617 

29 

18-476 

1-0264 

5 

3-185 

1*1676 

30 

19-113 

1-0317 

6 

8-822 

1-1738 

31 

19-76(h 

1-0370 

7 

4-459 

1-1800 

32 

20-387 

1-0423 

8 

5096 

1-1862 

33 

21-024 

1-0476 

9 

6-733 

1-1924 

34 

21*661 

1-0529 

10 

6-371 

1-1986 

85 

22-298 

1-0639 

11 

7-008 

1-2048 

36 

22-936 

1-0584 

12 

7-646 

1-2110 

37 

23-672 

1-0696 

13 

8-282 

1-2172 

38 

24-209 

1-0761 

14 

8-919 

1-2234 

89 

24 846 

1-0807 

16 

9-556 

1-2297 

40 

25-484 

1-0^63 

16 

10-193 

1-2362 

41 

26*121 

1-0919 

17 

10-830 

1 2427 

«2 

26-768 

10975 

18 

11-476 

1-2492 

43 

27-895 

1 1031 

19* 

12-105 

1-25.58 

44 

28-032 

1-1087 

20 

12-742 

1-2624 

45 

28*669 

1-1145 

21 

13-379 

1-2690 

46 

29*806 

1*1204 

22 

14-016 

1-2766 

47 

29-943 

1*1263 

.23 

• 14-653 

1-2822 

48 

30-680 

1*1322 

24 

15-290 

1-2888 

49 

81*218 

1*1381 

25 

15-927 

1-2964 

60 

81*856 


Na-AA- 5aq is insol. alcohol. 

• According to Jochum (O. 0. ^^85. 642), » 
trihydrated salt Na^S-Aa-Saq is obtained by 
adding alcohol to a saturated solution of the 
ordinary salt, removing the oily liquid that leps.* 
rates, and adding to it 98 p.c. alcohol. Accord- 
ing to Parmentier a. Amat (O. R, 98, 785), 
NaiSA* ^ obtained crystallised in neediea, 
melting at c. 82", by placing a supersaturated 
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iolation of the ordinary lalt in a freezing miztnro 
in a closed Tessel. 

Bsaetiom,—!, Heat decomposes Na,S,0,; 
the change begins at o. 220** with r. separation of 
B, at o.400^ Na^SOf and Na^« are formed, and 
at a higher tem^ratnre more S is given off. and 
Na^S04 Na^S remain. — 2. Na^Sp^q inter- 
acts with iodine in EIAq to form NalAq and 
Na^SfOfAq; according to Villieft (O. JS. 108, 
402) some NajSaO, is also formed. With a mix- 
tare of Na^SO, and Na^S-^O, • in solution I pro- 
duces NalAq, Na^SO^Aq andNa^S.OAq (Colefax. 
0. /. 61, 198, 1083). — 3. Na2S20| is oxidised by 
^potassium permanganate i/olution; in alkaline 
solutions the oxidation is complete to Na4S04Aq 
according to HOnig a. Zatzek {M. 4, 738) ; Glaser 
{M, 6, 329) says that the oxidation is also com- 
plete in neutral solutions ; Luckow (AV. 32, 53) 
represents the oxidation, on boiling, either in 
neutral, acid, or alkaline solution as producing 
Ka4S04 and Na^S20,.--*4. Adda interact with 
Na^SfOsAq, forming Ka salts of the acids, and 
HfSyOiAq, which then, decomposes to H^SO^Aq 
and 8 ; when the products are not removed from ^ 
the solution the reaction stops before all the ' 
HjSaO, is decomposed (Colefax, C. J. 61, 176 ; 
and V . beginning of article Tutosulphatbs, p. 
706). 

Comhinationa.-^l, With water (v. supra, 
Prcperties).j-2. With various thiosulphates to 
form double salts. Double salts with CdSA. 
CoSjO,, FeS,0„ PhS^O,, MnSA. NiSA. 
TljSjO,, and ZnS^O, are described by Vortmann 
a. Padberg (B. 22, 2637) ; Fock a. Kliisa (B. 23, 
1763) also describe that with CdSA* Rammels- 
berg (P. 66, 308) prepared salts with PhS-A 
and Etg^SjO,. For a double salt with HgSj,0, v. 
Sohwicker (J5. 22, 1728). For the double salts 
with KjiSjO, V. PoTABSlUM THIOSULPHATB, doubU 
salts, No. (9) (p. 707), and for those with AgAO, 

V, SiLVKB THIOSULPHATB, douhle soUs, No. (2) 
Jp. 707). Schottlander (A. 140, 200) describes 
a double salt SNa^SA^PtSaO,. lOaq. 

Strontium thiosulphate SrSA^aq- Pre- 
pared like the Ba salt (Horschel, N, Ed, P. J. 1, 
26, 898 ; 2, 164 ; Kessler, P, 74, 274). Fock a. 
Kliiss (B. 22, 8310) describe a salt SrSA* aq* 

Thallium thiosulphate TLAO,, A white, 
crvstalline pp., formed by adding Na^S^OjAq to 
fiJrly cono. TlOHAq (Crookes, C. J. 17, 136; 
Hebberling, A, 184, 11). For a douhle salt 
with Na^SjO, v, Werther {J. pr, 92, 130) ; Vort- 
mann a. Padberg (B. 22, 2637) ; also JochVim 
(C. 0. 1886. 642). 

Zine thiosulphate ZnS^Oi. Thcpared by 
double decomposition from ZniS04Aq and 
BaSyO^q (t). Bammelsberg. P. 66, 296 ; Fordos 
a. 041is, J, pr, 29, 291). For a compound with 
NH, V , B. (I.O.), For a douhle sa^lt with 
KaAO« t>. Vortmann a. Padberg (B. 22, 2637). 

Id M P Id 

TEXOSULPHUBIC ACID HaS,b,Aq. * This 
aoid almost certainly exists in the liquid obtained 
by adding a dilute weak acid to diluth NaAO,Aq,' 
the aoid and salt being mixed in equivalent 
quantities ; the HAOt^q soon begins to decom- 
to HySOaAq and 8. Landolt (B. 16, 2968) 
made an extensive investigation into the 
conditions and time of existence of HAA 
solution. Thomsen {Th, 2, 266) gives the thermal 
[8O>Aq,SJ--9810( [SO«,8^- -1*10., 


Por the Mlto of t». Tbiosdlphates. 

M. M. P, M 

THIOTOLENE v. Methyl- thiophene, 

THIO-o-TOLUIC ACID. Amide 
O4H4Me.CS.NH3. [88°]. Formed from o-toluic 
nitrile (Gabriel a. Heymann, B, 24, 786). 

Thio-jp-toluic acid. Amide, [168°]. Formed 
by passing HA into an alcoholic solution of 
o-toluio nitrile (Paterao a. Spica, B. 8, 441) 
Yellowish needles. Zinc and HClAo vield 
04H4Me.CH3NH^ ^ ^ 

THIO-TOITJIOINE v. Di-amido-di-toltl sul- 

PHIDB. 

THIO - ^ - TOLYI . DI - PHENYL - DI -.OFAN - 
IDINES V , Di-phenyl-di-guanido-di-tolyl sul- 
phide and Dl-PHENYL-DI-CAnBIMIDO-TBTBA-AMIDO- 
TBTBA-TOLYL DISULPHIDE. 

THIO-TOLYL-DI-PHENYL-THIO-FEEA v, 
Di-phenyl-di-thioubamido-di-tolyl sulphide. 

THIO-FBAMIDO-BABBITUBIC ACID 

C.H.N,SO, NH,,C(NH).S.CH<®g;^g>CO. 

Formed by the a^^tion of thio-urea on an aqueous 
solution of chloro-, bromo-, or di-bromo-barbi- 
turic acid (Mulder, B. 12, 2309 ; Trzcinski, B. 
16, 1067). Formed also by heating alloxan with 
thio-urea and alcoholic SO^ at 100° (Nencki, B. 
4, 722 ; 6, 451). Slender needles, insol. water, 
sol. hot HClAq. Converted by boiling KOHAq 
into thio-dialuric acid C4H4N.AO, l^aq (?) which 
yields KA'aq. H.AO4 (A pt.) at 160°-160° forms 
uro-sulphinic acid C4H4N4SOa. 

THIO-FBAMIDO-BENZENE p-SULPHONIC 
ACID. The salt NA.CS.NH.C4H4.SO3K, formed 
by heating potassium sulphpcyanide with amido- 
benzene p-sulphonic acid at 140°, crystallises 
from dilute alcohol in aggregates of thin needles 
(Pellizzari, A. 248, 156). 

m-THIO-UBAMIDO-BENZOlC ACID 
NA.CS.NH.C4H4-C03H. [187°]. Formed from 
m-amido-benzoic acid and potassium sulpho- 
cyanide (Arzruni, B. 4, 406). Formed also by 
allowing a solution of m-cyanamido-benzoic 
acid in colourless ammonium sulphide to stand 
for 24 hours (Traube, B. 16, 2118). Needles. 
Converted by ammoniacal AgNO, into m- 
uromido- benzoic acid. Not coloured by FeCl,. 

p-THIO-FBAMIDO-BENZYL-THIO-FBEA 
NB(;GS.NH.C4H4.0A.NH.CS.NH4. p-i^-di-thi- 
uramido-toluene. [176°]. Formed by heating 
i)-amido-benzyI -amine hydrochloride (1 mol.) 
with potassium sulphocyanide (2 mols.) in 
aqueous solution (Amsel a. Hofmann, B. 19, 
1^9). White needles. 

THIO-UBAXIDO-BUTYBIO ACID. Anhy- 
dridt pOO*]. Foim«l 

from a-bromo-n-butyric aoid and thio-urea (An- 
dreasoh, M, 8, 419). Needles, v. sol. hot water. 

TMo-uramido-iso-batyrie aoid. Anhydride 

0AN,B0 i* NH:0<®£g“^ ta4a»]. 

Formed from bromo-lsobutyrio aoid and thio- 
urea (Andreasoh, M, 8, 410). Plates, si. sol. 
water. Oxidised by HCl and KCIO, to urea and 
a-sulpho-iso-butyxio acid.'’ 

o-THIO-UBAMIDO-CINNAMIO ACID 
NA*0S.NBr.'04H4.0H:CH.003H. [286«-289°]. 

Got by heating the sulphocyanide of o-amido* 
einnamie acid OA(I^HSCy)OH:OH.CO^ 





at tlB^ (ItothBohad, B. 23, 3342). V. 
soL hot HOAo and N£^q. 

o-Thio^-nramido-emnamio acid 0,.H,.N30. 
iA NH:CjNH;j.S.C(CO^:CHPh. PormeJ 
from benzoio aldehyde, tniohydantoin, and 
NaOHAq (Andreasch, AT. 8. 421). Needles (from 
alcohol), decomposed by alkalis. 

/S-THIO-tf' UilAMIDO-J^ROPIONIC ACID 
NH:C(NH2).S.G!I^.CH2.C02H. Formed by heat* 
ing /3-iodo-propionio acid with thio-urea and 
water and a little NaOH (Andreasch, M. 6, 831). 
Small pyramids (containing 2a(i), si. sol. cold 
water and cold alcohol. Decomposed by baryta 
into cyanamide and CHj(SH) .CH 2 .COjH. KCIO. 
and HGl yield /3-8ulpho*propionio acid. 

o^j-DI-THIO-URAMIDO-TOLUEKE v. Tmo- 

UaAlUDO'BENZYL-THlO-tlRlEA- 

DI -p . THIO-UB AMIDO - DI * TOLTL . o • SUL- 
PHIDE [2:1:4] S(C,H,Me.NH.GS.NHJj. Thio- 
p-tolyl-di-thiurea. [121°]. Formed by evapo- 
rating to dryness an aqueous solution of di-j)- 
amido-di-tolyl sulphide, hydrochloride and 
ammonium sulphocyanide (Truhlar, B. 20, 669). 
White amorphous powder. Sol. alcohol and 
benzene, si. sol. ether. 

THIO-UEEA CSN,H, U. GS(NH,), or 
HS.G(NHj):NH. Mol. w. 76. [170°]. 8. 9 in 
the cold (Volhard, J. pr. [2] 9, 13). 

Formation* — 1. By heating dry ammonium 
sulphocyanide for two liours at 170°, cooling to 
100°, adding an equal weight of water at 80°, 
filtering, and allowing to crystallise (Emerson 
Reynolds, G* J. 22, 1; Glaus, A. 179, 113; 
Smolka a. Friedreich, M* 10, 90).— 2. By the 
action of tin and HGl, or of HI, on persulpho- 
cyanic acid G.^.jN,^S, (Glutz, A. 154, 39). — 
3. By passing dry Il^S into an ethereal solution 
of cyanamide (Baumann, B. 6, 1375).— 4. By 
allowing a solution of cyanamide, mixed with 
yellow ammonium sulphide, to stand for a day 
(Baumann, B. 8, 26).— 5. From cyanamide and 
thioacetic acid. — 6. Together with urea by the 
action of ammonia on COS (Berthelot, C. B* 
94, 1069). 

Properties. — Silky trimetric needles, melting 
at 170°. After one fusion it melts at 149° 
(Pratorius, J, w. [2] 21, 141). V. sol. water, 
nearly insol. alcohol and ether. Tastes bitter, 
not coloured by FeGl,. According to ArmstAng 
{C, J* Proc. 8 , 2), the molecule of thio urea is 
CANA. 

Beactions. — 1. Water at 140° forms ammo- 
nium sulphocyanide. Alcohol at 100° acts in 
like manner (HaUer, Bl. [2] 45, 706). -2. An 
alcoholic solution of nitrous ether quickly con- 
verts it into ammonium sulphocyanide. - 3. Pro- 
longed heating at 170° also converts it into 
ammonium sulphocyanide. At 180° it slowly 
forms guanidine sulphocyanide and ammonium 
tri-thio-carbonate. Nitrous acid gives off nitro- 
gen.— 4. KOH at 100° slowly forms NH,, KSH, 
K^CO,, and a little KGyS. Alcoholic potash 
acts in like manner (Haller, C. B. 102, 974). 
H^SO^ and HGl act in the same waj.—b. Aqueous 
KMnO, forms urea and other products (Maly, 
Af. 11, 277). — 6. Oxiaising agents Ujg. H^O^ 
KNO^ KMnO«, and iodme) form 
8x(C(NHJ:NH)^ which has an inlolubla ni- 
trate (Storch, Af. 11, 452). — 7- Ammoniacal 
AgNO. forms urea and Ag,S.— 8 . HgO, added to 
* cold aqueous solution, prodoees cyanamide. 


PbO acts in like manner. At 100^ the pro* 
duct is dicyandiamide (Hofmann, B. 2, 605).— 

9. Acetoacetie ether reacts forming an ether 
CjHjNjSO(OEt), which on saponification yields 

(Behrend, 

B. 19, 219).— 10. GGl,.GOGl forms 
crystallising ift slender needles, m. sol. alcohol, 
si. sol. water, v. si. sol. ether ; converted by Br 
into GGl,.SO,Br (ft^Gowan, C. J. 49, 191 ; 51, 
669; J. pr. [2] 36, 220). CCl,.SO.,Cl added to 
an alcoholic solution of thio urea forms the 
chloride CljGSNJH,,* which is ppd. on adding 
ether, while the filtrate contains the compound 
(GSNjH,)a(CGl,.SO.j 2 [125°], which is more soL 
alcohol than water, and gives with Br a pp. of 
GGlj.SO,,Br.— 11. CGla.SO..NH, in alcohol forms 
flat prisma of (GSN.^HJCCl,80,H [139°], m. sol. 
water and ether, v. sol. alcohol, converted by 
Br into CGl,.SO.^r (M'Gowan, C. J. 51, 667 ; 

J. pr. [2] 36, 219). — 12. Chloro-aceione forms 
(NH.,.GS.NH.GHyCO.GHiHGl [126°] (Paw- 

. lewski, B.^ 21, 402). — 13. ClCO.Et forms 
(NH,.CS.NH.GOaEt)HCl [117°].~14. GH,G1.0H 
gives G-^fNjS, a wliite amorphous powder, insol. 
water, nearly insol. all usual menstrua, recon- 
verted into thio-urea by HGlAq (von Hemmel- 
mayr, M. 12, 89). — 15. Di-bromo-succinie acid 
forms fumario acid on heating (Nenc^i a. Sieber, 

J. pr. [2] 25, 74). — 16. A hot cone, solution of • 
di-bromO'pyruvic acid forms ' sulphuvinurio 
apid ’ G^H^NjSOj, which crystalHsea with 2aq, 
reduces «Febling solution to Ci);,() in the cold, 
and to a copper mirror on warming, and yields 
the salts CaA'„ MgA'j, ZuA', IIA'HGl, HA'HBr, 
and HA'HNO, aq (N. a. 8.). — 17. Broitta-pyruvic 
I ether forms amido-thiazole carboxylic ether 

®<C(Niy [173“] (Steudo, A. 261, 80).- 

18., Bromo-acctoacetic ether gives yu-amido- 
thiazyl- acetic ether 

[94°], which yields an acid [o. 130°], split up on 
fusion into GO, and amido-raethyl-thiazole 
(Steudo). a - Chloro • acetoacetio ether forms 

C, NSMe(NH,).GO,Et [n5°] (Zfiroher. A. 250, 
281). — 19. Thio-urea heated with an alcoholic 
solution oi chloro-acetic add and phenyl-hy* 

; drazine forma G,H,N,SO [176°] (Probst, J.pr. 
j [2] 45, 416). — 20. Fusion with {B)-iodopropionie 
acid and a little water forms OjH,N,SO, [176°], 

I wbAh crystallises from water in needles (con- 
taining 2aq), si. sol. alcohol, insol. ether (An- 
dreasch, M. p, 832). — 21. Di-chloro~acetie acid 
forms thiohydautoin. a-Broitio-propionie add 
forms methyl-thiohydantoin (206° uncor.) (Dixon, 

G. J. 63, 815). — 22. Aldehyde heated in a sealed 
tube wi^ thip-nrea forms GSN,H,(GHMe), 
which is b 1. sol. ether and cold alcohol, and is 
decomposed by hot water (Reynolds, C. N. 24, 
87).— 23. Succinic anhydi^e at 140° forms 
0,HA80, [211 ].-24. Citraeonic anhydride at 
130° forms C.H.N,80, [223°] (Pike, 6, 1104).— 

25. Acetyl-acetone and a small quantity of 
HGlAq form GH,(OMe:N.GS.NH,),HCl [219°]. 

In presence of excess oi HCl the product 

Is * r- P) 

48, 503). 

Salts.— B'HNO.. Oryatalline. — B'HOL 

Formed from the stannous doable ohloride sii4 
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H,S. CryetaUine.— Bm. 

[164^. Felted crystalline mass (Beynol^, O. J» 
69,886).— [186°].— B'APtOl,. Yellow 
prisms, v. sol. water and alcohol. Gan be dried 
at 100°.— B'jHPtCl,. Got when saturated solu- 
tions of thio-urea and PtCl4 are nuiced. Dark- 
red prisms, insol. water, alcohol and ether. — 
B'jAuOl. Yellow monoclinio cryst^ils, got by 
adding AuGl, to a saturated solution of thio- 
urea. — B'T1S04. — B'jGuSO^. White silky needles. 
Got by mixing cone, solutions of thio-urea and 
CuSO^.— B'4Ga/S04) 2aq. — B',CuCl. Golourless 
dimetric crystals, sol. water, but ppd. by IIGl 
and KGl. Alkaline in reaction. Attacked by 
H-jS with diflBculty. Does not absorb GO 
{[liathke, B. 17, 801). — B'.^CUjClj aq. Ppd. by 
adding GuCl^q to aqueous thio-urea (Bathko, 
B, 14, 1779 ; 17, 301). Minute needles, insol. 
water. — B'^CuGl. Flat needles. Formed by 
mixing the two preceding salts into which it is 
decomposed by water. — B'4HgO. — B'.^(HgO);,3aq. 
Ppd. by adding neutnl Hg(NOa)2 to a dilute 
solution of thio-urea (Emerson Bwynolds, A. 
150, 235; Kurnakoff, B. 24, 3950). Crystalline. 
Loses thio-urea on washing with water. — 
B'jHgCl.^: larpe crystals, v. sol. water. — B'JIgCla ; 
minute needles, nearly insol. water (Claus, B. 9, 
227).— B'Hgl, (Maly, B. 9, 173).— B'HgCyS. 
Keedles, decomposed by heat into dicyandiamido, 
HCy, and HgH (Nencki, B. 6, 698).-B'.,PbCl2 : 
nec^es (Claus, A. 179, 135). — B'Pb(CyS)2. — 
B'.^SnClj. — B'aZnCL^ : spherical groups of prisiqa 
(from water).— B'jCdSO^.—B'^SiBr^ (Emerson 
Beynolds, O. J, 61, 202).— B'jAg.O 4aq. Crystal- 
line.— B'AgNO, (K.).— B'.AgNoV [141°]. Silky 
crystals, sol. hot alcohol (Emerson Reynolds, 
G. J, 61, 249).— B'.^gCl. [171°]. Needles, m. 
sol. hot alcohol. — B'.^AgBr. [121°].— B'^Agl. — 
B'^AgCy. [126°].— B'«Ag,C,04 : needles. 

Chloride (CSNjlJaCly Formed by pass- 
^bing Cl into a cone, alcoholic solution of thio- 
urea (Claus, A, 179, 139). Formed also by the 
action of CCli.SOaCl, and of ICl, ICl,, or POOI3 
on thio-urea (M'Gowan, 0. J, 49, 191 ; J, pr. [2] 
83, 188). Small needles, y. sol. water, m. sol. 
alcohol, insol. ether. Decomposed by alkalis, 
yielding oyanamide. Alcoholic KI removes chlor- 
ine, setting thio-urea free. Dilute UNO, forms 
crystals of (CSN3nja(N03)2, which is si. sol. 
water, insol. alcohol and ether. 

Bromide (CSN.^HJ^Br^. Formed by adding 
Br to an alcoholic or cold aqueous solutio'h of 
thio-urea ; in aqueous solution excess of Br pro- 
duces urea (Claus, A, 179, 13^ ; M'Gowan, 
O. J. 61, 878 ; J. pr. [2] 36, 216). Crystals. 
Its aqueous solution deposits S when heated. 
Sodium-amalgam reproduces thio-urea. 

Iodide (CSN^HJalj. Formed frpm thio- 
urea, I, and alcohol (M'Gowan, J, pr. [2] 83, 
102). Prisms. 

Meihylo-iodide (CSN^HJMel. [117°]. 
Formed slowly by combination of thio-urea with 
Mel in the# cold (Bernthsen a. Klinger, B, 11',' 
498). Prisms, v. sol. water and alcohol. AgCl 
gives the chloride, which forms the platino- 
chloride (B'MeCl).4PtCl4 aq. 

E thy lo ‘Chloride B'EtCl. Crystals. 

EthylO‘hromidc (CSN^JEtBr. Hexa- 
gon^ plates (Glaus a. Siegfried, A. 179, 146). 
peodni^seB at 100°. 

Eihyto‘iodides (CSN^HJEU. Crystal- 


line. Gives with moist Ag,0 a base. Boiling 
aqueous alkalis liberate mercaptan. — B'.^Et.PtCL 
(dried at 100°). Tables.— B'jEtl. Needles (from 
alcohol) (Claus, B. 8, 41). 

Benaylo-chloride (CSN^HJC^H^Cl. [168°], 
Formed from benzyl chloride and thio-urea. 
Yields unstable benzyl-thio-urea CSN^HaOjK, 
[72°], which decomposes at 100° into dicyan- 
diamide and benzyl mercaptan (Bernthsen a. 
Klinger, B. 12, 674).-(CSN.^4C,H,Cl);jPtCl4. 

Compound with oxalic ether 
(CSNaH4)2Et.C304. [150°]. Monoclinic crystals 
(Nencki, B. 7, 780). Decomposed by hot water. 

Compounds with amines 
(CSN2H4)4NMen3Br. [138°]. Formed from 
methylamine hydrobromide and thio-urea in 
alcohol (Reynolds, O. J. 69, 392). Felted 
crystals.— (GSN3ll4)sNEt3H3r. [134°]. Formed 
by boiling thio-urea together with diethyl- 
amine hydro-bromide and absolute alcohol.— 
(CSN..H4)3NEt3HBr.~-(CSN,H,)2NEt4l [135°]. 
Prisms.— (CSN,H4)„NEt4Br [1()0°]. Rectangular 
prisms (Reynolds, G. J. 59, 388). 

Acetyl derivative CSN.IIaAo. Mol. w. 
118. [105°]. Formed by heating thio-urea with 
Ac.^O (Nencki, B. 6, 598). Formed also from 
thio-acetic acid and cyanamide (Priitorius, J.pr. 
[2] 21, 147). Prisms (from hot water), v. sol. 
alcohol, m. sol. ether. — B'D^PtCla. Crystalline. 

Propionyl derivative (Freytag, J. pr. 
[2] 20, 381). 

Benzoyl derivative CSNallsBz. [170°]. 
Formed by warming thio-urea (2 mols.) with 
BzCl (1 mol.) (Pike, B. 6, 755). Got also from 
benzoyl sulphocyanide and*" NH.jAq (Miguel, Bl. 
[2] 25, 252). Needles (from alcohol) ; si. sol. 
cold water. Tastes bitter. 

o-Oxy ‘benzoyl derivative 
Nn,.CS.Nn.CO.C,n4.0II. [182°]. S. (boiling 
alcohol) 7. Formed from salicyl thiocarbimido 
and aqueous NH, (Miguel, A. Ch. [5] 11, 304). 

THIO-i/'-URIC ACID v. Tnio-URAMino-nAiiDi- 

TOniC ACID. 

THIO-VALERIC ALDEHYDE C^n.oS. (115°). 
Formed, together with CjIIuSs [95°J, by heating 
isovaleric aldehyde (23 pts.) with S (9 pts.) in 
sealed tubes at 250° for eight hours (Barbaglia, 
0. 31^, 95 ; B. 17, 2651). Oil with penetrating 
odour like onions, sol. alcohol and ether. Docs 
not combine with NallSO,. 

Isomeride C^H.oS. [69°]. V.D. (H = l) 
60-76. Formed by passing H...S into a dilute 
aqueous solution of isovaleric aldehyde. Fibrous 
crystals (from ether), insol. water. 

THIOXENE V. Dl-UETUTIi-TUIOPHENB. 

THIOXYLENOL v. Xylyl mercaptan. 

THIOXYL METHYL KETONE v. Di-mkthti> 

TBIENYL METHYL KETONE. 

THORIUM Th. {Thorinum.) At. w. 232. 
Mol. w. unknown. Tne m.p. of Th has not been 
determined; it is certainly very high (Nilson.B. 
16, 2541). S.G. 11*1 at 17° (N., Lc., p. 2543). 
B.H. *02787 (N., B. 16, 161). Crystallises in 
regular octahedral and, hexagonal forma, iso- 
morphous with Si (Brogger, Z. K. 7, 442 ; of. 
NUson, B. 16, 2546 ; 16, 162 note). S.V.S. 20*9. 

Historvtal. — In 1818 Berzelius announced 
the discovery of the oxide of a new element 
in a rare Norwegian mineral *, to the metal of 
this oxide he gave the name thorium [from 
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the Seandinavian god Thor^ A few years 
later Berzelius found that the substance he had 
supposed to be a new earth was really yttrium 
phosphate. In 1828, however, Berzelius isolated 
a new earth from another Norwegian mineral ; 
he named the new earth thoria, and the mineral 
from which it had been prepared he called 
tJiorite (P. 16, 385). la 1851 Bergeniann dis- 
covered a new metal and called it donarium; 
but this metal was shown to be identical with 
the thorium of Berzelius by Damour (C. i2. 34, 
685), Berlin (P. 87, 608), and Bergeraann him- 
self (P. 85, 558). In 1862 Bahr supposed ho had 
found a new metal, which he called wasium, but 
soon afterwards he recognised that the metal was 
identical with thorium (P. 119, 572 ; 132, 227). 
The metal thorium was isolated by Berzelius in 
1828 (P. 16, 3851 ; it was also obtained by Chy- 
denius in 1861 (Bl. [2] 1, ISO) ; and in a state 
of greater purity by Nilson in 1882 {B. 15, 2537). 

Occurrence. — Compounds of Th have been 
found only in very small quantities in a few 
localities. Thorite from Ldvon in Norway con- 
tains c. 59 p.c. ThO,, according to Berzelius ; an 
orange-coloured variety of this mineral, orangitCt 
was found by Bergemann to contain 74 p.c. 
ThOj ; Nilson (B. 15, 2519) found from 50 to 
69 p.c. ThOj in different specimens of thorite. 
Small quantities of ThO, have been found in 
specimens of pyrochtore, nionazite, samarskitet 
euxenite, gadoUnite, and orthite. Several mine- 
rals containing Th have been discovered by Hid- 
den a. Mackintosh in North Carolina and Colo- 
rado; one of these is a silicophosphate of Th, 
another a silicate of Th and If, another a sili- 
cate of Th and U, and another is a uranate of 
Th, Pb, and Y (Atn. S. [3] 36, 461 ; 38, 474). 

Formation. — 1. By reducing ThCl^ or 
2ThCl4.KCl, by heating with K (Berzelius, P. 16, 
386). — 2. By reducing fused ThCl^, or 
2ThCl|.KCl, by means of Na (Chydenius, Bl. [2] 
1, 130 ; 6, 433 ; Nilson, B. 16, 2537). 

Preparation . — Powdered thorite is evapo- 
rated with HClAq to dryness; the residue is 
heated to render silica insoluble, and treated 
with water ; the solution is filtered and ppd. by 
HjS ; the filtrate from PbS is ppd. by NH3Aq, 
and the pp. of crude ThO.^.xHjO is thoroughly 
washed and dissolved in HClAq ; Th(C3(fJ)2 is 
ppd. from this solution -by H^C^O^Aq, and the 
pp., after being thoroughly washed with boiling 
water, is decomposed by heating; the crude ThO, 
thus obtained is converted into Th(SOJj by 
treatment in a Pt basin with cone. after 

being thoroughly moistened with water. The 
impure Th(S04), thus obtained is freed from acid 
and water by heating, and is dissolved in as 
little ice-cold water as possible (c. 6 parts are 
required), and the solution is heated to c. 20®, 
when Th(S0Aj.9H,0 ppta. The Th(S0,)3.9H,0 
is dehydrated by heating ; the Th(S04)2 is dis- 
solved in the minimum quantity of ice-cold 
water and the solution is heated to o. 20° ; the 
crystals of Th(SOJg.9Hj.O that separate are de- 
hydrated, dissolved ip ice-cold water, and the 
hydrated sulphate is ppd. by heating to 20°. 
This treatment is repeated a few times, when 
pure Th(S04)j.9H,0 is obtained. This method 
of purifying crude sulphate of Th, which is given 
by Nilson (B. 15, 2621), depends on the great 
differences between the solnbilities in water of 
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Th(SOJ, end Th(S04)j.9Ha0 ; the former, when 
pure, is -soluble in 20*6 parts water at 0°, the 
latter requires 88 parts water at 0°, and much 
more at 20^, for solution. The sulphates of the 
metals present in the crude ThfSOJ, prepared 
as described* are much more sol u ole in water at 
20° than ThlSOJ^.OHjO. For other methods of 
preparing ^aks of Th from thorite v. Berzelius 
(f.c.), Chydenius (Z.c.), Delafontaine (Ar. Sc. [2] 
18,343), and Cle^ {Bl. [2j 21, 116). 

To prepare Th from pure ThISOJj, Nilson 
{B. 15, 2538) dissolved the salt in water, ppd. by 
KOHAq end boilsil, washed the ThO.»xHaO 
thoroughly, dissolved in HClAq and reppd. by 
KOHAq (to remove all tiaceg of H.^SOj ; ho 
thoroughly washed the pp. by decantation, dis- 
solved it in HClAq, added KCl, in the ratio 
2ThCl4:KCl, evaporated to dryness in a Pt basin, 
and dried the residue by warming over a llame, 
stirring constantly, and then powdering and 
heating again. The dry double salt of ThOli 
and KCl was heated to redness in a stream of 
dry HCl fpre pared from cone. H^SO, and sub- 
limed NH^Cl), HCl was removed by a stream of 
H, and some of the salt was transferred to a 
cylinder of wrought iron (fitted with a lid which 
screwed on), in which a layer of dry NaCl had 
been placed ; pieces of sodium were arranged over 
theTh-K salt in the cylinder, on tln^e was placed 
another layer of the Tli-K salt, and the cylinder . 
was thus nearly filled with alternate layers of Na 
|ind the double salt ; the contents of the cylinder 
were psessed together by a piston whicli fitted 
into the cylinder, sulliciont dry NaCl was added 
to fill the cylinder, the lid was screwed on, and 
the apparatus was heated to full redness for 
about fifteen minutes ; after cooling, the contents 
of the apparatus were treated with cold water, 
whereby chlorides were dissolved and the excess 
of sodium was converted into NuOlI and dis- 
solved (the action is a]>t to be explosive) ; tl^p 
thorium was washed with water, then with alco- 
hol, and finally with ether, and dried at 100°. 

The yield of thorium by this method is almost 
equal to that calculated from the equation. For 
a detailed description of the iron cylinder used 
for reduction v. Nilson a. Pottersson, W, 4 , 664 
(on the preparation of Bo). 

Properties. — Prepared as described, Th forma 
a greyish-white, glistening powder ; the powder 
consists of small, thin, six-sided, crystalline leaf- 
left ; the larger crystals are as white and lustrous 
as silver, the smaller are grey and less lustrous. 
The crystals are somewhat brittle. S.O-. at 17° 
11*1 to 11*23; the latter number referring to th^ 
well -crystallised metal (Nilson, B. 16, 2543 ; 

•lOO). S.H. (0° to 100°) *02787, hence at. heat 
= 6*4 (IJ., B. 1^, 161). Crystallises in combinft* 
tions of regular octahedra and hexahedra ; iso- 
morphous with Si (N., l.cy, and note, p. 162). 
S.V.S. 20*9. The emission-spectrum of Th has 
been mapped by Thal6n {Ditetmin. dea Longueurs 
d*Onde dea Baies MUalliques [Uasala, 1868]) ; 
the most marked lines are three in the indigo’; 
4393, 4382, and 4281. Soret {Ar. Sc. [2] 68, 
59 ; [3] 4, 94) found that ThCl^Aq outs off al- 
most the whole of the ultra-violet part of the 
spectrum. 

Th is unchanged in air up to 100°>120°'i 
when heated to a higher temperature it burns to 
ThOs with production of muoh white light Th 
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if readily oxidised by heating In 0 ; on this ae> 
ootint some of the metal is oxidised in the pro- 
cess of preparation if the lid of thek.cylinder does 
not fit tightly. Nilson’s experiments (B. 15, 
2541) show that Th does not melt at the full 
heat of a wind-fumace. Th does net react with 
water ; it combines directly with Cl, Br, I and 
8. The metal is slowly acted on by H^S04 or 
HNOj, rapidly by HGlAq or aqua regia \ alkali 
solutions do not seem to react 

The at. w. of Th has been determined : (1) by 
analysing Th(S04), and hydrates of this salt (Ber- 
selius, P. 16, 898 [1829] ; Otiydenius, P. 119, 4.8 
[1861] ; Delafontaine, Ar. Sc. 18, 313 [1863] ; 
Hermann, /. jpr. 93, 114 [1864]; Cleve, BL [2] 
21,116 [1874] ; Nilson, B. 15, 2527 [1882]; Krusa 
a.Nilson, B. 20, 1665 [1887]) ; (2) by analyses of 
the double Th-E sulphate (Berzelius, lx.) ; (3) by 
analyses of the acetate, oxalate, and formate of 
Th (Ghydenius, lx.) ; (4) by determining S.H. of 
Th (Nilson, B. 16, 153 [1883]) ; (5) by finding 
V.D. of ThCl^ (Kriisa,.a. Nilson, B. 20, 1666 
[1887]). The mol. w. of Th is not kftown. 

Th is distinctly metallic in its chemical re- 
lations; the only oxide that has been isolated 
with certain^, ThO.^, is basic, forming salts 
ThX, (X-SO4, 2NO„ There are indica- 

tions of the existence of a nigher oxide (? Th,0,). 
Thorium forms the last member of the even-series 
family of Group IV. in the periodic classification 
of the elements. The members of this family are 
C, Ti, Zr, Ce, — , Th. The four elements Tj, 
Zr, Oe, and Th closely resemble one another in 
their chemical properties ; they are also similar 
to the odd-series family of Group IV., namely. 
Si, Oe, Sn, — , Pb. For a general account of 
Group IV. (and more especially of G and Si) v. 
Gahdom oboup op elements (vol. i. p. 682) ; for 
a description of the even-series family (Ti, Zr, 
Ge, Th) V. Titanium group of elements (this 
yol. p. 749) ; and for thp odd-series family (Ge, 
Sn, Pb ; Si being described in vol. i. p. 652) v. 
Tin group of elements (this vol. p. 735). 

The atom of thorium is tetravalent in the 
gaseous molecule ThCl^. 

Reactions and Combinations (Nilson, B. 15, 
2541). — 1. Heated in air, oxidation begins at 
o. 120^, and at much below rod heat the metal 
bums brilliantly to ThO^.— 2. Heated in a stream 
of oxygen^ the metal burns to ThO.^, with the 
roduotion of dazzling white light.— 3. Th 
urns to ThX^ when heated in chlorine,^iii 
bromine vapour, or in vapour of iodine. — 
4 . When heated with sulphur pa|:t of the 8 
volatilises, and when the temperature is above 
the b.p. of 8 combination occurs with production 
of much light, ThS, being formed.— 5. Accord- 
ing to Troost {p. B. 116, 1227), Th combines 
with carbon, wnen ThO. is mixed witn 0 and 
heated in GO, in the electric arc {v. Carbide, 
htfra).— 6. Water does not react with Th at 
Any temperature, so far as experiments have 
been tri^. ^Nilson (l.c.) gives no details, but 
says * Thorium is not cnanged by water under 
Any oooditions.’ — 7. Sulphuric ac^ reacts slowly 
with Th ; when dilate, the acid evolves H ; when 
oono. and hot, 80, is given off. — 8. The action of 
nitric acid is slight ; the dilute warm acid acts 
very gradually; oono. acid is almost without 
Action.— 9. Hydrochiorie add rapidly dissolves 
Th, fonaing ThOl^, and giving off H ; the aotion 


is most complete with oone. aeld.~>10. Aqua 
regia dissolves Th easily.— 11. Alkaline solu^ 
tMne seem not to react with Th. 

Detection and Estimation. — Salts of Th are 
colourless when the acid is colourless. Alkalis, 
and also (NH4).4SAq, ppt. gelatinous, white 
Th0,.2H.40, insoluble in excess of the precipitant ; 

, alkali carbonates fornf a white pp. soluble in 
excess ; solution in (NH4).4C03Aq becomes turbid 
at 60°, but goes clear on cooling ; saturation of 
a solution of a salt of Th with K4SO4 forms 
white Th(S04),.K,S04.2H,0, insoluble in 
K.4S04Aq, but soluble in water ; K^FeGy^Aq pptS. 
white ThFeGy, ; oxalic acid and alkali oxalates 
ppt. white amorphous Th(0.404),, insoluble in 
dilute acids, soluble in solutions of alkali oxa- 
lates or NH4.O.4H3O.4, especially on warming. 

Th is generally estimated by ppn. as 
ThO,,.2H;,0 or Th(C.404),,, and subsequent conver- 
sion into ThO, by heating. 

Thorium, bromide of. The gummy, white 
mass obtained by Berzelius (P. 16, 385), by eva- 
porating a solution of Th0.4.2H._j0 in HBrAq, was 
probably ThBr,. The hydrated salt ThBr,. lOaq 
seems to have been obtained, from ThO.. 2aq, by 
Jannasch, Locke, a. Lesinsky {Zeit. f. anorg, 
Chemie, 6, 283). 

Thorium, carbide of. By heating an intimate 
mixture of ThO.^ and 0 irf the electric arc, in an 
atmosphere of CO^, Troost {0. R. 116, 1227) ob- 
tained a hard, brittle solid, containing from 8'2 
to 9*5 p.o. G, and therefore approximating to the 
formula ThC, (whicli refiuires 9-38 p.o. 0). S.G. 
10‘16 at 15° ; scratches gli-ss slightly ; decom- 
poses cold water, giving off H and strongly smell- 
ing hydrocarbons; gradually decomposes in moist 
air ; burns rapidly and brilliantly when heated 
to redness. 

Thorium, chloride of, ThCl^. Mol. w. 378-6' 
V.D. 172-2 at 10r)0°-1270° (Kruss a. Nilson, B. 
20,1671). This compound is formed by heating 
a mixture of ThO^ and 0 in a stream of dry 
G1 ; the ThCl, sublimes in white needles. 
Kritss a. Nilson (B. 20, 1675) prepared pure 
ThCl, by heating Th to incipient redness in a 
stream of dry, air-free HCl ; then raising the 
temperature to full redness, in order to sublime 
a litfio FoCl.^, formed from the iron in the thorium 
used ; and finally sublyning the ThCl4 at an in- 
cipient white heat. (For details of tlie apparatus 
used V. Nilson a. Pettorsson, J. pr. [2] 33, 1 [on 
preparation of BeGl,]). 

ThGl4 crystallises in lustrous, white needles ; 
moderately hygroscopic, but remains some hours 
in the air before deliquescing (K. a. N., l.c.). 
Does not volatilise at 0. 420° (Ghydenius, P, 
119, 43). The V.D. found by K. a. N. at tempe- 
ratures from 1060° to 1270° shows that the for- 
mula ThCl, is molecular. K. a.N. got the value 
142 for V.D. at 1400°, showing that dissociation 
had begun. Troost (C. R. 101, 360) obtained 
values for V.D. of ThClf at 0. 950° considerably 
lower than those of K. a. N. It is likely that 
bis specimen was not pure, or that the apparatus 
used contained traces of O suflicient to cause 
decomposition to ThO, and G1 (E. a. N., lx., p. 
1674). 

Hydrated thorium chloride ThCl^.SHjO was 
obtained by Oleve in thin, white prisms, by con- 
oentrating a solution of ThOr2H,0 in HCLA^ 
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allowing to orystalliBe, and drying over 
(Bl. [2] 21. 116). 

Double salts, — ThOl^ combines with potas- 
tium chloride to form 2ThCl4. KG1.18H.^O ; ob- 
tained by mixing very cono. solutions of the 
constituents. Forms small, white crystals; v. 
sol. water, also sol. alcohol; dehydrated by 
heating in HCl (Cleve..J3Z. [2] 21, 116). By 
heating a dry mixture of ThCl. and NH^Cl in 
HCl, Chydenius rUi. [2] 1, 130 ; 6, 433) obtained 
a compound witn aynmonium chloridct which, 
when crystallised from water iti vacuo, had the 
composition ThC1..8NH^01.8H.^0 ; loses 6H.p at 
100°. Oleve (l.c.) prepared a compound with 
platmicchlori^Th(:J\^.ViO\^.\211.^0\ and Nilson 
(Z.c.) a compound with plaiinous chloride 
2ThC1..3PtCla.24H,0. 

Thorium, ferrocyanide of, ThFeCy,.4H20. 
A white powder ; prepared by adding K^FeCy^Aq 
to solution of a salt of Th (Cleve, Bl. [2] 21, 
116). 

Thorium, fluoride of, ThF^.dH^O. Obtained 
by adding HFAq to ThCl,Aq; the gelatinous 
pp. becomes powdery after a time (Chydenius, 
Bl. [2] 1, 130 ; 6, 433). Loses H^O at 100°, and 
2H2O at 140°-200° ; heated to redness gives 
ThOj and HP. Berzelius {P. 16, 385) obtained 
a heavy white powder by heating Th02.2H20 
with HFAq. Combines with potassium fluor- 
ide ; Chydenius (2.<f.) obtained two salts, 

(1) ThP«.KF by mixing ThCl.Aq with KHF.,Aq, 

(2) ThF,.2KF.4H20 by boiling Th0,.2H20 with 
cone. KHFjAq and HFAq. The isolation of a 
third salt, TThP^.SKF.OHp, is doubtful. 

Thorium, hydride of. By heating ThOj with 
excess of Mg powder, in a stream of H, Winkler 
(B. 24, 885) obtained a grey powder, which gave 
off H with dilute HClAq, and burnt when heated 
in 0, Analyses of this powder gave 72 86 p.c. 
Th, -60 p.c. H, 17'57 p.c. Mg, and 9*07 p.c. O. 
Supposing the ThO.^, Mg, and H interacted in 
accordance with the equation Th02 + 2Mg + 2II 
» ThH.j + 2MgO, then, from the quantities of 
ThO.2 and Mg used, the product would give on 
analysis 7377 p.c. Th, *63 p.c. H, 15*45 p.c. Mg, 
and 10*15 p.c. 0. From these data Winkle' 
concluded that a hydride, ThH,, was formed in 
the reaction. 

Thorium, hydroxides of, v. Oxides amd»ht- 

DRATED OXIDES { infro ). , 

Thorium, iodide of. The white gummy mass, 
crystallising after a time, obtained by Chydenius 
{BU [2] 1, 130 ; 6, 433) by evaporating a solu- 
tion of Th0,.2H20 in HIAq, was probably Thl^. 
The substance goes brown in the light. 

Thorium, nitride of. By heating ThO, or 
ThCl. in NH„ also by heating ThCl. and NH,C1 
in HCl, Chydenius {l.c.) obtained a small quan- 
tity of what he supposed to be either a nitrida 
of Th or a compound of the metal with N and 
H. 

Thorium, oxides and hydrated oxides of. 
Besides the oxide ThOj a peroxide, probably 
ThyO., is said to exist. 

THOBZxm DIOXIDE ThOj. {Thoria.) Mol. w. 
not known. Obtained* by ppg. a salt of Th by 
alkali, (NHJjSAq, or KCNAq, drying, and 
strongly heating ; also by deoomposiag Th(C20.)2 
by heat. A fine, white powder. S.G. 10*22 at 
17® (Nilson, B. 16. 268^. B.VJ3. 26*87. S.H. 
IP® to 100'} *0548 (N« a. Fettersson, B. 18, 1460). 


By heating ThO, with borax in tjMroelain oven. 
Nordenskjold obtained the oxide in miorosoopio 
crystals isomorphous with SnO, and ZrO, (P. 
150, 219). TbO, has not been fused ; }t is not 
reduced by heating with 0, but when mixed with 
0 and heatj^ in Cl the chloride ThCl^ is ob- 
tained. ThO.^ does not react with molten alkalis. 
It is scarcely* acted on by acids ; warm cone* 
* H^SO,, however, converts it into Th(SO,),. 

Hydrates of tuouium dioxide. The dihy^ 
drata Th0,..2U20 ThO,H„ thorium hydroxide) 
is obtained by ppg. a solution of a salt of Th by 
an alkali, (NH^l^SAq, or KCNAq, washing, and 
drying at 100°. It forms a hard, white solid. 
Th02.2H20 combines with COj in the air; it 
dissolves in acids, forming salts ThX,, where X 
“SO,, 2NOj„ tto. Another hydrate, dThO-^-H^O 
(*»Th,0,(OH)2, thorium metahydroxide) is ob- 
tained, according to Clove {Bl. [2] 21, 116), by 
heating ThO, (obtained by decomposition of 
Th(C20,)j) with excess of HNO^Aq or HClAq at 
100° till the acid is driven off, ad»ling water, and 
then ppg. the opalescent lolution so obtained by 
NHjAq, washing, and drying at 100°. This hy- 
drate is said to bo insoluble in dilute acids. 

Tiioridm peroxide ThjO,. An oxide with 
' this composition is said to bo produced by add- 
i ing H^O-^Aq and NII;,Aq to a solution of a salt 
I of Th (Clove, Bl. [2] 43, 53 ; Ijeooq de Boisbau- 
dran, G. R. 100, 605). 

Thorium, oxysulphide of. By strongly heat- 
ing ThO.^, obtained from Th02.2ILp, in CS, 

! \1ipour,,Chydoniu8 {Bl. [2J 1, 130; 6, 433) ob- 
tained a solid substance to which he gave the 
: formula 2Tli0,.ThS,-Th,0,S2. According to 
Kru88a.Volk {Zcit.f. aiwrg. Chemie, 5, 75 ; 6,49), 

: the compound obtained by heating ThO, in CB^ 

! is ThOS, and the same compound is formed by 
heating 2TliCl,.KCl in H.^S. 

Thorium, phosphide of. By heating Th in 
vapour of P, Berzelius (P. 16, 3H5) obtained a 
dark grey, metal like, lustrous solid, which waiP 
changed to Th phospliate by heating in air. 

Thorium, platiuocyanide of, 
Th(PtCy,)2.16H20. Yellow-green, orthorhombic 
prisms (Clevo, Bl. [2] 21, 116). 

Thorium, salts of. All the normal compounds 
which have been isolated by replacing H of 
acids by Th belong to the class ThX,, where 
X»2NO„ 210,, SO,, SO,, ijPO., Ac.; basic salts 
also exist. The chief salts of oxyacids are 
bomte, carbonate, chlorate, chromate, iodate and 
periodate, molybdate, nitrate, oxalate, phos- 
phates, selefiale and selenites, silicates, sulphate 
and sulphite*e,Vidi tartrate. 

Thorium, silicofluoride of. By treating 
Th0.,.2H20 with H^SiF^Aq, Cleve {Bl. [2J 21, 
116) obtained a semi-transparent, crystalline 
solid, pA)bably®Th(SiFj2; insol. in excess of 
HjSiF, ; over H,SO, gave oft HF and SiF,. 

Thorium, sulphide of, ThS). Obtained by 
heating Th with S ; excess of S sublimes, and 
•when the temperature passes the b.p. of S the 
elements combine with evolution 6f heat and 
light (Nilson, B. 16, 2642 ; cf. Berzelius, P. 16, 
885). Also formed by heating ThO„ obtained 
from Th(0,OJ„ to white heat in vapour of OSg 
(Chydenius, Bl. [2] 1, 130 ; 6, 483) ; but, ac- 
cording to KrOss a. Volk (f.c.h the compound 
thus formed is ThOS. A blaok powder. Bums 
when heated in air. giving off SO, and leaving 
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ThO^ Not acted <m b? HOlAq or HNOaAq; 
^ua regia dissolves the compoaod, forming 
ThCSOJy Molten KOH forms and ThO,; 
heating, m Cl produces ThGl4. 

Thorium, snlphoeyonide of. The salt 
[? Th{SC7)4]is obtained, as a viscid 'mass, by eva* 
porating a solution of ThOj.2^0 in HSCNAq. 
A solution of the compound gives ta pp. with 
HgCyj, said to be Th(0H)gSCy.HgCya.H20 ; and 
the filtrate is said to give crystals of 
Th(OH)(SCy),.3HgCyj.l2a^U(Cleve, Bl. [2] 21, 
116). M. M. P. M. 

THUJIGEN^ 0,4H„0,«or 02,Hj40,4. Occurs 
in small quantity in Frondes Thujce, the green 
parts of Thuja occidentalis (Bochleder a. Eawa* 
Tier, Site. W. 29, 10). Minute needles, v. si. sol. 
water, sol. alcohol. NEL, colours its alcoholic 
solution green. AcCl forms resinous C,4H,,AcO,. 

THUJIN OjoHjjOjj. Occurs in the green 
branches of Thuja occidentalis (Eoohleder a. 
Eawalier, Sifs. IK.29, 10). Minute lemon-yellow 
four-sided tables, sol* alcohol. Tastes bitter. 
Its alcoholic solution is ooloured*"yellow by , 
alkalis, is turned reddish-brown by air, gives a 
yellow pp. with lead acetate, and gives a dark- 
green colour with PeCl,. Beduces ammoniacal 
AgNO,. Boiling dilute H^SO, turns it first 
green, then yellow, and splits it up into sugar 
and thujeti/i. Boiling baryta-water hydrolyses 
it in like manner. 

Thnjetin OggHjgO,,. Yellow solid, nearly 
insol. water, sol. alcohol and ether. Not altered 
by dilate HOI or H4SO4. Its alcoholic 'solution 
is turnbd a splendid bluish-green colour by 
NH,Aq. Gives, in alcoholic solution, a red pp. 
with lead acetate, and a black colour with FeCI,. 
Boiling baryta- water converts it into thujetic 
acid which crystallises in minute 

lemon-yellow needles, sol. alcohol and ppd. by 
water. 

•• (i8)-THUJOL is Tanaostoke. 

THUJONE 0,oH,gO. (212®). S.G. 42 *9266. 
Occurs, together with the terpene 0,oH„ and 
IffivoTotatory fenchone, in the essential oil of 
thuja obtained by distilling the ends of the 
branches and the leaves of Thuja occidentalis 
with water (Schweizer, A. 61, 398; Jahns, 
Ar. Ph. 221, 748 ; Wallach, A. 272, 109). Yields 
an oxim. 

Reactions, — 1. When heated with ammonium 
formate it yields a formyl derivative whicbi on 
saponification gives rise to ‘thujoneamine ’ 
0,oH„.NHj (199®), which forms the salts 
B'^H^tCl, and B'HGl. Thujone-&mine hydro- 
chloride decomposes on distillation into NH4GI 
and thujene G,oH„ (0. 173®j, S.G. -84. — 2. 
KMnOg forms two * thu jaketonic acids.’ — 3. 
Br forms G,gHj,Br,0 [122®] (Wallach,' A. 276, 
179). 

(a)-Thujaketonio acid G,oH„0, i.e. 
GH,.C0.G,H„.G02H. [76®]. S. 0. 2-6 at 100®. 
Transparent plates. Yields an oxim [0. 186®]. , 

(iS).Tlnijtketonio acid G,H,2(C0,CH,).C02H. 
[79®]. S. 1*43 at 100®. Small matted needles. 
On distillation it yields methyl heptyl ketone 
(186®) S.G. *854, which gives «l'-oumene di- 
hydride G,H,4 on heating with ZnCl, at 100® 
(Wallach, A. 276, 166). Forms an oxim [106®] 
which crystallises in needles.— AgA' : sL soL 
oold water. 


THtTLITTM. This name was given by deve 
in 1879 to the metal of a now earth which he 
announced to be present in specimens of gado- 
linite {0. R. 89, 478). The name thulium was 
derived from Thule, the old name for Soandi- 
navia. The presence of the new earth was more 
or less confirmed by the work of Nilson (B. 13, 
1433), and of Soret (C. R. 89, 261). - In 1880 
* Cleve said he had isolated thulia, and described 
it as a white earth, giving an emission spectrum 
characterised by two bright lines 6896 and 5306, 
and forming solutions of salts which showed 
two absorption bands 6840 and 4645. To tlys 
earth Cleve assigned the formula TmaO,, and he 
determined the maximum value of the atomic 
weight of the supposed element to be Tm => 170-7. 
In 1888 Kriiss a. Nilson declared that thulium 
consists of two distinct elements (B. 21, 1681). 

The absolute homogeneity of thulia has been 
by no means established (v. Metals, rare, vol. 
iii. p. 246). M. M. P. M. 

THYME OIL, The essential oil from garden 
thyme, Thymus vulgaris, contains laevorota- 
tory thymene C.oH,, (160®-166®), thymol 
0,oH,40 and a little cymene (Lallemand, A. 102, 
119; A. Ch. [3J 49, 156). The oil from wild 
thyme. Thymus serpyllum, contains cymene, 
thymol, carvacrol, and a phenol coloured violet 
by FeOl, (Jahns, Ar. Ph. [3] 16, 277 ; Febre, 
O. R. 92, 1290 ; Buri, Ar. Ph. [3] 12, 485). 

THYMO -ACRYLIC ACID v. Oxy-oymyl- 

ACRYLIC ACID. 

THYMOHYDROOITINONE v. Hydrothyuo- 

QUINONE. 

THYMOL 0,„H,40 i.e. G^HgMePr.OH [6:2:1]. 
Mol. w. 160. V.D. 75-3 (calc. 75) (Eykman, B. 
22, 2767). [49-5®] (Reissert, B. 23, 2242). (232®). 
S.G. a .9941. o.E. (0®-10®) ‘OOOSfi. S. -3. 
8.V. 188-9 (Pinette, A. 213, 46) ; 189*3 (Ram- 
say). Rqo =76-66 (Nasini a. Bernheimer, G. 
16,93). H.F.p. (liquid) 69,250 ; (solid) - 8768. 
Occurs in essential oil of thyme (Doveri, A. 64, 
374 ; Lallemand, A. Ch. [3] 49, 148 ; A. 102, 
119), of horsemint, Monardapu7tctata{ATp^e, A. 
68, 42), of Ptychotis afowan (Stenhouse a. 
IJaines, A. 98, 307; H. Miillcr, B. 2, 130) of 
Monarda Didyma, of Ammi Copticum (Buri, 
Ar. Ph. [3] 12, 485), and in the oil from wild 
thyirje (Jahns, B. 16, 819). 

Formation. — By bojiling diazo-n-cymene with 
water (Widman, B. 16^, 170 ; 19, 246). 

Preparation.—’By extracting oil of thyme 
with NaOHAq, ppg. by HCl, and recrystallising 
from HOAc. 

Properties. — Plates (from alcohol), v. sol. 
alcohol, ether, and HOAc, v. si. sol. water. Has 
a slight odour of thyme and a peppery taste. 
When solid it is slightly heavier than water, 
when liquid it is lighter. Not ppd. by adding 
water to its alcoholic solution. Not dissolved 
by NH,Aq, but absorbs NH,, becoming liquid, 
but re-solidifying after the NH, has escaped. 
Sol. KOHAq. FeGl, does not colour its aqueous 
solution. Broihine-water only gives a milMness. 
An aqueous solution (1 vol.) warmed first with 
HOAc (4 vol.) and then tvith H4SO4 (1 vol.) is 
coloured reddish -violet, the solution showing 
two absorption bands at E and D (Wolff, Fr. 22, 
96). EOHAq followed by I in El gives on 
warming a fugitive red tint (Itallie, Fr. 29, 206). 

Estimation : Messinger, B. 23, 2754. 
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Bsactions.^L Decomposed by distilling 
irtth P,0* into propylene and w^cresol,— 2. P,8» 
yields cymene (Fittioa, B, 6, 938 ; A. 172, 805). 
8. Oxidised by chromic add to thymoquinone. — 
4. PCI, yields chloro-cymene. — 6. Potash- 
fusion yields several oxy-acids (Barth, B. 11, 
667, 1571). — 6. Iodine and potash yield a rod 
amorphous pp. [110°] converted by heat or by 
boiling water into a yellow body [1G5°] (Messin- 
• ger a. Vortmann, B, 22, 23101. — 7. Boiling 
POCl, (1 mol.) acting on thymol (1 mol.) forms 
liquid 0,oHjjO.POCL^ (280°-285°) which is con- 
verted by water into liquid C,on,30.PO{OH)2, 
v/hich yields BaA'Maq and is decomposed by 
heat into thymol and HPO, (Discalzo, Q. 15, 
279).— 8. Boiling POCl., acting on thymol (2 
inolB.) forms (0,oH„0),POCl (330"-340° at 320 
mm.), a liquid which is converted by water into 
(C|oH, 30).^PO.OII, which is insol. water and 
yields NaA' [74°J (Kreysler, B. 18, 1705) and 
BaA',5aq. S. *197 at 21°.— 9. PCI, (1 mol.) 
acting on thymol (4 mola.) forms (C,„H,aO);,PO 
[69°] crystallising from alcohol in prisms (M. a. 
L.).— 10. SiCl, forms Si(00,„n,3)4 [48*^] (450°) 
crystallising from CHCl, in prisms (Hertkorn, 

B. 18, 1693).— 11. Cl.CO.NU2 reacts forming 

C. HaMePr.O.CO.NH.CO.NH. [190°] (Oatter- 
mann, A. 244, 44). — 12. C,il4(NM0j(NH.J [1:4] 

forma inJothymol 

[69'5°] crystallising in*needles, insol. water and 
alkalis, forming a blue solution in alcohol, a 
violet in ether, and a green in HO Ac. IIClAq 
decomposes indothymol into thymo(iuinonc, di- 
methyl-aniline, and NH, (Bayrac, Bl. [3] 7, 97). 
13. Chloral forms C,oH„OC.,UCl30 [130°-134°) 
(Mazzara, Q. 13, 272).— 14. CAZomf, cone. H.^SO^, 
and HOAo yield CCl3.ClI(C,olI,.2.01I).2 (Jiiger, 

B. 7, 1197).— 15. Dilute U.,S04 gradually added 
to a mixture of benzoic aldehyde (1 mol.) and 
thymol (2 mols.) forms CsH,.CII(C,oIl,.4.0Il).2 
[146°] which is sol. alkalis and yields a 
diacetyl derivative [126°] (UussanolT, B. 22, 
1943). — 16. COCl,2 passed into an aqueous solu- 
tion of 0,oH,i,ONa forms di-thymyl carbonate 
(0,aH„0)3C0 which crystallises from alcohol in 
needles [48°] (above 360°) and yields o-oxy- 
benzoio acid when heated with NaOPh at 180° 
(Richter, J, pr. [2] 27, 505). According to 
Bender {B. 19, 2268), di-thyrayl carbonato,*pre- 
pared by heating thymyl ethyl carbonate at 
800°, melts at 60°. COOL2 also forms, as a by- 
product, OiftH.iO.COCl, which is converted by 
ammonia into 0,oH„O.CO.NH2 [131°]. — 17. 
Cl.COaEt acting in the cold upon 0,„H„ONa 
forms 0,„H„O.CO.OEt (0. 261°), an oil which 
yields o-oxy-benzoio acid, PhOEt, and thymol 
when heated with NaOPh (Richter). — 18. Treat- 
ment with CICH2.CO2H and NaOHAq produces 

C, „H„0.CH,.C02H [148°] which yields BaA', 2aqv 
PbA' , AgA', oily EtA' (290°), and an amide [97°j 
(Saarbaoh, J.pr. [2] 21, 159 ; Spica, Q. 10,342). 
19. a-Chloropropionio acid and KOHAq yield 
C,,H,,O.CHMe.C02H [48°] (Sciq^Bone. G, 12, 
60).— 20. Thymol (10 g.) mixed with H2SO4 
(70 g.) containing nitrous acid gives thymol- 
chroin 044H„Nj0„ a dark-violet amorphous body 
which dissolves in alcohol, ether, CHCl,, and 
benzene, forming red solutions with pale-green 
fluorescence. Alkalis turn its alcoholic solutions 
hlaa. Sublimes at 140°, giving off violet vapours. 


Yields brown amorphous O 40 H 4 BAo 4 N,O 4 (Brui\ner 
a. Chuit, JB. 21, 252; c/. Liebermann, B, 7, 
1100). — 21 . By heating with ammonium-zino 
chloride it v converted into thymylamine 
C,<,H„NH2 and di -thymylamine (0,j,H,j|)jNH. — 
22. Gyanuric chloride converts sodium thymol 
into (C,„H,/ 3 Cj,NhO, [151°] a yellow crystalline 
powder, insol. water, si. sol. alcohol (Otto, B. 
^ 20. 2239).-^23t Aqueous KOH and KaS^O^ form 
C,olI„O.SO,..OK, which crystallises from alcohol 
in slender silky threads (lloynmnn n. KOnigs, 

B. 19, 3307). It is oxidised by alkaline KMUO4 
tooxycuminio acid C,H3Pr(OH).CO,II [4:3:1]. 

Salts. — OjoH^sONa. Crystalline. Its 
aqueous solution is pptl. by HgCl.^ and AgNO,. — 

C. oII.aO.IIg.IIgNO^.—C.oH.aO.Hg.IIgOAc (Merck, 
O. P. 48539; Duirm. Zeit. 1889, 625).— 
(C,„H,30),Ilg,0 (Lallcmand).-(0,oII,30),Al. De- 
composed by heat into propylene and 
(CJIjMg.O) 3A1, the w-croaylato then splitting 
up into alumina, m-crcsol, di-»«-tolyl oxide, and 
a body 0,JI„0 [200°] S. (alcohol) *17 at 20° ; 1 
at 78°; S. (benzene) -93 qt 21° ; S.G. 805 ; V.D. 
208*8, orysisillising in pearly plates (Gladstone a. 
Tribe, 0. J. 39, 9 ; 41, 11). 

Acetyl derivative 0,oII,30Ao. (245°). 

S.G. 1*009. 

Benzoyl derivative C,„H,!,OBz. [82°J. 
n.F. 90,480 (Stohmann, J. pr. [2] 36, 9). 

Methyl ether C,uH,30Mo. (216° cor.). 
S.G. « *9531. C.E. (0°-10°) *00083.* S.V. 214*3 
(Pinetto, A. 243, 47). II.F.p. 61,429 [0,0* 
^94,000; 11.4,0 = 69,090] (Stohmann, /. pr, [2) 
i^5, 26). » Formed from thymol, KOH, and Mel 
(Engelhar<lt a. LatschinolT, Z. [2] 5, 43)^ 

Ethyl ether C.oII.aOEt. (227 ) (Pinotte;c/. 
Jungfleisch, Bl. [2] 4, 17). S.G. g *9‘^34. C.E. 
(0°-10‘') *00089. S.V. 240. II.F.p. 08,858 (Stoh- 
mann). Yields the etliyl derivative of oxy- 
teroplithalic acid on oxidation (Paterno a. 
Canzoneri, G. 9, 460). DecornpoHcs at 8G0°- 
400° into thymol and ethylene (Bamberger, B, 19, 
1820). • 
Propyl ether CJi.JdVx. (243°). S.G. g 
*9276. C.E. (0°-10°) 00088. S.V. 265*6. 

Bntyl ci/ier C.oH^OOJI,. (258°). S.O. g 
•9230. C.E. (0°-10°) *00085. S.V. 289*2. 

Isoamyl ether C,„H„OC,H„. (238°-243°) 
(E. a.L.). Oil. 

Heptyl ether (807°). S.O. g 

•9097. O.E. (0°-10°) *00082. S.V. 868*7. 

Octyl ether C,„H„00,H„. (320°). S.O. g 
•9(!PB6. C.E.(0°-10°) *00076. S.V. 896*6 (Pinette). 

Ethylene ether (C,oH, 80)40,114. [99°J. 

Plates (from ether) (Paterno, O, 5, 13). 

Nitroio-Axymol v. Oxirn of Tiiymoquinonb. 
Dithymol v. Di-oxy-i>icymyl. 

• References. — Amido-^ Bkomo-aihdo-, Buomo- 
NixBo-, Tiu-OHLoao-, lono-, Iooo-amido-, and 
Nitbo-thymol.* 

DI-THYMOL-ETHANE 4 >. Di-oxy-di-oyiiyl- 

BTBANE. 

THYMOL DIOARBOXYLIO ALDEHYDE 

»0„H,40, i.«. C,HMePr(OH)(OHO),. [80°]. 

Formed as a by-product in the preparation of 
thymotio acid by the action of chloroform and 
NaOH on thymol (Kobek, B. 16,2104). Needlea* 
Gives a red colour with FeCl,. 

THYMOL (a)-8nLFH0NlC ACID 
C«H.4MePr(OH].SO,H. [92°] (Stebbins, Am. 8 , 
111). Formed from thymol by the aotion 
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or Cll.SOt.OH at 50^ (Engelhardt a. 
Latsohinoff, Z. 1869, 44; 1871, 261). Pearly 
plates (oontaining aq), ▼. e. sol. water. FeGl, 
colours neutral solutions dark-w.olet. Yields 
tbjmoquinone on oxidation. 

Salts.— EA' 21aq. Efflorescent tables, t. 
e. sol. water.— NaA'2iaq. [167®].ANH,A' 2aq. 
[172<>].-CaA',2aq. [l67<*].-BaA't 4aq. Prisms, 
decomposing at 100®. — PbA', 4aq. " 

Bentoyl derivative 0,oH,j(OBz).SO,H. 
— KA' 2aq.— CaA't 4aq.— BaA^, Saq.-PbA'* 6aq. 

Ethyl derivative 0,oH,5(OEt)SO,H. 
Formed from the K salt, KOH, and EtI.— 
Thin plates.— BaA'a 3aq. Piates, si. sol. hotAq. 

laoamyl derit>atttjeO,tH, 2 (OCsH„).SO,H. 
-KA'. Needles, v. sol. water. -BaA'^Saq. 

Thymol (;3)-Balphoiiic acid C„H,a(OH).SO,H. 
Formed in small quantity by the action of HaSO^ 
on thymol. — KA' aq. Plates, si. sol. cold water. 
Coloured violet-blue by FcCl,. 

Thymol M-sulphonio acid 0,oH,„(OH).SO:,H. 
Formed by heating thymol with fuming 11^804 
at 100° (E. a. L.). — E^'aq. Granular, v. sol. 
water.— BaA'aSaq. Tufts of needles, ntore soluble 
than the (al-isomeride. Not decomposed at 
120 °. 

Benaoyl derivative 0,ttH,a(0B2),S0aH. — 
KA' 8aq. Flat needles, si. sol. cold water. 

Ethyl derivative 0,aH,a(0Et).S0aH.— 
KA'. P’lat needles.— BaA'jSaq. Six-sided tables. 
Thymol-sulphonio acid 
Ethyl derivative 0«HaMePr(0Et)S0aH 
[1:4:3:GJ. Formed by boiling diazo-cymene^- 
Bulphonic acid with absolute alcohol. — BatVs 3aq*; 
white plates, sol. hot water, si. sol. cold (Widman, 
B. 19, 247). 

Thymol aulphonio acid. Methyl deriva» 
tive 0,gHjj(OMo).SO,H. Formed, together with 
an isomende, by sulphonation of the methyl 
ether of thymol (E. a. L. ; Paterno a. Pisati, B. 
8, 440).— K A' : large tables.— Ba A', 8aq. Nodules, 
y. sol. hot water. S. 3-94 at 26°. 

Thymol disulphonio acid C„H„(OH)(SO,H),. 
Formed by sulphonating thymol. — K.^" l^aq. 
Ellloresoent needles (from alcohol), v. e. sol. 
water. 

Rcferencee, — Amido-, Bromo-, and lono- 

TnVlIOL SULPHONIO ACID. 

THYMOQUINONE C,oll,,0, i.e. C,H.;MePrO, 
[2:6:4:1J. Mol. w. 164. [46*6°]. (232°). 

Formed by oxidation of thymol (Lalleraand, J, 
1854, 592), of the methyl ether of thymol 
(Paterno, B. 8, 440), of cymenol (Garstan^n, 
J. yr, [2] 3,^ 53; 15, 410), of di-oxy-di-cymyl- 
ethane (Steiner, B. 11, 289), of carvaorol p- 
sulphonio acid (Claus, J. pr, [2] 39 ,'856), and of 
amido-thymol (Andersen, J. pr. [2] 23, 172; 
Armstrong, J3. 10, 297 ; Liebermann a. llinski,' 
B. 18, 8194). Yellow crystals,, with , pungent 
odour, V. al. sol. water, v. sol. alcohol and ether. 
Keduoed by SO* to tydrothymoquinone. K,SO, 
at 60° forms crystalline 0,oH„0*8K. Phenyl 
eyanate forma C,oH,. 40 ;NO.CO.NHPh [132^, 
crystallising in large yellow needles (Gold-* 
achmidt a. Strauss, B. 22, 3106). 

Oxim CnHaMePrOlNOH) or 
0^,MePr(0H)(N0). Nitroso - thymol, [162°]. 
Formed by the action of nitrous acid on ^ymol 
(B. Schiff, B. 8, 1600 ; Widmann, B. 16, 170 ; 
Liebermann, B. 18, 3194). Formed also by the 
action of hydroxylamine hydrochloride on 


thymoquinone (Goldschmidt a. Schmid, 17, 
2061). Slendeit monoclinio needles, a:6:o 
«1*987:1:1-8941; /3-94°67' (Panebianco, G, 
10, 78) ; si. sol. hot water. Its alkaline solution 
is red. Oxidised by alkaline KjFeOy. to nitro- 
thymol. Beduced by tin and HGl to amido- 
thymol (Liebermann, B. 10, 77). Does not react 
with SO, (Schmidt, J. pr, [2] 44, 621). Fuming 
^HCl forms di-chloro-tbymoquinone and chloro- 
amido-thymol (Sutkowski, B. 19, 2316). KOH 
and BzCl form C,oH,,0(NOBz) [110°]. Hydroxyl- 
amine (3 mols.) in strongly alkaline solution* 
forms, in 48 hours, a white substance which, if 
ppd. by HO Ac, immediately dissolved in dilute 
NaOH, treated with an equal weight of a phenol, 
and exposed to the air, pves a deep-blue colour 
or pp. turned red by acids (Kehrmann a. Mes- 
singer, B. 23, 2818, 3557). 

C,„H,,N,0, 0„H„(N0n),. 

Formed by boiling an alcoholic solution of 
nitroso-thymol (1 mol.) with hydroxylamine 
hydrochloride (2 mols.) and partially neutralis- 
ing with alkali from time to time. Yellowish- 
. white granules, decomposing at 235° without 
melting. Insol. water and NH^Aq, sol. KOHAq. 

Chlorimide C„H^MePr<^^Q 2 . Formed 

by adding a solution of bleaching powder to a 
cold acidihed solution of the hydrochloride of 
y)-amido-thymol (Andresen, J. pr. [2J 23, 169). 
Pungent oil, volatilising even at 15°. Decom- 
poses at 160°-170°. Volatile with steam. De- 
composed by cone. HClAq into chloro-amido- 
thymol and mono- and di- chloro-thymoquinone. 
Cone. HBrAq behaves in a precisely similar way. 
Alcohol at 140° converts the chlorimide into thy- 
moquinone. Cone, aqueous SOareduces it in a few 
days to hydro-thymoquinone. Beduced by tin 
and HCl to ^^-amido-thymol, considerable quan- 
tities of hydrothymoquinone being formed at the 
some time. 

Folymeride [201°]. Formed by the action of 
daylight on thymoquinone (Armstrong, B. 10, 
297 ; Liebermann, B. 10, 2177 ; 18, 3193). Silky 
yellow needles (from alcohol), insol. ether. 
Changes to thymoquinone on distillation. Not 
attacked bySOj at 180°, but reduced by HI and 
P, or in alcoholic solution, by Zn and HGlAq to 
hydrothymoquinone. 

Phenyl hy dr azide Insol. benzene. 

Oxim (C,„H„NO./)^. [263°]. Crystalline, 
insol. water. Beduced by tin and HCl to amido- 
hydrothymoquinone. 

Dioxim (C^H^N^O,),. [c. 290°]. Powder. 
May be reduced to di-amido-cymene. 

References. — Di - amido-, Bbomo-, Chlobo-, 
loDO-, and Oxy- thymoquinone. 

o-THYMOTIC ACID C„H, 40 , t.e. 
C,H,Me(0,H,)(0H).C0aH[6:3;2:l]. Mol! w. 194, 
[123°]. Formed by the action of CO, npon 
heated sodium -thymol (Kolbe a. LautemEUin, A, 
115, 206 ; Kobok, B. 16, 2101). SUky crystals, 
V. sol. alcohol, other, and benzene, almost insoL 
cold water. Volatile with steam. Gives a deep* 
blue colour with FeClj. Yields thymol when 
distilled with baryta. Ppi, acting on the Na 
salt forms thymotide 0„H„0, [187°], which 
is reconverted into thymotio add by potash 
fusion (Naqdet, B2. 4, 92). 

j>-Thymotic acid C„H, 40 , i,e, 
C^^e(OA)(OH).CO,^[6U>:4:l]. [ISr) 
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Formed by heating thymol with aqaeona NaOH 
and GOI 4 (Eobek). \l^ite plates, v. sol. alcohol, 
ether, and benzene, InsoL cold water. Not 
coloured by FeCl,. 

Methyl derivative 

OAMe(C,H,)(OMe).CO^. [137®]. Silky 
needles (from dilate alcohol). — AgA'; pp. 

p-TETOOTIC ALCOHOL i.e. 

CAMe(C;H,)(OH).CH,OH. [120®-130°]. Formed 
by reducing thymotio aldehyde with sodium- 
amalgam (Kobek, B. 16, 2093). Amorphous 
powder, v. sol. alcohol and ether, inaol. water. 

• j>.THYMOTIC ALDEHYDE C„H,A 
C.H,Me(0,H,)(0H)CH0[6:3:4:lJ. [133°]. 

Formed, together with 04 HMe(OjH,)(On)(CHO)j 
[6:3:4:6:1] [30°], by heating thymol with chloro- 
form and NaOHAq (Kobek, B, 16, 2006). Silky 
needles, y. sol. alcohol, si. sol. hot water. On 
heating with aniline it yields the compound 
C,H*Me(C,H,)(OH).CH:NPh [142°] crystallising 
in yellow needles. 

Methyl derivative 

C.H,Me(C,H,)(OMe).CHO. (278°). Formed by 
mothylation of the aldehyde. Oil, yielding an 
anilide C,H.,Mc(C,H,)(OMe).CH:NPh [80°] crys- 
tallising in transparent tables. 

THYMYLAMINEO,oH,,Nn,. (230°). Formed, 
together with di-thymylamine, by heating thymol 
with ammoniacal Zn^r, or ZnCl^ and NH,13r 
or NH,C1 at 350°- 360°, the yield being 
25 p.c. (Lloyd, B. 20, 1260). Colourless oil.— 

JPtClj ; yellow needles. 

Acetyl derivative 0,„H,aNAo. [112®]. 

Isomeride v. Carvacrylaminr. 

Di-thymyl-amine (C,oII„)aNH. (340°-345®). 
Formed as above, the yield being 25 p.c. Oil. 
Its solution in P^SO^ is coloured blue by nitrites 
or nitrates.— B'jHjPtCl*. 

Acetyl derivative (C,oH, 3 )j{NAo. [78°]. 

THYMYL CYANDBIC ACID v. Cyanic acid. 

THYMYL MERCAPTAN C,oH,aSH. Thio^ 
thymol, (231°). S.G. -980. Formed by heat- 
ing thymol with PgS* (Fittica, A. 172, 325 ; 
Bechler, J. pr. [2] 8, 167). Liquid with pungent 
odour. Oxidised by HNO, to sulpho-toluic acid^ 
— Hg(SC,oH,,) 3 . Greenish rhombohedra [78°]. 
— PbA', : golden needles (from alcohol). 

THYMYL PHOSPHATE (C,oH„),PO,. [»9°]. 
Formed by heating thymoj with POCl„ the yield 
being 75 p.c. of the theoretical amount (Kreysler, 
B. 18, 1706). Colourless needles. 

THYMYL SILICATE (C,„H„)4Si04. [48°]. 

( 0 . 460°). Formed by heating thymol with 
SiGl^, the yield being 70 p.c. of the theoretical 
amount (Hertkom, B. 18, 1692). 

TIOLIC ACID 0*H A i.e. CH,.CH:OMe.CO.,H. 
Methyl-crotonic acid. Mol. w. 100. [66°]. 

(199° i.V.) (Kopp, A. 196,84). Occurs us a glyceryl* 
ether in croton oil (Geuther a. Frdhlich, Z. 1870, 
649; Schmidt a. Berendes, A. 191, 94 ; B. 10, 
636 ; Ar. Ph. [8] 13, 213), and as isoamyl ether 
in J^man oil of chamomile (E^big, A. 196, 
101 ). 

Fortnation, — 1. By /he action of heat or of 
eonc. H^SOa on angelic acid (Demar^ay, B. 9, 
1933).— 2. By reducing the dibromide of angelic 
acid with sodium-amalgam (Schmidt, A. 208, 
253).— 3. From GEtMe(OH).CO,Et (derived from 
oxalic ether, EtI, Mel, and Zn) by treatment 
with PG1| and saponification ii the product 
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(Frankland a. Duppa, A. 138, 9). — 4. By distil- 
ling CH,.CH(OH).CHMo.OO.,H(Bohrbeck, A. 188, 
235), or by Seating it with HlAq (llOcker, A. 
201, 61).— 6. By reducing metbyl-acbtoacetio 
ether with sodium-amalgam and heating the re- 
sulting CHfCH(OH).CHMe.CO,H at 200° (Wig- 
licenus, A^ 250, 243).- 6. By heating veratrine 
with alcoholid potash (Wright a. Luff, G. J, 83, 
347). — 7. By heating veratrine with cone. HClAq 
(Ahrens, B. 23, 2*504). 

-Triclinic plates, v. sol. hot 
water, alcohol, and ether. Smells like ben- 
zoic acid. Volatile ^vith steam. Not attacked 
by sodium-amalgam. Forms with isovaleric 
acid the double suits CaA'(C.lIuO^) 41aa and 
AgA'CJi.O,. V . . j i 

^ Reactions. — 1. Yields acetic aldel^de and 
acid on oxidation with KMnO^ (Beilstein a. 
Wiegand, B. 17, 2261 ; Kondakoff, J. R. 20, 
623). — 2. Potash-fusion gives propionic and 
acetic acids. — 3. Fuming HI forms an iodo- 
valcric acid [87°] (Schmidt, B. 12, 262). -4. HI 
and P yield CEtMell.COJI. — 6. Bromine forms 
CJI„Br.A [88°] (Pilekert, A. 250,240; Wis- 
Jicenus, A. 272, 21 ; 271, 99). 6. HOCl forms a 

mixture of CII,.CH(GII).CClMe.^O,II [112°] 
and CH,.CHCl.CMo(OU).CO,U [75°J (Molikoff, 
Bl. [2] 47. 166). 

Salta.— KA'.— CaA', 3aq. S. (of CaA\) 6 4 
at 17°.— BaA', 4aq. S. (of BaA'J 18-6 at 16°.— 
AgA'. 

.. Ethyl ether (155°). S.G. A *942. 

IsQXmyl ether (205°). 

Reference. — Chloro-tinlic acid. ** 

TIGLIC ALDEHYDE C, 11,0. Ouaiol. (118°). 
V.D, 2*92, Formed by distillation of gum 
guaiacum (Deville, C. B. 17, 1143; 19, 134; 
Volckel, A. 89, 846; Herzig, M. 3, 118). Formed 
also by heating acetic aldehyde (1 mol.) with 
propionic aldehyde (1 mol.) and aqueous (28 p.c.) 
NaOAo for 30 hours at 100° (Lieben a. Zeisel^ 
M. 7, 53). Pungent oil, miscible with alcohol 
and ether. Oxidised by air to tiglic acid. Alka- 
line sodium nitropru.sside gives a violet-red 
colour destroyed by HO Ac (Von Biito, A, 267, 
376). Br forms di brorao-valorio aldehyde. Iron 
and dilute (50 p.c.) acetic acid reduce it to 
valeric aldehyde (91°), an inactive amyl alcohol 
CHMeEt.CH,OH (129°) and tiglio alcohol CjH.oO 
(c. 130°). Beacts with phenyl-hydrazine, and 
combines with NallSO,. CrO, forms acetio acid 
(Gum, A. 106, 379). Aqueous SO, at 0° forms 
oxy-pentane disulphonio acid (Ilaymann, M. 9, 
1055). , 

TIOLYL ALCOHOL v. Pentrntl alcohol. 

TIN Sn. At. w. 118-8 (u. infra). Mol. w. 
not known with certainty (v. infra). Melts at 
231-68° (palJcn^ar a. GriOUhs, C. 63, 1) ; for 
other data, giving m.p. from 220° to 235°, v, Gar- 
nelley's Melting and Boiling^int Tables (2, 12). 
Boils between the m.p.s of Ni and Fe, «.«. be- 
tween 1450° and 1600° (Camelley a. Williams, 
G. J. 35, 666). S.G. c. 7*3 (determuyitions vary 
from c. 7 0 to 0. 7’6) {v. Clarke’s Table of SpeeifU 
Oravities [2od ed.J 6). The so-oalled aliotropio 
variety of tin seems to have S.Q. from 6*8 to d*1 
(v. Schortel, J. pr. [2] 19, 822). S.H. {0®-100®) 
*0669; so-callea aliotropio tin has S.H. *0646 
(0°.100°) (Bunsen, P. 141, 1 ); S.H. liquid tin 
(260°-860°)-*0687 (Person, A. Oh. [8] 24, 129). 
G.E. (linear, 0®~100°) *00002298 (MattbiesMii, 
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Pr. 15, 220; w. alfloKopp, A. 81, 1 ; Fizean, C, B. 
68, 1126). T.O. 15-2 (Ag - 100) (Wiedemann, 
P. M. [4] 19, 243). E.O. (Hg at 01- 1) at 16®=. 
8*828 (Edrohoff a. Hausemann, W. 18, 406) ; at 
0°« 8*726, at 100°- 6-091 (Lorenz. W, 18, 422). 
Heat of fusion (for 1 kilo./in) - 14S'*i62 (Person, 
A. Oh. [8] 24, 129). For spectrum of tin v. 
Thal6n {A. Ch. [4] 18. 237) ; Sal^- {0. J. [2] 9, 
1147) ; also Hartley a. Adeney (T. 1884 [i.] 118). 

Historical.— Tin was kno\yn long beWe the 
Christian era. Pliny distinguished plumbum 
album or candidum from plumbum nigrum ; in 
the fourth century a.d. the former of these sub- 
stances began to be called stannum, from which 
word the symbol Sn is derived. 

Occurrence. — Tin has been found in Siberia 
and in South Australia. Tinstone or cassiterite, 
consisting essentially of SnOj, is found in con- 
siderable quantities, both in veins and in alluvial 
deposits, in many parts of the world. Tin pyrites, 
containing SnSj with Cil^S, FeS, and ZnS, is 
found in small quanUtios in various tin veins. 
Small quantities of SnOj occur in various lithia- 
micas (Sandberger, J. 1878. 291, 657). Accord- 
ing to Lockyer (Z^r. 27, 279), there are indica- 
tions of the occurrence of tin in the sun. 

Formation. — 1. By ppn. from solution of 
SnCl, in HOlAq by tin ; or by tin and iron simul- 
taneously, \yith a little Fe^Oa to neutralise excess 
of acid (^hultze, B. 23,974). — 2. By electrolysis 
of SnCl, in dilute HClAq.— 3. By reduction of 
SnO, by heating with 0. ^ 

Preparation. — Tinstone is cleansed by agita- 
tion with water; it is then sorted, stamped 
or rolled to a certain fineness, and washed. The 
washed ore is calcined in reverberatory calciners 
to remove sulphur from the sulphides of Fe 
that are present in most tin ores ; the calcined 
ore is exposed to the air for some days to insure 
the oxidation of any sulphides that remain in 
«the ore to sulphates, and it is then washed in 
water, whereby sulphates of Fe, Cu,&o., dissolve 
and the tin oxide sinks to the bottom of the 
vessels. The tin oxide is then separated into 
lighter and heavier parts by agitation with 
water ; the heavier parts are mixed with charcoal 
or anthracite, some lime or fluorspar is added as 
a flux, and the mixture is smelted in a rever- 
beratory furnace. The product of the smelting 
is purified by melting, when the tin runs off, 
leaving the less fusible foreign metals behind ; 
this purified tin is again melted, the mditen 
mass is stirred with billets of green wood for 
some hours, and is then allowed, to partially 
solidify by cooling, when the metal separates 
into different strata, which are ladled into 
moulds : the upper stratum is the purest and th'e 
undermost is the least pure. Some)iimea the 
smelting is conducted in a blast furnace. For 
details v. Txm ia Diotionabt or Applied 
CuEJizsTBT, vol. iii. p. 834. 

Oommcrcial tin generally contains small 
quantities qf As, Gu, Fe, and Pb, and occasionally 
traces of Sb, Bi, Mn, Mo, W, and Zn. To prepare 

{ )ure tin, the purest commercial metal is granu- 
ated and dissolved in cone. HGlAq; a little 
water is very slowly poured into the liquid so 
as to form two layers, and a plate of tin is placed 
in the liquid so that part of it is in the upper 
(less oono.) and part in the under (more cono.) 
layer. A slight Meotrio ounent is thus produced, 


and crystals of pure tin are deposited on the 
plate (Hiller, A. 85, 253). 

Pure tin was prepared by Bongartz a. Classen 
(B. 21, 2903 j by heating the purest commercial 
tin (Banca tin) in dry Cl and so forming SnCl^, 
distilling fractionally, and collecting that which 
passed over at 120°, adding to the SnCl 4 about 
^four times its volume ,of water, and then crys- 
*tallised Na^S until the pp. of SnS^ that formed 
was dissolved, then adding NaOHAq about equal 
to half the quantity of Ka^S used, allowing to 
stand for some days, drawing off the clear, 
almost perfectly colourless liquid into a Pt basin, 
and passing an electric current through this 
alkaline liquid, washing the ppd. tin with water, 
then with absolute alcohol, and drying at 100°. 
The current was arranged so that it produced o. 
2 to 3 o.c. detonating gas per minute from water ; 
c. 2 to 3 g. tin were obtained in 24 hours. 

Properties. — Pure tin is a silver- white metal ; 
the commercial metal generally has a slightly 
yellowish tinge. It ia unchanged in pure air; 
but it tarnishes in the air of large towns from 
formation of a film of sulphide. Tin is one of 
the least tenacious metals; a wire 1*6 mm. dia- 
meter breaks with a weight of c. 14 kilos. Tin 
may be hammered into plates c. -0254 mm. 
thick ; the malleability varies much with tem- 
perature, at 200° the metal is so brittle that it 
crumbles when hammeroh. Tin readily crystal- 
lises ; by fusing, allowing to cool partially, and 
pouring out the still fluid metal, fair-sized crys- 
tals are obtained. Crystals are formed by de- 
positing tin by electrolysis. Stolba {J. 1873. 
282) covers the outside of L Pt basin, all except 
a small portion, with wax, places the unwaxed 
surface of the basin on a plate of amalgamated 
zinc in a larger porcelain basin, fills the Pt 
basin with a dilute and not very acid solution of 
BnClj, and the porcelain basin with water con- 
taining c. 5^5 part of HClAq ; crystals of tin de- 
posit on the bottom of the Pt basin. The forms of 
the crystals of tin are probably rhombic and 
quadratic (von Foullon, J. M. 1885 (11) Eef. 266). 
According to Frankenheim (P. 40, 456), the crys- 
tals belong to the regular system ; Miller (B, J, 
24, 133) obtained quadratic prisms by separating 
tin by electrolysis. If a piece of tin is brushed 
ovef with warm, dilute aqua regia, or with a 
mixture of warm dilute HoSO^Aq and HNO^q, 
the surface becomes covered with a fretwork of 
crystals, from the facets of which light is un- 
equally reflected, and the surface appears like 
watered silk. When a bar of tin ia bent a 
crackling sound may be heard due to the crys- 
tals in the inner parts of the bar breaking against 
one another. When warmed, tin has a charac- 
teristic smell. 

By exposure for some time to a very low 
temperature (o. - 89°) tin crumbles to a grey 
powder [v. Fritzsche, B. 2, 112, 540) ; S.G. o. 
5*8 to 6*1 (v. Schertel, J. pr. [2] 19, 822). Tin 
which had b^en kept for 800 to 400 years was 
found by Schertel [l.e.) to have become reddish- 
grey, and so brittle that ^t was crushed by pres- 
sure between the finger-nails; by immersion in 
boiling water the metal became more coherent 
and lighte/ in colour, and the S.G. increased to 
7*8 jef. Ondemanns, P. M. [5] 4, 470). 

Tin remains lustrous in pure air at the 
ordinary temperature, and also in water; n 
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greyish ‘White film of SnO, forms on the sarfaoe 
of tin kept molten in the air ; when heated to 
whiteness in air the metal bums brightly to 
SnO^ Tin dissolves in HOlAq, forming SnCl, 
solution ; dilute H^SO^q has only a slight ao- 
tion, cone, hot H^SO^ produces SnSO| and SO, ; 
dilute HNOaAq dissolves tin, with formation of 
Sn(NO,),Aq and NH<NO,^q, oono. HNO, trans* 
• forms the metal into SnO,. Tin dissolves in 
hot oono. NaOHAq, forming Na,SnO, solution 
and giving oil H. 

When haloid oompounds of tin are volati* 
lised in a stream of H and the gas is ignited, the 
flame shows two cones ; the inner oono is blue 
with SnCl,, green with SnBr,, and yellow with 
8nl„ and gives a continuous spectrum; the 
outer cone is carmine-red, and gives a spectrum 
with two characteristic lines (Salet, 0, J, [2] 9. 
1U7). 

Tin is metallic physically, and in most of its 
chemical relations. The oxide SnO, interacts 
towards several acids as a basic oxide, forming 
salts SnX, (X » SO^, <feo.) ; but with oono. KOIIAq 
or NaOHAq this oxide reacts as an acidic oxide, 
forming salts M,SnOa. Tin is the third member 
of the odd-series family of Group IV. in the 
periodic classification of the elements ; it is 
closely allied to Go and Pb, and less closely to 
Si ; it shows very marked analogies with Ti, Zr, 
Ce, and Th, which (with C) form the even-series 
family of Group IV. For details of the chemical 
relations of tin v . Tin group of elements, this 
vol. p. 735. 

The atom of tin is divalent in the gaseous 
molecule SnCl„ and tetravalent in the gaseous 
molecule SnCl,. 

Supposed allotropic forpi of tin. The grey 
brittle powder formed by the action of great 
cold on tin, and also found in some very old 
specimens of the metal, is sometimes regarded 
as an allotropic variety of tin (v. supra). All 
the specimens of tin, however, which have been 
observed to undergo this change have contained 
small quantities of impurities ; until the change 
has been effected with pure tin, and has been 
proved to occur without any change of mass, the. 
existence of an allotropic variety of tin cannot 
be said to be established. According to von 
Foullon {J. M. 1885 [1] Ref. 266) there are tlftree 
varieties of tin : (1) rhombic, S.G. 6 52 to 6*66; 

(2) quadratic, S.G. 7*196 ; (3) grey brittle tin, 
S.G. 5*781 to 6-809. 

Atomic weight of tin. The at. w. has been 
determined (1) by oxidising Sn to SnO, by UNO, 
(Gay-Lussac, A. Ch. [2] 80, 163 [1812] ; Berze- 
lius, P. 8, 184 [1812] ; Mulder, A. 72, 212 [1849]; 
Vlaanderen, B. J. 1858. 183 [1858]; Dumas, 
A. Ch. [3] 65, 134 [1859] ; van der Plaata, 0- R. 
100, 52 [1885] ; Bongartz a. Classen, B. 21, 
2900 [1888]) ; (2) by ppg. Cl from SnCl, by 
AgNO,Aq (Dumas, A. Ch. [3] 65, 166 [1869]) ; 

(3) by electrolysing SnC1..2NH,Cl and Sn01,.2KCl 
(B. a. 0., 1.0. [1888]) ; (4) by electrolysing SnBr, 
(B. a. 0., 1.0 .) ; (6) by reducing Snt), in H. fv. d. 
P., l.c. [1885]) ; (6) by determining 8.H. of Sn 
(Bunsen, P. 141, 1 [18 TO]) *, (7) by determining 
V.D. of, and analysing, SnOl, and SnCl,. The 
older determinations gave values frera 115-9 to 
117*8. The results of the determinations of B. a. 
C. are summarised by them (Xx., p. 2909) as 
ipUows 


Number of 
experi- 
ments 

Method 

• 

At. weight 

twtton mia. 
and max. 

^ found 

11 

ondation of Sn 
to SnO, 

118-7000 

•469 

10 

nlcc^rolysis of 
SuCl,.2NH,Cl 

118-8093 

*228 

10 

electrolysis of 
SnCl, .5^01 

118-7976 

•163 

10 

electrolysis of 
SnBr, . 

118-7309 

1 

•144 


B. a. 0. regard the second and third methods ai 
the most trustworthy ; in the oxidation of Sn to 
SnO, the Pt vessel was also slightly acted on, 
and there was the possibility of a very small loss 
in dissolving SnBr, in the last method. The 
mean of the results obtained by the electrolysis 
of the two double chlorides is 118-8 (0 = 16'96). 

Molecular weight of tin. As the V.D. of tin 
has not beou determined tne molecular weight is 
not known, liamsay determined the depression 
of the vapour pressure of llg caused by dissolving 
tin therein ; assuming tliat equal volumes of 
dilute solutions contain equal numbers of mole- 
cules of the dissolved bodies, and that the 
mol. w. of liquid Ilg is 200, the results obtained 
by It. gave the mol. w. of tin as lX7*4 in one 
experiment and 149-5^ in another. 

Reactiofis aiid Combinations.— 1. When tin 
isPheatefJ in air or oxygen, a film is formed on 
the surface, containing both SnO and, SnO, ; 
when heated to whiteness tin burns brightly, 
forming SnO, {v. Fjmich, Jlf. 14, 346).— 2. 
Heated in chlorine, bromine, or iodine, the 
compounds SnX, and SnX^ are formed, ac- 
cording to whether there is excess of tin or 
halogen. — 3. Tin combines with sulphur, 
and with seUnion, to form SnS and SnSe, when 
heated with these elements. - 4. Tin probably* 
combines with phosphorus when heated in 
vapour of that element. — 6. Tin forms alloys 
with many metals ( v . Tin, alloys of, p. 720). — 
6. Water is decomposed by tin at a full rod 
heat with formation of SnO and H.— 7. Sul> 
phy^ric acid has a slight action on tin, in moist 
air, forming a film of SnS.— 8. Uydrochloric 
acid dis.solves the metal, forming solution of 
SnCl, and giving off H ; the reaction proceeds 
moj-^ rapidly with warm cone. HClAq.— 9. Pure 
cone, nitric acid, S.G. o. 1’65, has no action on tin. 
When the acid is diluted the products of the 
reaction vary* with the concentration and the 
temperature; according to Walker (0. J. 63, 
845), both Sn(N 03 ), andSn(NO,), are formed, the 
quantity of Sn(NOj), increasing as concentration 
increases 'at affixed temperature; with very 
dilute acid an increase of temperature causes 
only a slight increase in the quantity of tbs 
stannic salt, but the effect of temperature 
very marked with more oono. acid ; the pro- 
portion of stannous to stannic saN formed is 
only slightly affected by changing the relative 
masses of tin and acid ; when a fairly oono. 
solution of tin in HNO,Aq is heated, hydrated 
stannic nitrates, varying in composition, an 
deposited {v. also Montemartini, Q, 22, 884, 897, 
426 ; abstract in C. J. 62, 1402 ; v, alto Hav. 
a N. 23, 298; Scott, 0. N. 28, 822). Pun 
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BNOf dilated guifioiently to start the reaction 
prodaoes chiefly SnO.,.a;H.p (o. Hydrated stannic 
ccsidct under Tzn oxidxs anb htorateo oxides, 
p. 726)., When tin dissolves ' in HKO],Aq, 
NH^NO^ is formed ; the gases evolved are NO, 
N,0, and N (o. Ackworth a. Arm^^trong, 0. J*. 
82, 84). — 10. A mixture of nitric and sulphuric 
acids, or nitric and hydrochloric ocidh produces 
NH.pH along with NH, (Divers, 0. J. 43, 443; 
D. a. Shimidzu, C. J. 47, 697 ; c/. Hydboxyl- 
AMINS, vol. ii. p. 734). WiVh certain propor- 
tions of HNOjAq and H^SO,Aq, Bassett (0. N. 
63, 172) obtained Sn(NOJ, in solution, and 
almost pure N^O. — 11. DUuie sulphuric acid 
reacts slowly when warmed with tin, forming 
BnSO^ if the tin is kept in excess, and chiefly 
Sn(S 04 ), if the acid is in excess, and giving off 
H. Core, sulphuric acid reacts to form SnSO„ 
or SniSOJ,, according to the proportion of tin 
to acid, and evolves H.^S or SO^, or both, accord- 
ing to the concentration of the acid and the 
temperature ; with pure hot H.BO,, SO^ is given 
off, and S separates (u.‘'Calvert a. Johnson, O. J. 
[2] 4, 435 ; also Pattison Muir a. Robbs, C. N. 
46, G9). — 12. Aqua regia dissolves tin, forming 
SnCl^.— 13. Tin reacts with mercuric chloride 
and hr(ymide,%'i\LQn heated with these compounds, 
forming SnCl^, or SnBr.^, and. Hg.— 14. With 
sulphurous chloride, SnCL^ is formed, with pro- 
duction of ■'much heat (Wdhler, A, 73, 374). — 
15. Tin dissolves in warm cone, caustic potash, 
or soda, solution, forming M.^SnO, and giving off 
H. — 16. Fusion with nitre forms K^SnQ^. • 
Detection and Estimation. — H.^S ppts. dark 
brown BnS from slightly acidified solutions of 
stannous salts ; the pp. is soluble in warm yellow 
ammonium sulphide, forming (NH,),,SnS^Aq, from 
which acids ppt. yellow SnS.,,. AuCl;,Aq pro- 
duces a purple pp., a compound of Sn, Au, and 
0 (v. Purple of Cassitis, under Tin oxides and 
BYD iuTKD OXIDES, p. 727). H^S ppts. yellow 
'*SnS,, from acidified solutions of stannic salts ; 
the ppt. dissolves in warm yellow ammonium 
sulphide, and acids re-ppt. SnS, from this 
solution. Tin is generally estimated as SnO.^ 
Tin, alloys of. Tin forms alloys with many 
metals. For a general account of the properties 
of different classes of tin alloys, t*. Diotio.naby 
or Applied CnEMisxuy, vol. iii. p. 837. For 
alloys of tin with antimony, v. Karmarsch 
(D. P, J, 123, 267) ; Kestner {East. Archiv, 19, 
424) ; Johnson (Chem. Gazette, 1855. U'O) ; 
Gbaudet {A. Ch. [2] 3, 376) ; with bismuth and 
lead, and with bismuth, cadmium and lead, v. 
vol. i. p. 511 ; with cadmium, v. tol. i. p. 655 ; 


malleable than tin. Many varieties of bronse 
are alloys of tin with sine and copper (v, Rnd- 
berg, P. 18, 240). Amalgams of tin are readily 
formed by immersing tin in Hg ; the action is more 
rapid if the Hg is warmed (v. Bdttger, Jl pr. 1, 
305; Joule, Chem. Gazette, 1850. 839, also 0. J. 
16, 384 ; Kupffer, A. Ch. [2] 40, 293). 

Tin, brosMdes of. Tin combines with Br to 
form two compounds, '^SnBr, and SnBr^. The 
Y.D. of the latter has been determined, and the 
formula SnBr^ is molecular ; from the analogy 
of the chlorides it is probable that the formula 
SnBr, is molecular also. Watts a. Bell (O. f. 
33, 442) obtained both SnBr, and SnBr4 by heat- 
ing SnO, in Br vapour mixed with CO. 

Stannous bromide SnBr,. {Dibromide of 
tin.) Obtained by Balard {A. Ch. [2J 32, 337) ; 
more fully examined by liajrman a. Preis {A. 
223, 323). Prepared by heating tin in HBr gas, 
allowing the oily liquid so obtained to cool, 
dissolving the crystals that form in dilute 
HBrAq, and purifying the solid that separates 
by distilling it in a stream of N. A crystalline, 
slightly yellow, transparent solid ; melts at 
215*5° to a transparent liquid, which solidifies at 
215°. S.G. 5*117 at 17°. Carnelley a. Williams 
(C. J. 35, 563) say that SnBr.^ boils between 617° 
and 634°. Partly decomposed by water, with 
separation of an oxybromide of tin (R. a. P., 
I.C.). By crystallising a v.olution of tin in warm 
cone. HBrAq, R. a. P. {l.c.) obtained the hydrate 
SnOr^farHaO (a; = l or 2), in colourless needles. 
By cooling a mixture of NH^Cl and solution of 
tin in warm cone. HBrAq, the compound 
BnBr2.2NH,Cl.H.pwas obtrined in large rhombic, 
porcelain- like crystals (R. a. P., l.c.). 

Stannic bromide SnBr^. (Tetrabromide of 
tin.) Mol. w. 437*8. Melts at 30° (Carnelley a. 
O’Shea, C. J. 33, 55), at 33° (Rayman a. Preis, 
A. 223, 323). Boils at o. 201° (C. a. O’S., l.c.), 
at 203*3° (R. a. P., l.c.). S.G. 3*349 (R. a. P., 
lx.). V.D. at 228°-2G0° = 227-230 (C. a. O’S., 
I.C.). Prepared by passing vapour of Br over 

melted tin in a tube shaped thus 

I the tin being at b and the Br at a. The tin 
burns in the Br vapour ; the product is dis- 
tilled backwards and forwards from 6 to c until 
the* distillate is quite colourless. On cooling 
the liquid solidifies ^to colourless crystals of 
SnBr^ (C. a. O’S., f.c.)'. R. a. P. {l.c,) prepared 
SnBr^ by heating tin with Br, and crystallising 
from SnCl, or SnBr,Gl. SnBr^ forms white 
crystals, which are slowly decomposed in the 
air; according to R. a. P. (Z.c.) the crystals 


with cadmium and gold, v. Heycock a. Neville deliquesce to a clear liquid, which when placed 
(C. J. 59, 936) ; with copper, v. vol. ii. p. 25‘4 over H.SO4 deposits crystals of the hydrate 
(also Dictionary or Applied CnxMisTBY, vol. iii. SnBr,.4H20. SnBrf is soluble in cold water ; 
p. 888) ; with copper and lead, t>. vol. fii. p. 126 . after some hours Sn02.a;H20 is deposited ; boil- 
(also French, S. ,C. I. 8, 36) ; with iridium, ing hastens this change ; addition of HNO,Aq 
platinum, and rhodium, v. Deville a. Debray to hot SuBr^Aq ppts. all the tin as Sn02.2;H.40, 
(C. R. 81, 889) ; with iron, v. vol. iii. p. 53 (also with evolution of a little Br (C. a. O’S., Ic.)* 
Headden, Am. S. [3] 44, 464) ; withpokf, v. Laurif R. a. P. (2.C.) found that SnBr^ absorbs N]^; on 
(P. Af.[6188,94);with/ead,o. vol.iii.p. 125;with heating somd NH, was given off, and a yellow 
lead and zinc, v. vol. iii. p. 125 (also Wright a. sublimate of SnBr4.2NH, was obtained. Accord- 
Thompson, Pr. 46, 461 ; 48, 25) ; with mereniry, ing to Nickl^s (C. R. 51, 869), SnBr, combines 
V. infra\ with platinum, v. vol. iv. p. 288; with ef/ter to form SnBr,. Et,0. 
with silver, v. W. a. T. (Pr. 48, 25) ; with sodium, S tannlbromhydric acid 

V. Bailey (0, N, 66, 18). Tin alloys with {Bromostannic add. Hydrobromosteumic ac%d.^ 
rtno in all proportions ; we alloys are harder This compound was obtained by Seubert (B. 20, 
than tin, but softer than sino ; they are less 194) by adding 74*1 parts HBrAq (60 p.o. HBt). 
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to lOOpurti BnBr 4 [m, in the ratio 2HBr:SnBr.). 
A yellow liquid waa formed which solidified after 
a time to a mass of yellow, needle-shaped crys- 
tals; the small quantity of mother-liquor was 
removed by melting and allowing to solidify par- 
tially. It is doubtful whether the acid crys- 
tallises with 7 or 91L/). The acid forms amber- 
yellow needles, probably triclinic; it is very 
deliquescent ; fumes in ait, giving off HBr. By 
adding Na^CO, to H^SoBr^Aq, and allowing to 
evaporate, Seubert (l.c.) obtained sodium stonni- 
bromide^ NaaSnBr,.6KjO, in yellow needles. 
Several other stannibromides are described by 
Rayman a. Preis {A. 223, 323) ; their compo- 
sition is MSttBr^-asH^O, where M=«(NH,).., Ba, 
Ca, Fe, Mg, Mn, Ni, Na^, Sr, and a; is 6, 8, or 10. 

Tin, bromoohlorides of. Bayinan a. Preis 
{A, 223, 823) obtained a compound to which 
they gave the formula SnBraCl by heating tin in 
Br that contained some Cl, and repeatedly dis- 
tilling. The compound is a liquid boiling be- 
tween 181° and 190°. It dissolves SnBr^, which 
crystallises out unchanged. By adding Br to excess 
of SnCl, Ladenburg {A. Snpplbd. 8, CO) obtained 
indications of the formation of bromoohlorides, 
probably SnBrj,Cl and SnlhCl^. 

Tin, chlorides of. Tin and Cl combine to 
form two compounds, SnClj and SnCl,. Both 
formulce are molecular. 

Stannous ciiloridb »SnCl^. {Dichloridc of 
tin* Tin-salt.) Mol. w. 189*«'j-i ; perhaps 379 08 
(ssSiuClJin the liquid state (u. m/m). Melts 
at 249-3® (Carnolley a. Williams, C. J. 35, 03). 
Boils between 617° and 628° (C. a. W., l.c.) ; at 
606° (Biltz a. Moyer, 'i. P. C. 2, 181). V.D. v. 
infra, ILF. (Sn, CP] = 80,790 ; [Sn,Cl*\Aq] 

= 81,140 ; [Sn,CP,2IPO] « 86,520 {Th. 3, 327). 

Preparation. — 1. By heating a mixture of 
equal parts tin filings and HgOl,^; Ilg sublimes : 
and leaves SnCL. — 2. By heating tin in HCl , 
gas. — 3. By dissolving tin in warm, fairly cone, j 
HClAq, evaporating to the crystallising point, 
drying the crystals of SnC4.2H^O that separate, ‘ 
heating them in a capacious crucible so long as 
gases are given off, pouring the liquid into a small 
crucible, pounding when cold, and distilling from 
a retort ; the first portions of the distillate are 
said to be pure SnCl^ (Capitaino, J, Ph. 25, 552). 

Properties. — A semi-transparent, white solid ; 
melts at c. 250° and boils at incipient redness 
{v. supra). Heated to bright redness, out of air, 
some SnClf is given off, then SnCl.^. Heated in 
air gives SnCl 4 and SnO,. SnCL^ dissolvoa in a 
little water; the solution is decomposed by in ucli 
dilution, with separation of a hydrated oxy- 
chloride SnCl2.Sn0.2Hj^0. According to Michael 
a. Kraft (A, Ch. [3J 41, 471), 1,000 c.c. saturated 
SnClgAq contains, at 15°, 1,333 g. SnCi. and 
494 g. water, and the S.O. is 1-827. Gerlach 
{D, P. J, 186, 131) gives the following data for 
•a solution of the hydrate SnCl 2 . 2 H 20 : — 
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An ^ueous solution of SnOL generally becomes 
turbid from ppn. of Sn^OOla; digestion with 
tin and a littl^ HClAq dissolves the pp. ; addi* 
tion of tartaric acid, or NH 4 CI, stops the aolntion 
from becoming turbid, the former by dissolving 
the oxychlori|fc, the latter by forming a double 
salt SiiCL.2NII,Cl, which is very soluble in water. 

Mallet ((F. 35, 524) obtained a semi-trans- 

•parent, jelly-like solid from an aqueous solution 
of biiCL which had stood in a loosely olosod 
bottle for a year two ; the solid dried to a 
substance like gum arabic ; it reddened litmus; 
the composition of tl<^ substance was SnO„.lICl. 
Mallet writes the formula as SnO.OH.Cli and 
suggests the name clilor-stannw acid. 

Molecular weight of stannous chloride. The 
y.D. of the gas obtained liy heating SnCl^ has 
been determined repeatedly. The foBowing 
table presents the results : — 


Calculated 
for SiiCl, 

94-7 


Calculated for 
.Su,Cl. 

1B9-4 


96-5 

901 


103-7 


104-5 

101-5 


123-7 

123-7 

■ 119-5 
111-4 
102-7 


?tcmp. 

185-9 

189-2 


Temp., and Olwcrrcm 

• 

Bietli, 77. 3, 668 [1870]. 
at 619°) V. a. C. Moyer, 
„ 697°)- . 77.12,1195 
„ H00°J [1879], 

„ 800°)Meyera. Ziib- 
„ 880'^ i ly,. B. 13, 
„ 970° j 811 [1880J. 
63t)° ^ 

Biltz 

Meyer, . 
P.r;. 4^,184 
[1888], 


„ 675 
„ 699° 

M 760° 

„ 790° 
„ 1113° 


I: 


P.C. 

B.a. 

P.c. 

S.O. 

SnQ:,.3H,0 

of solution 

Sn01,-tlII,0 

of solution 

5 

1-03.31 

45 

• 1-3850 

10 

1*0684 

60 

1-4461 

15 

1-1050 

1 65 

1-6106 

20 

1-1443 

60 

1-6823 

25 

1-1855 

65 

1-0698 

^ 80 

1-2300 

70 

1-7452 

. 85 

1-2779 

75 

1-8399 

: 40 

1-3298 
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From their determinations, Biltz a. Moyer con- 
cluded that molecules of the composition 8 n..Cl| 
do not exist in the gaseous state, and that "the 
mol. w. of the gas comes to a constant value, 
corresponding with the formula SnCl.^, only at 
a temperature very much above the b.p, of the 
; liquid (SnCL boils at 606''’). In somoof thocarlicr 
I determinations at 0 . 800° partial decomposition 
I occurred, with production of Cl. The results, 
I taken as a whole, scom to bo explained by 
assuming that the molecules of the liquid, near 
to tho b.p., have the composition Bn^Cl^, that 
some of these arc dissociated to 2 .SnCIa at c. 30° 
above tlio b.p., and that tin's process of disso- 
ciatiov continues slowly, and is nut completed at 
oven 500° above tlio b.p. 

Reactions . — 1. Heated strongly in air, SnCl 4 
is given off, ai.vl SnOj remains. Heated to its 
b.p. in a retort, SnCl^ and .Sn 0 l 4 distil, and the 
oxychloride Sn^OClj remains (Capitaino, J. Ph. 
25, 552). — 2. When sulphur is added to molten 
jJnCI, the products are SnCl, and HnS ; with 
selenion the products are SnCJ, and SnSe 
(Schneider, P. 127, 624). — 3. Many salts are de- 
duced by SnCl^Aq, either to lower salts or to 
mtgtals. Au, Hg, and Ag are ppd. from solutions 
of their salts ; ferric and manganic safts are re- 
duced to ferrous and manganous salts ; CuCl^Aq 
to CujClj. — 4. The higher oxides of Bi, Cr, Pb, 
Mo, W, Ac., are reduced to the lower oxides of 
these metals. — 5. Arsenious oxide is reduced to 
As by a considerable excess of BnOlsAq.-ofi. Ac. 
cording to Bfittger {Polytech, NotUbl, 85, 96), a 
mixture of 2 pts. SnCl, rubbed with 1 pA 

8 A 
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potasiium chlorate gets hot, and prodooes an 
oxychloride of tin, KGIO4, oxide of chlorine, 
and H2O. For reactions with yfat&r v, supra, 
Prqper/ies ; also infra. Combinations, No. 1. 

Combinations. — 1. With watertotoim the hy- 
drate SnCl2.2H20. This compound's prepared by 
dissolving tin in warm cono. HClAq and evapo- 
rating to the crystallising point, in (contact with 
tin to prevent formation of SnCl^. SnCl2.2H20,'! 
commonly known by the name of tin-salt, forms : 
large white, monoclinio crjatals (Marignac, J. 
1856. 894) ; melts at c. 37-7° ; B.G. 2 71 at 16-5° 
^Bolid), 2*588 at 37*7° (lifpiid) (Penny, C. J. 4, 
239). H.F. [Sn,CP,2H^OJ= 80,520 {Th. 3, 327). 
When gradually heated to 100°, most of the 
water is removed ; when rapidly heated, H.^0 
and HCl are given off and Sn.^Cl.^ remains, which 
gives off SnClj when more strongly heated. 
BnCl2.2HnO decomposes slowly on exposure to 
the air, forming BmOCla and SnCl,. — 2. With 
ammonia, forming BnCla-NIIj.— 3. According to 
Engel (C. iJ. 100, 13^J8), a compound of SnCU 
with hydrogen chloride is formed- by passing 
HCl gas over SnCL.2H.p at 0° ; the liquid thuE> 
formed solidifies at 27°, forming crystals of 
SnOla.HCl.SHD, which melt at 40°. — 4. With 
chlorides of*the alkali and alkaline earth metals, 
to form MCl,.SnCl2.®naO, where M = (NH,)2, K^, 
Ba, or Sr(v. Marignac, C. ii. 55,050; Rammels- 
berg, Krylitall. Chemie, 211 ; Richardson, Afju 
14, 89). Poggiale (C. R. 20, 1180) described a 
salt SnCl2.4NH4C1.3n^,0. Richardson {l.c.) ob- 
tained SnCl3.KCl.H,0 as well as SnCl,.2^C1.2H,0. 
Thesq double salts are perhaps best regarded as 
stannochloridcs, derived from the acid HSnClj 
(v. Combinations, No. 3) and the hypothetical 
acid HjSnCl^. 

Stannic cnr-onmE SnCl,. {Tetrachloride of 
tin.) Mol. w. 200*28. Boils at 113*0® at 700 mm. 
(Thorpe, C. J. 37, 372) ; at 114*1° at 760 mm. 
(Young, C. J. 50, 012). Solidifies at —33° 
(Besson, G. R. 100, 940). S.G. % 2*27875; 

1*97813 at b.p. (Thorpe, l.c.). V.D. 133*1 at 
124° (Dumas, A. Ch, [2J 33, 385). S.H. *1402 
(10®-16°) (Rognanlt, A. Ch. [3] 0, 332). Heat ^ 
of vaporisation = 30,630 (gram-units for 1 kilo.) * 
(/Andrews, C. J. 1, 27). H.F. [Sn,CP] = 127,250 ; 
[Sn,CP,Aq] - 167,170; [SnCl^Cl^ « 46,400; 
[SnCl'^Aq.Cl-n - 70,030 (T/t. 3, 327). C.E. (cubical, 
0°-100°) *00130244 (Thorpe, l.c.). S.V. 131*07 
(Thorpe, l.c. ; for S.V. from 0° to 280° v. Young, 
C. J. 69, 933, 935). For vapour pressures from 
0=10° to 319° V. Young {l.c., p. 027). Critical 
temperature = 818*7° ; critical pressure » 28080 
mm. (Y., I.C., p. 928). 

Formation. — 1. By heating tin in excessi of 
Cl. — 2. By heating 1 pt. tin filings intimately 
mixed with 4 or 6 pts, HgCl^i —3. By heating a 
mixture of 80(8.04)4 and NaCh— 4. By passing 
vapour of CCI4 over heated 8nOj (Watts a. Bell, 
C. J. 33^ 442). — 6. By adding fuming sulphuric 
acid to tin, and then passing in HOI gas i^nd 
distilling* (Heumann a. Kfichlin, B. 16, 416). 

Preparation . — Dry 01 is led over tin ^ings 
heated in a retort connected with a dry flask, 
which is kept cold ; the distillate is distilled 
from tin filings, and then repeatedly redistilled 
in a current cf dry 00^ A solution of SnOl4 is 
obtained by passing Cl into SnCl^q until no 
pp. is produced with HgCl^Aq, or by dis- 


solving tin in dilate HClAq containing a little 
HNO^ 

Properties . — A thin, mobile, colourless, fam- 
ing, very corrosive liquid. Solidifies at —83° 
to small white crystals (Besson, O. B. 109, 940). 
8nOl4 dissolves crystalline 8, also P, I, Br, 08,, <kc. 
(Girardin.C. B. 51, 1057). SnOl4 does not conduct 
electricity, even at its^b.p. ; addition of absolute 
alcohol forms crystals, probably (SnCl4.5EtOH), 
which conduct when Resolved; ether behaves 
similarly to alcohol (Coldridge, P. M. [6] 29, 
383, 480). SnCl4 withdraws moisture from the 
air, probably forming SnCl4.3H20 (v. infra. 
Hydrates of stannic chloride). 8nOl4 dissolves 
in water, with production of heat [SnCl*,Aq] 
= 29,920 {Th. 8, 327), and considerable contrac- 
tion of volume (u. also Reactions, No. 1). Gerlach 
{D. P. J. 178, 49) gives the following table : — 


Pentffe. 

SnCh 

R.a. 

SnCl*Aq 

Vol. of 100 pts. 
by wt. of solu- 
tion ; vol. of 100 
pts. water =100 

Vol. of mixture 
of SnOh 
water; vol of 
sum of consti- 
tuents =100 

0 

1*000 

100*00 , 

100*00 

10 

1-082 

92*42 

97*82 

20 

1*174 

85*18 

95*76 

30 

1*279 

78*19 

93*72 

40 

1*404 

71*12 

91*42 

50 

1*556 

. 64*26 

88*78 

60 

1*743 

57*37 

85*81 

70 

1*973 

50*68 

82*63 

100 

2*234 

44*76 

100*00 


Hydrates of stannic cZiZon’Jc.— Various hy- 
drates have been isolated ; (1) SnCl4.3HaO, by 
exposing 8nCl4 to air (Gasselmann, A. 83, 272) ; 
also by adding 18 pts. water to 260 pts. SnGl4, 
when I of the SnGl4 remains unchanged, and ^ 

' forms the hydrate, which sinks in the excess of 
SnCl, (Gerlach, D. P. J. 178, 49) ; also by dis- 
solving 260 pts. SnGl, in 64 pts. water, and letting 
the solution cool to 60° (G.,7.c.) ; (2) SnGl4.2HaO, 
by keeping the trihydrate in vacuo (Soheurer- 
Kestner, G. R. 60, 50) ; also by drying the 
i pentahydrate over HoSO, (Lewy, A. Ch. [3] 16, 
j 303) ; (3) SnGl4.6Hgd, by dissolving SnGl4 com- 
pletely in water and evaporating (G., l.c. *, L., 

I Z.f.) ; (4) SnCl4.8H„0, by strongly cooling dilute 
SnCl4Aq (G., l.c.) *, (6) SnCl4.9HjjO, obtained by 
Nollner {Z. [2] 1, 4-f5) by treating SnGljAq with 
aqtia regia, and exposing the solution to a winter 
j temperature. Gerlach (f.c.) gives a table {v. next 
page), showing the S.G. and percentage composi- 
tion of solutions of the pentahydrate. 

Reactio7is. — 1. With wafer: SnOl4 dissolves 
in water {v. supra) with production of much 
heat. Vignon {C. R. 108, 1049 ; 109, 872) found 
that H.jSnO, ppd. from freshly prepared SnGLAq, 
from S’nCl,Aq aft^r keeping, and from SnGl4Aq 
after heating, showed markedly different heats • 
of neutralisation by potash. He concluded that 
8nCl4Aq contains HGlAq and H,SnO,A9t uud 
that the FoSnO, in solution gradually poly- 
merises. Dilute SnCl^Aq gradually decomposes, 
giving HGlAq and SuO^.a'H.p (Gasselmann, A. 
83, 272). Heating in a sealed tube with a little 
! water is gaid to give SnO,. — 2. With cono. nitric 
' acid 8nCl4 forms SnOg.aH20.— :8. Dry hydrogen 
sulphide forms white cr^tals of SnOVfiHsS, 

! which gives off and HCl when heatM, and 
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pentge. 

8nCa«rSH.O 

8.O. of solu- 
tion St ISO 

Pentge. 

BnCL.^HfO 

S.G. of solu- 
tion at IS® 

0 

1000 

48 

1-347 

1 

1006 

49 

1357 

2 

1012 

50 

1-3661 

3 

1018 

61 

1-370 

4 

1024 

. 62 

1-386 

5 

1-0298 

63 

1-396 

6 

1-036 

54 

1-406 

7 

1-042 

55 

1-4154 

8 

1-048 

56 

1-426 

9 

1-053 

67 

1-437 

10 

1-0593 

58 

1-447 

11 

1-066 

59 

1-458 

12 

1-072 

60 

1-4684 

13 

1-078 

61 

1-480 

14 

1-084 

62 

1-491 

15 

1-0905 

63 

1-503 

16 

1097 

64 

1-514 

17 

1-104 

65 

1-5255 

18 

1-110 

66 

1-538 

19 

1-117 

07 

1-550 

20 

1-1236 

68 

1-563 

21 

1130 

69 

1-575 

22 

1-137 

70 

1-5873 

23 

1-144 

71 

1-601 

24 

1-151 

72 

1-014 

25 

1-1581 

73 

1-627 

26 

1-1C5 

' 74 

1-641 

27 

1-173 

75 

1-6543 

28 

1-180 

76 

1-669 

29 

1-187 

77 

1-683 

• 30 

1-1947 

78 

1-698 

31 

1-202 • 

79 

1-712 

32 

1-210 

80 

1-7-271 

33 

1-218 

81 

1-713 

34 

l-22() 

82 

1-759 

35 

1-2338 

83 

1-775 

36 

1-242 

84 

1-791 

37 

1-250 

86 

1-8007 

38 

1-259 

86 

1-824 

39 

1-2G7 

87 

1-842 

40 

1-2755 

88 

1-859 

41 

1-284 

89 

1-H70 

42 

1-293 

90 

1-8939 , 

43 

1-302 

91 

1913 

44 

1-310 

92 

1-932 

45 

1-3193 

93 

1-950S 

46 

1-329 

• 5^4 

1-969 

47 

1-338 

95 

1-9881 


leaves SnSj (Coldriilge, P. M. [5] 29, 389, 480). — 
4 . SnCl4 dissolves stannous oxide, forming SnClj 
and a solution of SnOa.H„0 in excess of SnCl^ 
(Scheurer-Kestner, C. P. 60, 50). 

Combinations.— 1. With hydrogen chloride. 
By passing dry HCl over SnGl4.5H20, then satu- 
rating the liquid so formed with dry HGl at 28°, 
and cooling to 0°, Engel (0. li. 103, 213) ob- 
tained white crystalline leaflets of the compound 
SnGl4.2HC1.6^0, melting at c. 20°, and giving 
off HOI when more strongly heated. The same 
compound was prepared by Seubert {B. 20, 793) 
by adding to SnCl4 s»*oh a quantity of cone. 
HOlAq that the ratio of water in the acid was to 
the SnCl4 as 6H,0:SnCl4 (100 pts. SHCI4 require 
62*16pts. of 33 p.c. HClAq), and after a little pass- 
ing in 0. 8 pts. dry HOI ; the whole then solidified 
to a crystalline massi melting at 19*2°. This 


compound is best called atanniehlorhydrio 
acid ; it has also been called chloroakmMc acid 
(Mallet gave the name chlor-stannio acid to 
SnO.OH.Gl, V. Stxnnods chlouzos, Properties, p. 
721^ and hydrochhrosiannio acid. Ona^sevant 
(.4. Ch. [0] iiQ, 5) has described a compound 
SnGl4.HGl.3lil!ro.— 2. With several metallic chlor- 
iiifs. The (^uble salts of SnCl4 and alkali and 
I alkaline earth 'chlorides have the composition 
MSnGl„..TH,0, where M - (NH,),, K,. Na„Bs, Ca, 
Mg, or Sr; these sj^ts nre best named stanni- 
cliloi'ides (for details, v. Jlolley, A. 39, 101 ; Lewy, 
J. pr. 37, 479 ; llauimelsberg, Kry stall, chemie; 
Wittsteiii, E. P. 04, 7* Topsoe, W. A. B. 69 [2] 
201 ; Morel, C. C. 1891 [IJ 492 ; Chassovant, 
A. Ch. [OJ 30, 5). Glove (iJl. [2] 31, 195) ob- 
tained double salts of the form .r SUCI4.2M Gl3|.sH,0, 
where M = Ce, Di, La, or Y, x ^ 2 and 6, and b had 
large values (from 18 to 15). ~3. With certain non- 
metaUic chlorides ; the compound SnCl4.2SGl4 is 
said to be obtained by the interaction of G1 and 
SnS (H. Jtose, P. 41, 320 ; Gasselmann, P. 42, 
517) ; the goinpoimd SnClj.rGl, was obtained 
by Gasselmann (Z.c.) by heating a mixture of 
SUCI4.2SGI4 and PCI., in a stream of HCl. — 
4. With certain nonvictallie. oxychlorides : (1) 
SnCl,.POCla, formed by the rcaction^f POGlyand 
SnCl4 (Gasselmann, A. 91, 248; 98, 213); (2) 
SiiGl4.2.SeOCi2, by combining the constituent 
compounds (Weber, B. B. 1805. #164);* (3) 
SiiGl|.2NOGl, by passing the dry vapour from 
agua regia over SnCl, (Harape, A. 120, 43), also 
b'i subliming SnGl4.N.p3 formed by the action 
of N.,0 aftd NO, on SUCI4 (Weber a. Ilampo, P. 
118, *471). — 5. With hydrogen sulphide §0 form 
SnCl4.5H.,S ; decomposed by lieating to SnS,, 
H.,vS, and* HCl (Coldridgo, P. M. (OJ 29, 883).— 

0. Witli hydrogen cyanide, to form cryalals that 
nre <leconi]K).scd in moist air (Klein, A, 74, 85). 
7. Witham>«o»w, to form SnCl,.2Nf I, according 
to U. Hose {P. 21, 103), to forui HnCl4.4NH, 
according to Grouvelle n. Perso/. (A. Ch. [2J 44,i 
322).— 8. With phosphorus trihydride, to form 
3SnCl,.2Pll3 (11. Hose, P. 24, 1.59); heated to 
100° in CO, there are formed JICl and Bn^PyClg, 
according to Mahu {J. Z. 5, 1001.— 9. With cer- 
tain nonnictallic oxides : (1) witn SO, to form a 
solid [? composition] (U. lh)S0, P. 44, 820) ; (2) 
with NOacornpoundis formed, according to Kuhl- 
mann (A. 39,319), but no action occurs oocording 
to Harape (A. 120, 43) ; (3) with NgO, to form 
SnC||4,N„0^, produced by passing NO, and N,0 
over SnCl4 (Hampe, l.c.).-- 10. With elhylic alco- 
hol, to form SnGl4.5KtOH (Coldridgo, P. M. [6] 
29, 383, 4H0).-r lL With amyiic alcohol, to form 
SnCl4.2C.,.U„(OH) (Hauer a. Klein, Z. [2j 4, 370) 
1^. With ether, to form SnCl,.2Et.,0 (Coldridgo, 

1, c.). — 13. With various nit7-ilcs, forming crys- 
tal lisable com pi^rids (Lewy, C. H. 21, 371). 

Tin, cblorobromides of, v. Tin dbomoculob- 
IDES, p. 721. 

Tin, cbloro-iodlde of; v. Tin lonocnLonmi, 
p. 724. 

Tin, chloroBnlphide of; v. Tin ThtocHLOBiUB, 
P...733). 

Tin, ferricyanides of ; v. vol. ii. p. 340. 

Tin, ferrocyanides of ; v, vol. ii. p. 837. 

Tin, fluorides of. Only one fluoride, SnF^ luui 
been isolated; double salts of ttaimio fluoride 
(SnF J are known. 



TH TIN FLUOIODES. 

Sumom FLUOBXBs SnFf. (Difiuorids of filings and heated, when orange-red -Snl^ sab- 
Un,) Formed, in small opaqae, lustrous, prisms, limes, and SnL remains as . a red orystalline 
by dissolving SnOucl^O in HFAq, and eva- solid mixed with particles of tin, which are 
porating ; heated in air it forms Che oxyfluoride easily separated (Henry, T. 1845. 868).— 2. Cone. 
Sn0P^M>SnF4.Sn02) (Marignao, Ann. [5j.l6, EIA.q is added to warm oono. SnC^^q; the 
221 ; Fremy, A. Gh. [3] 47, 87j. sHy dissolving yellow crystalline pp. is dried and melted, out of 
freshly ppd. Sn0.a;H.40 in solutimis of alkali contact with air, and a red crystalline mass of 
fluorides acidified by HFAq, Wa^er (B, 19, Snl^ is formed on cooling (Boullay, A. Ch. [2J 
896) obtained atannofluorid^s of the form 34, 372).— 3. Tin foil is heated for some hours 
rSnFs.2MF.^H20, where a; a land 3, and 2, with fairly cone. HIAqin a sealed tube at 120^-> 

and M wasKH4, K, and Na.y^ 160° (Wdhler a. Diinhaupt, A. 86, 374) ; Snl^ 

Staknio fluoride. This compound has not separates, on cooling, in shining yellow-red 
been isolated ; a solution of Sn02.a;H,0 in HFAq prisms. 

coagulates when heated, bill does not yield any ,Propertie3 and Reactions . — A red, crystalllhe 
definite compound *, when evaporated in air HF solid. Melts at 316° (Camolley a. Williams, 
is given off, and an oxyiluoride,£nOF2, is depo- C. J. 35, 564). Slightly soluble in cold, more 
sited (Mari^ac, Z.c.). soluble in hot, water, without decomposition 

Stajnnifluorides. A series of these salts, (Boullay, l.c.). According to Personne {0. R. 
MSoF^fcKjO, where M =» one atom of a divalent 54, 216), Snij is decomposed by a large quantity 
metal or two atoms of a monovalent metal, has of water, forming HIAq and several oxyiodides 
been obtained by Marignao (Ann. M. [6] 15, j (q. v.). Snij is soluble in SnCljjAq. When 
221). The salts are isomorphous with the i heated out of contact with air, Snl^ melts with- 
corresponding silicofiaorides and titan ifiuorides ; ' out decomposition, but when heated in the air 
they are generally obtained by saturating the» it is decomposed to an oxyiodide, which remains 
stannates with HFAq and evaporating, some are in the vessel, and Snl4, which sublimes, 
formed by double decomposition from the Pb or Combination^. — 1. With stannous chloride 
Agsalt. Th^following salts have been obtained : to form Snl^SnClj (u. JoriocMorific, fn/m). — 2. 
MSnF4.a;H20; M«NH4, 13a, Gdx»6, Caa; — 2, ; With stannom oxitfc to form several oxyiodides 
Cu 0 b: 4, Pb it;>» 3, Li0»=2, Mg 0 = 6, Mn0 — 6, I (q. u.). — 3. With ammonia, probably forming 
Ni 0-6 , Kl 0 = 1, Ag0»4, Na, Sr0=:2, Zn0 = 6. ! bnl2.2NHa (Rammelsbeiig, P. 48, 169). — 4. With 
Tin, haloid compounds of. Tin and the alkali iodides and with iodides of the alkaline 
halogens combine to form two series of com- earth metals to form stanno-iodides\ these 
pounds, SnXa and 80X4 (SnF4 has not bt,en salts have the composition M,.Snl4.0HaO and 
isolated). The V.D.s of SnClj, SnCl4, altid SnBr4 MSnIj.0H2O, corresponding with the stanno- 
have been determined ; it is probable that the chlorides (u. S i'annous cuLORinu, Combinationst 
simplest formula in every case is molecular, p.722); M = NH4, K,Na, also .^Ba and |Sr. The 
One or two compounds of the forms SnXX' stanno-iodides are formed by mixing solutions 
and SnXX,' are* known, where X and X' are of the constitutent salts, or by adding SnCLAq 
different halogens. A few oxyhaloid com- to excess of the alkaline fodido in solution ; the 
pounds are known, and probably also one or salts must bo crystallised from alcohol, as they 
two thiohaloid compounds. The compounds are decomposed by water, forming stannous oxy- 
SnBr4 and SnCl4 combine with HBr and HCl iodides (v. Boullay, l.c . ; Personne, l.c.). 
respectively, forming acids H^SnBr,, and HaSnCla, Stannic iodide Snl4. {Tetra-iodide of tin.) 
from which series of salts, stannibromides and Formula probably molecular. This compound 
stannichlorides, are derived ; stannifluorides are i is probably formed by heating tin with 4*2 pts. 
also known. An acid HSnCl, has also* been ' I, and subliming from the product (Henry, T. 
isolated, and a few stannochlorides — M^SnClj 1*1845. 363). Schneider (P. 127, 624) recommends 
and M*2SnCl4 — are known, as also some stanno- | to add 6 pts. CS.^ to 1 pt. tin tilings, and then 
iodides. 1 to add gradually, cooling frequently, 4 pts. I, 

Tin, hydroBulphide of. The compound 1 anfi to allow the yellow liquid to evaporate. 
SnS^Hj, which has probably been isolated, may i Snl4 crystallises ••in orange-red octahedra; 
be called hydrosulphido of tin (v. Tin, tuio- j melts at 146'", sublimes at 180°, and boils at 295° 
AOXDB AND SALTS OF, p. 733). ; (PerBooine, C. R. 54, 216). S.G. 4*696 at 11° 

Tin, hydroxides of, v. Tin oxides and hy- I (Bodeker, Die Besiehunyen zwischen Dichten 
DBATED oxides, p. 725; also Tn^, oxyacids and ! it. Zusammen^etzung bei festen u. liquiden 
SALTS, p. 727. I Stojfen [Leipzig, I860]). Solubility in CS^ at 

Tin, hydroxyl chloride of, SnO.OH.Cl, v. j 15°<sl45 (Schneider, Z.c.) ; it is also soluble in 
Chior-stannio acid, under Stannous *chloiude, I CHGl,, EtOH, £t,0, and G^H,. Decomposed by 
ProjMrtiea, p. 721. ^ » | water to SnO2.0H2O and HIAq. Gombines with 

1^, iodides of. Two compounds are formed ) ammonia to form Snl4.0NH3, where 0-3,4, and 
by combining tin^ and I ; they correspond in : 6 (Personne, l.c.), also = 8 (liammelsberg, P. 48, 
composition with the two bromides and the two : 169). S11I4 is said not to combine with alkali 
chlorides. The V.D.s of the iodides have not iodides. 

been deteijnined, but the simplest formulte afe Tin, iodof-hloride of, SnIGI ( = Snl2.SDCl2). 
probably molecular. According to Henry (T. 1845. 363) the addition 

Stannous iodide Snl,. {Di-iodide of tin.) of 1 to cone. SnG4Aq causes ppn. of SnI,, and* 
Formula probably molecular. on evaporating the mother-liquor (which con- 

Preparation.— Tin and I are heated to- tains SnCL, SnOL, and SnlJ straw-yellow 01^- 
geiher in the ratio Sn:2I (1 pt. tin to 2*14 tale are deposited that have the composition 
pts. p ; the brown crystalline solid so formed Snl^-SnCfi^ The crystals ore decomposed by 
ja mixture of SnI, and Snl4) .is mixed with tin water, wiu separation of Snl^ 
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Tin, iodosttlphide of, v. Tin thio-xodide, p. 
733. 

Tin, ozldei and hydrated oxides of. Two 

oxides have been isolated, SnO and SnO^; 
various compounds of these oxides with H.fo 
seem to exist, but their composition readily 
vndergoes change with variation of temperature. 
Both oxides interact witl^ acids to form corre- 
sponding salts, SnXg and SnX^, where X = N03, * 
^SO,, JPO4, (fee. Some of the hydrates of SiiO. 
also react as weak acids, especially SnO.H.O 
( = H2SnOj), from which is derived a series of 
stannates MSnOg, M = Na2, Ca, Pb, &c. ; and 
ffSn02.a:H20 (^ajII^SnOj), x probably =5, from : 
which a series of uietastannates^ xMSnOj is de- | 
rived. Stannic and metastannio acids and salts I 
derived from them are described under the ! 


heading Tin oxyacids and salts and derivatives 
THEREOF (p. 727). The oxides SnO and SnO.^ 
are described in this section of the article 
Tin, and a brief account is also given of the ex- 
periments on the hydrates of these oxides other 
than stannic and metastannic acids. 

When tin is strongly heated in air of oxygen 
a film forms on tlie surface Qpnsisting of SnO 
and SnO^ ; at a full red heat, or incipient white 
heat, tin burns to SnO.. According to Vignon 
(C. B. 107, 731), tin ppd. by zinc from neutral 
SnCl^Aq or SnCl4Aq oxidises easily in air ; after 
being exposed to the aiF for some days it con- 
tains from 20 to 33 p.c. SnO. Einich (ilf. 14, 
345) found that the surface of tin that was kept 
molten in the air became covered with crystal- 
line nodules of SnO.^. 

Stannous ox^DE SnO. (Protoxide of tin.) 
Mol. w. not known. 

Format io7t.—h By heating finely-divided tin 
in the air ; the metal, becomes covered with a 
film of SnO (Vignon, G. R. lOS, 00). Also by ex- 
posing tin ppd. by zinc from SnCLAqor SnCi,Aq 
to the air at ordinary temperatures (V., C. R. 
107, 734). — 2. By dehydrating SnO.xHjO, ppd. 
from SnCL^Aq by alkali carbonates, cither by 
heating in a stream of CO^, or by boiling with 
water containing a little KOH. — 3. By dissolving 
SnO.icILp in cold KOHAq, and allowing the^ 
solution to stand in the air (Ditte, A. Ch. [5] 27, 
145). — 4. By heating SnC.p^ in a tube of hard 
glass without free access of air (Liebig, A.^5, 
116). — 5. By ppg. a stannous salt by KCNAq, 
and boiling the i)p. for some days with KCNAq 
(Varenne, C. R. 30, 300). 

Preparationi.—SnClAq is ppd. by Na.,CO,Aq, 
the white pp. of SnO.lip is tiioroughly washed 
with cold water, and is then boiled with water 
containing a little KOHAq or NaOUAq (less 
than sufficient to dissolve the pp.)» when the 




SnO-ajHaO is gradually dehydrated, and small 
black, lustrous crystals of BnO are obtained ^ 
fFremy, A. Ch, [3] 12, 460).— 2. Tin is dissolved 
in warm HClAq, the solution is evaporated, in 
contact with tin, until it solidifies to SnCL^ on 
cooling; 7 parts, or rather more, Na2CO,.10H2O 
are then added for each part of^SnCl^ in the 
.basin, and the liquid thus formed is heated with 
constant stirring until it becomes black, and is 
then allowed to cool ; the brownish-black powder, 
SnO, thus obtained is thoroughly washed with 
•cold water, and dried at 100° jSandall, J, pr. 14, 
264).— di A solution of SnCl^ is ppd. by a slight 
azoess of KOHAq in the cold, the pp. is 


thoroughly washed and dissolved in cold KOHAq 
( 0 . 1 part KOH in 10 parts H^O) ; the solution, 
which should be saturated with SnO-ajHaO, ii 
allowed to stauU in the air, when SnO is, gradu- 
ally ppd. as small, blue-black, shining crystals 
(Ditto, A. Gh/[5] 27, 145). 

Properties and Reactions. — Prepared by any 
of the meth(|[is^leBcri bed above, SnO forms small, 
black, lystrous. regular crystals (for crystalline 
form v, Nordenskjold, P. 114, 612). S.G. 6-1 (N., 
lx.) ; 6-6 at 0'^ (Bt^zelius ; Ditte, A. Ch. [51 27, 
145). 

According to Frj^ny (.4. Ch. [3] 12, 460), 
another modification of SuO is obtained by heat- 
ing the black crystals (projiared by the first 
process given above) to 258 '; iho crystals are 
said to swell up and change into soft, olive-green 
laminiB, without any cliau,';e in weight. « 

By evaporating very dilute Nll,ClAq, hold- 
ing ShO.-tII.^O in suspension, until Nil, Cl b(3gan 
to crystallise, Frcray {A. CJi. 13] 12, 460) obtained 
a cinnabar-red powder, which ho took to bo a 
third form qf SuO. liotlf (v-l. 60, 214) obtained 
red, crystalline SnO by digesting Su0.a*H^O, at 
56°, with a solution of SnO-flLO in acetic acid ; 
the solution containing a little free acetic acid, 
and having S.G. 1-06. * 

For the S.G. and appearance of SnO prepared 
in various ways v. also Ditto (l.c.). 

SnO is uiiclianged in air at ordinai'J^ tempera- 
tures. According to Ditte (A. Ch. (5J 27, 145), 
SnO tliat separates from an alkaline solution is 
ui#changijd at 300°~310 ’ ; when heated to red- 
ness it 13 partly decomposed to Sn, and SnO^ 
which combines with unchanged SnO fb give 
2Sn0.Sn0.2. SnO is readily converted into SnO^ 
by lieating with oxidising agimis ; the change 
is (dTected by heating to 500^ in NO (Sabatier 
a. Senderens, C. R. il l, 1121)). SnT) dissolves 
in acids to form stannous salts, SnX.^, X«>NO,, 
;^S04, ;',PO^, Ac. ; it is not acted on by NHjAq; 
boiled with fairly cone. KOHAq or NaOllAq it» 
gives a solution of an alkali slannato (M^SnO,) 
and tin; heated in Cl forms SriCl, and SnO.^; 
mixed with S and strongly heated, SnSjandSOj 
are produced ; SnO is reduced to tin by heat- 
ing to redness in 11 or with C. 

Hydrated stannous oxide. The white pp. 
formed by adding an alkali carbonate to solu- 
tion of a stannous salt, wasliing with air-free 
cold water, and drying at a temperature not 
abo’#e HU', is said to have iho composition 
2Sn0.1LO SnA)(OH)2. According to Ditte 
(.4. Ch.\r)] 27,* 145) the pp. formed by adding 
KOHAq or ^SLaOHAq to SnCl.Aq, washing 
thoroughly, and drying in vacuo at 14° is 
Srfi0.2H^(j( = SnO jI^.H^OJ. Stannous hydroxide 
is a yellowish white amorphous powder. It is 
dehydrahJd, to SnO, by heating in CO^ ; also by 
the action of boiling water containing a little 
KOn, or a trace of HCI, or acetic acid — HNO^Aq 
and H.BO,Aq form stannous salts ; also by boil- 
mg with NH4ClAq (Ditte, lx.). The hydroxide 
IS gradually oxidised by exposurt^ to air to 
Sn02.xH.p. Boiled with cone. KOHAq it gives 
K^SnOjAq and tin. Many metallic salts are re- 
duced, to lower salts or to tho metals, by the 
action of SnO.aHjO (for details of the interae- 
tion with CuO in presence of alkali t;. Lensseii, 
/.pr. 89, 90). 

Stannic oxide SnO,. ( Dioxide of tin.) Moh 
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Wf nnknowQ ; probably at least SiijoOn {v. Car- Beactions.-^l. Fusion with sulphur produoei 
ttdUey a. Walker, C. J. 68, 92). SnS, and SOj. — 2. When strongly heated ii 

Oeeurrenee. — Tinstone is mo^e or less pure chlorine SnCl4 is formed.~3. SnO, is reduced tc 
BnO,;,the percentage of the oxide varies from tin by heating to a high temperature in hydro- 
0. 66 to 0. 99, the other constituents are generally gen, or with wtaasium, sodium, or carbon, or ir 
SiO^ and oxides of Al, Fe, a]S;>l Mn. Tin- carbonic oxia^. — 1. Fusion with caustic potash oi 
stone crystallises in quadratic forms. Crystal- caustic soda forms alkali stannate (M^SnO,), 
line SnO.^ has been found in the fu^ slag from which dissolves in water. — 5. Heating with phos- 
a furnace used for casting gun-metal (Ahel, O. phorus trichloride to 1U0° forms SnClj, SnOL, and 
10, 119). PjOj (Michaelis, J. Z. 6, 239; 7, 110).— 6. Ac- 

Fomuition.—1. By exposing molten tin to cording to Ditte (C. B. 104, 172), SnO.^ dissolves 
the action of the air (Emich, M. 14, ,345). — very slowly in hot sulphuric acid (1 acid to 8 
2. By heating to c. COO® SnOa.a:H.^O formed by water), and on concentrating till not more thaq 3 
the interaction of tin and HNO^q, or of alkalis or 4 vols. water are present to 1 vol. H3SO4 orys- 
and stannic salts, or of alkali stannatea and tals of Sn0».2H2S04 separate, 
dilute acids.— 3. By strongly heating SnO or Hydrated stannic oxide. Camelley a. Walker 
SnO.ccH^O. — 4. By passing a mixture of vapour ((7. J, 5.3, 60, 68, 83) examined the dehydrating 
of Sn044 and steam through a red-hot tube. — action of heat on SnOj-xHaO, obtained by de- 
6. By heating SnCjO.,, in small quantities, in composing Na-^SnO^Aq by cold dilute HClAq 
contact with the air (Vogel, 0. C. 1855. 413).— and drying the pp. in the air for five months. 
6. By passing a little CO2 into a dilute solution The pp. lost less and less weight for each in- 
of an ^kali stannate (Ditte, A. Ch. [6] 30, 282). crease of c. 10® from 60° to c. 110®, at whicli 
Preparation . — A. Crystalline^ stannic temperature rather less water was present than 
oxide. — 1. Molten tin is kept in contact witl. corresponded with the formula SnOa-HaO, the 
the air until the surface becomes covered with loss of weight foq^each rise of 10° was then ap- 
crystalline nodules of SnOa (Emich, AT. 14, 345). proximately constant up to c. 300°, at which 
2. A Btream‘\Df COais passed through SnCl4,and 1 temperature the composition was nearly that ro- 
then through a red-hot porcelain tube through i quired by the formula 3SnOa.HaO ; at a little 
which a current of steam is passed at the same ! above 360° the solid changed colour from brown 
time (Daiibrde, O. B. 29, 227).— 3. Amorphous | to pale yellow, and at tlte same time lost weight 
SnOj is strongly heated in a rapid current of dry I at a rate nearly three times as great as during 
H01(Deyille,C.i2.53,161).— 4. ^00.404 is strongly j the previous rise of 100° ; after changing colour 
heated, in small quantities at a time, in an open the solid had the composition 7Sn0.4.2H.40 ; the 
porcejlain or silver dish (Vogel, C. C. 1855. 413). loss of weight, per 10® increase, then decreased 
B. Amorphous stannic oxide. — 6. The very much for the next, 30® or 40°, and after 
hydrated stannic oxide obtained by ppg. a stan- that dehydration continued irregularly until at 
nio salt by an alkali, decomposing an alkali 630°-635° the oxide SnO.^ remained. From these 
stannate solution by dilute acid, or by treating results, considered with results obtained by the 
tin with BNOyAq, is thoroughly washed and same method for other hydrated oxides, C. a. W. 
dried, and then heated to 0. 630°, at which tern- concluded that probably a largo number of hy- 
porature dehydration is complete (Camelley a. drutos of StiO^ exists, but that none of these is 
Walker, C. J. 53, 83). stable through more tlian a very small range of 

Properties.— Crystalline stannic oxide is a temperature. The results of J. van Bemrnelcn (B. 
hard, lustrous, white solid. It is dimorphous. 13, 1466) on the dehydration by heat of stannic 
Prepared by heating the arnoiphous oxide inHCl hydrates, obtained by oxidising tin by HNO^Aq, 
gas, SnO.4 crystallises in quadratic forms iso- i and by decomposing SnCl4Aq by CaCOg, and on 
morphous with tmstone and anatase (TiO..,) ( tlie rehydration of the products obtained by heat, 
(Daubr^e, O. B. 29, 227) ; prepared by decompo- : by placing them in air more or less saturated with 
sing vapour of SnCl^ by steam, it crystallises in , niQisture, at different temperatures, show that 
trimetrio prisms isomorphous with brookite | the quantity of water of hydration varies with 
fTiOj). S.G. of crystalline SnOj='6*7 to 6-85 variations in temperature, in the molecular 
(Playfair a. Joule, C. J. 1, 137; Mallet, tTl. 3, states of the solids, and in the moistness of the 
706 ; Bergemann, J. 10, 661 ; Daubr^e, C, B. surrounding air. Not only does the quantity of 
29, 227). The crystals obtained by long con- water of hydration vary with variations in the 
tinned heating molten tin in 'air had S.G. molecular state of the hydrates, but the firmness 
7-0096 at 4° (Emick. M. 14, 345). Crystalline or looseness wherewith the water is held also 
SnO, is hard enough to scratch glass. The varies much as the molecular condition varies, 
arnoiphous oxide has S.G. 0*6 to 6*9 (P. a. J., l.c. ; According to J. van B. the loosely held water is 
Herapath, P. M. 64, 321 ; Boullay, A. Ch. [2] . given up in dry air ; and when the product is 
43, 266). It is a hard, yellowish-white powder. 1 placed in moist air water is taken up until a state 
BnO, has not been fused. It is not acted on by of equilibrium is attained wherein as many 
acids (but V. Beactions, No. 6). Fusion with molecules of water are taken up as are lost in 
KOH or NaOH forms M^SnO, which dissolves the unit of time. 

water. The product of fusion with EHSO 4 dia- The folloinring compositions have been given 
solves in water, but addition of more water ppts. to different hydrates of SnO,. 
all the tin as SnOjUcHsO. 1 . Hydrates obtained by decom^sing solubls 

Mallet (G. J. 85, 524) obtained a compound stannates by dilute adds : ( 1 ) 3 Sn 02 . 7 H, 0 , by 
SnO,.H01, to which he gave the formula drying in^a stream of dry air (Fremy, A. Ch. 
SnO.OH.01, and the name cMor-stannic acid, [3] 12 , 468) ; ( 2 ) Sn 0 ,. 2 H 20 , by drying in tb» 
by keeping SnCl, for a year or two in a loosely air at the ordinary temperature (Weber, P. 122» 
aloscd bottle. 368) ; ( 8 ) SnO,.H 30 , by drying in vacw (Fremy» 
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U.) I (4) SSnOrllHjO, by drying at 140® (Fremy, 
2x.i; to these shonld probably be added (5) 
7Sn0,.«H,0, by drying at o. 365® (Carnelley a. 
Walker, 2.C.). . 

II. Hydrates obtained by oxidising tin 
by HNO,Aq: (6) 6SnOj.l0H.,O, by drying 
at the ordinary temperature (Fremy, l.c,)\ 
(7) 5Sn0r6H,0, by drying at the ordinary tem- 
perature (Thomson, Ante. Phil, 1817. 149), by 
drying over H,S04 (Weber, Z.c.), by drying in 
vacuo, or at 100® (Fremy, l.c.) ; (8) SSnO^.lH.O, 
by dr^g at 130® (Fremy, Z.c.) ; (9) SSnO^.SH.p, 
by drying at 160® (Fremy, l.c.) ; (10) pSnOj.Hp, 
by drying at 66® (Thomson, l.c.). 

The hydrates obtained by decomposing stan- 
nates by dilute acids, or by ppg. stannic salts by 
GaOO, orBaCOj, differ in properties from the 
hydrates obtained by oxidising tin by HNO.Aq ; 
the former are generally distinguished as stannic 
hydrates, and the latter as nietasiannic hy- 
drates. The stannic hydrates, dried in air, form 
hard, semi-transparent lumps, like gum arable ; 
soluble in the stronger acids, forming stannic 
salts SnX*, where X^NO^, ^SO,, &c. ; soluble 
in alkali solutions, forming stannates M'.BnO., 
{v. Stannates, under Tin oiwagids, and salts 
AND DERIVATIVES TUEKEOF, infra). Metastan- 
nio hydrates are white solids (? crystalline) 
that do not dissolve in HNOaAq, or H.^SO^Aq 
(v. infra). These hydmtes interact with HClAq, 
and the product is soluble in water hut insoluble 
in cone. HClAq ; according tjo Weber (P. 122, 
358), the solution gives SnCl4.3Sn0,.5H20, when 
evaporated over H^SO^ ; by prolonged boiling, 
with fresh additions of water, all the tin in the 
solution is ppd. as inetastannic hydrate (Fremy, 
A. Ch. [3] 12, 463 ; 23, 393). Metastannio hy- 
drates dissolve in KOHAq and NaOHAq, forming 
metastannates MoHaSnjOjs {v. Mctastannaics, 
under Tin oxyacids, and salts and derivatives 
THEREOF, p. 730). 

According to Ditte (O. P. 104, 172), both stan- 
nic and metastannio hydrates dissolve in warm 
HjSO^Aq (1 part acid and 8 parts water), and on 
concentrating till not more than 3 to 4 vols. 
water are present to 1 vol. the solution 

deposits white crystals of Sn02.2H2S0,: thcfic 
crystals are very deliquescent ; they are decom- 
posed by water ; if so much water is added that 
not more than 43 g. are present in ^ ,000 

O.O. of the liquid, a pp. oASnOj-xH./ ) is formed. 
By dissolving stannic or metastannic hydrate m 
warm H2Se04Aq, and concentrating, D, {l.c.) ob- 
tained crystals of Sn02.2H2Se04. 

For further details of reactions of stannic 
and metastannia hydrates v. Tin oxyacids, and 

BALTS AND DERIVATIVES THERi:OF {infra). 

Oxides of tin other than stannous and 
STANNIC OXIDES. Oxides which are most simplj 
regarded as orSnO.ySnOj seem to exist. • 

According to Fuchs {J.pr. 6, 318), a greyish- 
white, slimy solid, having the composition 
Sn0.Sn0-(-8n80a), is obtained by diffusing 
freshly ppd. Fe,OrxH,0 in Snfl^Aq free from 
acid, and boiling „ , 

(2SnClaAq+ FeA » SnO.SnO, 4 2FeOL2Aq). 
This oxide is said lo dissolve completely in 
NHjAq, and also in HClAq. . 

^ digesting SnOjurHp, ppd. by alkali from 
SnOlAq, with SnCl^Aq, Schiflf (A. 120, 63) ob- 
tained an orange-yellow solid, to which he gave 


W 

the composition SnO.6SnOs.6AO t digesting 
SnOs-sAOi formed by oxidising tin With 
HNOsAq, with SnOlsAq Sohiff {l.o.) obtained a 
yellow powder, ^aid by him to be Sn0.6Su02.9H,0, 
or when dried at 85® to be Sn0.6Sn0,.iHs0 (n. 
also Tsohermak, G. O. 1862. 306). 

PUBPLli/OF CASSIUS. A purple-ooloured 
solid is obtiAncd by adding solution of a stannous 
salt to dilJte AuClyAq ; this solid has been ex- 
amined* by many chemists, who have generally 
assigned to it formultu whioh represent it as a 
compound of 8111)2^ sometimes of Sn0.Sn02, and 
AuO. According to the most recent investiga- 
tions the composition varies according to the 
conditions of preparation, and all that can be 
said with certainty is that the purple solid is a 
compound of tin, gold, and oxvgen (u. lluisson, 

J. Ph. 16, 629 ; B..hlen, Ar. J‘h. 67, 277; 
Capauu, J. pr. 22, 153 : Fnebs, J. pr.*b, 318 ; 
Wiichtcr, A. 68, 116 ; Figuier, Ph. C. 1844. 724 ; 

! Debray, C. B. 100, 1035 ; Miillor, J. pr. [2] .30, 
252; and, for a bibliography (to 1866), Fischer, 
D. P. J. 1H2, 39). ,, 

Tin oxyacids, and salts and derivatives 
thereof. Some of the hydrates of Sn02 interact 
with alkalis to produce salts wlierein tin forma 
part of the acidic radicle; eonipouiids are also 
known the acidic radicles wlicreol^jontain tin in 
combination with otlier negalivo elemonts be- 
sides oxygen, or tin in combination with^both 
metallic and nonnietallio elements. * 

The reactions of the hydrates of SnO, ppd. 

' from solutions «)f sLannatos by dilute cold acids, 

' (ft ppdtfrom stannic salts by alkalis, aro dis- 
! tinctly different from the reactions of Jhe hy- 
! dratos of Sn02 obtained by oxitiising tin by 
i HNO.Aq, or by ppm by dilute acids h-om solu- 
lions of another class of baits wl)ich have the 
same composition as Ktannatfs, except that they 
i always contain II and O in the ratio 2H;0 in 
: addition to llu' constituents of stannates. ^ It 
; is tln^rcfore usual to distinguish the acidic 
, hydrat»;s of SnO^ as stannic and metastannio 
• acids; to the former is given the composition 
! ILSn03( = Sn02.H..0), and to the latter the 

i composition II, oSn;,0,i( “ 5SnU2*511:iU). Neither 

! of these form 11 he is to bo regarded as more than 
^ an attempt to connect the dilTeronces in the 
! chemical beliaviour of two compounds having 
j identical perccntag(J com])ositi')nH (if the 
j one class is omitted) with <lifference0 in the 
I complexities of their interacting atomic aggre- 
! girtes; the molecular weight of neither com- 
pound is known. It is, indeed, doubtful whether 
j a compoun«l with the composition XH2SDO, can 
exist apart ftom other hydrates of the composi- 
tion wSnO.. HI./) ; it is certain that the composi- 
’•tion of tile hydrates of HnO.^ varies with very 
; small variatuiiis of temperature, by whatever 
methods thesif hydrates are prepared (v. p. 726, 
Hydrated stannic oxide). 

That the hydrates of SuO,, obtained respe^ 
tively by ppg. solution of stannates by dilute acidi 
and by oxidising tin by IINO.Aq, differed in theli 
reactions, was noticed by BerzeliiA in 1811 (v. 
Lehrbuch [5th ed.] 2, 696). Berzelius regarded 
these compounds as hydrates of two different 
modifications of stannic oxide; he called the 
oxide supposed to be a constituent of the hydrates 
obtained by ppg. solutions of stannates stannic 
oxide, and designated it as aSnO^; the other 
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uf, Stamoto ao», PfiC3»r«M, p. 728). For i 
other reactions of the solntion in water of the | 
product of the action of HGlAq on metastannio 
acid V. in/m, Di&iinctiom hetnoun stannic and 
metastarmi^ acids. According to Ditto (C. R. 
104, 172) I metastannio acid ^ssolves in warm 
HjSOiAq (1 pt. acid to 8 pts. water), forming a 
solution which gives crystals of Sn02.2HaS04 
when evaporated until net more than 3 to 4 
• vols. water are present for one vol. H^SO^ ; the 
crystals are decomposed by water, with ppn. 
of Sn02.jrH20 (? metastannio hydrate), when sulli- 
cient water is added to insure that not more than 
43*g. H2SO4 are present in 1,000 c.c. of *tho liquid. 
A similar compound was obtained with selenio 
acid, viz. Sn0ji-2H2Se04 (D., Z.c.). Allen (C. J. 
25, 274) found that metastannio acid dissolved 
in boiling cone. H^SO^, forming Sn(S04), solution; 
by pouring this solution into water some of the 
tin was ppd., after a time, as stannic acid, but 
on boiling the whole of the tin came down as 
metastannio acid. Mccastannic acid is said to 
dissolve slowly in fairly dilute cold KOHAq or 
NaOHAq ; addition of cone. KOHAq or NaOUAq 
is said to ppt. K or Na metastannate ; when the 
solution in KOHAq or NaOHAq stands in tho 
air metastannio acid gradually deposits. Ac- 
cording to J. vanBemmelen (Z.c.), colloidal meta- 
stannio acid does not form any definite com- 
pound with KOH when shaken with KOHAq of 
different ooncentrationsT By fusing metastan- 
nio acid with KHSO4 or NaHSO^, Allen (C. J. 
25, 274) obtained a product which dissolved par- 
tially in water ; the aqueous solution gave a pp. 
of metastannio acid on boiling. 

Distiticiions hetwein stannic aiul 7 ndastan^ 
nie acids {v. Fremy, A. Ch. j3J 12, 4()2; 23, 
393; H. Rose, P. 75, 1 ; 105, 501 ; Lowenthal, i 
J.pr. 77, 321 ; Barfoed, <7. pr. 101, 308; J. van ; 
Beramelen, R. T. C. 7, 87 ; abstract in O. J. 54, ; 
1160 [1888]).— Stannic acid is soluble in dilute ' 
HNOjAq, HjSO^Aq, or HClAq ; metastannio acid 1 
is insol. in these acids. Cold cone. HClAq dissolves j 
stannic acid, and the solution gives the reactions j 
of SnCl4 ; cold cone. HClAq forms a compound 
(? molecular aggregates) with metastannio acid, 
which is insol. HClAq of S.G. 1*1, or greater. 
S.G., but dissolves in cold water. 

The following reactions apply to solutions of I 
stannic acid in HClAq on the one hand, antf to 
solutions in water of the substance formed by 
the action of HClAq on metastannio acid on 
the other band. Stannic acid solution, if cone., 
does not become turbid on boiling; long con- 
tinued boiling, with additions of water, ppts. all 
the acid. Metastaonic acid solution, even when 
cone., goes turbid on boiling ; long-continued 
boiling, accompanied by dilution, ppts. all the 
acid. Stannic acid solution, when distilled, gives 
off HjO, with a little HCl and SnCl4; and a 
little stannic acid separates. According to Bar- 
fo<^ {J. pr. 101, 868), when a solution of stannic 
acid in HClAq S.G. I'l is distilled, the whole of I 
the tin passes over as SnGl4. Metastannio acid | 
solution, when distilled, gives off H^, with some 
HCi and a very little SnCl4, and the meta- acid 
separates in the retort. Ad^tion of tartaric acid 
to the stannic solution, followed by gradual ad- 
dition of NHjAq, excess of NH,Aq beid); avoided, 
produces no pp. Trea^ent of the metastannio 
solution with tartaric aeid and NBLgAq (not in 


excess) ppts. the meta- acid. SnOl^Aq gives no 
pp. with the stannic solution ; SnCljAq gives ‘ a 
yellowish pp. (? ShO.6SnO2.9H5O) with the meta- 
Btannio soluticn. Addition of dilute H,S04Aq 
to the stannic solution produces no pp.,* unless 
the stannic section is very much diluted. Dilute 
H.5S04Aq prdQuces a pp. even in very dilute 
metaBtanniq|Bolution ; by washing this pp. with 
J hot water, nAsti&tannic acid remains (c/, Ditte’s 
I experiments are described under both Stannic 
ACID and Mktastan^io acid, pp. 728, 729). The 
stannic solution is not ppd. by cone. HClAq. 
The metastannio solution, if nearly neutral, is 
ppd. by cone. HClAi/. Addition of K4FeCy,Aq 
i to the stannic solution, in tho ratio K^FeCy^rSn 
I present, ppts. all the tin as HnFeCy,. To 
j ppt. all the tin from the metastannio solution, 

! the K4FeCyuAq must be added in 0. tho ratio 
j 19K4FeCyg:Sn present ; the pp. is not SnPoCy,, 

: it is said by some observers to bo metastannio 
; acid ; J. van B. (Z.c.) calls it an absarjition com- 
\ pound of metastannio acid and K,FeCy,. The 
I stannic solution gives no pp. with excess of fairly 
j pone. NaOIiAq. Tho metastannio solution is 
! completely ppd., as sodium metastannate, by ex- 
cess of fairly cone. NaOHAq. 

Change of stannic to metastan^ic acid and 
vice versd. A solution of stannic acid in HClAq 
gradually changes to metastannio acid ; the 
change is the more rapid and complete the more 
dilute the solution (H. Hose, l.c.; Barfoed, Z.c.) ; 
by boiling for some time with repeated additions 
of ^water tho whole of the stannic acid may be 
converted into metastannio acid. A*vory cono. 
solution of stannic acid in HClAq remaaAS un- 
changed (c/. reaction of mota- acid with oono. 
HClAq, infra). According to Lowenthal (he.), 
the cliange from stannic to metastannio acid is 
stopped by addition of tartaric acid, even when 
the solution of stannic acid in HClAq is dilute ; 
the amount of change to tho meta- aeid may be 
determined (according to L., Z.c.) by finding the^ 
quantity of K4FeCyrtAq required to completely 
ppt. the tin in solution. ^Barfoed (l.c.) says the 
best way to measure the amount of change is to 
add excess of fairly cono. NaOHAq, which ppts. 
all the meta- acid (as a sodium salt) but none of 
the stannic acid. 

Stannic aeid is converted into tho meta- acid 
by heat (H. Rose, l.c.). J. van Bemmelen (l.c.) 
found that stannic acid dried by pressure at the 
ordinary temperature is completely soluble in 
conoT HClAq, but that by heating to 0. 55°, or by 
beating with water to below 100”, some meta- 
stannic acid is formed which is insoluble in cono. 
HClAq. 

A solution of stannic acid in excess of 
KOHAq gradually deposits metastannate of K 
on exposuje to a^i.r, with formation of KjCOj^Aq. 

• Metastannio acid is. gradually changed^ to 
stannic acid, according to Baifoed (Z.C.), by con- 
tact with cone. HClAq ; the quantity of stonnio 
acid produced increases with the quantity of 
HClAq used, the time of contact, an^ the tem- 
perature. . . i - tX. 

Stannic acid is said to be obtained from fh# 
meta- acid by fusing the latter with a large ezoest 
of KOH, dissolving in water, and ppg. by eold 
dilute HClAq (H. Rose, l.c. ; Fremy, Z.C.). 

OxYAOiDB or Tin otheb than BtANNio AMD 
Mxtastamnio. (1) Spring. {BU [8] t . 
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180) obtained a colloidal solid, dr^g at 100 ° 
to a white mass with the composition 
by adding excess of Bs 02 .a ;^0 to a solution of 
BnOl, in HClAq, and dialysing the turbid liquid 
until BaOL ceased to pass into the dialysate. S* 
regarded toe new compound as ^ acid of the 
hypothetical perstannio oxide Sw,, analogous 
to OeO„ TiO„ and (?) ZnO,. r2) ^ 480 , 0 , and 
HgSn,0,. The empirical formula (» both these ^ 
hydrates of stannic oxide is SnOj.H^O. Accord-' 
ing to Musculus {C. B, 65,^ 961), the hydrates 
differ somewhat in properties both from stannic 
and metastannio acids; they are said to be 
formed by keeping stanmo acid under water, 
and to form K salts, KH,Sn.Py and KH^SnaGg. 

SxANNATEs, M^aSnOj and M^anOj. The 
alkali stannates are obtained by dissolving stan- 
nic acid in MOHAq (M-NH 4 , K, or Na), and 
evaporBting over HaS 04 ; the stannates of the 
alkaline earth metals may be obtained by the 
interactions of solutions of the alkali stannates 
with MOjHa or MCO, (M=»Ba, Ca, Sr). 

Ammonium stanonte. A salt, said to have 
the composition (NHJaSnO 3 .SnOy.iHaO, is ob- 
tained, as a yellowish jelly, by evaporating a 
solution of stannic acid in NH^Aq over 11^804 
(Moberg, tl. nr. 28, 230). When KaSnO^Aq is 
added to NH^ClAq, stannic acid is ppd. accord- 
ing to Ditto (a R. 96, 701). 

JSarinm stannate. The 'nornial salt 
BaSnO,. 6 HyO is said to be obtained by adding 
BaGlaAq to KySnOaAq ; it is described as a heavy, 
white powder (Moberg, l.c.). By adding KySnO;,Aq 
to excess of BaCl^Aq, Ditto (l.c.) obtainwd a basic 
salt Bc SnO 3 .BaO. 10 iiyO as lustrous leaflets. 

Calcium stannate. Ditto (2.c.) obtained the 
normal salt OaSnOa.Sn.O, in white crystals, by 
adding i^^SnOyAq to excess of GaClyAq, washing, 

. and drying at 100°. By heating for some hours 
a mixture of stannic acid and CaCl,Aq, with a 
little CaO, D. obtained CaSnO, in regular crys- 
tals. 

Potassium stannate KySnOg.a:H,yO. Pre- 
pared by dissolving stannic acid in KOIIAq, or 
by fusing SnO, or metastannic acid with excess 
of KOH for some time and dissolving in water, 
and evaporating over HySO, ; transparent, 
rhombic prisms ; crystallising with 4H.,0 (Fremy, 
A. Ch, [3] 23, 393), with 3HyO (Moberg, l.c.). 
Marignao {Ann, M. [3] 15, 277) obtained the salt, 
in rhombohedral crystals, by gradually heating 
8 pts. metastannio acid with 8 pts. KOH till the 
mixture boiled, allowing to cool, dissolviifg in 
water, filtering, and evaporating. Ordway {Am, 
8. [2] 40, 173) prepared the pure salt by adding 
an equal volume of absolute alcohol to a solution 
of the commercial salt.(u. infra), repeatedly treat- 
ing the syrupy layer that separated with alcohfil, 
drying the pasty mass so obtained by pressure, 
dissolving in water, evaporating in vacMOt and 
washing the crystals with alcohol. K stannate 
dissolves easily in water ; 0 . (f.c.) gives 8 . at 
10 ° " 106‘6, and at 20 110 * 6 ; solution reacts 

alkaline. Insoluble in alcohol. By adding vt 
dilute aciu solution sufficient to neutralise jf of 
the alkali, a white fincculent pp. of K meta- 
•tannate is said to be produced ( 0 ., l,c .) ; excess 
* of cold dilute acid ppts. stannic acid. 
EJ9nO,ur£[tO is dehydrated at a red heat. 

Comm&reial stannate of potash solution is pre- 
Pltred (1) by fusing tinstone with K,S, KOH or 


KNO, and dissolving In water; (2) by boiling 
tinstone with EOHAq; (81 by fusing tin witli 
KNO, and K^COj, or boiling the metal with 
EOHAq containing ENO, and KOI {v, Haeffely 
D. P. J. 144, 66; Vaughan, 3. 6, 896; and 
DionoNABT ov Applubd CHEHiaTBY, vol. iii. pp. 
848-A). 

Sodium stannate NajiSnO,.a:HaO, Prepared 
similarly to the E salt. Crystallises in hexa- 
gonal plates with SH^O (M., l.c, ; 0., l.c.). Ma- 
rignao {lx.) obtained rhombohedral crystal 1 . 
Jonas {0. 0. 1865. 607) obtained rhombic crys- 
tals of Na;,Sn 0 j. 9 H 30 by recry stallising the com- 
mercial salt. Haeffely (D. P. J. 144, 66 ) obtaifled 
crystals of NajSnOs.SHjO by heating an aqueous 
solution of S.G. 1*3 ; on allowing to cool again 
the crystals dissolved, the S.G. became 1*35, and 
after a time crystals of Na^SnOj.SHjO were 
deposited. Scheurer-Kestner {Bl. [2] 8, 839) ob- 
tained crystals of the composition NaaSnOj.lOHO 
by evaporating a dilute solution of the ordinary 
salt, free from excess of NaOH, at a low tem- 
perature. NajSnOj.SH^O is more soluble in cold 
than in hot water ; 0. {l.c.) gives S. at 0° = 67*4, 
and at 20° « 61*3. Insolublo in alcohol. Ac- 
cording to H. {Lc.), an aqueous solution of the 
octohydratc gives a crystalline pp. of Na meta- 
stannate when heated, or when left at the 
ordinary temperature for some weeks. Com- 
mercial stannate of so(la solution is prepared 
similarly to the solution of the potash salt {v. 
supra). 

Strontium stannate. A basic salt 
2 SrSn 03 .Sr 0 . 10 H 30 was obtained by Ditte 
{C, li. 96, 701), in lustrous octahedra, by adding 
KjjSnOjAq to excess of SrOLAq. 

Metastannates. Only alkali metastannatos 
have been prepared. The empirical formula of 
these salts is MoO. 5 SnO 3 . 4 H 3 O ; as they are de- 
composed by removing water, the formula is 
generally written as MoH^Sn^Ojj (c/. Metastan- 
nio ACID, p. 728). Metastannic acid dissolves 
slowly in KOHAq or NaOHAq ; on adding cone. 
MOHAq the salts are ppd. The salts are better 
obtained by adding cotic. MOHAq to a solution 
in water of the substance obtained by the inter- 
- action of metastannio acid and cone. HClAq 
(Barfoed, /. pr. 101, 368). Dilute acid solutions* 
ppt. metastannic acid from solutions of meta- 
stdhnates. Metastannatos heated with excess 
of MOH give stannates. For more details re- 
garding M. 3 HRSn 30 ,j (M = K or Na) v. Fremy (A. 
Ch. [3J 23, 393) ; Weber (P. 122, 358) ; Haeffely 
{D. P. J. 144, 66 ). 

ARSENIO-STANNATES. A compound 
Na 20 . 2 As 30 j. 6 Sn 03 . 5 H ,30 was obtained by 
Haeffely {D. P. J, 140, 290) by adding excess of 
HNOjAq te a boiling solution of Na-^SnOj and 
NajAsO,, and treating the gelatinous pp. with 
excess of NaOHAq. 

OXALO-STANNATES. The compound 
2 EHC 304 .Sn 02 . 6 H ,0 was obtained, in lustrous 
leaflets, by P 6 charti {C. B. 116, 1513) by dis- 
solving stanpio acid in bot KHC 204 Aq and 
allowing to cool. . 

PLATINO-STANN^ES. Compounds of 
SnO and SnOj with Ptd^, derived from the acids 
H,Sn 2 Pt, 0 « and H 3 Sn,Pt 204 (v. PnATiMO-aTAN- 
NATES, this* vol. p. 286). 

PLATINO-SELENO-STANNATES v. this 
vol. p. 285. 
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BlLiiw-oiANNATES. BotirgeoU {Bl. [2] 47, 
197) obtained the salt Ca 0 .Si 02 .S:in 02 in mono- 
ilinio, Instrons oryatalB, by fusing SiO, and 
inOt with excess of OaCl^, and extracting with 
irater. 

In connection with stannic and metastannio 
acids and their derivatives, v. Chlor-stannic 
acidt under Stannous chloride (p. 721 ) ; Tin, 

OXIDES AND HYDRATED OXIDES OF (p. 725) ; aul 
Tin, thio-acids and salts of (p. 735). 

Tin, ozybromides of. By adding pieces of 
tin to the mother-liquor from BaSnBr« {v. 
Starmibromidesy under Stannic bromide, p. 720). 
Bayman a. Preis {A. 223, 323) obtained colour- 
less, prismatic crystals to which they gave the 
formula Sn 30 Bry.l 2 H 20 ; and from the mother- 
liquor from this compound fine, colourless 
needles of SnjO^Brg.lOII^O separated after a 
time. 

Tin, oxychlorides of. According to Ditto 
{A. Ch. [6] 27, 145), when SnO.xlIp, obtained 
by ppg. a stannous salt by NH^Aq, is boiled with 
water containing a trace of SnCL, a gelatinous 
oxychloride is obtained having the compositior. 
Sn20Cl2.6H,0 ( = SnO.SnClj.GHp) ; and when 
this compound is boiled with a little more dilute 
BnCL^Aq another oxychloride, SnjOjCl^.GlI.O 
( = 3Sn0.2SnCL.6H,p) is formed in small, 
white, pearly tablets. 

The oxychloride SnOClj is obtained, accord- 
ing to Soheurer-Kestner (/I. Ch. [3J 47, 1), by 
evaporating SnCl,Aq at 50^ to GO^^ ; also by 
heating 100 pts. SnCL.2H D, dissolved in .50 pts. 
water, with HNOjAq containing IG pts N.O,. 

An oxychloride* is also formed by treating 
metastannic acid with cone. HClAq, pouring olf 
the excess of acid, dissolving in water, and 
evaporating over H.SO, and CaO ; to this 
oxychloride, which is an amorphous, white 
solid, Weber (P. 122, 368) gave the formula 
Sn^O,Cl,.6K,0 ( » 3SnO,.SnCl, .511,0). Tscher- 
mak {W. A. B. 44, 2) obtained a crystalline oxy- 
chloride SnaO^Clj^ ( = 4Snb,.3SnCl^.SnCl.J by 
dissolving moist metastannic acid in hot cone. 
SnCl^Aq containing IICl. 

Mallet (C. J. 35, 524) obtained a semi-trans- 
parent, jelly-like solid from SnCl,Aq which Itad 
been kept in a loosely-stoppered bottle for a year 
or two ; to this solid ho gave the fgrmula 
Sn02.HCl(«Sn0.0H.Cl). 

Tin, ozyfluoride of.^Vhen SnF, is heated in 
air it is said to form the oxytluoridc SnOF., 

( = Sn02.Sn^«) (Freray, A. Ch. [3J 47, 37; 

Marignac, Ann. M. [5] 15, 221). 

Tin, ozyiodides of. According to Personno 
(0. E. 64, 21G), various oxyiodides are formed 
by decomposing Sul, by much water; 1'.^ 
analysed four compounds, to which bo assigned 
the compositions Sn,OjtI, («=2SnO.SnL,), Sn,OL 
«Sn0.8nI,), Sn,0I, ( = Sn0.2Snl,),aud Sn,dl„ 

» Sn0.3SnL). 

Tin, phosphides of. By heating finely 
divided tin in vapour of P, Sohrotter {W. A. B. 
1849. 301) obtained a silver-white, brittle solitT 
to which he gave the formula SnP ; S.G. 6'56 ; 
esusily acted on by HGlAq, but not by HNO,Aq. 
Other orystalline solids have been obtained by 
heating tin and P together, but their composi- 
tions are not determined with certainty (v. 
Pelletier, 8. 65, 106 ; Berthier, A, Ch. [2] 33, 
180; H.Bo8e,P. 24, 826; Ldpke, 0. C. 1890 


[ii.] 643). Natanson a. Vortmann (B. 0, 1469) 
obtained a phosphide of tin by heating glacial 
phosphoric heid with 0 and tin ; HOlAq gave off 
PH, and left*SnP. 

Tin, salts of. Tin forma two dasses of 
salts by replacing the H of acids ; the stannous 
salts SiiX.j and the stannic salts SnX, (X = CIO,, 
NO,, |COl iP^O, Ac.). The chief salts of 
oxyacida nre' the following: (1) <Sfannott« 
salts : antimoiuUCf arsenate, borate, carbonate, 
chlorate, chromaje, iodate, nitrate, i^hosphates, 
phosphite, siilpJuitcs,aiK\ sulphite. (2) Stannic 
salts: antimonate, arsenate, bromate, chlorate, 
iodate, molybdate, fiilrate, phosphates, phosphite, 
sclenate, selenite, sulpluites, and tungstates (v. 
NiTiiATiiS, Sulphates, Ac.). 

Tin, selenides of. Tin and So form two 
compounds, SnSe and SnScj. The former can 
be prepared by the direet union of tholBlemeiits; 
the latter does not seem to bo obtained by this 
method. Both selenides dissolve in alkali 
solutions, and in solutions of alkali sulphides. 

Stannous beleniu.* SnSe. (Tin nuum- 
selenide or protosclenuie.) Mol. w. unknown. 
Obtained by melting together So and tin (Ber- 
zelius ; Welsinann, A. IIG, 122), With excess of 
So the disulphide SnSe, was sai^ to bo formed 
(Little, A. 112, 21.*}), but thU was iirobably a 
mistake (Schneider, /^ 127, 021). Also formed 
by adding powdered So td molten l^iCL, heating 
till SnCl, is volatilised, and allowing* to cool,., 
when SnSe crystallises ; excess of SnCL is 
4 ‘cinovcd by washing with dilute HClAq (SchnoU 
der, I.8.). Steel-grey, lustrous prisms; probably 
isomorphous witlx SiiS ; S.(i. 5'2l at 15ii>(S., I.C.). 
Also obtained, as a black powder, by passing 
Il.Seinto SuCI Aq, washing, anddrj iiig at 100®. 
SnSe prepared by i*pn. is solublo in alkali solu- 
tiotj ; the crystals prepared by heating Se with 
SnCl^ arc insoluble, even in boiling alkali solu- 
tions. Both crystalline and amorphous SnSe 
arc soluble in solutions of alkali sulphides, ^or 
selenides. SuSe is insoluble in HClAq ; oxidised 
by HNO^Aq to SnO_...rH X), H Set).,, and H^SeO,. 
Heated witli I, forms Sni^ and SnSe,,. ; or, with an 
excess of I, Snl, and So ; reacts similarly with 
Br. SnSe is not reduced by heating in H. 
Heated in air it is gradually oxidised to SnO, 
and Se(L (S., l.c.). According to Ditto (C. if. UG, 
1700), SnSe can be sublimed in a stream of U 
at a red Jieat ; D. says S.O. is G'179 at 0®. 

Stannic seleniue SjiSo^. (7'm diselenide.} 
Mol. w. unknown. Not forinfMi by heating to- 
gether tin and Se, as oxe ss of So over that re- 
quired to fjfrm SnSe sublimes ; Little’s statement 
that SnSe^i.s formed by directly combining tin 
and So by heat (-4. lltt, 213) is probably wrong 
(Schnei<ler, Z^ 127, G21). J’repared by rubbing 
6 pts. J and lito 10 jds. crystallised Snl, (the S&l, 
is usedtoenable the 1 to be thoroughly powdered), 
adding 4 pt.s. powdered tinSe, then safiicient 
CS, to form a pasty mass (stirring constantly), 
and then adding more CS, to dissolve 8nL„ 
and washing with CS„ when ^Se, remains 
as a dark, red-brown, indistincuy orystalline 
powder, which becomes darker when dried 
at 100® (Schneider, l.c.). S.G. 4‘86. A4MK>rd' 
ing to Welsmann {A. 116, 122), SnSe, it ob- 
tained, as a dark reddish-brown powder, W 
passing H^Se into SnClfAq; heated in H» 
this powder gives off ^ and leavM SnSe# 
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BnB^f b not acted on by water, or bj dilute 
acids i it is slowly attacked by eono. boiling 
HOlAq ; aqw regia^ or oono. HNO^Aq, oxidises 
it to BnOgi^SeOj and H2Se04 ; it diwolves in 
hot oonot HjSO,, and when the olive-green solu- 
tion is poured into water Se set^arates and 
8n(S04), remains dissolved. BnSeA is easily 
soluble in caustic alkali solutions, including 
NH,Aq, forming blood-red liquids.’" Heated 
with I, in the ratio SnSe^tdl, SnI, and Se are 
formed ; Br reacts similarly to I (Schneider, he,). 

Tin, silicides of. No definite compound 
has been isolated. Substances which seem to be 
of the nature of alloys are foimed by heating to- 
gether tin and Si ; treatment with HClAq dis- 
solves tin from these bodies, and separates Si 
along with SiOj (v. Winkler, J. pr. 91, 193). 

Tin, silioofluoride. According to Berzelius 
{Lehrhuen [6th ed.] 3, 707), the salt SnSiF^ 
separates (? from solution of Sn0.a;H.p in 
HjSlF^Aq) in prismatic crystals, which are 
readily crystallised from water. 

Tin, sulphides of. • Two sulphides of tin 
are known, SnS and SnS.^: the former is readily 
obtained by heating tin and S ; the latter by 
heating tin with an excess of S and some sub- 
stance (e.g, N^,G1) which readily volatilises, 
and so removes heat, which would else drive off 
the S above that required to form SnS. Both 
sulphides are. also foriflod by ppn. by H^S from 
< corresponding salts in solution. Both sulphides 
dissolve in solutions of alkali polysulphides, 
forming thiostannates, M.SnSj. ; 

Stannous sulphide SnS. ( 2H7i monosuiphide 
or protosulphide.) Mol. w. unknown. 

Preparation. — 1. Finely divided tin is heated 
with 0. equal parts of S ; the product is pow- 
dered, and repeatedly heated with S in a closed 
vessel. Ditto (0. 11. 96, 1790) recommends to 
sublime the SnS thus prepared, by heating to 
redness in a porcelain tube in a stream of H. — 
2. HjS is passed into a solution of a stannous 
salt until the liquid smells strongly of H.B ; the 
brownish black pp. of amorphous SnS is washed 
and dried, and is then added, little by little, to 
molten SuCl, as long as it is dissolved thereby; 
after cooling, SnCl, is dissolved out by dilute 
HClAq, and any dark -brown powder that is pre- 
sent is washed away from the heavier, greyish, 
lustrous, crystalline particles of SnS (Schneider, 
P, 96, 167).^ 

Properties. — A dark, lead-grey, crystalliniP 
solid; S.G. 4*86° (Karsten, 5. 66, 394), 6-27 
(Boullay, A. Ch. [2] 43, 260). Ditto (J.c.) de- 
scribes SnS, after sublimation in H, as crystalli- 
sing in thin, lustrous squares with an angle of c. 
90° ; with a grey-blue, motal-like lustre ; soft and 
friable; S.G. 6'0602 at 0°. Crystalline SnS 
melts at a red heat ; it expands considerably on 
cooling (Ditte, he.). Prepared by ppn. SnS is a 
brownish-black, amorphous solid. 

Reactions. — 1. SnS, prepared by heating 
together tin and S, may be sublimed in hydrogen 
At a red heat (Ditte, C. R. 96, 1790) ; but oon- 
iinned heating^ in H is said to reduce it to tin, 
HgS being given off.— -2. Heated in air SnS is 
gradually converted into SnO, and SOj.— 8. Be- 
acts with chlorine^ even at the ordinary tempera- 
ture, to form SnCl, and SnCl,.2SCl4 - (SnS^Cl,,) 
tH. Bose, P. 47, 617).— 4. Fusion with ^tassiim 
tyamide produces tin and EONS.— 6. SnS dis- 


solves gradually in boiling hydroehMc aoid^ 
forming Sn 04 solution and giving off H^S (for 
details of interaction with HOLAq of different 
concentration, and with HCl gas, v. Ditte, O. B, 
97, 42). — 6. Gradually oxidised to SnO^by heating 
with nitric add. — 7. Dissolves in solutions of 
alkali polysulphides, forming alkali thiostannates 
MgSnSs. — 8. SnS is generally said to be nearly 
insoluble in solutions 6'f alkali monosulphides 
(MgS). According to Ditte (C. 22. 94, 1419, 1470), 
SnS is not acted on by KBAq at the ordinary 
temperature if the concentration of the solution 
does not exc<>cd 20K2S:100H20 ; but a more oonc*. 
solution of E^SAq, out of contact with air, gradu- 
ally converts the SnS into a grey, spongy mass of 
tin ; and still more* cone. R^SAq dissolves this, 
forming K^SnS^Aq and giving oft H : if air ia 
admitted the reactions are more complex. 

Stannic sulphide SnSj. {Tin disulphide.) 
Mol. w. not known. 

Preparation. — 1. By saturating SnCl^Aq con- 
taining a little HClAq with H.B, warming, again 
saturating with H._,S, warming gently forborne 
hours, collecting the pp., washing with dilute 
lIjSAq, drying, and heating to above 100° out of 
contact with air. Pure SnSj can scarcely be 
prepared in this way ; there seems to be always 
some Sn0.^.a;H..0 present in the pp. (Kiihn, A, 
84, 110; Barfoed, J. pr. 101, 308).— 2. By 
passing the mixed vapouia of SnCl, and IIjS 
through a red-hot porcelain tube, or by passing 
H.^Sinto SnCl^ and heating the white crystals of 
SnCl^.OH.S BO obtained (Coldridge, P. M. [6J 29, 
383). — 3. A mixture of finely-divided tin and S, 
or of SnS and S, with some substance that ' 
gradually volatilises and so romoves heat, is 
slowly heated to redness in a glass retort, or a 
loosely covered llask, imbedded in sand ; the vola- 
tile substance gradually passes off, then the 
excess of S is volatilised and the SnS, remains, 
partly on the sides and partly on the bottom of 
the vessel. If tin is heated with S only, the 
heat produced in the reaction is so great that 
the SnS... formed is resolved into SnS and S. 
Various mixtures have been employed by dif- 
ferent chemists ; the following give good results : 
(1) equal parts sifted tin-filings, S, and NH^Cl 
(Pelletier) ; (2) 4 parts tin-filings, 3 parts S, 2 
parts ^fH4Cl (Woulfe) ; (3) a pulverised amalgam 
of 12 parts tm and 6 parts Hg, with 7 parts S, 
and 6 parts NH^Cl (W.)*; (4) 6 parts SnS and 
8 parts HgClj (W.). 

References. — Pelletier {CrelVs Ohem. Ann. 
1797 [1] 46) ; Woulffe [ibid. 1, 149); Bullion {ibid. 
1793 [IJ 89) ; Proust {Gehlen's Joum. /. Chem. 
und Phys. 1, 250). 

According to Gmelin {Handbuch [6th ed.] 8, 76) 
if NH4CI is heated with tin and S there is formed 
a compound of NH^Ci and SnCl,, which then inter- 
acos with the S, forming SnS.^ (?2Sn + 8NH,Cl 
- 2(2NH4Cl.SnCl,) + 21i^ + 4NH, ; 
2(2NH4Cl.SnCL)-f-2S 
= SnSj -I- 2NH4Cl.SnCl4 + 2NH4CI). 

Prqpcrf £e5.—T*repared by subliination, SnS, 
is a soft golden-yellow, lustrous, crystalline solid; 
S.G. 4-6 (Karsten, S. 65, ^94), 4-42 (Boullay. 
A. Ch. [2] 43, 266). Crystalline SnSg is known 
as mosaic gqld {v. Dictionabx or Arrian 
Chemistbt, voL iii. p. 845). 

Reactions and Combinations. — 1. Heated tn 
a closed vessel gives SnS and S, and a sublimate 
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ot Safil^S. Seated in air SnO, and SO, are 
formed.>-8. Chlorine liquefies SnS,, on cooling 
l^ow eiystala of SnOl4.2SCl4 are formed (H. 
Bose, P. 42, 617). — 4. The compound 

8nSj^4(«SnSI,.Sl2) is said to be formed by 
heaung SnS, with iodine in a stream of CO., 
(Sohneider, J , $r, 79, 419 ; v. also Tin, tmo - 
lODznii, infra). Aocordmg to Schneider {Lc.) 
a boiling alcoholic solution of I does not act on 
SnS, prepared by sublimation, but with amor? 
phous SnS, prepared by ppn. it gives SnSJ,. — 
6. Amorphous, but not crystalline, SnS.^ is 
slowly decomposed by boiling cone, hydrochloric 
acid, H2S being given off and SilCl, solution 
foraed.-^6. The amorphous sulphide is slowly 
oxidised by hot nitric acid ; aqtta regia oxidises 
both amorphous and crystalline SnS, to SnO., and 
H2S04Aq. — 7. Fusion with lead monoxide produces 
a mixture of sulphides and oxides of tin and 
lead ; with excess of PbO, SO, is given off and 
lead remains. — 8. SnS., was said by Dumas {S. 
C6, 409) to combine with stannic chloride, form- 
ing SnS,.2SnGl4 ; the compound being produced 
by th^ interaction of SnCl4 and II.S. According 
to Coldridge (P. Af. [6] 29, 383) this compound ‘ 
does not exist, the product of tho reaction 
being SnCl4.5£LjS. — 9. SnS, dissolves in alkali 
sulphide solutions, forming thiostannates 
(q. u., infra), M.^SnS,. — 10. In alkali solu- 
tions SnS., dissolves, probably forming stan- 
nates and thiostann?,te3 (? 3SnS.^-l-OKOIIAq 
- K,SnO,Aq -1- 2X3808, Aq + 3H3O). 

Tin Sksquisuij'hide. Dcrzelius (Lehrbuch 
[5th ed.] 2, 600) gave tho formula Sn^S, to a 
greyish-yellow, lustrous solid obtained by heat- 
ing a mixture of 3 ifSarts SnS and 1 i)art 8 in a 
retort ; the substance was almost certainly a 
mixture of SnS and Sn8^,. 

Tin, sulphochlorides of; v. Tin thio- 
OHLOBiDES, infra. 

Tin, sulpho-iodide of; v. Tin Tino-ioninE, 
infra. 

Tin, sulphocyanide of ; v, vol. ii. p. 352. 

Tin, tellnride of, 8nTe. A grey, lustrous, 
metal-like, crystalline solid ; 8.G. 6-478 at O'’ ; 
obtained by heating together tin and To, and 
slowly subliming in a stream of H (Ditto, C. IL 
• 90,1790). 

Tin, thio-acids and salts of. It is doubtful 
whether a thio- acid of tin has been isolated^ith 
certainty; a few salts derived from tho acid 
HjSnS, have been obtained. 

Thiobtannio acid. {Sulphosta7mic acid.) 
Etihn (A. 84, 110) obtained an olive-brown pp. 
by ad^g HClAq or H.C.3H,03Aq to a cone, 
solution of Na^SnS3.Na,S.12H30 (v, infra) ; after 
washing, and drying at 100°, the pp. was a leaden- 
grey, lustrous solid having the composition 
HjSnS,. Storch {M, 10, 266), repeating Kuhn’s 
expei^ents, always obtained brown pps., whicl^ 
did not contain more S than required by the ratio 
Sn:S - 1:2*19. S. concluded that the pps. were 
mixtures of HgSnS, and SnS^. By adding dilute 
oxalio acid solution to solution of Na^SnS, 
jlprepared by saturating Na^SnOjiq with H^S) 
in quantity just sufficient to combine with 
the Na present, S. *(l,c.) obtained a deexi- 
yeUow liquid which remained clear for hours ; 
after removing the HjS by a enrreht of air 8. 
found that the liquid contained tin and S in the 
Iptio £to:8S ; he concluded that H,SnS, was pre- 


sent in the liquid. The liquid was decolourised 
Nii.CO.Aq, (NHJ,COAq. 
^4 N£[4ClAq ; strong acids gave brownish pps. 
containing rather more S than required by me 
formula SuS,. • 

Thiosta.\;iatks (KOhn, U . ; Hdring, EirseVe 
Zeii.filr R/iarm, 1851. No. 8). Tho alkali salts 
are obtainll by dissolving SnS, in alkali sulphide 
solutions, wI.jSAq; tho alkaline earth salts are 
formed by double decomposition from the alkali 
salts. 

Potassium thiostannate K^SnSj-lOBLO. 
Obtained by dissolving SnS, in K.,SAq, and add- 
ing alcohol, when tiie salt separates as a dark 
brown heavy oil ; all 11,0 is given off at 100°. 

Sodium thiostannates. The normal salt 
Na.,SnS3.2II„0 is obtained, in yellow, glassy, re- 
gular crystals, by aihling tin, little by little, 
to molten Na,S,, treating tlio fused fhass with 
water, and evaporating at a low tempera- 
ture. A solution of SnS and S in Na,SAq de- 
posits colourless, monoolinio cryatals of the 
basic salt, which, whan dried over ILSO4, 
has the composition Na.,SnS3.Na,S.12II,0. The 
stronger acids (HCI, 11,80^, CriCI,.CO,H) ppt. 
SnS, at once from NaKn8.,Aq ; but weak acids 
(H3PO4, CII,C1.C0,JI, iVroJ form brown- 

yellow solutions from whicli red-brown pps* 
separate more or less slowly (Storch, M. 10, 256). 
Kiilin (Lc.) gives tho reahtiona of^he tufo Na 
thiostannates with solutions of several metallic « 
salts ; many of tho pps. were doubtless thio- 
stannates of the metals employed. 

PLATING -THIOSTAN N ATKS. Schneider 
{Z. [2J 5, 629; 6, 270, 613) obtained veal ta to 
which lio gave the comjx^sition M,Pt,SnSg 
(-MB.3PtS.SnS.,), where M»‘K or Na, by 
fusing SnS.„ Pt,*M.,CO„ and S, aud lixiviating 
with water. 

Tin, thiochlorides of. A compound SnS,01j^ 
(=s SnC1^.2SCl,) is said to bo formed, along witn 
SnCl|, by the interaction of Cl and SnS or SnS^ 
(H. Hose, P. 12,517). Duma3()S'. 60, 409) described 
a compound Sn,S,Cl,( => SnS., .811014) as obtained 
by passing 11,8 into SnCl., ; but according to Cold- 
ridge (P. M, [6] 29, 383) this compound is not 
formed. C. (l.c.) says that the passage of H.,S 
into SnCl4 produces white crystals of SnCl4.5K,S, 
which are decomposed by heat, giving off HCI 
aud H.,S, and leaving SnS.,. 

Tin, thio-iodide of. By melting together 
crystalline' SnS., and I, in tho ratio SnS,:4I, 
allowing tho liquid to cool, and eitlier heating 
in a stream of CO.„ or (lissolving in CS., and 
crystallising. Schneider (/.^ir. 79, 419) obtained 
brown, lustrous crystals of SnS,l, ( » SnSI^-SI,). 
This thio-iodide is dissolved unchanged by CS, 
fir CHCI3 ; alcohol separates S ; water, or a solu- 
tion of a caustic alkali, jiroducos SnS,, 8, and 
IllAq (or MIAq) ; HClAq or HNO.Aq decom- 
poses it, witli separation of»H. The compound 
SnS,!, i.s also produced by the interaction of a 
solution of I in CS., and pj>d., dried SnS- 
•(S., 1.0.), . M. M. P. M. 

TIN OEOANIC COMPOUNDS. 

Stannic methide SnMe,. (78°). 8.G. 4 

1*313. V.D. 6*00 (calc. 6*15). Got by heating 
an alloy of tin and sodium (14 p.o.) with Mel 
G pt.) at 100°~120° (Ladenburg, A. Stippi. 8, 
74; cf. Cahours, A. Ill, 236; 114, 872p Oil, 
with ethereal odour. Reduces alooholio AgNO», 
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Stftmk tri-mathylo-iodide SnMe,L (170% 
8.Q* 2*148. Fonned by the action of 1 on 

8nMe4. Oil. Yields crystalline SnMe^OH and 
the salU (SnMe,),SO„ SnMe,.0.CO.H. and 
BnMe,.QA.o. Forms the oompounda SnMe,OEt 
(Ladenburg, B. 8, 358) and SnA^I2KH, (Ga- 
hours, A. 122, 56). ^1 

Stannic di-methylo-di.iodide SnM^X. [30°]. 
(228“). S.G. 2a 2-872. Formed B> heating 
tinfoil with Mel at 150° (C.). Monoolinic crys- 
tals (from ether-alcohol). Converted by ammo- 
nia into amorphous SnMe^O'i which is insol. 
water, but dissolves in acids forming the follow- 
ing crystalline salts: SnMCaClj [90°] (1&9°), 
forming trimetric crystals; o:5:c = -834:1: *941. — 
BnMe^tGl^ 7aq, forming trimetric crystals ; 
a : 5 : c - *888 : 1 : -977. — SnMe^Brj. (209°). — 
SnMe^SO^, forming monoclinio crystals (Hjort- 
dahl, C. «. 88, 584). 

Stannic ethide SnEt^. Mol. w. 284. (181°). 
S.G. 22 1-187. Formed from SnEtX^ and 
EtI (Buokton, A. 109, 218 ; 112, 223; ‘Frank- 
land, A. Ill, 44). Fovmed also, together with 
tin and ZnEtCl, by adding fused' SnCl, to 
cooled ZnEtj and then distilling (Frankland a. 
Lawrance, C. J. 36, 134). Prepared by heating 
powdered tin with Ktl and the zinc-copper 
couple ; and ilso by heating ZnEtl with pow- 
dered tin at 160° (Letts a. Collie, C. J. Proc. 2, 
166)., Oil. ^ Has no action at 180° on Al, Na, 
or Mg. Slowly absorbs sulphur dioxide, forming 
crystalline SO.j(OSnEt3).^, insol. ether and an oil 
SnEt3.S03Et, sol. ether. Hot cone. HClAq foims 
ethane and SnEtyCl. lodjne forms SnF.tX an’A 
l£t. ^ 

Stannous ethide SnEL. S.G. 12 1-558. 


Formed by adding zinc to a warm solution of 
SnEt^Cl] (Frankland). Oil. Decomposed at 
150° into SnEtf and tin. Br forms SnEtjBr,. 

Bistannio hexa-othide Sn^Etg. (265°~27b°). 
€.G. a 1*412. V.D. 14-8 (calc. 14-7). Got by 
distilling SnEt^I with sodium (Ladenburg, A. 
iSttppZ. 8, 66 ; D. 3, 647). Pungent oil. 1 forms 
SnEtgl. Cone. HClAq forms SnEt.Cla, ethane, 
and hydrogen. 

Stannic tri-ethylo-iodide SnEtjI. (231°). 
S.G. 2a 1*833. Formed by the action of EtI 
on an alloy of tin and sodium (Ladenburg, A. 
Suppl, 8, 60 ; B. 3, 353, 647 ; cf. Lowig, A. 84, 
308). Liquid. Combines with Nil, (2 mols.). 
On distilhng with KOHAq it yields SnEt^OH 
crystallising from ether in prisms [43°] (271°) 
converted by heat into oily (SnEt,).^0, whictfre- 
combines w-ith water forming the hydroxide. 
NaOEt converts the iodide into SnEt^OEt (191°) 
S.G. 2 1*263, which is at once'^ changed by 
water into the hydroxide. The hydroxide 
SnEt,OH is sol. water, strongly alkaline, ab^- 
sorbs COj from the air, and is converted by 
acids into the salts:— SnEt,Cl. fo. 0°V (209°). 
S.G. a 1*428.— (SnEt,)3PtCl,.—SnEt,PtCl,.-- 
SnEtjBr. (223°) (Cahours). — SnEt.Cy. — 
SnEtjOyO.— SnEtjNO,.— (SnEt,).,SO,. Hexa- 
gonal prisms terminated by pyramids (Hjort-' 
dahl).— (Snl^g^S. — SnEt,SH. — (SnEyH^PO.. 
— SnEt,.OAo. — SnEt,OBz. — (SnEt,)aCO,. — * 
(SnEg.OA aq. — Formate (SnEgCHO,.— 
Butyrate (SnEt,)C«H,0.,. — Tartrates 
(SnEg^O^H^O, aq.— (SnEgHC^H.O. aq. 

Btannio di-ethylo-di-icdide SnEt,!,. [44-6°]. 
(945°). Formed hrom tin and EtI by exposure 


to sunlight or by heating with EtI at 150° (Vrank- 
land, X. 86, .329; Ldwig, A. 84, 808; Oahoura 
a. Bicbe, A. 84, 333). Needles (from alcohol), 
si. soL cold water. May be sublimed. Alcoholic 
NH, forms SnEt^O, which is an amorphous 
powder, insol. water, converted by acids into the 
following salts : SnEt^Cl^. [86°]. (220°), form- 
ing trimetric crystals; a:&:c» *889:1: -948. — 
SnEtjCl.OH; plate8.-*rSnEt,Bra (238°). V.D. 
11-6 (calc. 11-7).— SnEt,(NO,)2.-SnBtJCy.— 
SnEt3(SCy),. — SnEt,S. — SnEtjSO,. — Crys- 
tals. SnEt2(OAc)2. — SnEtjCoO,. — Formate 
SnEt2(CH03),. 

Stannic bthylo-trimethide SnEtMe,. (126^ 
128°). Formed from SnMe,! and ZnE'il, ((^A^ours, 

A. 122, 69). Oil ; converted by 1 into EtI and 
SnMe,I. 

Stannic di-ethylo-di-methide fi nEt 
(145°). S.G. 9 1-260. V.D. 6*84 (calc. 7*14). 
Formed from SnEtJL^ and ZnMe, (Frankland, A. 
Ill, 60; Morgunoff, A, 144, 157). Oil. 

Stannic methylo-tri-ethide SnMeEt,. (163°). 
V.D. 6*72 (calc. 6-65). Formed from SnEg and 
ZnMe._, in the cold (0.). Heavy oil. * 

Stannic tetrapropylide SnPr^. (224°). S.G. 

1-179. Formed from SnPr,! and ZnPr, 
(Cahours, C. U, 76, 133). Pungent oil. 

Stannic tripropylo-iodide SnPr,I. (261°). 
S.G. ^ 1-692. Formed from Prl and an alloy 
of Na and tin (Cahours a. Demarpay, C. B. 88, 
725, 1112). Oil, converted by moist Ag^O into 
crystalline SnEt^OH. 

Stannic di-propylo-di-iodide SnPrjI^. (272°). 
Formed from tin and Prl. Oil. Converted by 
alkalis into amorphous SnPr^O, insol. water, 
which yields SnPr,Cl^ [81°].“ 

Stannic tri-isopropylo-iodide SnPr,I. (267°). 
Got in like manner. 

Stannic di-isopropylo-di-iodide SnEr,!- 
(267°). Yields SnPr.Ol, [57°]. 

Stannic tri - isobutylo - iodide Bn(C4H3),I. 
(285f). S.G. 1*540. Formed from CH^Prl 
and a 9 p.c. alloy of Na in tin (Cahours a. De- 
mar<?ay, G. li. 89, 68). Pungent oil, converted 
by KOH into Sn(C^H„).,OH (313°). 

Stannic di-isobutylo-di-iodide Sn(C,H,)2l3. 
(.290°-296°). Formed by heating tinfoil with 
isobutyl iodide at 126°. Liquid, converted by 
alkalis into amorphous Sn(C,H3)20, and by HCl 
into*'3n(C4H3)2Clj [o. 6°] (261°). 

Stannic tetra-isoainylide Sn(C5H„),. Formed 
from isoamyl iodide and an alloy of Na (1 pt.) 
and tin (6 pts.) (Grimm, A. 92, 383). Liquid 

Stannic tri-isoamylo-iodide Sn(G3H„),I. 
(304°). Accompanies the preceding compound 
(C. a. D.). Converted by potash into oily 
Sn(C3H„)30H (337°). 

Stannic tetraphenyllde SnPh^. [226°]. 
(over 420°). Formed by heating bromo-benzene 
,;yith a tin-sodium alloy and acetic ether (Polls, 

B. 22, 2916). Colourless prisms, insol. ligroln, 
V. b 1. sol. alcohol, v. sol. boiling benzene. 

Stannic tri-phenylo-chloride SnPh,Cl. [106°]. 
Formed by the action of NaNO, on a solution of 
SnPhiGl, in liOAo, the yield being 86 p.o. of 
that represented by the equation dSnPh^Glg 
« 2SnPh,Cl + SnCl, (Ardhheim, B. 12, 609). 
Converted by potash into SnPh,OH l|aq [118°]. 

Stannic ' di-phenylo-diohloride BnPh,Oll 
[42°]. (336°). .Prepared by boiling HgPh, wiS 
SnCl, and ligroln (Aronheim, B. 10, 9288; 
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2285; i. ^74, 146). Triclinio prisms; 
;6 .c.- 688:1:1-067; «-620 47'; i8-76o 48'; 

8 '. Sol. alcohol and ligroin, miscible 
with ether. Converted by means of water into 
gnPhaC1.0H, an amorphous insoluble powder 
ri87®]. Potash forms SnPhjO. Ether, alcohol, 
and sodium-amalgam form SnPh 2 (OEt)a [124®]. 

Stannic di-phMylo-di-bromide SnPh 2 Br 2 . 
[ 0 . 38®]. (230® at 42 mm.). Formed from 
SnPh 4 and Br (Polis), and from the oxide and 
HBr(A.). 

Stannic di-phenylo-ohloro-bromidc 

SnPhjBrCl [39®]. Crystalline. Formed from 
Sn)Ph201(0Hj and HBr. 

Stannic di-phenylo-chloro-iodide SnPh^ClI. 
[G9®]. Yellow monoolinio crystals (from ether), 
decomposed by water. 

TIN GEOUP OF ELEMENTS. Group IV. in 
the periodic classification of the elements con- 
tains the following members ; — 

JS'Oen series 2 4 6 8 10 12 

0 Ti Zr Ce — Th 

Odd ^rUs 3 6 7 9 11 

Si Ge Sn — Pb 

Subdividing this group in accordance with 
the chemical similarities of the elements we get 
the following families : — 

Carbon family : C and Si. 

Titanium family : Ti, Zr, Ce, — , Th. 

Tin family : Ge, Sn^ — , Pb. 

The carbon family is considered in the ar- 
ticle Cabbon obodp of elements (vol. i. p. 082) ; 
and that article also gives a sketch of the chemi- 
cal relations of all the members of the group. 
The elements of i\\o titanium family are con- 
sidered under the heading Titanium okoop op 
ELEMENTS (this vol., p. 749). The tin family is 
considered in the present article. ^ * 

Go occurs in small quantities, as sulphide, 
.in a very few rare minerals. Tin and lead are 
found native in not very large quantities. The 
chief ore of tin is tinstone, which contains SnO^; 
SnSj is also found in tin pyrites ; and various 
micas contain more or less SnOj. Galena^ con- 
taining PbS, is the chief ore of lead ; sulphate, 
carbonate, phosphate, Ac., are also found in con- 
siderable quantities. Ge is obtained by heating 
its ore with Na^CO, and S, dissolving in water, 
decomposing Na^S by HjSO^Aq, ppg. Ag (Ag-Sis 
a constituent of the ore) by HClAq, then ppg. 
GeSj byHjS, oxidising the GeS^ to GoO., by 
HNOy, and reducing the GeO^ by heating in H 
or with C. Tin is obtained by calcining tin- 
stonCy washing, and reducing the SnOj by heat- 
ing with C. To obtain lead, gafena is roasted 
in such a quantity of air that it is partially oxi- 
dised, both PbO and PbSO« being formed ; by 
then heating out of contact with much air the 
PbS, PbO, and PbSO, interact to form SO, and 
lead. Tin and lead have been known from verj» 
early times. Ge was isolated in 1886. 

The table on page 736 presents some of the 
principal physical and chemical properties of the 
tin elements. ^ 

General formula and characters of com- 
pou/nds. Oxides JIO, MO, ; also Pb.O, ^d 
Pb.O. : various hydrates of most of these oxides 
axe known. Sulphides : — MS, MS, ( ? 
Haloid compounds: — MX, and MX,. 
Acids;— H,MX., where M»Ge or Sn, and 
S-eithcr Br^l, F, or I ; also H,Pbl 4 ; H,SnO, 


and ELH^Sn^O,. ; ?H,SnS,. Salta MX, and 
MX 4 , where M»Sn or Pb and X»NO., 

^POi, Ac. Salts containing M in the 
acidic ra^cle: — B^,MXg, where Bf 
= Ge, Sn, (?Pb), and X is a halogen ; B>,MO„ 
where M = Si^ or Pb ; also It*,PbO| ; also 
IiVH*SnjO,4 also R^.^SnS,. 

The oxiil^s MO are basic ; they react with 
acids to fonl silts MX^, X NO,, ^SO,, iPO,, Ac. 
(no salts of GeO have yet been isolated). PbO 
also dissolves in molten KOH, forming K^PbO,. 
The oxides MO,,' where M«Hn or Pb, are 
both basic and acidic ; they react with some 
acids to form salts 1 ^X 4 ; several of these salts 
have been isolated when M = Sn, very few when 
M-Pb: they also react with molten KOH or 
NaOH (SnOo.a:KO also with MOllAq) to form 
salts K,(orNa,)Mbj; when M = Sn two classes of 
salts are known, stannates M.^SnOj, and meta- 
stannates, probably Mo.IIgSn^Ou. GoO, dissolves 
in acids, also in molten KOH or K.COj, but the 
products of these reactions liave not yet been 
examined. rb 304 reacts )jfith dilute strong acids 
to form PIO,, and PbX, which dissolves ; with 
'glacial acetic acid Pbj ,04 forms Pb(C,Il 802 ), and 
rb(C.H 20 ,) 4 . rb ,03 probably reacts with dilate 
strong acids to give PbO, and a salt of PbO. The 
hydrates of MO and MO, react sifiiilarly to the 
oxides. Some of the hydrates SnO„.a"H,0 are 
acidic ; one class of these is probably poly- 
meric with tlie other. There are inaications of 
the existence of an oxide MO, in the case of tin ; 
this oxide seems to be acidic. 

The ifulpJiides of Ge have not been much 
investigated; GeS, dissolves in alkali ^Iphide 
solutions, and is probably acidic. GoS has been 
gasified and V.D. determined. The sulphides of 
tin are both basic and acidic ; with hot cone. 
HClAq they give SnCl, and SnCl^ respectively ; 
both dissolve in alkali sulphide solutions to form 
thiostannates M .SnS,. PbS is basic ; with acida - 
it gives salts PbX,, and 11,8 ; there are indications 
of the existence of a higher sulphide, perhaptf 
PbS„ which will probably form tliioplumbates 
with the sulphides of strongly positive metals. 

The haloid cwnpounds MX, (none isolated 
yet when M - Go) may be formed by the direct 
union of tho elements, and by the other usual 
methods. SnCl, and PbCl, have been gasified, 
and tho formuhe are molecular ; molecules of 
the composition Sn.^Cl, probably exist, but are 
decomposed at c. tlie boiling-point of the com- 
poiftid. Several salts are known of tho form 
M,SnX 4 , where X = Jlr, Cl, F, or I; and an acid 
HSnCl 3 .xH 20 and some salts MSnljare also said 
to exist. H?Pbl 4 and salts M,Pbl 4 have been 
isolated; and also seve;^! salts corning un^r 
fhe general formula xPbX,.yNH,Cl, where X“Br 
or Cl. The haloid compounds MX* have been 
gasified, Ind V^.s determined, when M » Ge and 
X « Cl or I, and when M Sn and X «• Br or CL 
PbCL has not been isolated with certainly, but 
, salts of the form MjPbCl. are known, and also 
•Bomo salts xrbCl4.7yNH4Cl. The acids H^OeF., 
H..SnBr„ and H,SnCla have been cAtained, a^ 
al^ salts derived from these acids; salts M^SiiFg 
and M.,PbCla are also known. GeHCl, has be«l 
isolated, hl&nyoxy haloid compounds x.MO.pBiX« 
and xMO,.yMX 4 are known. 

The oxyacids of tin, ELjSnOti and (probabl]0 
are to be classed with tha weak 
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T 


Atbw^ 

weighti. 


Melting- 

points* 

(approx.). 

Boiling- 

pomis* 

(approx.). 

grave, 
(approx.). 
Spec, heats. 
Atom, fcts. 


Spec, grave, 
fapprox.), 
Ocoairr^nca 


and 


priparation. 


- 


Physical ' 
properties. 


Chemical 

properties. 


Gxaiuiiiuic. 


72*3 


Tnr. 


118-8 


Lxao. 


One or more oompoonda of each element have been gasified. Speoifio heats have 
also been determined directly. There is some evidence in favour of the con- 
clusion that the npleoules of tin and lead, in solution in Hg,.are monatomic. 
900° , V I 232° I „ 830° 


1,450°-1,600« 


1,450°-1,600° 


6*5 


7-3 


11*4 


•0737 

13-2 


•0559 

16-3 


•0315 

181 


Double sulphide of Ge and 
Ag occurs as a rare min- 
eral. cGeO, al 80 found in 
some specimens of* 
enitet with oxides of Nb, 
Ta. and Y. 

Prepared by reducing GeO* 
by H or 0. 


Greyish white, lustrous, 
very brittle. Crystallises 
in regular ootahedra. 

Molts at 0. 900°; slightly 
volatilised at 1,350° in N 
or H. 


Unchanged in air at ordi- 
nary temperature; oxi- 
dised to GeO.^ when 
-heated in fine division. 
Combines readily with 
Br, Cl, and I when heated, 
forming GeX^. Heated 
inHGlgas forms GeHCl,. 
Dissolves in H^SO^Aq. 
Ho salts have yet been 
isolated by replacing H 
of oxyacids by Ge. GeOj 
dissolves in fused KOH 
or KjCO,. HjGePgAq 
and salts of this acid are 
known. 


Metal found in small quan- 
tities. SnO, occurs in 
tolerable quantities 
widely distributed. 


Prepared by reducing SnOj 
by C. 


Silver- white, lustrous, mal- 
leable, but malleability 
v^aries with temperature ; 
tenacity very small. Crys- 
tallises very easily in 
rhombic *and quadratic 
forms. 

Melts eaflly (at 232°), and 
boils between 1,450° and 
1,600°. 

Unchanged in pure air at 
ordinary temperature. 
Heated in air gives SnO 
and SnO^. Heated in 
Br, Cl, or I forms SnXa 
and SnX^. Heated with 
S forms SnS and SnS.^ ; 
also forms SnSe and 
SnSe.^. Reacts with 
acids forming two series 
of salts, SnX, and SnX„ 
X-NO„iSO<, P’0,, <feo. 

'XJono. HNOj produces 
Sn02.xH20. SnO is basic; 
SnOyxHoO both basic 
and acidic, with strong 
acids forms salts SnX,, 
and with caustic alkalis 
forms stannates M^SnO,. 
SnSj^ forms thio-stan- 
nates MjSnS, with al- 
kali sulphides. Stan- 
ni fluorides M^SnF, 
ard* known ; the ^ids 
HySnClg and H^SnBr, 
have been isolated. 

Mol. w. perhaps some as 
at. w. in solution in Hg. 
Valency of atom varies 
from 2 in SnOl, gas to 4 
in SnOl, gas. 


Small quantities of lead 
found. Chief ore con- 
tains PbS ; widely dis- 
tributed in considerable 
quantities. 

Prepared by interaction of 
PbS, PbO, and, PbSO, ; 
also by reducing PbO by 

Wliite, with tinge of blue ; 
lustrous ; very malleable 
and ductile; tenacity 
very small ; very soft. 
Crystallises easily in 
regular ootahedra. 

Melts easily (at 330°), but 
at higher temperature 
than tin, and boils be- 
tween 1,450° and 1,600°. • 

Tarnishes in air, film of 
oxide (?Pbj,0) forming 
on surface. Melted in 
air forms PbO and PbaO,. 
Combines with halogens 
to form PbXj ; PbCl, also 
probably isolated. Com- 
bines with a and Se, 
forming PbS and PbSe ; 
PbS.xS also probably 
^ bxists. Reacts with acids 
forming salts PbX^, X » 
NO,, ^SO,. 4 PO 4 . * 0 . 
PbO is basic ; PbO, 
feebly basic and feebly 
acidic ; Pb(C,H,0,), 

has been isolated, and 
probably PbCl, ; with 
molten KOH, PbO, forms 
KjPbO,. No thioplum- 
bates isolated. No acid 
H.p’bF,, or salts thereof, 
isolated ; but 
8 KF.HP.PbP 4 probably 
exists. 

Mol. cW. perhaps same as . 
at. w. in solution in Hg. 
Atom is divalent in gase- 
ous molecule TbCn„ Ssnd 
tetravalent in gaseont : 
molecule PbMe^ 





TITANIUM. 


acids; the one is prohabljr a polymeride of the odd-senes elements to the first member of the 
other. The salts of those acids show very dis- odd series of their group (Si) by the following 
tinct differences: the acids themselves interact statements: (1) Pb'Si-Tl-Al = Au*Na 
with strong acids to form salts containing tin in - Bi:P. — (‘i) Sn:Si - In:Al - Ccl’:Mg ^ Ac-Na 
tiie positive radicles. Ot confaininff (in -Sb:P. - (31 Ge:Si - Ga:Al. Zn:Mg = Oii:Na 
and the following have (probably) been As:P. Ol 'the whole, Bi is more unlike P 

’• *» . and H^SnCl^. than T1 is lAlike Al, Ilg is unlike Mg, or Au is 

Na jHl) is more unlike P than In is 


It is doubtful whether thiostannic acid H.SnSJ unlike Al, Od is unlike Mg, or Ag is unlike Na • 
has been obtained pure, but salts of this acid and As is inoro unlike P iTuin (ia is unlike Al! 
have been isolated. Zn is unlike Mg, o^Cn is unlike.Nn. Hence the’ 

The salts of oxyaetds containing these metals ” “ 


dilTorenoes between Pb and Si, tin and Si, and 


the negative radicles are MaSuOs i«id He and Si, rcspoctivf^Iy, will bo very decided. If 
. Mo.HySnjOjs, MjPbOj and MoPbO^. These salts ■ the relations expross«Ml in the preceding state* 
are generally easily decomposed. Oxyacids and inenls arc worked out in detail, tlu'v show that 


salts of oxyacids of Go have yet to bo searched 

for. 


the dilT«*renees between l*b uinl Si will be more 
marked than those between tin and Si, and still 


Salts derived from oxyacids by replacing II more marked than thos<> between ’ Wo and 
by M are known when M-Sn or Pb ; no Go ; Si ; but at the same time tlicre will not bo any 
salts of oxyacids have yet been isolated. The i very great dilTcrenctis between these three pairs 
tin salts belong to two classes, SnX. and SnX^, ■ of dillerences. Lead, then, will on the whole bo 
where X = N 03 , iSO^, gPO^, Ac. ; both c.lasscs of ' the most metallic, and ^Jo the least inotallic, 
salts readily undergo decomposition and .show a ; of tho tin Adements. Hut the three elements 
general tendency to separate oil SnO or SnO.. ' 'will resemble each other closely in so far as their 
Almost all tho lead salts belong to the class giaieral positive or negativo character is con- 
PbXj*, they are more definite and loss ready to , cerned. TJien, considering then si iiiblaneos and 
split off oxide or decompose to basic salts than dilTerencos hetwcim consecutivi* piiiA of olouionts 
the corresponding salts of tin. Pb(C.U;,0.,,), is in (1) .series 3 and 5 {i.e. Si and Ge series), nnd 
the only lead salt of an oxyacid of the cl.ass (2) scries 5 nnd 7 {ix. Go and tin serie8),,and 


PbX^ that has boon certainly isolated ; it is 
decomposed by tho least trace of moisture, 
giving a pp. of PbOo. 


scries «> ana 7 {tx. (o; and tin stales) ,,and 
(3) scries 7 and 1.1 {ix. tin and leaif serie.s), it 
is evident thatGc and Si will l)o more alike than 
Ge and tin, and that Go and tin will more 


The elements of the tin family are distinctly | closely i^^semblo one another than tin nnd lend. 


metallic in their physical properties, and in most 


0 , oi\ tlio wludo, wo may expect l^at Ge 


of their chemical properties also ; they oxliihit, will form several conipoumls wlieroin tho ole- 
however, non-mctallic characters in their highest xiicnt acts distinctly as a non-metal; it is pos- 
salt-fonuingoxides.MO.j, which are acidic towards sihlo that GeH., may he isolateii (GidlCh, exists), 
strong bases, while they also react as basic oxides Go will form volatilisablc organic compounds; 
towards several acids. Tho tin elements arc less ; GcO,, will probably Ire found to bo di- or tri- 
chemically metallic, on the whole, than the mem- morplious, 

hers of the even-series, or titanium family, of j In connection with this article v. CAnnoN 
Group IV.; tho two distinctly non-metallic | okoup ok klkmknth, vol. i. p. (>H2 ; and Titanium' 
elements of the group are the first member of ! oitoup ok klkmk.nts, this vol. p. 7'!!). 


the oven series -carbon, and tho first member 
of the odd series -silicon. ' 

In considering tho chemical analogies of tho, 
tin elements, tho position of the members of Iho 


M. M. 1\ M. 

TITANATES, and dcriv(ifiv,:s of v. p. 747. 
TITANIC ACIDS v. p. 746. 
TITANIFLUORHYDRIC ACID IL/IiF, v. 


family in their respective series should be looked Titanic rnuoaiDE, Combinations , No. 1, p. 742, 
to (v. table in vol. iii. p. 811). Ge como.s* m -T^ 4 w.TvTTTm»Tnva 


to (v. table in vol. iii. p. 811). Ge comch* in 
series 5; it is preceded bj'/Ia, Zn, and Cu, and 
succeeded by As, So, and Br ; tin comes in 
series 7 ; it is preceded by In, Cd, and Ag, and 
succeeded by fib, Te,«and I; lead comes in 
series 11 ; it is preceded by Tl, Hg, and Au, and 
succeeded by Bi and two unknown elements. 


TITAN'IFLUORIDES t;. Titanjo 

rLUouiDic, Combinations, No. 2, p, 742. 

"UTANIUM. At. w. 47*11. Mol. w. not 
known. Has not been fused. H.G. ^ 3*5888 
(K. Hofmann, 77. 26, ]()2o) ; soino older deter- 
minations gax^e S.G. c. 6*.3 {v. I''rits5, M. 1892. 


The highest salt-forming oxides of the elomeuts 772; Wihson, l‘r. 32, 46,7 [iHHl j). W.H. 0® to 
preceding and succeeding the tin element.^ in rdU'^ *1135, 0 ' to 211*^ ■’128H, O'* to 301’^ *1485, 0^ 
the series are: series 6, CuO, ZnO, Ga..O, ; to440^ *162 (Nilson a. I’eltersson, Tf. P. C. 1,34) ; 

OeOj ; As^O,, SeOj, — ; series 6, Ag^O, CdO, i Fritz {M. 1892. ?72) gives *13. H.V.S. 13*4. ^ 


ImO,; SnOj; Shp*, TeOj, ? IjO, — series 11, 
Au,0, HgO, T1.A; The 


Historical . — In 1791 Grtgor found indica- 
tions of a now element in a Cornish ironsand 


preceding oxides GoO^ arc, on the wliolo, more ' called menaccanite, from tho village near which 
basic than the oxides preceding SnO^or PbO.^; ■ il was found {CrelVs Ann. 1791 [11 40, 103). 
and the oxides succeeding GeOj are'on the whole The element was called menachin Ify Kirwan. 
more acidic than tho oxides succeeding SnO„ or ' In 1795 Klaproth found a compound of a new 
PbOj. Hence we should expect the three oxides, ' element in a mineral known as * rather Schoerl 
GeO,, SnO*, and PbO.* to be about equally acidic zu Boinik in llungam,* and called the element 
and equally basic ; SnO*, perhaps, •being tho titanium (derived from Titan). In 1797 K. 
most acidic of the three. Looking at the posi- recognised that the chief constituent of tho 
tion of the tin elements in the general periodic Hungarian mineral was the same as the oharao- 
mtem, we nw express the relationship of these teristio constituent of menaccamte examined by 
You lY. ® 3 



7S8 


TTTANnm 


Gregor (K., BeitrdgA but Kentniss der MineraU 
kiirper). The element was isolated for the first 
time by Berzelius in 1824 (P. 4, 

Occurrence.— Ti never occurs native. The 
chief ore of Ti is more or less pure TiOj, which 
occurs in different crystalline fol^s as rutile 
and cmatase (tetragonal) and hrookim (rhombic). 
Various minerals contain TiO„, poifbined witn 
SiOa and alkaline earths, e.g. tltanite or sphene 
and ferrotitanite ; compounds of titanatcs and 
nic.bates are found in some ''•are minerals, e.g. 
polycrase^ euxenite, and pyrochlore. Varying 
quantities of TiO.^ occur ip many titaniferous 
iron ores. The ores of Ti are found in small 
quantities. Some of them, especially the titani- 
ferous iron ores, are widely distributed (for 
analyses of Ti ores v, IT. Ilose.P. 3, 10.3 ; 14, 501 ; 
16, 276»i Mosander, P. 19, 211 ; Hermann, J. 
25, 368; Berzelius, J.pr. 43, 50; llainraclsberg, 
P. 1858. 607; Scheerer, P. 04, 489; Groth, 
Tabellarische Uebersicht der Mineralien [2ml 
ed.] 36 ; O. v. d. PfordJtjn,^. 22, 1485). Mazado 
(C. P. 34, 952) found traces of Ti compounds in 
the mineral spring of Nograo in France. For' 
analyses and descriptions of anatase, brookite, 
and rutile v. Klein {J. M. 1 875. 337) ; G. vom 
Bath {ibid. 1970. 01) ; Schrauf {ibid. 1877. 403) ; 
Koch {ibid. 1878. 052). Cornu {C. It. 80, 101, 
983)^ obtained spectroscopic indications of the 
occurrence' of Ti in the sun’s atmosphere. The 
bright-reddish crystals that are often found in 
blast furnaces wherein titaniferous iron ore has 
been smelted were supposed for many yqai’s to bo 
Ti ; bu^- Wflhlcr (.4. 73, 34) showed that tney con- 
tain 0 and N besides Ti {v. Titanium cauboni- 
TBIDB, p. 739). 

Forumtion. — 1. By heating K^TiFa with K 
or Na, out of contact with air (u. Preparation).— 
2. By heating TiCl^ with- Na in a closed iron 
crucible heated in a wind furnace (Nilson a. 
Pettersson, W. 4, 554 ; cf. Kern, C. N. 33, 57). 
'According to Robinson a. Hutchings (.4m. 6, 74), 
Tiis formed by heating TiCl, with Na to 130° in 
a sealed tube ; but O. v. d. Pfordten (.4. 237, 201) 
says that very little, if any, Ti is obtained, and 
that the main product is TiClj. — 3. By fusing 
K^TiF, with an equal weight of iron filings, 
and dissolving away the iron by IIClAq (Wehrlin 
a. Giraud, 0. R. 86, 288). ~4. By lieating TiCl, 
to 180° with Ag obtained by reducing a salt of 
Ag; TijClj is also formed (Friedel a. Gu6rin, 
A. Ch. [6] 7, 21). 

Prcpamfiort.— Finely-powdered rutile is 
mixed with double its w'eight of K^COj, and the 
mixture is fused in a Pt crucible' placed inside 
an earthenware crucible. The fused mass is 
powdered and dissolved in the necessary quantity 
of HFAq in a Pt dish ; water is added to dissolve 
E.^TiF, which begins to soparafe, the* liquid is 
boiled and filtered* while boiling ; the K_jTiF„, 
which separates from the filtrate in lus’trous 
crystalline crusts, is pressed between filter-paper, 
washed repeatedly with cold water, again pressedS' 
and recrffeiiallised several times from boiling 
water (WOhler, A. 74, 212). The dry K,TiFj is 
placed in a porcelain boat in a porcelain (or 
hard glass) tube connected with a supply of 
pure dry H ; another boat, containing Na, is 
idso placed in the tube ; H is passed through 
the apparatus, and the Na is gradually vaporised 
and driven over the E,TiF«, which is heated. 


When the action is completed and the tube hai 
cooled (the H stream being maintained), tho 
solid is treated with water, which dissolves out 
KF, N^, and Na (W. a. Deville, A. 103, 230). 
Tha Ti is finally washed with ether and dried 
over H2SO4 {v. Korn, G. N. 33, 67). Merz {P. 
73, 48) prepared Ti by heating a mixture of six 
pts. KjTiF, and three nts. NaOl with twopts. Na 
•in a glass bulb placed in a sand-bath, whiles 
stream of H was passed through the bulb, then 
adding zinc-powder and fusing, and dissolving 
out the zinc by cold dilute HClAq. 

Properties.— K dark-grey or black lustroifts 
powder ; has not been obtained crystallised. Ti 
resembles iron reduced from FejjO, by H at a 
low temperature. 

According to Junot {J. 1853. 336), Ti was 
obtained by liim as a silver-white lustrous de- 
posit by electrolysing a solution prepared by 
dissolving titanato of K in boiling ILSO^Aq, 
evaporating to a syrup, and extracting with 
NaoSOjAq. J.’s experiments do not seem to 
have been repeated. L6vy {C. B. 110, 1368) ob- 
tained hard, steel-white, cubicle crystals, which 
ho took to bo nearly pure Ti, by pas.sing TiCl^ 
vapour over Si, B, or several metals heated to 
bright redness. L. found only 80 p.c. Ti in the 
crystals. Ti burns brilliantly in a flame. When 
heated to redness in 0, it is oxidised with pro- 
duction of an intensely lAilliant white light. Ti 
also burns in Cl. It decomposes water at 100°. 
Warm HClAq dissolves Ti easily; it is also at 
once dissolved by HFAq. Heated by electric 
sparks, Ti gives an emission-spectrum very rich 
in lines {v. Thaleii, A. Ch> [4J 18, 239 ; Troost 
a. Hautefeuille, O. li. 73, 620 ; Cornu, G. B. 86, 
101, 983 ; Liveing a. Dewar, Pr. 32, 402). 

Tho atomic weight of Ti has been determined 
(1) by analyses of TiCl^ (H. Rose, P. 16, 146 
[1829] ; Fierro, A. Gh. [3] 20, 257 [1847] ; Thorpe, 
C.y. 47, 108 [1885]); (2) by determining the 
weight of TiO., got from a determinate weight of 
TiCl, (H. Rose, l.c. ; Thorpe, l.c.) ; .(3) by analyses 
of TiBr^ (Thorpe, l.c.) ; (4) by determining the 
weight of TiO,^ got from a determinate weight of 
[TiBr^ (Thorpe, Lc.) ; (5) by measuring S.H. of Ti 
(Nilson a. Fettersson, Z. P. G. 1, 34) ; (6) by 
determining V.D. of TiCl, and Til^ {v. these 
conPpounds). Rose’s determinations gave values 
for the at. w. of Ti varying from 47*92 to 
48'32 ; Pierre’s values varied from 50’2 to 50*29. 
Tho very accurate series of determinations 
made by Thorpe has seliled tho at. w. to be 
almost exactly 48 (48 01 if 0=-16; 47*9 if 
0 = 15-96). 

The atom of Ti is tetravalent in the gaseous 
molecules TiCl, and Til,. Ti is metallic in many 
of its chemical properties ; it decomposes water, 

, giving off H ; the oxides TijO, and TiO, form 
corresponding salts ; the chloride and iodide (and 
? also bromide) can be gasified without decompo- 
sition ; the sulphide TiS^does not showany acidic 
characters so }ar as it has been examined. The 
chlorides give pps. of corresponding hydrated 
oxides by reacting with alkalis, Ao. On the 
other hand, Ti exhibits*^distinctly non-metallic 
or chlorous properties ; hydrates- of TiO, act as 
feeble acidk, producing salts wherein 'Ti forms 
port of the negative radicle. The acids H,TiF. 
and H,TiO,F. are known, and also salts derived 
therefrom. Tid^ is very easily decomposed by 
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water, giving HClAq and TiO,.a;Rp, drc. As cryolite, and treating with TIClAq. By heating 
might be expected from the two-sided character a mixture of Ti and A1 with KCl or NaOl in an 
of the reactions of Ti, most of the salts obtained earthenware crucible in a stream of H, L&yj 
by replacing the H of oxyacids by Ti are basic {G. R. 106, 6^ obtained brittlo steel-grey crystals 
salts. The oxide TiO, has been isolated ; it is which he took to bo an isoiuorphous mixture of 
probably a superoxide. Ti is closely related to TiAl, and li\l,. Ti alloys with ?>on ; it is often 
Zr, Ce, and Th i these elements, with Ti, form present ii\ pig-iron, but rarely in bar-iron or 
the even-series family oi^ Group IV. (v. Titanium steel (y. C. J, 10, H87). 
group op elements, p. 749). Ti is also closel/ Titanium* bromides of. Only one bromide 
related to Ge, Sn, and Pb, which form the odd- has been isolated. TiHr 


series elements of Group IV. (y. Tin ghodp of 
ELEMENTS, p. 736). Ti also shows distinct re- 
lationships to 0 and Si, which are irho first and 
second members of Group IV. (v. Cauuon group 
OF ELEMENTS, vol. i. p. 082). Tlio similarity be- 
tween Ti and Si is shown very distinctly in the 
titanic and silicic acids, the relations between 
which may be expressed by such a general 
equation as 

(M - Ti or Si). Ti is the only element of Group 
IV. which is known to form compounds of the 
type M^TiOaF, = Ti(OM),F^ = TiX,. 

Reactions and Combhuitinns. — 1. ITeated in 
air or in oxygen, burns brilliantly to TiO,.— I 
2. Burns when heated in chlorine, forming ■ 
Ti,Cl.— 3. Til^ is formed by passing vapour of ■ 
iodine over hot Ti. — 4. Combines with nitrogen ' 
when heated therewith (y. Nitrides, p. 743). — ; 
6. Ti is violently oxidised to TiO.., by heating ; 
with cupric oxide or rc}i lead. — G. Interacts with 
water at 100'-^, forming TiOj and H. — 7. Dis- | 
solves in warm hydrochloric aciJ, forming Ti„CIj j 
(Glatzel, B. 9, 1831 ; llammelsberg, B. B. 1874. j 
490). — 8. Ti dissolves easily in hydrofluoric ■ 
acid (? forming Ti^„) ; also in warm dilute 
nitric or sulphuric acid, according to Glafzcl | 
{I.C.), the solution in H.,SO,Aq dopo.-^ils crystals j 
of TL{S04 )s 0^ cooling. Cone, hot II .SO, rca( l.s 
with Ti, giving off SO. (? forming Ti(SO^) .) ; 
cone, hot HNO3 oxidises Ti to mctalitanio a«‘id 
(q. p. 747) according to Weber (P. 120, 287). 

Detection and Estimation. — Compounds of 
Ti are not reduced to metal by heating on cluir- 
coal in the blowpipe flame. Ti compounds, if 
not containing elements which give a colour 
to microcosmio salt, form a colourless glasa 
when melted in the microcosmio salt bead in 
the outer blowpipe flame; in the iiTrier flame 
they give a glass which is colourless wlien \»ot., 
but becomes violet on ce'ding; the dcdicaoy of 
the reaction is much increased by adding a little 
zinc to the bead (Riley, C.J. 12, 13). Solutions 
of T102.fl:H,0 in HCJAq or H..SO,Aq give wliito 
pps. of Ti0..a:H.pon boiling; adilitionof apiece 
of tin to a solution of TiG.-rlip in HClAq 
causes evolution of H and produces a violet-bluo 
solution which becomes rose-coloured on dilution 
with water (von Kobell, P. 02, 699). A solution 
of TiOjajR^O in HClAq gives a violet-red liquids 
(Ti.^Cla solution) by digestion for some time with j 
Cu (Fuchs, A. 6G, 319). Ti is estimated Us TiUj, 
ppd. from solutions by a slight excess of 
NH;fAq. Insoluble compounds qf^Ti are gene- 
rally fused with KHSO„ the fused mass is dis- 
solved in water, and TJC),.a;H.p is ppd. by long 
continued boiling. 

Titanium, alloys of. The alloys of Ti have 
oot been much examined. Wdhlej a. Michel 
{A. 113, 248 ; 115, 102) obtained an alloy with 
dluininium approaching in composition to TiAl, 
ItfiMisg ft mixture ^ TiO^ KCl, NaCl, and 


j lir.\Nio inu»#ii)U TiRr,. •{Titmiimn tetra- 
I bromide.) Mol. w. lias not been dct(*rniined, but 
: the formula is aln^pst certainly molecular from 
i analogy of TiCl, and Til,. 

I Propared by pa^^ing 15r viipour over a mix- 
ture of TiO.j and cbaria):il In ntcd to full redness, 
colb-eting the liquid that di til.^ over and solidi- 
fies in the receiver, and redistilling it*from llg 
(to remove free Br) (Ihippa, J’r. 8, 42). Also 
prepared bypassing Hitr gas over TiCl, kept a 
few degrees below its boiling-point in a distilling 
flask connected with an eipriglit condenser ; the 
whole of tSo Cl of the TiCI, is expelled (Thorpe, 

' G. J. 47, 12G). Thorpe us«*d ;},30 g. TiCl„ arid 
continued tlio passaj^e of lIHr for three days. 
The Illir is conveniently obtained by the inter- 
action of Br and amorpbou.s 1’ in V little water; 
it is freed from Br by passing tbrongli a (J tuba 
containing broken glass and amorphous and 
is dried by pa.ssing through another U tube con- • 
taining CaCL. 

TiBr, forms dark-yellow or orange crystals, 
S^G. 2 -(a molting at c. 40*^, and boiling at 0. 229® 
(1)., l.c. ; T., l.c.). It is very hygroscopic^ easily 
decompo.scd by water, forming a perfectly clear 
solution containing JlBraml TiO^.irJI/). 

Titanium, broraochloriries of. Jiy adding Br 
to TiCl.^ (7‘t’M P- 741) Fried(d a. Gut-rin {A. Gh, 

[6J 8, 24) obtained coloinb'ss li(pnd, fuming in 
the air, boiling at 17G®, winch they said was pro- 
bably TiBr Gl., ; and by the reaction of Br witl\ 

, Ti.ci,, they obtained a liquid boiling at 154®, 

' probably TiBrCl.,. 

: Titanium, carbonitrido of, Ti^CN,. {Titanium 

nitrocyanide, or C7/ano/r/7/ ;V/c Ti,o(CN).Ng.) This 
■ compound is often found iji blast furnaces wbero- 
‘ in titaniferous iron.slono lias been smelted. It was 
; suppo.sed by Wolla.ston to bo Ti {<r. A. 76, 220), 

I and was for many years generally mistaken for 
I tlie metal. In IH.OO Wohler (A. 7.3, .34) proved it 
to contain C aild N be.sides Ti. 

I Tlie compound is found in blast furnaces as 
! Im.lrous, opaque, copper - coloured, prismatic 
' crystals. Jiy ^treating these crystals with cone. 
IK.’l.Aq, Iheii witli cone. IBSO,, washing, treating 
with JlFAq, and again ^\1lshing, the compound 
i? freed from admixed Fe, ttc. ; small leaflets of 
gniphito generally remain mixed with the car- 
bonitijdo. Ti^CN, can be preymred by heating a 
mi.xture of dry K^FeCy, aiTd TiO^ in a closed 
crucible for an hour or two at c. the melting-point 
of Ni (1400® to 1460®), dissolving out Fo, (&o.,by 
ionc. HClAq, washing, and drying, ^y exami- 
ning the brown powder thus obtained with a 
magnifying power of 300 diameters copper* 
coloured crystals of Ti^CN, can be detected 
(Wohler, A. 73, 34). It is also obtained by 
heating a mixture 1 part C and parts IHO,, in 
a closed carbon crucible for some hours at 1400® 
to 14.60° ; also by passing N over a mixture of 
C and TiO, in the ratio 1:6§ heated in a carbon 
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boat placed In a carbon tube to the melting-point 
of Pt (0. 1800°) (W. a. DeviUe, A. 103, 231). 

When Ti^CN^ is fused with KCyH it gives off 
NH,; heated to redness in a stream of water 
vapour TiOa is formed, and H, and HCN 
are given off (W., l.c.) ; heated in |31 it gives 
TiCl, and TiCl,.2HCN (W., l.c. ; alii p. 219) ; 
the compound is burnt by heativg #vith PbO, 
CuO, or HgO, giving off CO.^ and leaving TiO.^ 
and jPb, Cu, or Hg (much heat is produced in the 
reaction) (W., ' 

The simplest formula that expresses the com- 
position of Ti carbonitrido ^'s Ti.^CN, (W., l.c. ; 
cf. Reinhardt, Zeit.filr anorgan. Ghemic, 1, 121). 
This formula is generally doubled and written 
Ti{CN).,.3Ti.,N2, and the substance is regarded as 
a compound of cyanide and nitride of Ti ; .Toly 
(0. R. 82, 1195) regards it as a compound of 
carbide and nitride of Ti, and writes the formula 
TiC.4TiN (or 2TiC.8TiN). 

Titanium, chlorides of. Ti and Cl combine to 
form TiCl^; by the regulated action of IT on TiOl, 
one-fourth of the Cl can be removo<f and TiCl., 
produced; and by the further action of U on 
TiCl, one-third of the Cl can he removod and 
TiOljproduceiJ, The V.D. of the tetrachloride lias 
been determined, and the formula TiCl^ is mole- 
cular; from the analogy of C.jCl,, and SiXl,. it is 
probable tli^ t the molecular formula of the tri- 
• chloride is Ti^Cla; from the analogy of PbClo and 
SnCL^ tho formula TiCl.^ may be supposed to be 
molecular, but if the analogy of CXI, is to Ijo 
followed, the molecular formula must bcsTiXI,. 

Tit/.>’IC ciiLoiiinB TiCl,. {Titanium tetra- 
chloride.) Mol. w. iHO'dH. Melts at —25° (Haase, 
B. 2G, 1052). Boils at at 700 mm. 

(Thorpe, 0. J. 37, 329), S.G. % 1*70011 ; S.G. 
at b.p. 1*52223 (Thorpe, l.c.). "v.D. 98 8 at 113° 
(Dumas, A. Oh. [2] 33, 388). S.V. 121-17 (Thorpe, 

1. c.). 

• Prejiaratioii.— 1. TiO,^ is intimately mixed 
with c. half its weight of lampblack previously 
heated to redness in a stream of Cl, and tho 
mixture is heated to full redness in a tube of 
hard glass connected with a receiver, wliile a 
stream of dry Cl is passed over it. The TiCl, 
which collects in the receiver is freed from Cl by 
shaking with Cu, Ilg, or Na amalgam (Merz, Bl. 
[2] 7, 401), or by boiling for some time (Thorpe, 
O. J. 47, 119), and is then distilled. Thorpe {l.c.) 
conducted the final distillation in dry If. — 

2. Vapour of CC1„ or a mixture of equal volumes 
of 01 and CO, is passed over TiO.^ in small lumps, 
heated to bright redness in a tube bf bard glass 
connected with a recoivv^r. The TiCl, is purified 
as described above (Watts a. Bell, G. J. 33, 443).«* 

Properties.— A colourless liquid, solidifying 
at —26° (Haase, B. 20, 1052), Docs not conduct 
electricity (O. v. d. Pfordten, A. 237, 201). 
Fumes in the air, rapidly absorbing moisture and 
solidifying to the hydrate TiCl,.51IX (Deinoly, 
A. 72, 213). (For an apparatus for collecting 
TiCl< for analysis, v. Thorpe, l.c.) TiCl, is 
violently decomposed by water, forming HClAq, 
and Ti 02 .a;H 30 some of which ppts. {v. Rcac- 
Uonst No. 6). 

BeacHons. — 1. Hydrogen reduces TiCl,, ac a 
high temperature, to TLG1„ and then to TiCl. {v, 
trichloride and dichloHde). — 2. Mixed with 
oxygen and passed through a red hot porcelain 


tube, Ti^O^Cl, is formed (v. Oxychlorides, p. 748). 
3. Heated to 130° in a sealed tube with sodimn, 
the bhief product is TiClj, according to 0. v. d. 
Pfordten (A. 237, 201) ; Robinson a. Hutchings 
(Am. 0, 74) say that Ti is produced in this re- 
action. Nilson a. Pettersson (TF. 4, 554) obtained 
Ti by reducing TiCl, by Na at a very high tem- 
perature.— 4. Sodiiim-c^malgam produces Ti.^Cla 
ttnd TiCl,^ (0. v. d. P., l.c.). — 5. Reduced silver 
gives Ti.^Cl„ and Ti when heated with TiOl, to 
180 ' (Fricdel a. Gu6rin, A. Gh. [5] 7, 24). — 0. 
By passing vapour of TiCl, over silicon, boron, 
or several ntctals, heated to bright redness, L6vy. 
{G. R. 110, 1308) obtained hard, steel-white, 
cubical crystals which he supposed to bo nearly 
pure Ti. — 7. Pure, dry, Jiijdrogen snlphide reacts 
at the ordinary temperature, formiug Ti-^Clj; at 
a higher temperature a pp. is produced which is 
probably a thiochlorido of Ti (O. v. d. P., .<4.231, 
257).— 8. Cold water violently with TiCl,, 

with production of much heat and formation of 
a turbid liquid containing TICl and holding in 
suspension 2Ti0..1.IX (y. Mctaiitanic acid under 
' Titanhim oxy.\cri)S, and sai/is and deuivativks 
TUEiiEOF, p. 747) ; after 30 or 40 hours tho liquid 
becomes clear, but ppn. occurs again on heating 
to c. 85 ^ when about 7 pts. w.aler are present to 
1 pt. TiCl, used (y. Thorpe, G. J. 47, 120 ; and 
cf. Titanium oxyacids, p. 740). According to Merz 
(/>7. [2] 7, 401), an oxychloride, approximately 
TiCl, .,3Ti0.w 1011,0, is obtained by evaporating 
TiCJ,Aq, or TiCl, that has dcliquoscod in air, 
over 11.80, and CaO (y. Oxychlorides, p. 748). 
TiO., in tho form of brookitc, is obtained by 
l^assing vapour of TiCl, anR tea ter, mixed with 
CO.^, thiougli a red-hot porcelain tube (Daubree, 
C. A*. 29, 227 ; 39, 153). -9. With hydrochlorio 
acid the compounds TiCla.OH and TiCL(OH )2 
are formed (y. Tiianium iiyduoxyl culohides, 
p. 743). -10. Chlorosul phonic acid (S().,.01I.C1) 
reacts with TiCl, at tho ordinary tomporaturo 
to form a yellow, amorplious, doliquoseent 
powder, having the composition TiCl 4 .SO, 

( ^ TiCl.,.OS02Xl) (Clausnizer, B. 11, 201I).--11. 
By passing vapour of TiCl,, mixed with H, 
Ui rough a whito-hot tube containing titanium 
dioxide tho oxychloride Ti^OXl^ is obtained (u. 
Oxychlorides, p. 748). 

Combinations. — 1. With water to form a 
pentahydrate and a dihydrate. Demoly {A. 72, 
213) obtained TiCl, .r)ITX, as doliquescentcrystals, 
by allowing TiCl, to absorb moisture from tho 
air, then adding a little more water, and evapo- 
rating under reduced pressure. By drying the 
pentahydrate over H.SQ, in vacuo, D. ob- 
tained TiCl,.2HoO. — 2. NV^ith ammonia, to form 
TiCl,.4NH3 according to H. Rose {P. 16, 57), 
TiCl,.GNH 3 according to Persoz (i4. Gh. [2] 40, 
<315) ; easily decomposed in air; heated in a tube 
gives off NHg, then NHg and HCl, and a yellowish 
sublimate of TiCl,.3NH,Cl, and leaves Ti ; heated 
in NH., gives Ti^N, {v. Titanium niteides, p. 743). 

3. With hydri^ijen phosphide, to form a brown 
powder, which when heated gives a sublimate of 
3TiCl,.2PH,Cl according to H. Rose (P.42,527). 

4. With hydrogen cyanide to form„TiCl4.2HCN 
(WShlor, A. 73, 226) ; by vaporising this com- 
pound through a red-hot tube TisN 4 and G are 
formed (W., Z.c.).— 6. With cyanogen chloride, 
to form yellow crystals of TiOl 4 . 0 NCl; sublimable 
at 100° (W., A. 73, 219).— 6. With phosphorus 
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d aehtoride to form TiOI^.PCl^ ; obtained by 
,ing TiCl4 and PCI5 to 150° in a sealed tube 
(Bertrand, Bl. [2] 33, 565) ; also by heating TiO, 
and rClj in the ratio TiO./.SPCls, or by saturating 
a mixture of TiCl^ and PCI3 with Cl (Tiiitscheff, 
A. 141, 111), and removing excess of TiOl, by 
heating in a stream of C' (Weber, P. 132, 452). 
A citron-yellow, loose, semi-crystalline solid; 
sublimes without melting; deliquescent in air.-, 
7. With phoajjhonis irichloruh to form yellow 
crystals of TiCl^.PCl^, melting at 8.V5'' (IJertrand, 
Z.c.).— 8. With sulphur tetrachloride, to form 
2TiCl4.SCl4 ; obtained by saturating^ mixture of 
TiCl^ and SoCli* with Cl, and warming in a stream 
of Cl (Weber, P. 132, 154).— 1). By mixing TiCl, 
and sulphurous chloride II. Bose obtained largo 
yellow crystals, probably a compound of the two 
chlorides {P. 42, 527).— 10. With ammonium 
cli^.oHde, to form TiCl,.3NH4Cl (v. supra, Com- 
binations, No. 2). — 11. With 2diosphoryl chloride 
to form TiCl^.POCl., ; obtained by gradually 
adding POCI3 to TiCl„ and gently warjuing 
(Weber, P. 132, 453) ; colourless, deliquescent 
crystals, melting at 110^, and boiling at 110 
(Wehrlin a. Giraud, C. li. 85, 288).— 12. With 
sdlenion oxychloride to form a yellow powder, 
decomposed by heat, having the composition 
TiCi4.28eOCl2 ; obtained by adding yeUCL to 
TiOl^, and drying the solid that separates on 
cooling on a tile over JPSO., (Weber, B. P. 1805. 
154). — 13. With nitrosyl chloiide; obtained by 
saturating TiCl, with NO.^, and subliming 
(Hampc, A. 120, 47), also by pa.ssing the vapours 
from cujtia regia into TiCl, (Weber, P. 118, 470). 
Hampc U.c.) gives thp composition 3TiCl,.4NOCJ, 
Weber (Lc.) the composition TiCI,.2NOCl. A 
deep citron-yellow, crystalline mass ; decom- 
poses in air; sublimable out of air; with water 
gives off NO.— 14. With sulphur irioxide to 
form TiCh.SOa (or TiCl, .080, .Cl), formed by 
the interaction of TiCl, and 8*0,.0ll.Ci at the 
ordinary temperature ; a yellow, amorphous, <le- 
liquescent powder (Clausnlzer, B. 11,2011).— 
15. Demarvay {BL [2J 20, 127) obtained a great 
many compounds of TiCl, with esters, mercaj/lans, 
and ethyl sulphide {cf. Bedson, C. J. 20, 300). 

Titanium iTiiciiLOJunE Ti,.CJ„. (Titanium 
sesguichloride. Titanous chloride.) Mol. w. 
not determined ; but from analogy of CX'I^taml 
SijClj the formula Ti^CJ^ is probably molecular. 

Formation. — 1. By re(fucing TiCl, by II {v. ' 
Preparation). - 2. By reducing TiCl, by sodium- { 
amalgam (O. d. Pfordten, A. 237, 201 ) ; or by | 
pure, dry H,S (0. v. d. P., A. 231, 257). 3. By | 
heating TiCl, with reduced Ag to 180^ ; Ti is also : 
formed, and probably TiCi,, also (Priedel a. ' 
Gu6rin, A. Ch. [5] 8, 24).- 4. A Bolutj..ii of 
TijCl, is obtained by digesting a soluli«)n of 
TiOa.xHjO in lIClAq with Cu at 40^-50' (l''ucb.s,^ 
A. 56, 3JU) ; or with Ag ppd. by zinc from AgCl 
(von Kobell, P. 02, 599). TiXl^is also probaldy 
present in thegreeni.sh liquid obtained by aJding 
Na amalgam to K/IiF, in HClAq (0. v. d. l’.,A. 
237, 201). * 

Preparation . — TiCl, is placed in a retort con- 
nected with a tube of i^)rcelain or hard gla.s8 (if 
a glass tube (s used it should be wrapped in 
copper-foil) which is placed horizontally in a 
furnace ; the other end of the tube projects con- 
siderably out of the furnace and is connected 
Vith a receiver to collect undecompos^d TiCl,. 
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The delivery tube from an apparatus evolving 
pure and dry H pa.sses into the retort beneath 
the surface of the TiCl,. H is passed tlirough 
the apparatii.^ until it is entirely tUled^with the 
gas ; the tube is then heated to redness, and 
the retort jis* gently warmed. Ti-^Cl, is formed 
and coiub.nse.s as dark -violet scales on the 
pait of the tid>o that projects out of the furnace. 

hen all iho TiCl, has been driven out of the 
utort, the 'li,Cl„in the cooler part of the tube 
j IS gently wiinm'.l, wliib- the pji*;s!igo of II is con- 
i timied, to remove any a.lliei ing 'i'iCl, ; tho ThCl, 

I IS allowed to cool in the .stream of 11 (Kbolnicn. 

. .4. Ch. l3j 20, 385)f 

I Proyerlie.^.--S. dark-violet, very lustrous 
j Boliil, deliquescing in air, ami tlisiolviiigin water 
{ to forni a violet liquid, whieli gradually do- 
j colouriscs with ppn. of •Ti.Cl., is 

, ca.sily soluble in uicidiol, forming a \ iolet or green 
liquid ; it is insoluble in ella r, aiul Hi)aringly 
soluble in IlClAq (O.v. d. P., A. 237, 201). 

Beiictions. — 1. Heated in hydrogen toe. 410", 
TiCl, dist'^s over and Tk'I^ lenuiiiis (Friedel a. 
(luerin, A. ('h. [5] 8. 21). 2. H.ated in air, 

TiCl, vaporises and TiO., remaijis. .3, Dissolves 
in u'tiler, forming a violet, or gi.ien violet, liquid 
which slowly Ix.'edines eolourJes.f with ppn. of 
'J iOv..rlLO. - 4. Alkalis, or alkali carbonates, in 
solution ppt. Ti.Oji.irll^U from Ti,.Cl,^.\q • aw- 
i mn/iium .'iulphUie forms the same pjf; hydrogen 
I sulphide gives no j))). (Mbrliuen, /.c.), - 5. TLCl^Aq 
I reduco.s .‘tolulious 0 / g<<ld, silver, or iilatinum 
I t»ilts with ppn. of tlio im lals; ferric and cujrric 
seilts art; reduced to ferrous and eupioiis salts ; 
sul/thiirdus acid lolution is reduced bydioating 
with TiXl.jAq with ppn. of S (Ik, l.c.) - 6. Ti.^Cl„ 
reacts with hruminc 0) form a liquid foiling at 
154-\ probably TiBrCl, (F. a. (J., l.c,). 

Combiiiatidus. W ith v'ute.r to form 
; TLCb;.8Hd) ; obtained byGlal./i;! (/k9, 1829) by 
evaporatiijg a solution of 'I’i iii IlCIAq to the 
crystallising i)(dnt, liltering off ])pd. TiO,_,.irIi,_,C> 
from time to time. The hydnilo is a green solid ; 

. it dissolves in wat(!r, fonuini' an opalescent 
violet solution containing a little suspended 
TiCb.;jTl G ; tho solution becomes colourless on 
stamliiig, and then gives tho reactions of titanic 
acid. 

j Tii’AMU.M niciu.oiiiKi-: TiCl.^. (Sojjielimes called 
I titanous chluridc.) .Mol. w. is not known. From 
the Hiiab.gy of SnCJ.^. jiiul J'bCl^, the formula 
Ti(Jl, would be molecular; but from the analogy 
of CX’l, the rnob cuiar formula would bo TiX'l,. 

Formation.- 1. By redueing TiGl„ by H 
(t\ I‘rcj>tn<itif)u).- a. TiCI,^ is jirobubly formed, 
along with Ti.X3,., by he:ij,ing TiCl, with reduced 
,tg (iiicclel a. ( Im'rin, A. (Jh. [5 j M, *J4).— 3. Along 
with TlXly, by the aetion of Na amalgam on 
TiCl,; alio by^ieating TiCl, wilii Na to 130° in 
a seafed tube (O. v. d. Pfordien, A. 237, 201). 

Prcimration.—'i'iXA,, reacts with H at a red 
lieut to give TiCl.j and TiCl,. Friedel a. Qu6rin 
il.c.) 2>roceed as folbnvs. Tho tube containing 
TiXl„, prepared -from TiCj,(y. supraf, while still 
filled with H, is conuectcil with an apparatui 
evolving pure, dry CCX, and tho whole of the H 
in the ai)paratus is driven out by CO,. The 
Ti-jOI, is then shaken into a small tabulated 
retort, placed on a sand-tray, and previously 
filled with CO, ; the CO., is displaced by pure, 
dry H ; tho retort is then heated to dull rod* 



74d UTANItJM 

ness, while a stream of H is passed through it, 
until TiCli ceases to distil oil ; the retort is 
allowed to cool in the stream of H, and COj is 
then passed in until all the H is removed (if 
this is 6mitted tlie TiCl^ takes fire in the air), 
and the black TiClj in the retort. is quickly 
shaken into small dry tubes fillecrwith CO^j, 
which are at once scaled off. 

Properties— k black, light {»o\^der; very 
rapidly absorbs water, forming a kind of mud ; 
insoluble in CSj« CHCl^, or |ilt.p. Volatilised 
without melting oy heating to full redness in II. 
Shaken with Et^O and KCNSAq, the Et.^0 be- 
comes dark brown ; this i^'a delicate test for 
TiCl, (0. V. d. Pfordten, A. 2:i7, 201). 

Reactmis. — 1. Takes fire when touched with 
a drop of water (? with formation of ; 

V. F. a.,G., lx.) ; thrown into water, it hisses 
like red-hot iron, decomposing the water with 
evolution of H and formation of a yellowish 
liquid. — 2. Decomposes absolute alcohol, giving 
off H and forming a yellowish liquid.— 3. ITeated 
in air, TiCI^ burns lilA tinder, giving off TiCl, 
and leaving TiO^. — 4. With bromine it forms a 
liquid boiling at 176°, probably TiClJir.^ (P. a. 
G.. lx.). 

Titanium, r chlorobromides of, v. Titanium 
BROMOCHLORIDEB, p. 739. 

Titanium, oyanonitride of, v. Titanium 
CARBdNlTRlfti:, p. 739. 

Titanium, ferrbeyanides of, v. vol. ii. p. 337. 

Titanium, fluorides of. The only compound 
that has been isolated with certainty is TiE 
There are indications of the existence 6t Ti^F^, 
and cblhpounds of this lluorido with alkali 
fluorides are kno^n. 

Titanic fluoridk TiF.,. {Titanium telra- 
flttoride.)* Formula probably molecular, from 
analogy of TiCl, and Til,. By heating a mixture 
of TiOa and CaF^ with II.SO,, Unverdorben {P. 
7, 320) obtained a colourless distillate, which ho 
iiUpposod to contain a compound of Ti and F. 
Berzelius (P. 4, 1) obtained crystals (?TiF,) by 
dissolving TiO.^.fl’H.jO in HFAq. The crystals 
were decomposed by water, giving an acid solu- 
tion (? HjTiFcAq), and an insoluble, ‘ so to say 
basiCt compound. TiO. is obtained by passing 
vapour of TiF4, mixed with Il^^O, through a tube 
heated to c. 800° or 1000 (Hautefeuille, A. Ch. 
[4] 4, 131 ; cf. Titanium uioxide, p. 741). 
Heated to redness in H, perhaps gives TijF, (H., 
I.C.). • 

Comhbiations. — 1. TiF^ probably combines 
vwth hydrogen Jltioride to form H/IiF,. By dis- 
Bolving TiOa.a;HaO in HFAq, evapoiating, adding 
W'ater to the crystals (? TiF^) thus formed, and 
filtering from an insouible solid (7 oxyfluoride), 
Berzelius (P. 4, 1) obtained an acid solution 
from which, by neutralisation wu^h KOHAq and 
evaporation, he obtjiined the salt K^TiF,.' The 
acid solution probably contained KyiiF,. This 
compound (if it exists) is best called titani- 
flyorhydrio acid. It is analogous to H.BiF,„ 
^SnF„ aai other acids of the type 
where *M — an element of Group IV. (except C), 
and X » a halogen. — 2. With various metallic 
fluorides to form TiF4.2MF ^ MjTiF*. These 
Mdta were obtained from the K salt, which was 
got by neutoalising the acid solution prepared as 
lesoribed under 1. Salts of NH^, Ca, Cu, Fe, 
l»b.Mg: and Ni are described (B., lx. ; Weber, 
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P. 120, 291). These salts are best called 
titanifiuorides\ they are similar to stanni- 
fluofides.— 3. TiF 4 also combines with am- 
monium fluoride to form TiF4.3NH4p (besides 
TiF 4 . 2 NH 4 F) (Baker, C. J. 35, 763). 

By adding NHsAq, drop by drop, to warm 
(NH4)2TiF„Aq, Piccini (G. 17, 479) obtained a 
compound of the form Ti0.^2.a;NH4F ; from this 
Jio prepared TiOaFa.Bctf'j* and by carefully de- 
composing this salt by H.B04Aq he obtained a 
solution of the acid Tid.jF.^.2IIF. P. regards - 
this acid as a F derivative of the hypothetical 
pertilaiiic qcid H.TiO, (the acid of TiOJ ; he 
calls the acid Jhioroxi/per titanic acid, and tlfe 
salts fluoroxypertitanates. Following the plan 
adopted in this Dictionary, the acid will bo 
called titanoxyfluorhydric acid H^TiO,^,, 
and the salts, M^TiOJF4, will bo called titan- 
oxy fluorides. il/riOJ^^Aq is a yellow liquid, 
not ppd. by Ba salts, giving a pp. of TiO^ with 
alkali carbonates. 

T1T.VNIUM TRiFLUORiDE Ti.^g. Tliis compound 
is said to be formed by strongly heating KTiF, 

, in a stream of II with a little HCl, according to 
Hautefeuille (C. B. 59, 189 ; cf. 57, 151). Ac- 
cording to H., the compound is a purple-red 
solid, soluble in water. By treating TiXl^Aq 
with KUF, or NH,F, Piccini {Q. 16, 104) ob- 
tained violet pps. of Ti,,Fu.2MF, where M ~ NII4 
or K ; be also obtii.ino^ Ti2Fa.3NH4P. The K 
salt is slightly soluble in water ; soluble in dilute 
acids, forming green liquids, from which alkalis 
throw down azure-blue pps. that gradually 
oxi<li.so to TiOo..TlLO on exposure to air. The 
salt TiF,,.3NII.,*F, when exppsed to air, gradually 
oxidises to Ti6,F.^.3NfI,F. 

Titanium, haloid compounds of. Ti com- 
bines with the halogens directly to form com- 
pounds TiX4 ; these totrahalides are generally 
prepared bypassing the halogen as gas. over a 
red-hot mixture of TiOg and C. Til4 is beat- 
prepared by heating TiCl4 in HI gas, and TiBr4 
is very conveniently prepared by heating TiCl4 
in HBr gas ; TiB^ is prepared by dissolving 
TiO.^.a’H^O in HI’Acj and evaporating. The two 
tetrahalides TiCl4 and Tit4 have been gasified, 
i These formula) arc molecular, hence the formulas 
Til^ and TiBr4 probably also represent the 
compositions of tho gaseous molecules of these 
compounds. By the action of H, or certain 
other reducing agenfe, on TiCl4, two chlorides 
are obtained, ThCl^ and ThCl^. The V.D. of 
neither has been determined, but from the 
analogy of C.^Cla and Si^Clu, the* value of x in 
TijClj-c is probably 2 ; from the analogy of 
C-^CE the molecular formula of the lowest 
chloride is probably TiaCl4, but from the analogy 
of SiiCU and PbCl^ the formula TiCl.^ would be 
given to” it. Ti.F, or Til", probably exists. No 
*hromide or iodide of either type Ti-^X^^or TLX4 
has been isolated. Two bromochlorides of Uie 
types TiX4 and Ti^X4 probably exist. TiCl4 and 
TiBr4 dissolve in cold water ; the solutions con- 
tain lIXAq a»4 TiO,j.a:Hp ; dilution, and more 
quickly heating, ppts. insoluble TiO,.a;H40 from 
tho solution of TiCl4. J?iF 4 is decomposed by 
\5tater, giving HjTiFgAq (and ? an oxyfluoride). 
Til 4 is als^ decomposed by water ; on heating 
insoluble TiO-^-xH^O separates. TiOl 4 combines 
with many non-metallio chlorides^ and oxy- 
chlorides. TiF 4 combines with metallic flnoridwb 
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forming s«ltB 1 

complex salts JcTiF^.i/MF. A few oxyJialoid 
com;pownd$ have been isolated, but a great number 
can doubtless be formed. The acid HTiO.P^ 
and salts of this acid have been isolated. TLCl^ 
dissolves in water, and after a time Ti0..arH.p 
Beparates ; the solution is an energetic reducing 
agent ; alkalis ppt. TLOa-arH^O. TiCl^ reacts 
violently with water, giving off H, and probably 
• forming an oxychloride. • 

Titanium, hydroxyl chlorides of. By the 
reaction of the proper quantity of 3G p.c. llClAq 
with TiCh, the compound Ti(OH)Cl 3 was ob- 
■flamed by Koenig a. O. v. d. Pfordten {B. 21, 
1708) ; using the calculated quantity of Gfi p.c. 
IIGlAq, thecompound Ti(OH) 3 Cl 3 was produced; 
and the prolonged action of ordinary air on 
either of the preceding compounds resulted in 
the formation of Ti(OH) 3 Cl. These compounds 
are regarded by K. a. 0. v. d. P. as derived from 
Ti(OH)^ by replacement of OH by Cl ; the com- 
pounds may be called orthotitanic chlorhydrins. 
The compounds are yellow or white deliquescent 
solids ; they dissolve in water ; Ti(OH)Cl 3 very 
rapidly with a hissing noise, Ti(OII).Cl 2 less 
violently, and Ti(OH) 3 Cl Avith some dilhculty. 
The aqueous solutions give pps. of TiO^-rlPO 
on boiling. When the compounds are heated 
they give (1) TiCl, and Ti0...xH,.0, (2) Ti0.,.;rlJ,0 
and HCl, and (.3) Ti0,.Tn,0, HCl, and 11,0. By 
reducing Ti(OH)Cla b^ Na amalgam, in II, Ti,0;, 
is produced (K. a. 0. v. d. P., B. 22, 2070; cf. 
B.22, 1485). 

Titanium, hydroxyl fluoride of. This name 
may be given to the compound Ti{OII),F 4 ; it is 
described as titc^nox yjluorhydric acid, 
under Titanic fluokide (p. 742). 

Titanium, iodides of. Only one compound 
has been isolated, Til^. 

Titanic lODinii Til^. {Titanium tetru- 
. iodide.) Mol. w, 554-02. V.D. at 4 10" -20 1-2 
(Ilautcfeuille, DL [2] 7, 201). 

Fontiation. — 1. Vapour of I is passed over 
Ti heated to redness (Weber, P. 120, 287). — 2. A. 
mixture of TiCl^ vapour, I vapour, and II is 
passed through a tube heated to dull redness ; 
Til., mixed with free I, condenses on the eoldpr 
part of the tube (Hautofcuille, Bl. [2j 7, 201). — 
3. By decomposing TiCl, by HI. 

Frejmration. — Dry III ‘gas is passcif into 
TiCli, which is gradually.hcated to its b.p. and 
kept at that temperature until the reaction is 
completed ; the Til, is freed from traces of I, 
which give it*a violet tingo, by a few di.slillations 


in H (H., I.C.). 

' Properties atid liecLctions . — A reddish-brown, 
lustrous, brittle solid ; when melted and cooled, 
crystallises in octahedra, changing after some 
days to tufts of silky, prismatic crystals. Melts 
at 150®, and boils a little above 300" ; cari l;o 
distilldfl without decomposition ; melted Til, 
remains liquid till cooled below 100®. Fumes 
strongly in the air. Dissolves easily in water; 
solution turns brown on exposure to air and 
ppts. Ti 0 . 3 .xH, 30 . When vapour of Til, is heated 
in air it burns to TiO-and LPj (H., l.c.). 

Titanium, nitrides of. Four compounds of 
Ti and N have been described; but according to 
later experiments only two seem to exist. 

TbITITANTUM TETRANXTBpB Ti,N,. Mol. W. UD- 

|um;wxi« This compoond is obtained by heating 


TiCl,.4NH3 (v. Titanic chlomdb, CombinaiiotUt 
No. 2, p. 740), loosely packed in a tube of hard 
glass, in a stream of dry NH„ until the glass 


begins to melt, and allowing to cool in NH, 
(Wohler, .4. Tii, 43 ; Fricdel a. Guerin* 4.. Ch. 


Fricdel a. Guerin* 4. Ch. 


[5J 8, 24). Indigo-blue powder, or golden-yellow 
(? rhomboliednil) crystals ; strongly heated in H 
gives Ti.N^ (F. a. G^ l.c.). 

DiTiTAyiuy mMTuiDE TiN.^. Mol. w. un* 
known. Prepared by placing Iavo porcelain 
boats, one containing Na and the other K,;TiF„, 
in a hard-glass iuho pieviou;»ly tilled with N, 
passing a stream of dry N through the tube, 
heating the K/riF,j^o full ^ednr‘s^; while the Na 
is volatilised over it, and allowing to cool in N 
after all the Na has been vedatilisod ; boiling 
with HClAq, washing, and drying (Wdhlor a. 
Deville, A. 102, 231). Also dlilaiiu'd by heating 
K/riFg with K, Kt'l, Nat’l, and A1 in 1*^; also by 
passing TiCl, vapour and II ever healed Al, in 
N ; also by passing vapotir of 'I'iCl, over heated 
Nil, Cl (W. a. 1)., I.C.). F. a. G. {l.c.) obtained 
the s.amo compound by strongly beating Ti0.j in 
a stream dry NH, for boiuo hours ; W. (4. 73, 
43) .said that TiN.^ was formed by this reaction. 

F. a. G. also obtained Ti.N., by strongly heating 
Ti.,N, in H ; W. said that Ti ,N,; was formed by 
this reaction. An amorphous,* brown-yellow, 
very hard powder ; S.G. 5-28 at 18° (F. a. 

G. , Ir.). • ^ . 

The nitrides of Ti are not deComposcal by , 
lie.ating, out of air, to c. 1,000° ; fii.sed witli 
KOII, or strongly lieated in steam (F. a, G., l.c.), 
fhey gjvo off Nil^; h- uted in Cl, 'I’iCl, is pro- 
duced (F. a. Q.,Lc.); heated with CnO^lMd), or 
]b;0, tlje nitrides liurn, and.Cu, Pb, or Ilg ia 
produced (W., A. 123, 31). 

'PiTANimr M.Miiui.E TiN.„ This compound 
is forine<l, according to Wohler {A. 73, 43), by 
heating TiO.. in NII3 for sonjo time. Fricdel a. 
Gu^-rin (4. Ch. [.5] 8. 21) say tliat the substance 
obtaiiu'd by W. contaim d Ti^l.).i, and that if tho ^ 
heating is continued until a detinito nitride h * 
formed the compound so produced is Ti.N.»- 

PKNrATiTANiu.M HKXANiTitiiu', Ti,,N„. Formed, 
accoi'liug to W. {l.c.), by heating Ti^N, to full 
redness in H; or, mixed witli 0, by heating 
'J’iO., in ON or HCN gas. F. a. G. {l.c.) say that 
the product of either reaction is TI^Nj, in tho 
latter reaction mixed with C. 

Titanium, nitrocyanido of, v. 'Pit-anium 
CAIir.ON 1X111015 (p. 7.39). 

* Titanium, oxides and hydrated oxides of {cf. 
Titanium oxyaciii.s ani> hai.ts ano i)KiirvATivF.fl 
TiiKUEoF, p. 740). 'Pi burns when heated in*0, 
forming TiT), ; by the reaction of reducing 
nircnt^ on 'riCl,Aq, ajjd addition of alkalis, 
•'Pi,U, is obtained ; wlien the reduction is carried 
further it is m-ol»:ihlo that Ti0.xII,0 is formed. 
By Uie feactimi of II.U Aq in presence of alkali 
on salts of TiO.. a pp. of Ti/J^ is obtained. Oxides 
interim diato between TiO, and Ti^O, probably 
exist. TiO, is a b.isic oxide, forming salts TiX4» 
where X=* NO,, .ISO,, &c. ; many of the salte are 
basic. A few "salts correspondij^ with T^, 
liavo been isolated ; no salt corresponding with 
TiO and derived from an o^jyacid has yet been 
obtained. Some of the hydrates of PiOi react 
as feeble acids. 

Titanium dioxide TiO^. (Titanic otCtdCi 
Titanic anhydride.) MoU w. tuumowiiu 
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Occurrence , — As rutUe, anatasCf and hrookite ; 
rutile occurs in dimetric prisms, isomorphous 
with tinstone\ anatase in dimetric octahedra; 
and hrookite in trimetrio octahedi^. 

Fonnation.—l. By burning Ti in air or 0.— 
2. By ppg. TiCl^Aq by alkali, and jyasbing, dry- 
ing, and strongly heating the ppd. Tl02.a;Ho0. — 
8. By ppg. KjTiF^Aq by NHsAq, and strongly 
heating the pp. after washing andi drying. — 
4. Vapour of TiCl^, or TiF^, mixed with steam is 
passed through a red-hot tube. — 5. TiS^ is heated 
in dry CO^ (TiS^ V 200-2 = TiOj' l- 200 + 28 ; O. v. 
d. Pfordten, B. 22, 2070). 

Preparation.— Amorphous titanic 
oxide . — 1. Pure TiOl^ is added, little by little, 
to water ; sufficient NIIaAq to neutralise the 
HCl produced is added, the solution is evaporated 
to dryness, and the residue is heated to some- 
what abt)ve 700° until it ceases to lose weiglit. 
TiOl, may be obtained from rutile by mixing the 
finely-powdered mineral with c. half its weight of 
dry charcoal-powder, making into little pellets 
with starch-paste, drying the pellets, heating 
them to full redness in a covered crifcible, then 
heating in a tube of hard glass (to get quite dry), 
and then passing dry Cl over the pellets while 
they are heated to bright redness, and a dry re- 
ceiver is connected with the end of the hard 
glass tube. The TiCl4 may be purified (from 
SiCl^f. FeCl|, Ac.) by repeatedly distilling, best 
in a stream of N* (v. Merz, J. irr. 01), 101).— 
2. KoTiFa is dissolved in water, NH.,A<i is added, 
the pp. of Ti0.2.®Hp is thoroughly washed, drietj, 
and heated to somewhat above 700^. v (For a 
metliodcof getting K^TiF,- from rtUile v. Pre- 
paration of titanium, p. 788.) For other methods 
of preparing TiO^ from Ti ores v. L6vy (.4. Ch. 
[0] 25, 611), Austen a. Wilber {Am. 4, 211), 
Hempel {Zeit. f. anorg. Chemie, 8, 11)8), .Tones 
(Fr. 9, 41, 330). B. Crystalline titanic 
oxide . — 3. By long-continued heating to white- 
ness TiOj is said to become cry.stalline {v. 
Bammelsberg, B. 5, 100(5). — 4. Amorphous 
TiO.,.scH.20 is heated to incipient redness in 
HCl gas, at a pressure of three atmospheres ; 
the crystals have the form of anatase (Haute- 
feuille a. Perrey, C. It. 110, 1038). — 5. Crystalline 
TiO-j is also formed, according to Hautefeuillo 
{A. Ch. [4] 4, 127), by passing the mixed vapours 
of TiF4,HF, and HCl - obtained by decomposing 
molten KoTiFa by HCl gas —through a Pt tube 
into which a stream of moist H is also passed ; 
at o.8G0° (boiling-point of Cd) crystals ot anatase 
are produced, and at temperatures between 800° 
and 1,000° bt'ookite is formed.-j^O. Heating 
amorphous TiOj in an atmosphere of HF causes 
crystallisation ; at an ixcipient red heat anatase 
forms, at a higher temperature hrookite, and a^ 
a very high temperature riiti\e (U^, 

7. Crystals of rutile are formed by heating 
amorphous TiO.^with microcosmic salt(Bbelmen, 
..1. Ch. [3] 83, 34), or with borax (G. Bose, B. B. 
1867. 129 ; Knop, A. 157, 365), in a porcelain 
oven. For other methods of producing crystals* 
of TiO, V. Deville (C. R. 63, 161, 163), Senar- 
mont {A. Ch. [3J 30, 129), Michel {C. R. 116, 
1020), Wdhler {A. 73, 36), Daubr6e (C. R. 29, 
227 ; 39, 163), H. Bose (A. 66, 127 ; 68, 163). 

Pro^rties. — TiO, obtained by strongly heating 
TiO,.a;H20 forms reddish-brown lumps, more 
nearly resembling rutile in colour and lustre the 


higher the temperature to which It is heated. 
The dehydration by heat of Ti02.«H20 is ac- 
companied by the appearance of shades of 
colour from white, though grey and greenish, to 
black, according to Wagner {B. 21, 900) ; these 
colours are similar to those shown by anatase, 
hrookite, and rutile. N ilson a. Pettersson {Z. P. C. 
l,33nofc) prepared TiOj as a white powder with 
faintest yellow tinge, by decomposing TiCli by 
‘NHaAq, evaporating, and heating to whiteness. 
When melted by the 0-H flame the colour is 
blue to black. S.G. TiO.^ increases as the oxide 
is heated ; heated to c. 700° S.G. is c. 3-95 
(Karsten, 65, 394), after being very strong^ 
heated S.G. rises to 4 25 (Ebelmen, J. 4, 15 ; 
12, 14). S.G. of anatase is 3’76 to 3-9 
(Breithanpt, J. 2, 730 ; Damour, J. 10, 660) ; 
S.G. of hrookite is 4 to 4-2 (Bammelsberg, J. 2, 
730 ; Beck, J. 3, 701) ; S.G. of rutile is c. 4-3 
(Schccrer, P. 65, 296 ; Miillcr, J. 6, 847). After 
fusion in the 0-H flame and cooling S.G. is 4*1, 
according to Hautefcuille {A. Ch. [4] 40, 140). 
S.H. 0° to 100° = -1785, 0°- 211° = -1791, 0°-.801° 
-•1843, 0°-440°- *1919° (Nilson a. Pettersson, 
Z. P. G. 1, 27 ; TiO.2 prepared by decomposing 
TiCh by NH.,Aq, evaporating to dryness, and 
heating to white heat). TiO.^ crystallises in 
dimetric prisms {rutile), dimetrio octahedra 
{amitase), and trimetric octahedra {hrookite) ; it 
is isotrimorphous with SjiOj (Wunder, J. pr. [2] 
2, 206). TiO.2 is somewhat hygroscopic, even 
after prolonged and intense lieating (Thorpe, 
C. J. 47, 125). It is insoluble in water, and in 
all acids except cone. H.SO, ; when powdered 
TiO.^ is heated with cone. II.SO^ until the excess 
of acid is removed, the solid thus produced 
dissolves in water. TiO.^ melts in the O-H flame. 
According to Moissan {G. R. 115, 1034), when 
heated in an electric furnace to c. 2600° TiO, 
forms black crystals of TiO. 

Reactions. — 1. According to Ebelmen {A. Ch. 
[3] 20, 394), TiO._, is reduced to Ti^Oj by heating 
to redness in hydrogen ; but O. v. d. Pfordten 
(.1. 237, 201) says the product has the composi- 
tion TiyOjj. — 2. A mixture of TiO.^ undimagnesium 
powder heated to redness in H gives MgTiOg, 
arid a brown powder which is probably TiO 
(Winkler, B. 23, 2657).- -3. A mixture of TiOg and 
carh(^{i strongly heated in chlorine gives TiC]4. — 
4. By long-continued heating in dry ammonia 
TigN.g is formed (Friedel a. Gu6rin, A. Ch. [5] 8, 
24).— 6. The compound TiCl,.PClj is obtained 
by heating an intimate mixture of TiO, and 
pthosphorus pcntachloride, in* the ratio 
TiO..:3PClj, in a retoi*t until the POCl, formed 
is.driven off (Weber, P. 132, 452).— 6. Heated 
to redness in carbon tetrachloride vapour, TiCl^ 
is formed (Watts a. Bell, C. J. 33, 443). 
Demarejay {G. R. 104, 111) says that the first 
product is TiOClg. — 7. TiCl, is formed by heating 
TiOg to redness in a mixture of equal 'Volumes 
of chlorine and carbon monoxide (W. a.B., l.c.). — 
8. TigNg mixed with 0 is formed by heating 
TiOg in c\janog(f,n or in hydrogen cyanide (Friedel 
a. Gu6rin, A. Ch. [6] 8, 24). — 9. Heating in a 
mixture of hydrogen suli>hide and carbon di- 
sulphide forms TijSg or TiSg, according to the 
te'mperature (Thorpe, C. J. 47, 491).-— 10. When 
TiOg is fused with sodium or potassium carbonate 
the weight of COg expelled corresponds with the 
formation of M^TiO, ; on treating the fused mass 
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water MOHAq is foimcd, ^dan acid Na or K 
titanate which is insoluble in water (v. Her- 
mann, J. pr. 38, 92).— 11. Fusion with potassium 
hydrogen sulphate forms a substance soluble in 
water ; by evaporating the fused mass with cone. 
H 0 SO 4 , and then treating with water, the double 
salt Ti(S 0 J.j.K 2 S 04 . 3 H.p is obtained (Warren, P. 
102, 449 ; Glatzel, B. 9, 1833 ; Hermann, 

12. Heating powdered TfD... with cone, sulphuric, 
acid produces a substance that dissolves wholly 
in water (? forming Ti(S 0 j 2 .a'I 1.0 or TiO.SO^ ; v. 
Merz, J,pr. 99, 157). For reactions of TilX.J’H.p 

infra, hydrated titanic oxide \ /ind u. also 
titanic acid under Titanium oxyacids and salts 
and derivatives tueueof, p. 74G). 

Hydiuted titanic oxide. Hydrates of TiO. 
are obtained by gradually adding TiCl^ or Tilir, 
to cold NHjAq; by fusing TiO. with KHSO^, 
dissolving in water, diluting, and boiling for 
some time; by adding water to TiCl, and boiling; 
by fusing TiOjj with K^CO.„ washing the fused 
mass with small quantities of water till all KOII 
is removed, adding a little cone. HClAq, filtering 
cold, and allowing the liquid to stand, when it 
gradually deposits gelatinous TiO ^Tli^O,, (O. v. d. 
Pfordten, B. 17, 727) ; by decomposing Ti(OIilt), 
by H 2 O (Dernar«;ay, G. B. 80, 51) ; and by other 
reactions. The isolation of a great manydelinito 
hydrates of TiO, has been announced from time 
to time. ■ By decompo.>ing TiCl^.PCl,, (e. Titanic 
CHLORIDE, Gomhinalions, No. 6 , p. 710) by the 
action of moist air, and drying over 
Tiittscheff {A. 141, 111) said that the dihydrate 
Ti 02 . 2 H ..0 was formed, and by drying this at 
110 -'- 1 26 ® he said that the vwmhydrate 
Ti 02 .H 20 was obtained. According to Carnclley 
a. Walker (C. J. 53, GO, Hi), dehydration of 
TiOa-JcH^O (obtained by adding TiCl, to cold 
NH,Aq), air-dried for 14 days, proem ds. con- 
tinuously from 15® to 710® whereat the whole 
of the water is removed. A very large number 
of hydrates probably exists, and these pass one 
into the other as temperature rises without any 
of them remaining unchanged through more than 
a few degrees. 

Two classes of hydrates of TiOo exist ; one 
obtained by ppg. TiCl, by N1[,A<|, or warming 
TiOa with cone. H,SO„ dissolving in water 
diluting, and ppg. by alkali ; ihe other obt»mod 
by dissolving hydrates of the former class in 
dilute acid, and boiling. Ilydratos of the former 
class dissolve easily in dilute acids, while those 
of the latter class are insoluble in dilute acids 
(for more details v. Titanium oxyacids, P- JB))-. 

Hydrated TiO,., obtained by ppn. by alkali in 
the cold, dissolves in dilute acids, forming salts 
TiX„ whore X = NO„ iSO„ &o. ; not many sails 
of this form have been isolated, 
those that are known are basic salts. 

. dissolves in molten H^PO,; on cooling crystals 
of TiO,.P.A(-TiPA) obtained (Haute- 
feuille a. Margottet, G. R. 102, 1017;. By heat- 
TiO,,.xH,0 with a little cold cone. HClA<i, pour- 
ing off the solution after a fftw days, and 
evaporating it in vacuo, Koenig a. O. v. d. 
Pfordten obtained cTystals approximating to 
Ti( 0 H)jCl 2 , but differing from PV' 

pared by the interaction of TiCl, * and HClAq 
{B. 22, 1485 ; cf. Titanium htdboxxl chlorides, 
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oxide.) Mol. w. unknown. By digesting a solution 
of Ti02.jH20 in HClAq with Cu at 40® to 50®, 

; Fuchs (^. 6G, 319) obtained a violet solution 
which gave n«brownish black pp. with NHjAq; 
the pp. quickly reacted with water, giving off H 
I and forming' 41'i02.;rH20. Von Kobell (P. 62, 599) 

! obtiiineil similar reactions by using reduced Ag 
; in place of Cu. Kbolmen (/. ;>r. 42, 73) ob- 
tained a ^leifrly black pp. by adding alkali to 
TiA«Aq. According to Kbolmen (d. ^r. 42, 76) 
TLO , can be prepared by healing TiO_. to redness 
I in perfectly dry H. Ti.O., thiuf prepared is de- 
i scribed as a black solid ; nMin‘.to<l on by UNO, 
or HClAq ; oxidisedPto riO. only by heating to 
a very high temporal m o ; l olubb’ in IK.SO,Aq, 
forming a violet solution. According toO. v. d. 
Pfordten (.1. 237, 201), the product of reducing 
TiO. in H is not TiA), Imt lias tin; composition 
j Ti.dj.^. Kriodol a. (hn'iin (.1. (-h. 8, 38)* 

I obtained TiA).,* other 00 m- 

: pound.s, by pas.sing TiCl, vapour mixed with 11 
' over'riO.j at a rod heat. Tin y describe Tip., as 
i a copper-rfd, motal-like.fnicroscopically crystal- 
J line powder; not acted on by boiling UN(),,Aq, but 
1 oxidised to TiCT.all.O by boiling UpO,Aq ; 

! soluble in lIKAq or warm ariua regia; giving off 
^ Nil, and H with liot alkali .solutions; oxidised 
: to TiO. by In'ating to redin'ss in air. Koenig a. 
(). V. d.' Kfordten (P. 22, 2070) failed to obtain 
Tid), by the mctliod of I'\ a. (1. • 

Wh<m Ti is dissolved in hot HClAq, in an • 
atraos}»lu*.rc of II, the solution contains Ti^Cl, 

' yiammelsberg, J. pr. 90. 17G); a solution of 
Ti0...rrt..() in HClAq reduced hy zinc also con- 
tains Ti.Hl,. (K.a. 0. v. d. P., l.e.) ; in tlA'se solu- 
tions alkalis give black pp.-., probably 'ril),..! !!,^; 
the lips, soon change in contact w.th II/) to 
TiO.,..rH,.(), II being given oil. According to 
: 0. v. d. P. (/I. 237, 201), a solution of KTiK, in 
; a ' little H(3A.i gives a pj*. of Ti,0,..TH.,0 on 
trealment with Na-amulgain. 

Saliatier a. Sendt rons ((>. H- 114, 1429 ; • 

' 230) say that TiG, oxidiscl to Tit), by heating 
to c. 500® in NO, or toe. 300 ' in Nt).^. 

: TTtanii'M Mo.N'oxijiK 'I’iO. This oxide has 

1 not been isolated with certainty. According to 
Moissan (C. R. 115,1031) black prisms, which 
he took to be TiO, are formc«l by heating TiO^ 
to c. 2500® in an elcctrio fnrnace, ami at a 
liigher temperature tlie (?) Tit) mrdts and then 
: volatilise.^. By heating a »>'^turo of TA and 
powilcr to rodiic.ss, in II, Winkler (/). 

' 2057 ) obtained a brown powder which probably 
contained some 'I’iO, 

cording to -Berthier (.4. Ch. [2J 54, 374) TiO, 
lost 0 p.c. O when heated strongly in a carbon 
crucible, 13 to 10 p.c.* 0 when heated with 
12 p.c. C, and 20 p.c. O when heated with 24 p.o. 
i 0 (TiO. lose.-- ‘^'0 p.c. O in becoming TiO) ; tho 
' prodfict may have contiiined TiO, ^ 

I have been a mixture of TiO., Ti A» Ti. 

Hydrated TITANIUM MONOXIDE , ^ 

VTiO.HP ^ TiO il^. O. v. d. Pfordten (^4. 237, 201) 

I obtained a black pp., said by him tp be TiO ^ 2 * 

1 by the continued action of Na-anialgam on ft 
I solution of K/riF, in a fair amount of HCIM 
; (if there is little HCi Aq,Ti.20/i8 PP^^*) I ^he Bolu- 
■ tion became green, then colourless, and then tuft 
i bfack pp. was formed. The black pp. formed by 
NH«Aq, alkali carbonates, or (NHJ^SAq, in solu- 
I tioDB Of TiCl, (2. u., p. 741) U TiO A. •owrding 
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to 0. T. d. P. {lo.). With Na2HP04Aq, and 
TiCl, is said to give bluish-blaok 
and greenish-black pps., which mav be salts of 
TiO (0. V. d. P., I.C.). 

TitaIiium PEROXIDE. TiOj. {Titanium trioxide 
or superoxide.) In 1882 {Atti dei^I^ncei, 1882. 
1) Ficcini dropped HpaAq into solution of 
Ti02.a;Ha0 ; from the quantity of' that 

reacted he concluded that an olidd TiOj was 
produced. In the same year (J3. 15, 2.599) 
Weller obtained a yellow pp., which reacted with 
HClAq, giving off Cl, by the interaction of 
H-PaAq and freshly ppd. TiOa.xHaO or a solu- 
tion of TiOa-J^HjO. In 1818, Classen (B. 21, 
370) added TiCl^, drop by drop, to dilute alcohol, 
then added to this solution a very large excess 
of Ha^aAqi and then KOIIAq, NH^A*], or 
(NIl4)2C9sAq ; in each case he obtained a yellow 
liquid from which a yellow pp. separated after 
some time ; after syphoning off the liquid, 
washing the pp. by decantation, and drying it 
on a tile, he obtained a yellow solid ajjproxima- 
ting to the corapositidn TiO.,..^H.X). In 1889, 
L6vy {G. R. 108, 291) approximately determined 
the composition of the pp. obtained by adding 
H.^O.^Aq to TiO^-xlljO in H^SO,A<p by dropping 
in HjO-^Aq ofi known concentration, and deter- 
mining the quantity of Ilpa nsodin the reaction ; 
L. concluded that the results could bo accounted 
for by sui%osing the yellow pp. to be TiO.„ 
TiO^.K^Oa, or TiaOa.H./)^, but that probably the 
pp. was TiOj. In 1893 Bailey a. Dawson 
{Studies from tlie Phys. and Chon. Laboratoria^ 
of the Owens College, vol, i. p. 216) detained 
yellow Id orange solids, agreeing fairly in com- 
position with the formula TiO,. B. a. D. added 
(1) HjO^Aq, (2) freshly ppd. BaO., to 'riO.^.xII.O 
in dilute II^SO^Aq, diluted the deep-red liquids 
thus obtained with twice their volumes of 
alcohol, added cone, alcoholic solution of KOH, 
washed the pps. with alcohol (to remove IID and 
HaO.J,and then with ether, and, in some cases, 
dried in the air. According to B. a. D., TiO, 
dissolves in water, forming a deep-red liquid ; 
this solution decolourises KMnO,Aq; TiO., dis- 
solves in HClAq, giving off Cl. Jly allowing 
ppd. TiO, to stand for some time, B. a. I), say 
that a modification is formed insoluble in 
water. 

Oxides of titanium intkrmhdi.vtb between 

TiOa AND Ti^Og. 

I. By heating TiO.^ With HCl gas in a redua ng 
atmosphere, Deville (C. B. 63, 163) obtained a 
blue, crystalline solid, to which he gave the for- 
mula TijOs- A similar solid (? same«ooinpo8ition) 
was obtained by Friedel a. Gu6rin (.4. Ch. [5] 
8, 44) by passing H and' HCl over TiO.^ strongly 
heated in a porcelain tube. This blue solid is 
said to decompose water, in pres*. ice tff strong 
bases, giving off H qnd forming TiO^. “ 

II. By very strongly heating TiO., in H, 
O. V. d. Pfordten {A. 237, 228) obtained a dark 
indigo-blue solid, to which he gave the formulae 
Ti,0,j ; accerding to Ebelmen {J. pr. 42, 76), 
TijQ, is formed by this reaction. Heated in air 
the compound burns to TiO,. 

III. By adding alcoholic solution of KOH to 
a solution of TiOyajHaO in dilute H^SO^Aq, after 
treating the solution with BaO.„ Piccini {Atti dei 
Lincei, 1882. 1) obtained yellow pps. with com- 
positions varying from Ti^On to Tip^ 


Titanium oxyaoids and salts and derivatives 
thereof. The hydrates of TiO, react as feeble 
acids,, besides reacting with the stronger acids 
as feeble bases. The salts wherein Ti forma 
part of the acidic radicles are generally obtained 
by fusing TiO, with salts of the metals which are 
to be converted into titanates. , Only a very few 
titanates are soluble in water ; several dissolve 
Jn HClAq, but on diluting and boiling most, if 
not all, of the Ti02.a;H,0 is ppd. 

Titanic acids. Hydrates of TiO., are obtained 
by various reactions {v. Hydrated titanic oxide, 
p. 745). B,y drying under different condilioqs 
solids are obtained approximately corresponding 
with the formula a;Ti0,.?/H,0, where a? = l, 2, or 
3, and y = 1, 2, 3, 4, or 5. (For a list of the hydrates 
obtained by different experimenters v. Tiittscheff, 
A. 141, 111.) There seems to be a series of hy- 
drates of TiO.„ all of which may bo classed 
together under the name titanic acids, none of 
them being stable through more than a few de- 
grees of temperature {v. Carnelley a. Walker, 

G. J. 53, 66, 81) ; the relations of composition of 

these acids may be expressed by such a general 
equation as 7i.TiHj04 - = Ti„Il4„_27»04„_m. 

The titanic acids belong to two classes ; 
those wliich are formed by decomposing TiCl, or 
TiBr, by dilute cold alkali solutions, or by warm- 
ing TiO, with cone. 11,80 „ dissolving the pro- 
duct in water, and ppgr by dilute cold alkali 
solutions ; and those which are formed by de- 
composing TiCl, or TiBr^ by water and boiling, 
or by dissolving titanic acids of the former class, 
in dilute acid and boiling, or by fusing TiO, 
with KHSO„ dissolving in piuch water and boil- 
ing. The acids of the former class are generally 
called titanic acids or ortho-titanic acids, and 
those of the latter class meta-titanio acids, 
Orthotitanic acids dissolve easily in dilute acids; 
metatitanic acids are insol. dilute acids ; by pro- 
longed heating with cone. H,SO, compounds are 
produced which dissolve on adding water. Meta- 
acids are also formed by heating ortho- acids to c. 
100'\ Experiments made by Merz {J..pr. 99,. 
106) show that the incta- acids lose water, on 
heating, more easily than the ortho- acids. 

' OllTHOTITANIC ACIDS. According to 
Wagner (B. 21, 960), a clear solution of an 
orthvtitanio acid is obtained by adding water, a 
drop at a time, to TiCl,, with constant shaking ; 
IIOl and TiCl, are given off (by the heat of the 
j reaction), a solid is produced, then a greenish- 
yellow liquid, and finally a clear ^solution. By 
adding 1 pt. TiCl, to o. 6 to 7 pts. 'water, Thorpe 
(G. J. 47, 120) obtained an opalescent liquid 
whicli became clear after standing for 40 hours, 
and then contained orthotitanio acid; when 
this solution was heated ppn. of metatitanio 
acids began at o. 87 \ and at c. 90° most of 
the Ti was ppd. A solution of TiBr^ ^ water 
forms a perfectly clear liquid containing ortho- * 
acid (T., I.C., p. 120). The wliite fiocoulent solid 
obtained by adding TiCl, to dilute HClAq, ppg. 
by NH,Aq whtfa cold, washing with cold water, 
and drying in the air is TiO,,.2H,0 ( « Ti04H4), 
according to Merz (J. j?r,«'99, 106) ; this compo- 
sition is also assigned to the solid formed by 
keeping TiCl4.PCl5 under a bell-jar, with water 
and CaO, for some days, and then dryiim over 

H, S04 (Tuttsoheff, A. 141, 111). When 
is dried in vacuo (TUttooheff, lu:.), or over 
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/Wen t^e product U said to bo 
(Mere, »%0.0»By. The composition 

•ixTOrAo ( = H,TiA==TLp,.OA) is given to 
the product dried at •100'^ (Merz, l.c.\ Demolyi 
0. B. 1849. 325), dried at 140° (Tuttscheff, /.c.), 
or dried in vaciu) over H-^SO^ (H. Rose, A. 52, 
268); after drying at 100° or upwards, meta> 
acids are probably produced. 

Orthotitanic acids are insoluble in water or 
alcohol; but dissolve easily in dilute acids; said 
also to dissolve in alkali carbonate solutions. The 
solutions in acids probably contain salts of the typo 

S iX4, X =*C1, NO3, ^SO^, Ac. ; but copipounds of 
le form Ti(OH)j:Xy, where X is a monovalent 
acidic radicle, and x is not {greater than 3, may 
be formed, similar to the compounds Ti(()ll),CI, 
Ti{OH).A2, and Ti(0}I)Cl.„ obtained by O. y. d. 
Pfordtcn by the interaction of lICIAti and TiCl, 
(B. 21, 1708 ; u. Titanium hydiioxyl chlouioks, p. 
753). By adding a little cone, cold llClAq to 
orthotitanic acid, allowing to stand for some 
days, pouring off the clear liquid from undissolved 
acid, and evaporating in vacuo, Koenig a. O. y. d. 
P. (B. 22, 1485) obtained a white stdid «-ontaining ^ 
Ti and Cl in the ratio 1:1-47 ; they regarded this 
as consisting chiefly either of TiCl.(Oil);; but 
different in some properties from TiCI.,(Oll)^ ob- 
tained from TiCl^—or chiefly of TiCl{OIl)j llCl. 
White pps. are obtained by adding H^POiAq, 
HaAsO^Aq, or H.A^44<1 to solutions of ortho- 
titanic acids in dilute IIClAq, llN03A(i, or 
H-^SO^Aq, after making nearly neutral by NM I^Aq. 
When acid solutions of orthotitanic acids are 
diluted considerably and boiled for some time 
the whole of the 'J.’i is ppd. as ineta- acids. 
Ortho- acids are also partly changed to meta- 
acids by keeping under water for a long time 
(Wagner, B. 21, 900), or by washing with 
hot water. When an orthotitanic acid is heated 
strongly TiO.^ is produced, with vivid incan- 
descence ; the change from a meta- acid to TiO., 
is not accompanied by incandescence, Acconl- 
ing to Wagner (f.c.), the dehydration of moist 
ortho- acids by gently warming is accompanied 
’ by changes of colour from white to grey, green, 
and black. 

METATITANIC ACIDS. Formed, as white 
powders, by dissolving ortho- acids In dilute acid 
and boiling for some time ; 9.IS0 by fusing TiO.^ 
with KHSO^ and boiling with much water ; also 
by adding water to TiCl, orTiBr, and boiling ; also 
by oxidising Ti by UNO, S.G. 1-25 (Weber, iA 
120, 287). According to Weber (f c.), freshly 
prepared dilute TiCl,Aq is not rendered turbid 
by HOlAq, HNO,Aq,or H,SO,Aq, but these acids 
at once ppt. metatitanic acids when added to 
dilute TiCl,Aq that has been boiled even for a 
few seconds. The pp. obtained by boiling a 
diluted solution of an orthotitanic acid in dilute 
H-SO.is said to have the composition Ti02.2llj<5 
( = Ti04H.) when dried over H.SO,, the compo- 
sition 3TiO.,.4ILP ( = Ti,0,„H, Ti,0,.(\UA 
when dried ‘at 120°, and the composition 
8Ti02.2H20 (-TiAH4-TiA O|H,) when dried 
at 1400 (Tuttscheff, A. 141, 111) ; Mery (./. pr. 
99 166) gives the composition TiO.11.,0 

(JTi0,H--Ti0.02ll2) to the air-dried m)., 
And the composition 2Ti02.Ht^( - 
1= TiPj.OjHJ to the pp. dried over or at 

60 °. 

Aci 3s are white powders, insoluble 


in water or dilute acids; after heating with 
cone. HjjS 04 the products dissolve in water; 
when strongly heated TiOg is formed without 
iucandcsccncck 

COLLOIDAL TITANIC ACIDS. .Grahain 
(T. 1861. 213) obtained a gelatinous, probably 
orthotitanic, acid, insoluble in water, by dialy- 
sing a solution of Ti02..rll..0 in IlClAq ; by dis- 
solving tills gelatinous aebl in such a quantity 
of cold dilute HClAij that not more than I p.c. 
titanic acid was presiuit in the solution, and 
dialysing for seA-ral days, G! (C7. J. 17, 325) 
obtaincil a dilute aqm'ous solution of colloidal 
titanic aei<l. Culb^dal, iusoluble, titanic aeids 
have also be«-n prepan d by Kiiop (.-1. 123, 351), 
llo.se {(i. J. 73, 76 [l8'23i), and U. v. d. Pfordtou 
{B. 17, 727). 

TITAN ATES. These salts have not been 
thorouglily investigated. 'l’hos(! which fiavo been 
best examined are. eitlier derivatives of lI.TiOj 
or lljTiO,, or aro basic salts of the typo 
u.'MO.TiO., where .r>l. St>ino acid salts 
MO.xTiO.., where jj)> 1 ,%io also known. The 
i older investigation.s were made cdiielly by II. 

I Hose (P. 61, 507) and by ILiutefeuillo {A. Ch. 

I [2J -L 129). 

Barium titanates. An acid stilt 2Ibi0.3Ti0j 
I (-2DaTi(VriO.. or Ha^riO./JTiO,.) was ob- 
! taiued by Bour/'eois (C. It. lo t, HI) in lustrous 
! mierosco[MC crystals, by beating to #ill r*dnosa 
^ a mixture of eipiivaleut jwu lsof TiO,, and liaCO, • 

■ with excess of Ba(3,, and washing with very 
. dilute llCl.Vq. 

; CalvAuni titanates. 'riio i\t>v>nal suit CaTiOji 
occurs nati\e as 2>t7‘<ue.s7. ///’. The sainejoalt was 
' formed bylieating to bright r.-lness a mixture of 
e<iuivalont parts of Ti(^, and CaCD,, .ith excess 
of CaCI..., and washing with very dilute IIClAq 
i (lJourg(!ois, 7.r.). 

! Iron titanates. 'J'hn mineral liiauifcrona 
iron or ihnenite is more or less pure xl iiOg. 
Ily fusing a inixturo of 2 i)ts. TitL and 5 jits. FelJ, 1 
with a largo excc.ss of NaCl, washing with water, 
and then with very dilute acid, ilautefouillo 
(C. B. 50, 733) obtained dark purple-violet, 
lustrous crystals of ferrous titanala lo2ii04 
( 2FeO.TiO,) ; but according to Koenig a. 
O. V. d. Pfordtcn (B. 22, 1 1S5) the salt produced 
is ferric lilanatc Fe,(TiU4)j ( • 2Fo.20a.3 fiOJ. 
K. a. O. V. d. P. say that the salt dissolves in 
water aft< r warming with cone. forming 

a fp-een solutiqp containing Fe2(S04)3 and titanio 

Magnesium titanates. The normal salt 
MgTiOd-MgO.TiO.) was obtained (by Haute- 
feuillc.Yc.) by heating to wbitcncBS, for a short 
time in a closed crucible, a mixture of 1 pt. TiO, 
’and 10 pis. MgCl.. with a little NII4CI, washing 
with exWemt'^y dilute acetic acid, and then with 
water ; lustrous, six-sided (probably trimetric) 
crystals, S.G. 3 9 1 . The same salt is formed, 
according to Winkler (B. 23, 2657), by heating a 
mixture of TiO.^ and Mg powder. By heating 
a mixture of 2 })ts. TiO., 1 pt. MgQ, and 40 pt*. 
MgCl^, and washing witJi very dilute acetio acid, 
tlie salt Mg.TiO, ( - 2Mg0.Ti0.2) is said fo be 
formed in hard, lustrous, regular octahedra, S.G. 
3-42 (II.). 

* Potassium titanates. When TiO, Is fused 
with excess of K^CO, the quantity of CO, given 
off corresponds with the formation of ibc 
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normal $dU K^TiO^; after fusion two layers 
are obtained, the lower of which is said to con- 
sist of KgTiO,, while the upper contains the 
undecomposed K^CO^. K^TiOt isfdescribed as a 
yellowish, fibrous, easily fused solid (H. Bose, P. 
61, 507). Water resolves it (accoid^g to Bose) 
into an insoluble acid salty and a soluble basic 
salt ; but according to Hermann (J. pr. 38, 92) 
no trace of titanic acid goes in^o Lolution in 
water, but all remains in the insoluble acid salt. 

Sodium titanates. The normal salt Na^TiOj 
was obtained b^ H. Bose similarly to the 
K salt ; water resolves it into an insoluble acid 
salt and NaOHAq. By baiting NaaW04, and 
in some cases also WO,, with mixtures of TiOj 
and NajCOj previously fused, Cormimboeuf (C. B. 
116, 823) obtained three acid salts : 

(1) 2Na.p.3TiOa(-2Na.,TiOH.TiOo, or 
Na^TiO/^iTiOJ, (2) Na..().2TiO..(Na.TiO,.TiO..,or 
NaaTiaOJ, (3) Na,0.3Ti0, ( = Na..Ti03.2Ti0j or 
NajTiaO,). 

Strontium titanates. An acid salt 
2Sr0.3Ti02 ( = 2SrTiO^;TiOr, or Sr.;fi04.2Ti0,) 
was obtained, in pale-greenish yellow cubes, S.G. 
6'1, by Bourgeois (O. B 103, 141), by heating 
equivalent parts of TiO^ and SrCO^ with excess 
of SrClj, and jvashing with very dilute HCiAq. 

Zinc titanates. The normal salt ZoTiO^ was 
obtained by L6vy (C. B, 107, 421), by heating 
to rod-ness a/mixtuie of 2 pts. TiO^, 8 pts. ZiiSO.,, 
and 3 pts. K.jSO.,, and washing with dilute 
HClAq; pale-violet, silky needles, S.G. 3*17, 
scarcely acted on by boiling cone, acids or coin?. 
KOHAq. By varying the proportion <!rf TiO.^, 
ZnS04,«<and K.SO, used, L. (he.) obtained the 
normal salt Zn./TiO,, which may also bo regarded 
a basic salt ZnTiOs.ZnO ; the basic salt 


3, (»2ZnTi03.Zn0) ; and the acid salt 
3^j(-4ZnTi03.Ti0,). 


3Zn0.2Ti0. 

4Zn0.6Ti0; , 

FLUOTITANATES ; v. Titanijluoi'idesy 
under Titanic fluoride, ComhinationSy No. 2 
(p. 742). 

FLUOROXYTITANATES ; v, Titanoxy- 
fluorides, under Titanic fluoride (p. 742). 

MOLYBDOTITANATES. A few compounds 
of the form TiOo.l2MoO;,.2M.p.£caq, where 
M = NH4 and K, are described by l\';chard {G. B. 
117, 788). By shaking with ether a solution of 
the NH4 salt, acidified by HGhVq, nnd allowing 
the ethereal liquid to evaporate, P. (l.c.) obtained 
niolybdotitanic acid TiO3.i2MoO3.22aq, in golden 
yellow octahedra, melting at c. 6p°, very soln'de 
in water. 

OXALOTITANATES. By dissolving 
Ti0.3.a:H.30 in hot KIIG.O^Aq end cooling. 
Pochard {C. B. 116, 1513) obtained triclinio 
Crystals of 2KHC304.Tf0.3.U._.0. By treating a, 
solution of this salt with BaGl^Aq, crystals of 
Ba(H05j04)2.Ti03.H30 were obtained ; and by de- 
composing this by an equivalent quantity of 
dilute H^SO^Aq, filtering, and evaporating 
in vacuOy long needles of oxahtitanic acid 
2H20.P4.Ti03.2H.^0 were obtained. 

SILICOTJTANATES; v. this heading, 
p. 464. 

litaninm, oxychlorides of. Several ozy- 
ohlorides are kno\'( n. (1) TiOGL^. According to 
Demarpay (0. B. 104, 111), this is the first pro- 
duct of heating TiO, and GCI4 in a sealed tubd ; 
it is described as a yellow orystalline solid. 
Heated with 001^ it gives TiOl4 and COCl, 


(2) TiOOl. Obtained by passing a mixture of 
TiOl4 vapour and dry H over TiOjin a tube 
heated white hot ; Ti203 and Ti^Clf, are also pro- 
duced in the reaction (Friedel a. Gu4rin, Bl. [2] 
22, 481). Brown, orthorhombic leaflets ; heated 
in air bums to TiO.^ and TiCl4. (3) Ti403Cl4. 
Formed by passing TiGl4 vapour through a red- 
hot tube containing fragments of porcelain 
^(Troost a. HautefeuillcfS C. B. 73, 503). (4) By 
allowing TiGl4 to deliquesce in air, and then 
evaporating over H3SO4 and CaO, Merz {BL 
[2J 7, 401) obtained a solid approximating in 
composition to T^OgCli-lOH^O. In connectiqn 
with oxychlorides cf. Titanium uydroxyl chlor- 
ides (p. 743). 

Titanium, oxyfiuoride of. By decomposing 
by water the crystals formed by dissolving 
TiO^.a’II.^O in HFAq and evaporating, Berzelius 
(P. 4, 1) obtained a white solid, of which he 
said it was an insoluble, ‘ so to say, basic,' com- 
pound. 

The titamxyjlnoridcs Ti03Fo.2MF may be 
regarded as compounds of the oxyfiuorido TiO^F, 
(y. Titanic fluouide, p. 742 ). 

Titanium, oxythiochloride of. Tho compound 
TiCl3.OSO3.Cl formed by tho reaction of TiCl.i 
with SO3.OH.Cl may bo regarded as Ti03SCl4 
(y. Titanic chloride, Benclions, No. 10, p. 740). 

Titanium, salts of. Not many salts have 
been prepared by rcplacirg H of oxy acids byTi; 
most of tliose that Imve been isolated are basic 
salts derived from the oxide TiO^. One salt, 
Ti3(SO,)3, corresponding with the oxide TLOj 
has been isolattid. For tho individual salts u. 
Nitrates, vol. iii. p. 517r; Piiosthates, this 
vol. p. 112, TiB^O,, prepared by dissolving 
Ti03.xH30 in molten HJ’O, (Huutefouille a. 
Margottet, C. Ji. 102, 1017) should bo added ; 
and Sulphates, this vol. p. 580. 

Titanium, sulphides of. Three compounds 
of Ti and S have been isolated : TiS., Ti^Ss, and 
TiS, coiTOsponding with the three oxides TiO.^, 
TEOj, and TiO. 

Titanium D i.suLpniDE TiS3. {Titanic sulphide.) 
Mol, w. unknown. H. Rose (P. 8, 177) said that 
this compound was obtained by passing vapour 
di CS3 over very strongly heated TiO.,; but 
O. v. d. Pforfiten {B. 17, 727) and Thorpe (0. J. 
47, 4B1) have found that it is not possible by this 
method to obtain TiS. free from Ti oxides. TiS.j 
is prepared by passing perfectly dry H^S into 
TiCl, kept somewhat below its b.p., and sending 
the mixed vapours through a glasp tube heated 
to incipient redness ; TiS. deposits in the tube, 
and HGl is given off (Ebelmen, A. Ch. [3] 20, 
285 ; confirmed by 0. v. d. Pfordten, B. 17, 727). 
According to 0. v.d. P. {A. 234, 257), tho H3S 
should be passed through CrCl.^Aq, to remove 
traces of O, and dried by means of P2O4 » 
fbe tube should be filled with H3S befpre the 
mixed vapours are passed into it. 

TiS., forms largo, brass-yellow, lustrous, 
mctal-like scales. 

TiS. is decomposed to TijSg and S by heating 
in hydrogen or nitrogen ; it is not changed by 
heating in hydrogen inr^wes&nce of excess of 
hydrogen sulphide ; heatea to redness in carbon 
dioxide it as completely oxidised to TiO, 
(0. V. d. P., A. 234, 257). Ebelmen {l.c.) gives 
the following reactions : with diy chlorine gives 
TiCl4 and SsCl, ; heated in air, TiS« is burnt to 



TITANIUM QROOT OF ELEMENTa 


749 


earth, which he called thorium, in the same 
year. 

None of the four elements Ti, Zr, Ce, or 
Th occurs natwo ; the compounds of these ele- 
ments arc comparatively rare, especially those 
of Ce ami Ijli.* 

The most fretpicntly found compounds are 
the oxides MO.., generally in combination with 
SiO. and •alkaline earths. The metals are 
obtained by reducing their double lluoridcs by 
Al, K, or Na; also in some eases by roduciiig 
known. Thorpe (C. J. 47, 491) obtained this i tl.e cliloruks by W or Na ; Co hhs also been 
compound by passing the vapours ot .moist U,S '•'■*>‘'1 by eieclrolysuig iiiolleii The table 

and CS. over powdered TiO, heated to very on the ollown.g pa^ l.ies. nts smue ot Uie physt 
n.;,,). tee, loess in a uorcelaiu tube: drv II S and cal ‘‘“'I clienneal propel lies .. tl.o el 


riO, and SO, ; ex^sure to moist air decomposes 
riSj gradually, with evolution of JI.^S ; heated 
lo redness with steavi gives TiG.^xH-^O, H.^S, 
and H ; rdtric acid produces TiO.„xH.^O, S, and 
NO; aqua regia oxidises it to Ti0.j.xn.G and 
H-^SO^Aq ; not acted on by hydrochloric acid 
(H. Rose said that TiSj dissolved slowly in 
HClAq, giving off H.^S) ; insoluble in 2 ^dassium . 
sulphide solution; digestion with potash soZzt-J 
tioti produces K titanate and KHSAq (Rose). 1 
Titanium sesquisulpiiidk Ti.^S^. Mol. w. un- 
known. Thorpe (C. J. 47, 491) obtained this 

J U., +1.0 r.f II SI 


anu V./P 2 .'.-.J 

bright redness in a porcelain tube ; dry II^S and 
CS.j had no action on TiO.j. T. describes Tijf^.i 
as a greenish-black iiowder ; he did not obtain it 
quite free from TiB,, as by heating at a lower 
temperature than full redness in H.B and OS.j it 
is slowly changed to TiS.» 0. v. d. Rfordten 
{A. 234, 257) obtained by healing TiS. to 

full redness in dry Uor N (S being set free) ; lie 
.loooviivoa If OQ olov in.'fid-lilvR siilid : insolnh'o 


cal and chemii'al properties of the olements. 

Gcnend fonnid c and t.hararicrs of cofn- 
puinuis. — Oxides. M(>;„ prtihalily for all 
(?TliX),); M(h., fur all; M-.O^i 'vlun INf - Ti or 
Oe ; perhaiis TiO. Ilytli iite.s of MO. eflst. 

Bul])liides.-MB., wlieii M Ti or Th» 
? Zr : M.S;,, wlu 11 M Ti or Ce ; I’iS. 

Halo ill compounds.- MX,, wheiiX-Rr, 


I or Zr, but wlicii M -=Cki many ai 

known. Formed by very strongly healing J 1 ^.. 1 .^.y normal ; 

in perfectly dry Xt <iuile free from O (L, lx.\ known, and a few 'I'i U„ ; the Co,R„ 

O. v. d. r., Lc.). A black powder (T., U\); forms stablcthan the C-dt, s#lt.s. Hialta 

dark-red crystals (O. v.^d. P., Z.C.). l containing M in the ai-i die radicle. — 

on by HNOyAq or aqua regia; insoluble in | nii<l •if.liers of general form xMO-i/TiG-j ; 

NaOllAq. 


insoluble in 
Tit.\nium 


Titanium, sulphochloride of, v 

TUIOCULORIDE, iufvd. 

Titanium, thiochloride of. The pp. formed 
bypassing pure dry ILB into hot TiCl, is pro- 
bably a thiochloride, according to O. v. d. 
Pfordtan (A. 234, 257). M- M. P. M. 

TITANIUM GROUP OF ELEMENTS. The 
four elements, titanium, zirconium, cerium, ami 
tlioriufn form, with carbon, the cvcu-ycnes 
family of Group IV. in tlu! periodic classilieation 
of the elements. There is yet an clement to be 
discovered between Co and Tli ; this unknown 
element will come in series 10 of Group IV. The 


COUiailling lU in hnu ,„r V 

M.'l’iOa and others of general fiu iii xMO.?/ 1 iG^ i 
jy'.ZrO.,, M,ZrO^, and others of general form 
.'iMO.yilrO... No cerates or lliorates isolated. 
Suits X,MF„ known when M Ti. Zr.jor Th ; 
.■»('el’‘,.3K.F known. Acids. II TiG,, ir/ri,0„, 
ll.'riG.,, Il.;I'iF„; various hydrates ; /Ai>,.ylLO 
act as feeldo acids; H.TliG, and ll,;rii,0„ are 
iM'i'haps feeble acids, but it is said tiiat ihOj 
Iloe.s not decompose alkali carbonates when 
{u.<ed therewith. , , , . , 

The. oxides MO. are hiism, and also feebly 
acidic when M is i’i or Zr ; they interact with 
some acids to form corrosjionding salts, and, 
when M = Ti or Zr, with alkalis to form salts 
^yhcrein M forms part of tlm acidic radicle ; no 


element willconic in senes 10 of ^ Cor Tli'in tlm negative 

titanimn family ' i;',,, ‘ UaVn vftbe-n isulut.'d. Kevorul l.ydratcs 


blbuiiiuni - - - , . , - 

the tin £arnily~Gc, Bn, l^b-wiuoh, with Bi, 
form the odd-scrics members of Grou;^ 1\ . 
Carbon is the first even-series member, and 
silicon the first odd-series!ucmbcr, of tin.* group ; 
these two elements are more like one anollu r 
than they are like the rest of the group. 

For the properties and relations of G and Bi 
V. Carbon ouour of EiiKMKN’rs, vol. i. P.0'1- ; ami 
for the tin family v. Tin (iiiooi* of i-uemunts, 
this vol. P- 735. 

The presence of an element, bfdore unknown, 
in a Cornish mineral was recognised by Gregor 
in 179t andby 


san.s oi ....... v...- ... - 

radhdoH have yet bcmi isolat.'d. Be\ ci a 1 hydrates 
of MG.. e.\ist, they easily pass one into the other 
witli small changes of tomperatnro; some of 
tliei-f hydiati'.s react as feeble acid.s towards 
stvng l»ape.s, forming salts of tlie types X*,,M 03 , 
X' .MG,, and, gem rally, a X'/>.,y.MG 2 ; these 
salts are not referable lo sucli delinito forms as 
the stannat^sor silicates arc, but they resemble 
tlicse elasses of salts fairly clo:-cly. 

Tlic sails whic.h aroMerived from the OXideS 
*MG by tlie interaetions of these oxides with 
acids, c^e oVhe form MX,, where X-NO„ 


neral was recognised by Urej^ , ^ . 


Klanroth— was ISO- i mat are kih^mx um; wa-.i-. , -- 

S'bTB«z;iin7Tn I824; KlaVroth in 1739, i ‘---J; jr’'c;ror' ’Th"To”^t“K 


Sted by Berzelius in 1824. In 1803 the pm- 
senoe of a new earth»in a Swedish mineral was 
announced by Klaproth, who gave the name of 
cerium to the metal of tl.e earth.he I'.a'J 
covered ; Mosander isolated the clement m 1826. 
Berzelius discovered a now earth, m a Notwegiun 


Batts mat nave ocen 

is known of the oxides MO 3 ; as They are oh- 
tainedby abiding lI^jO.,Aq and an alkali to lolu- 
tions of salts MX,, they aie probably super- 
oxides ; the formula Th.,Oy that is assigned to • 
the oxide of Th formed in this way cannot ho ac- 
cepted as final. The oxides Ti,0, and CcgO, 

_ 1 w..n.c+ /lofinUn a.nA atahlA tuMM ol 


Sr^tdSw’li^e^ 1 K; Zmostdeanite .2td‘'.4bl, eal^ o. 
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Atomic weights. 


Molocular weights unknown. Mol. weights of one or more compounds of 
each eiement, ec^pt Ce, have been determined by Avogadro’s law ; spec, heats 


Melting-points. 
Spec, gravities 
(approx.) 
Spec, heats. 
Atomic weight. 
Spec, gravities 
(approx.) 
Physical pro- 
perties. 


determined directly. 
Has not been fused I 


iHas not been fused 


Occurrence and 
Preparation. 


Chemical pro- 
perties. 


Obtained only as a A black amorphous Steel-grey, very lus- Dark-grey, lus- 
powder; black, lus- powder; resem- trous metal; mal- trous powder; 
trous, apparently bling lampblack, leable, and due- also obtained in 
amorphous. The but much heavier, tile. Melts much microscopic octa- 
powder lias not Also obtained as a more easily than hedral crystals, 
been fused. very lustrous, any other member Has not been 

hard, brittle solid, of the family. fused, 
resembling Sb. 

, Said to melt above 
I m.p. of Si. 

The four metals occur chiefly as silicates, Ti and Zr in moderate quantities 
and the others only in a few rare minerals. The metals are prepared by 
reducing the chlorides, or alkali salts of the form Kj(or Na.JMF„, by heating 
with K or Na ; Co also prepared by electrolysing molten CcCl,. 

Burns brilliantly jAmorphous Zr Burns when heated Burns, when 


when heated in air, 
or in 0, forming 
TiO^j. Decomposes 
ILO at 100°, giv- 
ing oil H. Com- 
bines readily with 
Cl, less readily 
with Br, and with 
I only when va- 
pour of I is passed 
over heated Ti. 

! Dissolves in warm 
dilute HClAq, 
H,,SO,A<i, 
HNO,Aq,orHFAq. 
Forms two classes 
of salts TiX., and 
TiX„ X^NO^, 
^SO,, &0. ; very 
few TiX^ salts iso- 
lated, and not 
many TiX, ; all 
salts easily decom- 
posed. Salts de- 
rived from the 
acidic hydrattf^ 
a;Ti0^,.2/H„0 also 
known. The acids 
H/riFj and 

HJ'iOaF,, ar.^d 
8a\t8 derived there- 
from, are known. 
TiO,, probably a 
superoxide, exists. 
Combines fairly 
readily with N, 
and with N and 
'vJ. Atom of Ti 
is tetravalent in 
gaseous molecules 
TiOit and Til4. 


burns brilliantly in air, or 0,*to 
when heated in CeO.^. Decomposes 
air, or O, forming cold water, giving 
ZrO.^ ; ihe crystal- olT H. Combines 
Ifhe metal is super- directly with Cl, 
ficially oxidised at Br, I vapour, 
a white heat; it vapour, and P 
burns in O-H vapour. Dis- 
flamc. Combines solves easily in 
with Cl, probably HClAq, HNO^Aq, 
also with Br and II.^SO^Aq, or 
I ; compounds HFAq. Forms two 
ZrX, are formed classes of salts, 
by heating ZrO.^ Ce.^X« and .CeX„ 
and C in X. Com- X^NOj, ASO„ 
bines directly with &c. ; salts Ce-^X^ 
S. Dissolves slowly are more stable 
in hot ft.BO,, than CeX„ the 
IICIAq, HNO.jAq ; latter are easily 
rapidly in HFi^j. reduced to Ce^X^. 
Decomposes mol- No cerates, ^here 
ten KOH ; crys- Ce forms part of 
tallini^ Zr is said negative radicle, 
not to be oxidised have been isolated, 
by molten KNO^ Salts of form 
or KClO.,. Forms M-CeF^ not iso- 
salts ZrX„ X= latcd. CeOs, pro- 
NOa, aSO,, &o. ; bably a super- 
most salts isolated oxide, seems to 
are basio, exist. 

a?ZiV).„7/B. *’ Salts 
derived from acid 
H^ZrF^are known. 

Alsoforinji zircon- 

ates 2/MO.«ZrO, *'■ 

where Zr enters 

into negative radicle of salts. Oxide 
higher thaiv ZrOj, probably ZrO,, 
(? supe^oxide) exists. • ZrR, perhaps 
exists. Atom of Zr is tetravalent in 
gaseous molecule ZrGl4. 


oxide, seems 
exist. 


to heated in air or 
Ds O below redness, 
ig to ThO;^. Com- 
^s bines with Cl, Br, 
51, or I when heated ; 
Sh also with S va- 
P pour when heated 
s- therein. Easily 
in dissolved by 
q, IICIAq or HFAq ; 
)r slowly by hot 
ro n.^S04Aq ; 
s, HNO;,Aq has only 
4, a slight action. 
„ Forms sal tsThX,, 
^4 X = NO„ JSO4, 
lo &c.; fair number 
le of basio salts 
!y known. Hydrates 
4. of ThO^, 

•e Th0,.2H,0 and 
)f 4Th02.Hj0, are 
3, probably weak 
1. acid^, but thor- 
n ates have not 
)- been isolated. 
)- Oxide higher 
r- than ThOj, pro- 
,0 bably Th„0„ iso- 
lated (? super- 
oxide). V ThBf, 
perhaps exists. 
Atom of Th is 
tetravalent in 
gaseous molecule 
- ThCl*. 
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Ce *re derived from this oxide. Several of tile 
haloid compounds MX4 have been gasified with- 
out decomposition, viz. TiCl4, Til^, ZrCl4, and 
ThOl4. The haloid compounds MX4 form' many 
double compounds with other halides ; some of 
these are certainly best regarded as salts of 
hypothetical acids containing M and X in their 
acidic radicles ; the salts of this class 
are characteristic of theelonn^ts of Group IV.: 
all the elements of tho group, except C and Co; 
give these salts Ce is said to form 

K3Ca^ii(=«2CeP4.3KF), but further examination 
will most probably lead to tho isolation of salts 
■ft^CeFg. Ti and Ce form chlorides X.„ or mo’-o 
probably M-^Xg from the analogy of C^Cl., and 
SijClu ; Ce also forms CedJr^, Ce^Fg, and Ce Jg, 
indeed the only haloid compound of Ce belong- 
ing to the form MX, that has yet been isolated 
is OeF4. The sulphides have not been thoroughly 
examined; Ti is tho only member of Group IV. 
which is known to form throe sulphides corre- 
sponding with the oxides, TiS, Ti .S.„ and TiS. ; 
one sulphide of Zr is known, probably ZrS.; 
ThS.^ is the only sulphide of Th that has hecn 
isolated ; and tho only known sulphide of Co is 
Ce.,S3. So far as investigation ha.s gone, the 
sulphides of Ti, Zr, Co, and Th arc basic. 

A comparison of tho titanium family with 
the tin family, which comprises tho o<ld-serie3 
members of Group IV^C and Si being omitted), 
shows that Ti, Zr, Cc, and Th aro more metallic, 
on the whole, than Ge, Sn, and Pb. Th i;, cer- 
tainly the most markedly positive element of 
Group IV., and Ti is at least not more negative 
than Ge; Zr is raor^ metallic than Go, and Co 
more metallic than tin. The following forinulto 
show that, so far as composition goes, there is 
about an equal similarity botwoeri C and Si and 
the Ti elements, as between 0 and Si and tno 
tin elements : 


there is between the two famlliei of Group VI. 
Considering that the titanium and tho tin ele* 
ments belong to even and odd series, reapoc- 
lively, of Groix^ IV., which group comes midway 
in the general periodic scheme of classkication. 



(odd-series) family, but at tho same time wo 
should expL'ct*these two families to be very like 
one another; this is ex:i<tly what a study of 
the two families shows to !)«' the case. 

In conneclion^vith this ai til’lo v. Tin onouP 
OF Ei.EMK.Nis, tliis vol. p. T.ir), aud CaUB 01!| 
GROUP OF ELUMliNTl^VOl. i. p. 082). 

M. M. P. M. 

TITANOFLUORHYDEIC ACID II.TiF. o. 

Titan: flunrhydric arid, under d’nANic fluoridk, 
Conihiniitions, No. 1, p. 712. 

'i'lTANOFLUORIDES vT TifnuU 

flnoridi's, under Titanic FLUOKiiir. CoinhinatuniSt 

No. ‘2. p. 742. 

TITANOXYFLUORHYDUIC ACID JI.TiO.F* 
t>. TlTANIC^'IiUOlUDK, p. 712. 

TITANOXVFLUORIDES M,TiO ,P, v. Titanio 
FLU oiirnK, iiu 742. 

TOLALLYL SULPHIDE C JI.S. [174% 
(.17)0“ 300^ i.V.). A i>rodii('t of fli.stillation of 
hen/.yl sulpliido (MiivcKer, .1. 1.10, 7.3; Forst, .4. 

37*); llaumann a. Klett, li.ll3). 

Plates (from ether), 

TOLANE V. Dl-niF.NYL’Al'KI'VMSNK. 

Tolane dibromide v. Dm uoMo-puicNYieETUiL- 

ENK. t 

Tolane chlorides v. CitLoiio-i>jnc.Nyj»KTUANB 
and CiiLORo-rnKNYii-nriiYM Ni':. 

TOLENE V. Tolu i.ai.sam. 
n-TOLENYL-AMIDINE C„H„N, i.e, 
C,I^,^ro.C(NH)(NII,). 1]02“1. Formed by the 

action of alcoholic Nlh, on tlio hydrochloride of 


Oxides 

CO ? C.Os CO.4 


Sulf'liUU's 


? SiO 


SiO, 


?TiO Ti.fi, TiO, 
ZrO., 
CC..O3 CcO, 



cs 

?C.,S3 

CSg 

?SiCl, 



?SiS 


SiSg 

SiX.’l^ 

TiOj 

TiS 

Ti,S4. 

TiS.. 

TiCl.4 

TiCl, 

CeO., 


• 

Ce,S., 

ZrS,(?) 


C0.4CI,. 

?ThO» 

• 


TI1S4 



• 

G.:S 


/J.’S, 

?G(.‘CJ 3 



SiiS 


SnSj 

SnCI, 



PbS 


?p:A 




GcO GcO^ 

SnO ?Sn,03 SnO, 

PbO Pb,0^ PbO, 

A comparison of the odd-serics families f>f 
the different groups with the even-series families 
/omitting series 2 and 3) shows that, speaking 
brooiy, the members of tlio even-series famiiuis 
are more metallic in their chemical properties 
than the members of the odd-serics familiesf 
and thal tho general difference between even and 
odd families becomes more marked in the 
higher than in the lower groups (i>. Table in 
vol. iii. p. 811). For instance, tbo even family 
of Group VL— Cr, Mo, W, and U— is decidedly 
more metallic than tbe odd family of the same 
croup— S, Se, tod Te ; but although the even 
family of Gro’up II. -Ca, Sr and ^a-is mefte 
metallic than the odd family of the same group 
—Mg, Zn, Od and Hg~ there is not nearly so 
great a difference between these two families as 


OhUjriilcs, (Cc, 

CCI4 ' * 

SiGl4 

TiCl4 
ZrCl4 
CeF* 

ThCl4 

"GeCl4 
SnCI* 
PbCl*(?) 

p-lolMnyhimirlo-elbyl-ether (Gh.ck, /i.2l, 2G53). 
Pearly plates, sol. ahioliol and (:tbcr. 

Zieartions. -1. CO.C^ in toluene and NaOH 
tpve (C„H,.C(NH).NH)XO and 

! son''] 

25 1425).— 2. Oxalaceiic cihrr and NaOH form 
i C;iL.C(NH).NIT.(X).CH2.CO.CO,Et [100“J and 

,c,n,.c<^:c{on”*>cii (Pi™", o. 26, 

^^^Salts.-p/nci .'.n. [218'’]. — 

r225“h-B'HNO,,. [133“]. -Needles, v. sol. 

w.'iter (Kirschnick, A. 265, 167). — B'HNO,2aq. 
rg€ ^]._lV,H,S04 2aq. [240“], v. sol. water. ^ 
o-TOLENYL-AMIDOXIM C,H„N*0 
C,H,.C(NOH).NHg. [149*6°]. Formed by heat- 
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Ing o-tolnlo nitrile with hydroxylamine hydro- 
ehloride, alcohol, and Na-^CO, (Schubart, 22, 
2438). Needles (from hot water), v. sol. alcohol 
and ether. • 

Ethyl ether 0;H,.C(NOEt).NHy [140®]. 
Prisms, v. sol. alcohol. <. 

Beneoyl derivative C;IIj.C(^OBz).NH2. 
[145'^]. Needles, sol. alcohol. Cone. RjS04 forms 

C,H,.C<^j;P>OPh [80°]. * *■ 

o-Toluyl derivative 

C,H,.C(N0.C0.CVH,).NH2. [108°]. Converted 

at 180° into [59°] (Stieg- 

litz, B. 22, 3156). Sodium diazobenzene sul- 
phonate forms • 0,n,.C<^JJ^>C(NH2).C,H, 
[ 110 °]. 

p-Tol8iiyl-amidoxim ChTIioN.P i.e, 
0,H4Me.C(N0H).NH2. Toluaynkloxim. [146°]. 
Formed by combination of toluic nitrile witli 
hvdroxylamine (Schubart, B. 19, 1487). White 
plates, sol. alcohol, etli^r and hot water. Yields 
NaA', a hygroscopic mass, and HA'MCI [187°], 
crystallising in prisms. 

Reactions. — 1. Benzene sulphonic chloride 

forms [89°J (Pinner, B. 

24, 4173). — 2. Aceto-acetic ether gives rise to 
C,H,.tJ<^^^>G.CH2Ao [97°] (Schubart, B. 22, 
2438).— 3. Acetic aldehyde forma the compound 
C,H,.C<^^jj>CHMe [127-6°].— 4. Hot^ HOA6 

forma [135°].-5. COCl, 

produces C,H,.C^^jj>CO [220°]. -6. ClCO.^Et 

yieldsC,H,.C(NH.):NO.CO.,Et [130°].— 7. 
cyanate gives ' C,H,.C'(NOH).NH.CO.NHPh 
[165°].— 8. Phenyl thio-carbiinide reacts forming 
g,H,.C(NOH).NH!CS.NHPh.— 9. Potassium cy- 
anate acting on the hydroclorido gives rise to 
G,H,.C(N0H).NH.C0.NR2 [170°]. - 10. Ac^O and 
NaOAo acting on the hydrochloride form 
NH(C(NH).C,H,), [163°] (Glock, B. 21, 2657).— 
11. Succinic anhydride forms the compound 

0,H,.G<^^j;f^^C.CH2.CIL.C02H [138-6°].- 12. 

Boiling AOjO forms C,n,.C<^^^^CM0 [80°]. 

18. CS.. and alcohol form, on long boili|:-g, 
C,H;C(NSH)NH.CS.SHH,N.C(NSH).C,n, 
(Grayen, B. 24, 390).— 14. GS.^ and alcoholic 

potash yield C,H,.G<^^>CS [lC5*-:i. 

Methyl ether C,H’.C(NOMe).NH2. [85°]. , 
Ethyl ether [64°]. Needles. Con- 

verted by HBr and NaNO^ into C^FT-CIViNOEt, 
an oil, decomposed at 165° (Schubart, Bt 22, 
2434), while hydrogen chloride and NaNO.^ form 
0,H,.CCl:NOEt (200°). 

Benaoyl derivative C,H,.C(NOBz).NH3. , 
[178°]. Co^erted by heat into 

0,H,0<^^°>CPh. 

References. — Nvibo- and Oxx-toi.xtamidoxxv. 
^TOLENYL-IMIBO-ETHTL ETHEB 
0,H,.C(NH).OEt. The hydrochloride B'HGl 
[161°] formed by the action of dry HCl on 
j^toluic nitrile dissolved in ether-alcohol forms 


prisms, yielding B'jH^PtCl, 2aq, converted at 
200° into p-toluio amide, by NH, into p-tolenyl- 
amidine, by aniline into di-phenyl-tolenyl-ami- 
dine [168°], and by AOjO into the compound 
C„H4Me.C(NH).OAo [147°] (Glock, B. 21, 2650). 
The free base is liquid and changes on keeping 
into a polymeride [260°]. 

TOLENYL-PHENYLENE-DIAMINE 
04H4<^^^C.C,1I,. [^68°]. Formed by reduc- 
tion of tolyl-o-nitro-aniline and also ‘ from p- 
toluyl chloride and o-phenylene-diamine in benz- 
ene (Hiibne;: a. TIanemann, A. 210, 328). Prismg, 
si. sol. water, sol. alcohol. 

TOLENYL-PHTHALAMIDONE CiaH.oN^O i.e. 

CJIjMe/ '^C >. 

\n< >C,H 4. [188°]. Got from 

tolenyl-benzcnyl-amidine o-carboxylic acid (Bis- 
trzyeki, B. 25, 1984). 

TOLENYL-XYLYLENE-DIAMINE C„H,«N 
,i.e. [1:4] [®:1:3] 

[217°]. Formed by reducing the p-toluyl deriva- 
tive of nitro-xylidino (Briickner, A. 205, 126 ; 
Hiibnor, A. 210, 333). Long crystals (from 
dilute alcohol).— B'H01.—B'HN03.—B'3H.,S04. 
TOLIDINE V. Di-amido-ditolyl. 

TOLIL V. Di-tolyij-di^etone. 
TOLIL-BENZOIN v. Benzoin, Reaction 9. 
TOLINDOLE v. MuTnYL-iNuoLS. 

TOLISATIN V. Methyl-i&Kim. 
T0LU.ACET.ALDEHYDINE C.iH^N^ i.e, 

“c,H„(N:CHMe), or (?) [91° 

uncor.]. Formed together with a small quan- 
tity of ethenyl-tolylcne-diamine, by mixing tolyl- 
cno o-diamine (1 mol.) with aldehyde (2 mols.) 
in cold HOAo (Hinsberg, B. 20, 1688). 
TOLU-AMIDOXIM v. Tolsnyl-amidoxim. 
TOLTJ BALSAM. Obtained from incisions 
in tho stem of Myroxylum toluiferum growing 
in Columbia, South America. It contains a 
terpeno, toleno C,oH,a (164°-170°), benzoic and 
cinnamic acids, benzyl cinnamato and two 
resins : CigHjgO^ [60°] v. sol. alcohol and ether 
and CihH.-oOj [above 100°], insol. alcohol and 
ether (Devillo, A. 44, 304 ; Scharling, A. 97, 71 ; 
E. Kopp, A. 64, 372 f Busse, B. 9, 830 ; Bail- 
Ion, Ph. [3] 4, 385). 

TOLUBENZYLAMINE v. Muthyii-denzyij- 

AMINK. ** 

TOLUENE i.e. C,H3.CH3. Methyl- 

benzene. Retinaphtha. Phenyl-methane. Mol. 
w. 92. V.D. 3*20 (calc. 3 29). (109°) (B. Schiff, 
A. 220, 91) ; (111°) (Wilbrand a. Beilstein, 
A. 128, 259 ; Tollens a. Fittig, A. 131, 304). 
».G. Y -8656 (Briihl); 2i -8566 (Gladstone, 
C, J. 69, 290); ^ *8708 (S.). C.E. (13°- 
109°) -001242. S.V. 118 (S.). Md - 1-4893 
(G.). lift = 1-607 (B.). Boo “ 50*06. H.F.p. - 8620. 
H.P.v. -6260 <Thomsen, Th.). H.C. 933,762 
(Stohmann, J. [2] 36, 41). Critical tempera- 
ture 321° (Pawlewski, 2634). Occurs in 

co]d tar (Mansfield). Obtained by dry distilla- 
tion from balsam of tolu (Deville, A, Ch. [3] 3, 
168 ; Muspratt a. Hofmann, A. 64, 9), from dragon’s 
blood (G14nard a. Boudault, G. R. 19, 605),' from 
the resin of Pinue maritima (Pelletier a* Walter* 
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J. Ch* PI 67, 278), and from wood (Volckel, A. tavson, 5. 11 , 2151). Oil- J AlBr^ S.G. • 
86,334). 1-37. 

^V>rma<uw.—1. By distilling vulpio acid with Dihydride 0,11, (105'’ 10rt°). Formed 
KOH (M 6 ller a. Strecker, A, 113, 00).- 2. By by heating tolaono with 141 J at 350'^ (Baeyer, A. 
the action of sodium on a mixture of bromo- 155, 271 ; (2) 4, 445). • 

benzene and Mel (Fittig a. Tollens, A. 131, TctraJufklridc CAly^ (104°). S.O. V *797. 

303) .— 8. By passing petroleum vapour over Occurs in the product of distilhition of oolo- 
red-hot charcoal (Letny, B. 11, 1210).--4. Bf phony (Henard, A. Ch. [OJ 1, 231). Oil, sol. 
heating petroleum with^AlClj in presence i alcohol aidl eflier. lia}>idly ahsorhs oxygen. In 
PbO and air (Friedel a. Crufts, Z. 187S, I ICG). — coutaet with water it forms eryslallino C,H,aOa. 

5. By passing MeClor Cll.Cl.^ into benzene con- IJ.SO, forms iwo indymerides (230 -236°), one 
taining AICI3 (Friedel a. Crafts, A. Gh. I, only being oxidisfll)le’l)y air. * 

4^p0; 11, 264).— C. Together with CJI, by In-at- Ifexahi/driUe (07 '). S.G. f; *7741, 

ing benzene with Mel and I (Bay man a. Preia, C.K. (O'- 20'^) -001 1^. S.V. 142 (la)s.sen, A. 225, 

A. 223,317). — 7. By distilling eresol with P.S^ ■ 100). H.C. 1,002..^)0 (rjf>'igninijic, C. li, 03, 

(Geuther, A. 221, 58). -8. By distilling tiduio j 275). Formed by heating toluene with cone, 
acid with baryta (Noad, A. 03, 305). 1 llI.Vcj at 2so (Wreden, .1. In?, ICI ; cf. Bertlio- 

Properties. — Oil, smelling like benzene. ( lot. JJl. [2] 7, 124; 26, 14<)|. Orcm'i^in oil of 
Reactions. — 1. When passed through nred- ; n sin. Comph tely oxidised by a hot mixture of 
^of fMbc it yields benzene, styrene, naphthaleiio, I UNO., and IPSO,. 

diphenyl, anthracene,* phenantlirene, and other j lu'fctrnccs. Buomo-, Buomo- 

products (Ferko, B. 20, 661 ; cf. Borthelot, l.H. lono-, Bi!oMo-ioi>o-NiTuo^IJKoMo-Nrruo-,CiiiiOiio-, 
7,218; Graebe, B. 7,48). — 2. Distillation over ^ CHriORo-iooo-, CjiLono-Nftuo-, lono-, Iodo-nituo-, 
red-hot PbO gives benzene, di-phenyl ethylene, Nirno.so-, Niriio-, and Oxv- toi.oknf:. 
diphenyl, phenanthreno, andanthracenu (Lorcuiz, TOLUENE ARSONIC ACID t*. .Auhenic. 

B. 7, 1097; Vincent, G. H. 100, OOh). - 3. By TOLUENE-AZIMIDO-TOLUENE t>. Azimido- 
electrolysis of toluene to which alcohol and comrounoh. 

H 2 SO 4 have been added benzoic aldehyde and TOLUENE-AZO- compounds v, Azo- ooM- 
phenose are formed (B6nard, G, H. 02, 965).— , pounus and Disazo- compoi’mds. 

4. — When electric sp^^rks are passed through j • TOLUENE-AZOXY- compounds* v, Azoxt- 
toluene, acetylene and hydrogen are given oil ! coMrouNos. » 

(Destrem, B/. [2] 42, 267).— 5. AlCI., at 20O^ in j TOLUENE CARBOXYLIC ACID v. Toluio 
sealed tubes forms benzene, and /«• ami />- xylene j ^'rn. 

(Friedel a. Crafts, G. It. 100, 692 ; Anschutz, A. Tolaene dicarboxylio acid C„II„04 i.e. 
.235, 178). — C. O.V!/gcii passed through toluene ^ C,iII;,Me(CO.,n).^( 4:2:1). MeiUnl-phlfui'lc acid» 
containing AlCl, fortfis eresol (Friedel a. Crafts, j Mol. w. 180. [l52°J. Formed from (o)-amido-2)- 

C. R> 86, 884). -7. A mixture of toluene and j toluic nitrile hy Sandmeyer’s reacli; n, the re- 

ethylene passed through a red-hot tube yields • suiting nitrile being saponified (Niementowskl, 
benzene, styrene, and anthracene (Ferko). — .1/. 12, 623). V. e. sol. water and alcohol. With 

8 . CH.^Clj and AICI3 yield di-tolyl-methane ' o-amido-pheno! it forms C„Il,M(:(C())jN.C„H^OH 
(280'’-2y0°), di-motliyl-antliraccno [232 1, and ;205°J, whence boiling a<|neons sodium carbonate 
7n-, and p - xylenes (Friedel a. Crafts, yjf. [2] 41 , giv^-s rise to CuH ,Me(CO,.Ii).CO.NH.O,H4.01;J • 
322).— 9. Bromine acts upon toluene in tlio pioO']. 

dark as readily as in dilTu.sed daylight, with Amide C„H.,Me(Ct>NlT,.).. [188°]. Formed • 

production of 0- and ^-bronio-tolueue. Tiioaddi- from the imide and NII.^Aq. 

tion of iodine greatly hastens the reaction, but ; Ankudr tdc. [92 !. Nec-dlofi. 

the same products are for.ued. In direct sun* j J)nide C„II;,Me.C./)^.N H. [196°]. Got by 

light the substitution takes place entirely in the ; fusing the anhydride with ui«‘a. Needles. 

side-chain, with production of benzyl bromide, i Nitrile. C,^ll,Me((JN).;. ( I20°j (N.) ; [117°] 

But if iodine (even 2 p.c.) if prc.sont the elTeet ; (Gloek, B. 21, 2«563). Needles. Converted by 

of the sunshine is entirely «ounteraeted, and the alcohol and IIGI into C,lIuGy.C(NHaCy).OEIi 

substitution takes place wholly in the nucleus [19^°]. 

(Schramm, B. 18, 606; cf. Zakrzowski, M. 8, > Toluene dicarboxylio acid 

304) , — 10. Citrine, in presence of I, acting: (^)-N]ilidir.acid. MethyU 

even on boiling toluene, forms chloro-toluenc aind iidd. [320 '- 3.30 j. Formed by oxida- 

benzyl chloride (Beilstein a. Gcitner, A. 231, lion of 7«-xylene carboxylic acid (.Jacobsen, B. 
170; cA Aronheim, B. 8, 1401). -11. CrO.Cl, ; 14, 2112) arel of CJl,>Ie(rH,.OU), (Hjelt a. 
added slowly to a solution of toluene in CS., fiadd, B. 19, 8(j8). I'orined also by fusing 
ppts.C,IL2CrO.Cl...,which slowly absorbs inoi-tmV, polas.sium tohicno w-disnlphonato or the salt 
being converted into benzoic ahhhyde (Etard# C.iJI,Ve(SG,,Nri^).CO.dC with sudiura formate 
A. Ch. [3] 22 , 223). — 12. HySO^ yields the o-and : (Ilakansson, B. 5, 1088 ; Jt^'-msen a. lies. Am. 1, 
c-suiphonio acids, converted by potash-fusioft j 119). J he same acid (G is got by oxidation of 
intoo.andp-cro8ol(Wurtz,A.C/j.[4J25, 108).— I C,H3Mc,CO.,ll [1:4:2] by UNO, (H.G. 1-12) at 
13.. BzA forms (c. 200°) Jsomerio with 1^50 ' (Claus a. Wollner, B. 18, l^^J)* Small 

the di-phenyl -ethylencs, and yi*ding benzoic crystals, si. sol. liot water. May be sublimed, 
acid on oxidation (Lippmann, M. 7, 621).-- — Ag,A" : crystals, v. sol. hot water. * 

14. HNO. forms o-and 7>nitro-toluene. — 15. Par- Toluene dicarboxylio acid^ 

aldehyde and .cone. HaS 04 form ditolylethartb C«H,Me(CO,H )2 [2:4:1]. MethyUterephthaU^ 
and (350°-360°) (0.* FistAier, B. 7, acid, {a) Xylidic acid. [c. 282°]. Formed by 

t ]^ 94 \ boiling pseudooumene with dilute HNO, (Fittig 

C om pounds (0,HJ,A1C1,. S.O. ^ 1'08 {Gus- a. Laubinger, A. 161, 276). Got also by fusing 
Vop. IV. 6.C 
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CeHsMe(S 02 NH 2 ) 002 K with sodium formate 
(J^msen a. lies, Am. 1,114). Needles (by sublima- 
tion). SI. sol. Aq. Oxidised by KMn 04 to tri- 
mellitio and isophthalic acids (Krinos, B. 10, 
1494)._«ZnA". S. H6 at 0*^ ; *735 at 100°, *6 at 
180° (Jacobsen, B. 10, 869). » , 

Toluene dicarboxylio acid C„H3Me(C02H)2. 
[310°-316°]. Formed by fusing potassium 
toluene (7)-diBulphonatG with sodiufti formate 
(Senhofer, A. 164, 134). Minute needles, v. si. 
sol. cold water, v. sol. alcohol and ether. May 
be sublimed. ■-irdA''2aq. — Ag.]:V' : amorphous 

pp. 

Toluene a> o-dicarboxylic^%cid 
COjH.CHa.OuHi.COall. [2:1]. Hmnophthalicacid 
V. o-Carhoxy-plienyl-acctic acid. 

Nitrile v. o-Cyano-denzyl cyanide. 

Toluene u, m-dioarboxylic acid 
C02H.Clf2.C,,H,.C02H[3:l]. Formed by oxida- 
tion of w-di-ethyl-bcnzene (Allen a. Undcrwoo<l, 
Bl. [2] 40, 100). Needles (from alcohol). Sub- 
limes without melting at 200^ 210 . — Ag.A". 

Toluene w p-dicarbdUylic acid 
C02H.CH,,.C,H,.C0.JI. [285 ’-28S°]. '8. 1 at 50°. 
S. (alcohol) i4-3 at 30°. Formed by the action 
of dilute (26 p.c.) HCl on the amide (MellingholT, 
B. 22, 3216). ^.V. si. sol. ether and benzene.-— 
Ag-jA" : crystalline pp. The same (?) acid 
formed by oxidation of C,.H,PrFr [1:4] yields 
BaA'bl||aq /Paterno a. Spica, B. 10, 1746). 

' A7nid6 ' CO(Nli2).CH..C«Hj.CO.NH2. [235°]. 

Formed from CH2Cy.C„H;.Cy and Small 

hard nodules. , 

Amic acid C0(Nn2).CH2.C,B4.C02li. 
[261°]. f Formed from CILCy.CaHi.OO.jH and 
HjSO,. SI. sol. ether, hot water and alcohol. — 
AgA' : crystalline. 

Iso ' amic acid C02H.CH.,.CrtH,.C0.NH2. 
[229°]. Formed from 2’*cyii-T>o-ph<^'^yl*^cetio 
acid. Crystalline, v. sol. alcohol and hot water, 
— AgA'. Crystalline. 

, Nitrile CHXy.CaH^.Cy. p-Cya^to-hemyl 

eyatiide. [100°]. (above 300°). Formed from 

, ClLCl.C.iH^Cy and KCy (MellingholT, B. 22, 
3209). Needles, v. si. sol. hot water, sol. al- 
cohol and ether. 

Semi-nitrile CH,Cy.C,H..CO,TI. [201°]. 
Formed from ci>-chloro-j>-toluie acid by treat- 
ment with KOIIAq and alcoholic KCy (Melling- 
hoff, B. 22, 321.3). Crystalline, v. sol. alcohol 
and ether.— AgA'. 

Semi-7iitrile CO,H.CII,.C,H ,.Cy. [152°]. 
Formed from the nitrile and HCl at 105°. 
Prisms, v. sol. alcohol.— AgA'. Crystalline. 

Nitrile-a7nide ClLCy.C^jH^.CO.N^. 

[182°]. Formed from «-ohloro-jp-i.oluic amide 
and KCy. Plates. . 

Amide - nitrile C0(NH,).CH2.C,H,.Cy. 
[196*6°]. Formed from the nitrile and HCl at 
70°. Crystalline, v. sol. alcohol.''. * ^ 

Toluene tri-carboxylic acid 
0„H,(C02H)2.CH2.C02H. Formed in small quan- 
tity by oxidation of s-tri-ethyl-benzene (Fricdel 
a. Balsohn, Bl. [2] 34, 635). Needles Sublimet 
before malting.— Agj A'". Tables (from hot 
waf'.'er). 

TOLUENE o-FHOSPHINIC ACID 

0,H4Me.P(0H).2. ^Obtained by decomposing its 
chloride with water (Michaelis a. Paneck,n-d. 
tll2,223). Oil. Monobasic acid. — CaA'-^aq. 
Chloride O^H^Me.PClj. (244°). Formed 


by the action of PCI3 on mercury ditolyl [107°] 
and by warming toluene with AICI3 and PCI,. 
Liquid. 

Toluene |)-pho 8 phinio sold CaH4Me.P(OH)2. 
[105°]. Formed in like manner. Plates, v. si. 
sol. water. Oxidised by HNO3 to the phos- 
phonic acid. Decomposed on heating into tolyl- 
phosphine and toluene phosphonic acid. — KA'. 
— NH4A'.- BaA'„ aq.— PbA'.2.-*CuA'., 4aq. 

Ether C,H>Ie.P(OEt),,. [280°]. 

Formed from the chloride and dry NaOEt. 

Chloride C.H^Me.PClj. [25°]. (245°). 

Formed, together with the o-isoraerido, from 
toluene, PCd,,, and AICI3 (Michaelis a. Paneclf,- 
A. 212, 203). Formed also from Hg(C,H,), 
[235°] and PCI3. Needles, v. sol. ether and 
benzene. 

References. — Nitko- and Oxy-toluenb Phos- 

PHINIC ACID. 

TOLUENE PHOSPHINIC ANHYDBIDE v. 

Puospiiino-toluene. 

TOLUENE o-PHOSPHONIC ACID 
C„H,Me.PO(OH),,. [141°]. Formed by the action 
of water on its chloride (Michaelis a. Panock, A. 
212, 231). Crystals, v. sol. water. — Ag^A". 

Chloride C.H..PC1,. This is formed from 
CjIL.PCl^ and clilorino. Yellow solid. * 
Toluene ^^-phoaphonic acid CuII,Me.PO(OH)3. 
[180°]. Formed from CjHj.PCl^ and cold water. 
Woolly needles. Oxidistd by alkaline KMn04 
to C(XH.C,5H4.P0(0U)„. Bromine forms bromo- 
toluene. KH.,A"., : needles. --BaH,A"2 — AgHA". 
-Ag,A". 

Chloride [42°]. Formed from 

' C,H,PC1., and chlorine. Ye, Uow mass, converted 
by dry SO., into liquid C^H^.POCl, (285°). 

Toluene w-phosphonic acid 
C,n .Cn...PO(OH)„. riG6°]. Formed, together 

with (C,il,).,PO(OH) [191°], from benzoic alde- 
hyde and PH, I (Littluiner, B. 22, 2145). Sted- 
late groups of prisms (from liOAe). 

Reference. — Oxv-Tor.UKxn piiosiiioNie acid. 
TOLUENE a>-SELINIC ACID C^H^SeO.^ i.e, 
C„Ha.CH.MSeO.OII. [8.5°]. Formed by oxidising 
benzyl diselenide with UNO, (Jackson, A. 179, 
8). Needles, si. sol. cold water, v. sol. alcohol, 
nearly insol. ether. --AgA' : slender crystals 
(from hot w.ater). 

TOLUENE SULPHAMINEu. Amido-toluenb 

SULPIIINIO ACID, , 

TOLUENE o-SULPHINIC ACID C,H,SO., i.e. 
C,n,Me.SO.OH. [80°]. Formed by boiling 
C,H,.NjH.,,SO.,.C;H, with baryt» water (Lim- 
pricht, B. 20, 1241). Long needles, v. sol. 
ether.— BaA'., 3aq. Nodules, v. sol. water. 

Toluene p-sulphinic acid CHH4Me.SO.3H. 
[86°]. Formed in like manner (Limpricht), and 
•Iso from toluene p-sulphonic chloride and 
, sodium-amalgam, zinc-dust, or Na.SOj (Otto, A, 
142,92; 146, 19; B. 9, 1586; Blomstcand, B. 
3, 965). Plates, v. sol. ether. Fuming HNO, 
forms crystals [190°]. The Na salt heated with 
CH3.CHCI., and alcohol at 150° gives a small 
quantity of 'CHh.CHCI.SO.C^H, [48°] (Otto, 
J.pr. [2] 40, 619). The Na salt with ClCO.,Et 
gives the ether (Qtto,'*B. 26, 808). — BoA'^i 
I lates. — Ca A'a 4aq. — Zn A', 2aq.— AgA'. 

Methyt ether. Formed from the N a salt 
and ClCO..Et in MeOH. Oil (Otto, J. pr. [2] ^7, 
166). " i 
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Ethyl ether EtA'. Oil. Oxidised by 
KMnO^ in HOAo to toluene jp-sulphonio ether 
(Otto a. Rossing, B. 19, 1226). 

Toluene ejro-sulphinic acid CaH^.CHo.S02H. 
Prepared by reducing CJIs-CHa-SOoCl with 
sodium-amalgam (Otto a. Luders, B. 13, 1288). 
Very unstable. — NaA' : leaflets, sol. hot alcohol. 
Reference . — Amioo-toluese sulpiiinic acid. 
TOLUENE o-SULPHpNIC ACID CJl.SO^ i.c. 
C,H,Me.SO,H [1:2]. • 

Formation. — In small quantity together 
with the p-isoinoriilo, by dissolving toluene in 
hot fuming (Ihigclhardt a. Lat.'.chinolT, 

t2J 5, 617 ; Anna Wolkofl'. [2^ 6, 321).— 

2. Together with the m- and p- isomerides by the 
action of C1.S0...01I on toluene (Claesson a. 
Wallin, B. 12, '1848 ; Noyes, Am. 8, 176).— 

3. From o-toluidinc by diazotisation followed 
by treatment with ILS()., (Muller a. Wiesinger, 

B. 12, 1348). — 4. Jly reducing ^-broino-tolueno 
Bulphoriic acid with sodium-amalgam (Terry, J. 
169, 27). — 6. From (4,1,2)- nitro-toluene sul- 
phonic acid by elimination of NO._j (Jenssen, A. 
172, 235). 

Preparation. — By adding toluene (<»() g».) tv^ 
ClSOyll (150 g.) in the cold, and pouring tho 
product into water (Noyes). 

Properties. —Thin leaflets (containing 2uq), v. 
sol. water. Deliquescent. 

Salts (C. a. W. ; Hubner a. Bo-sl, A. 16.9, 1). 
— KA'aq.— NaA'ati : ftibles, sol. water. Nll^A'; 
thin leatlets,- CaA'., : leaflets, si. sol. wnt<!r. — 
BaA'-.aq. S. 1 at 12". BaA',4aq. -lfl.A'.,uq. - 
PbA'.' daq. -MgA'., 7a(i. - /.nA'.. 7aq. - CuA', laq, 
—CdA'-Ziaq. -MnA'8 2a<i.— AgA' : si. sol. water. 
Chloride CJll.SO.CU. Oil. 

Amide C,}I,.SO,NJr,. [154"]. S. '1 at 9" ; 
S. (alcohol) 3-5 at 5". Octahedra, si. sol.waUT. 
Yields a bcn/0}l derivative [112 which forms 

C, H,.SO.j.NKBz I'.aq and (C,H,.S(VNB/,.)Jla aq. 
(Wolkoff, Z. [2J 6, 57). Oxidised by KMuO, in 
acid solution to o-suli)iio*benz<jio acid and in 

neutral solution to CuH,<^^|j'J>Nll (Falilbcrg 

a. List, Ji. 21, 212). 

Anilide 0,lL.SO,,NIirh. [136^]. 

Tohiidc C;II;.SO,NlICJr,. [131"]. 

Toluene 7a-sulphonic acid C^H.Me.SOall 
[1:3J. Fen mation. 1. By the action of J I NO., on 
m-diazo-toluene salts (Miilter a. Wiesing^r, B. 
12, 1349). — 2, A prodikot of the action (.f 
CISO^ on toluene (Claesson a. Wallin, JJ. 12, 
1848).— 3. From o-brorno-toluenc m .sulphonic 
acid and sodium-amalgam (Miilkr, .1. 169, 47). 

4. By the diazo-reactiou from t"hii«line sul- 

pbonic acid and from o-toluidme sulphonic acid 
(Pecbmaim, A. 173, 202; Bagel, A. 176, 297; 
Neviie a. Winthcr, C. J. 37, 628; Kla.-;on, l>. 
19, 2887). , , 

Properties.— "Thin deliquescent scales (coj^- 
tainin^ aq), V. sol. water. 

Salts.— KA'aq. - NaA'aq.-NH.A': scalesvv. 
»o\. water.— CaA'., 3aq : needles, v. sol. water. - 
BaA'., 2aq. -BaA'^aq. S. 2275 at p" (C. a. W.) 
15-5 at 15" (Vallin, B. 19, 29.'ft).-PbA'.,aq. 
PbV',2aq.— PbA'.^ 3aq. — Mg.A'.Naq. — ZnA'^haq. 
— ZnA',, 7aq.-CdA'. Jaq.-^d A'., 6aq : crystals. 
MnA'2 7aq. -.CuA'^ 4aq.-AgA' ; v. sol. water* 
ChlorideC,Jl,.SO,C\. Oil. • „ ^ ^ 

Amide [108^]. 8. *4 at 9° 

(0. a. \V.) ; -265 at 44° (V.). S. falcohol) 18 at 


6° (0. a. W.) ; 17 4 at 14° (V.). MonocUnte 
tables and octahedra (from alcohol). Melts at 
91"’ according to Noyes. Oxidised by alkaline 
K,FoCy« to CV..H.C,H,.SO.,NH, (Noyes a. Walker. 
Am. 8, 187). * , 

Anil i If C,H . .SO,N H Ph . [72°J. 

m-Toluide C.lI,.SO,.NH07f,. [103°]. 

Toluene sulphonic acid Crtil,Mo.SO.,H [1:4.] 

I The chic? ptodiict of sulplionation of boiling 

■ toluene (Duvillc, A. Ch. [3] 3, 172; Fittig a. 
Tollcns, .1. 131, 310; Miiivkcr, A. 136. 85; 
Ihigclbardt a. 'riJilsehinolT. /f. [2] 5, 617; 
.laworsky, Z. 186, r», 221 ; Otto a. (Iniber, A. 142, 
92; 115^10: Chu/tsholT. />. 7, 1167; Fablberg, 

I Ji. 12, low).— 2. From toluene and ClSO^H 
1 (CIuc.-.m)M a. Wallin, li. 12, lSls).-3. By tho 
1 action of 1I..SU,, on yj-di.i/.o-tolueno salts (M. 

! a. W.). ‘ 

-Thick Iciith ts or flat prisms 
i (containing aq). |)t‘lii]ii('s<;eiii. Melts at 92° 

; (Norton a. Ottin, .l;;i. 10. 110). Fusion with 
sodium format** yields u toliii*; acid (Uemsen, Zl. 

8, 1 1 12). , Potash-fusion gives p-crcsoL llydro- 
Ivsis by steam la gins at 150“ (Armstrong a. 
Miller, C. J. io. l ls). 

Salt.s. O'aij. Trimrhio crystals ; a\h:6 
= *804:1 :3-237. -NaA' .'hui. Na.V 2aq. -Nn.A'. 
— CaA^., laq. — Ba.\'... BaA' .aq. 8. 21 at 12°. — 
BaA',.3aq (Kelho, ‘/i. 16, ‘ 621). - PbA',. — 
MgA'.6uq. ZnA'.6aq. C<IA',6aq.« MnA'jOaq. 

Cu.A' Jiaq. AgA' : long plates, v. sol. water. • 

MetbylamiiU' salt [125"J. — 

.NMell A'. [78*]. NM« ,HA'. [92']. Aniline 
s a 1 t t223'"j. — 0 - T o 1 u i d i n 0 salt [180°J 
(N. a. 0.). ♦ 

j Chloride C.H .SO.f'l. [69"!. Triolinio 
i crystals ; </.:f>:c '76>8‘ 1:1*1 It ; a -97° 24' ; 

* /3 117 ’ O'; 7 HP *28'. Acetoxim and NaOH 
form C,H,.S() .().N:C.Mc, [89"] (Wege, B. 24, 
3538). In ethereal solution it is reduced by 
. sodium-amalgam to tolm ne sulphinio acid and 
, the compound C„I1,«S6), [76 'j. In prusence •£ • 
isoamyl e.Uw r (C,11,,),0 the compound C, .11, 

[30"j is formi*<l (Dtto, .1. 143, 2Ui). 

BromuLe C.H ..S( >,,Br. [96“J. 

Iodide CdL.SDJ. [8.5'"J. Formed by 
addin.' an aleoliolic solution of I to aqueous 
C-ll,.SO..Na (Otto a. Tnigcr, li. 24, 479). Yellow 
crystalline powder, v. sol. «‘ther, turning brown 
in* air. Jle.-itcM with water at 109" it forms 
I C H-.S.O,.(' H,. Jledmu'd silver acts in like 
' n.%ine:r. ‘Zril'X foini.s zinc toluene sulphinate. 
i Mi'ihyl ether M(o\.'. [c. 30"']. 

I J'Hiiiii ether Ft A'. [32" j. H.G. 1*174. 

' Thick pri.sie.s (Kraft a. Boos, B. 25, 2259). 
i Phenyl ether C.lL.HO.OPh. [95°]. Formed 
i by the action <d NaOPiron the chloride dissolved 
I inbcnzcnotOlto, R 19,1832). 'I’rimetric crystals ; 

a:b:c = <JH9*fc *476. Not alTocted by alcoholic NH„ 

1 cveft at 200". , 

i .-Imidc C,H,R0,NI4 [136°]. S.-2at^. 

! s', (alcoliol) 7*4 at CC. Leaflets. Yields 

■ C,iI,.SO,NIlK aq. BzCl forma 0,11, .SO^NHBz 
i [147'"-150"J, which giviiS KA', C^iA'^tuit BaA'*, 

AgA', and AgA'Nfl,, and is converted by^PCI* 
into C,H,SO,N;CCl.CJl, [100°], whence ammo* 
niura carbonate solution fornft CnHwNj80,[414°] 
(Wolkoff, B. 5, 140). Succinyl chloride forms 
crystalline C-H-.SO.,.NC,Ii 40 ,, converted by 
: NH,Aq into C;H,.SO;.N^(C^H,OJ [180°] aod 
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(0,H,SOa),N.^H.^(0,n,02), which crystallises from 
alcohol (Wolkofl. 2. 1870, 580). 

Methylamide C,H,.S02.NHMe. [76°]. 
Beotangular plates, si. sol. hot \]fater. Yields 
C,H,.SO,NBzMe [58°]. 

E thy latnide C7H-.SO.^,NHlSt. [68°]. 

Anilide C.Hj.SO^NHPh. [10.^°]. BzCl 
forms C^Hj.SOoNBzPh [149° cor.] (Itemsen a. 
Palmer, Am. 8, 242). , , 

Methylanilide C^H^.SO-^.NMePh [95°]. 
Monoclinio crystals (Otto, J. pr. [2] 47, 371). 

Ethyl-anilide [88°]. Primus, inaol. water. 

p-Toluide C,H,.S02NHC,H,. [118°]. 

Toluene exo-sulphonic a(dd C^H5.CrL.SO;,ri. 
Formed by boiling benzyl chloride with aqueous 
K-,80, (Bdhler, A. 164, 50; 221, 215 ; Mohr, A. 
221, 216 ; Otto a. Liiders, B. 13, 128G). Formed 
also by oxidising benzyl disulphide with HNO^ 
(Barbaglii^i B. 6, 270, 088), and also, together 
with acetic acid, by heating benzyl methyl ketone 
•with BL^SO^ (Krekoler, B. 19, 2025). Very hygro- 
scopic crystals. The K salt heated with KCy 
yields C8H,.CH,. ON. 

S a Its. — NH,A'. — KA'aq. Trimctree prisma. 
— BaA'.^ 2aq. Plates, si. sol. water. — CaA'.^ 2aq. — 
PbA'(OH): crystals. — PbA'„. — AgA': crystalline. 

Chloride q«H,.CH,.SO.,Cl. [93°J. De- 
composed by heat into SO.^ and benzyl chlpride. 

Amide C«H,.CH,.SO,.NH,. [102°] (O. a.L.) 
[106°] (Pechmann, B. 6, 634). Needles, sol. water 
and alcohol. 

* Toluene (a).di8ulphonic acid CJl3Mc(S03H)2 
[l;2f4]. Formed by sulphonation of toluene and* 
of toluene o- or p-sulphonic acid (Hakansson, D.* 
6, 1084; Senhofor, A. 104, 129; Gnc'nm a. 
Forrer, Z. 10, 542 ; Claeason a. 13erg, B. 13, 
1170 ; Klason, B. 20, 354). Formed also hv 
heating toluene ;>sulplionic chloiido with 
(Fahlberg, B. 12, 1052; Am. •«., 170; 2, 182). 
Thick liquid. - (Nil .) *' "aq. — Jv..A"aq. — BaA"aq. 
S. *76 at ^7°. Insoi. alcohol. — Ag.,A"2aq. 

Cnloride C,H,(SO,.Cl),. [5/2°]. 

• «. A wide C,H,.(SO,NHj),. [186°]. 

Toluene (/3)-di8ulp‘houic acid CJl 3 Me(SO.jr ).3 
[1:2:5]. Formed by heating toluene o-sulphonic 
acid with fuming ILHO^ at 100° (H.), or toluene 
tit-sulphonio acid with H ,SO^ at 180° (Klason, B. 
19, 2889 ; 20, 352).— KjA*" aq.- BaA" aq. S. 3*9 
at 16° (K.). 

Chloride C,H,Mo(SO.,Cl),. [90°]. 

Amide C«H,Me(SO,Nli;)2. [224°]. 

Toluene disuiphonic acid C„H 3 Mo(S 03 H )2 
[1:2:3]. Formed by the action of sodiuiX*- 
amalgam on y)-iodo-toluono disuiphonic acid 
(Limpriobt a. E. Bichtor, B. 18, 2179; A. 230, 
826), and by heating toluene w-sulfrUonio acid 
with fuming HjSO^ at 180° (Klason). Slender 
needles, v. sol. water ana alcohol. — K^A^aq. — 
BaA'^aiaq. Prisms, v. sol. water. 

Chloride 0^^10(80301)3. ^5°].* 

Amide 0flHjMe(§O3NH..)3. [214°]. 

Toluene o-disulphonio acid OaHaMe(SOaH).„ 
;2:6]. Formed by reduction of ^-bromo-toluene 
sulphonic acid with sodium-amalgam (Kor- 
natzki, A. 199).— K-^A".— BaA" 4aq, V. e. 

sol. water. 

CSiloride [86*6°]. Prisms (from ligroin). 

Amide [above# 260°]. Needles, v. sol. Aq. 

Toluene disuiphonic acid OgHgMetSOjH), 
[1:8:4]. Formed from p-toluidine sulphonid 
•old by conversion into 0,H,Me(SH).SO,H and 


oxidation of the product (Klason, B. 20, 866).-^ 
K3A" aq.— BaA" 2aq. S 16. Prisms. 
Chloride. [111°]. V. sol. OHOl,. 
Amide. [236°-239°]. V. sol. water. 

Toluene-s-disnlphonio acid 
C8H3Me(SOjjH)2 [1:3:6]. Formed from o-iodo** 
(or bromo-) toluene disuiphonic acid or o-diazo« 
toluene disulphonio acid by long boiling with 
cone. HI (Limpricht a. ^Hasse, B. 18, 2177 ; A, 
260, 295).— K3A" 2.^ aq.— (NH,).3A". 

Chloride [1S2°]. Long prisms. 

Amide [oYCT 2i0°]. Small plates. 

Toluene trisulphonic acid C«HoMo(SO.,H),. 
Formed by •heating sodium toluene (a)-disui*- 
phonato with CISO3H at 240° (Claesson, B. 14, 
307). Slender needles (containing 6aq), v. sol, 
water. Salts. — K3A'" S.^aq. — Pb.,A'".3 8aq. — 
Ba^A'^j 14a(i. Crystals, v. sol. water. 

Chloride C„H.,Me(SO..Cl)3. [153°]. 

Amide C,iH,Mc(SO,Nil,)3. [above 300°]. 
Minute crystals, nearly inspl. water. 

Hcfvrcmcs.—K'siiDo-, Buomo-, Buomo-amido-, 
BllOMO-NITllO-, CuiiORO-, IODO-, Ioi> 0 -AMII) 0 -, 
N1TT10-AMIDO-, Nitko- and Oxy- toluene sui»* 

f*HONIC ACID. 

TOLUENE ^-THIOSULPHONIC ACID 

C„H,Me.S03.SH. Formed by heating a solution 
of a salt of toluene p*sulphinic acid with sulphur 
(Otto, B. 15, 129; 20, 2087) or by adding a mix- 
ture of Na^S and CjHj.SOoNa to an alcoholic 
solution of iodine (Otto a.*Troger, B. 24, 1132). 

A solution of Na salt gives a white pp. of cuprous 
salt on adding CuSO^. 

Jieactioyis . — 1. Iodine added to an alcoholic 
, solution of the K salt forms the three cora- 
' l>ounds (C.H.SO.J^S [134°j, (0.11,80,.), ,83 [109°], 
and (CjHjSOJ.S;, [182°]. Tiie compound 
(C7lI,SO.,)..S is also formed by the action of I on 
a mixture of C,H,.SO,,SNa and C,H,SO..Na, and 
crystallises from benzene in monoclinic forms 
a\h\c - 2-829:l:3-221 ; /8 - 60° T. The compound 
(C.II.80„)„S3 is split up by boiling llOAc into 
(CjILSO-XS and (C^II.SOJ.jSa (Otto a. Tniger, 
B. 24, 1120). — 2. Ci.CO.3Et acting on the Na 
salt forms the ctliyl and tolyl ethers and the 
compound (C^H^SO-JaSs [182°] (Otto a. Bussing, 

B. 24, 1148). 

'Salts. — NaA' 2aq. Trimetrio tables.— 

KA' 2aq. — AgA' aq : small tables, si. sol. water. 

Et^iyl ether G^H-.SO.^.SEt. Tolyl ethyl 
disulphoxide. Got froqi NaA' and EtI. Oil. 

Ethylene ether C.,H,A',. [77°]. Needles. 
Decomposed by zinc-dust into the zinc salts of 
toluene sulphinic acid and ethylen^ mercaptan 
(Otto a. Heydecke, B. 25, 1478). 

Tolyl ether C,]lj.S0.3.SC,H,. Tolyl dU 
sulphoxide. [78°]. Formed by oxidation of 
*2>-tolyl mercaptan (Miircker, A. 130, 83). Formed 
also from toluene 2>*sulphonic acid and water 
at 100° (Otto a. Trogor, B. 24, 480). MdTlo- 
clfnic prisms (from alcohol). Decomposed on 
sappnifioation by alkalis into toluene p-sulphouio 
acid and di-tolyl disulphide [41°] (Otto a. 
t^Bissing, B. 19, 1240). Deduced by zinc and 
dilute 0380^ to t&lyl mercaptan. Bromine forma 
(0,4H,4S30.3).3Br2 (Otto a. Gruber, A. 149, 105). 
Alcoholic H3S forms, on wsA’ming, toluene ji-sul- 
phipio acid, di-tolyl disulphide, and. tolyl tetra- 
sulphide. * 

^/erence*—AmDo-Towia!(S THiosui.FnoNic 
ACIP. 
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tOLVEHYL- V. Tolenyl-. 
o-TOLXriC ACID 0„H^Me.C0,H [1:2]. Mol. 
W.136. [104°]. H.C.V. 928,800. H.C.p. 920,400. 
H.P. 98,600 (Stohmann, J. pr. [2] 40, 13:^). 

Fonnation.—l. . By oxidation of o-. xylene 
with dilute HNO3 (Bieber a. PHtig, Z. [2] 6, 
496 ; A. 156, 242). — 2. From toluene t) sulplionic 
acid vid C,Hj.CN (Bai^say a. Fittig, Z. [2] 7, 
684 ; At 168, 246). — 3. By the action of soditmf- 
amalgam on a mixture of ClCO.Et and o-iodo- 
toluene and saponification of the resulting 
C,H,.CO,Et (Kekule, B. 7, 1007). 4. By boiling 
phthalide (3 mols.) with llIAq (127 •) ami yellow 
P (2 at.), the yield, being 97 p.c. (Ilessert, />’. 11, 
238; Kacinc, A. 239, 72). — 5. From o-toluidine 
vid the nitrile (Calm, A. 240, 2.'<0). 

Properties. — Plates (containing 2atj), volatile 
with steam, si. sol. cold water. Oxidisi'd by 
alkaline KMnO^ to phthalic acid (Weith, B. 7, 
1057). Bromine-vapour above 100’ forms 
phthalide ; in the cold Br forms bromo-toluic 
acid C^HaMeBr.CO.JI [167°]. 

Salts. -NaA' 2a<i. [228°]. Fdnoro:.ccnt 

plates. — CaA'o 2a(i. BaA'.^ 2aq. ' 

Ethyl ether KtA'. (220°). 

Amido-eihffl ether 

C;n,.CO.O.CJL.dH,.NlL,. Formed from o-tolyl- 
oxazoline and llCl.Vq. Oil. Yields B'llBr 
[156°], B'CJI^N^O, [188°]. 

Aniido-2^roi)yl Hhcr 
C,II,.CO.O.CJJ]Me.CIJ,NH,. Formed by evapo- 
rating tolyl-methyl-oxa/.oline with lIClAq. Yit id.s 
B'llBr [140°], B'CJI,N,0, [192°], and a platino- 
chloride [211°!. 

Benzyl ethc,ri.%n,h'. (315°). S.G. J) 1-12.' 
Oil (Hodgkinson, C. ./. Broc. No. 103, p. li‘.7). 

Chloride C,H,OCl. (211° at 733 min.). 

Anhydride (C,ri..CO),0. [c. OH’], (rhovo 
325 ). Formed from the Na salt (6 inols.) and 
POClj (1 mol.). Insol. water, sol. ether and 
benzene. 

Ainide C^Hj-CONlI... fM0°] (Hutchinson, 
n. 24, 174 ; C. J. 57, 957 ; cf. Weith, B. 6, 420). 
On reduction in acid solution it yields o-tolyl 
alcohol and a srnall quanlity of the <lihydrido 
C.H„.CO.NH.^ [156°1, which on boiling wif^i 
water yields an aenl [68’ j. Tiie dihydride is 
also formed by reducing the amide in alkaline 
solution. • ^ 

Anilide C,H,.CO.NIkPh. [125 Formed 
from a«(i-pbcnyi-o-tolyl ketoxim and PC[, 
followed by water (Smith, B. 24, 4017). 

Xylide r^tH-.CU.NlKMl.Me, . ;16.5' 

Formed by heating o-toIyl xylyl ketujie witli 
hydroxyl amine at 120° (Soiith). 

Bromo-ethy la m ide 

C-H,.CO.Nn.CllXU Br. [71°] (Salomon, B. 
26, 1322). 

Chloro-ethylamide • 

C,H,.Cd.NH.ClP-CH„Cl. [73°j. White needles. 

Bromo-jfropyl-amide 
C,H,.CO.NH.CH,.CHBr.CH3. [^6°]. Needles 

(from benzene-ligroin) (Salomon#!?. 26, 1323). 

Chloro -propyl -ami do 
C,H7.CO.NH.CH,..ljHIiieCl. [84°]. Formed by 
evaporating o-tolyl-methyl-oxazoline with excels 
of HClAq. Keedles (from ligroin). • 

o.Nitro-benzyl-amide • 

C,H,.CO.N H.CH,.C dT ..NO,. [1 .3.5®]. Needles 

(from alcohol). May be reduced to the o-amido' 


I benzyl-amide [116®\ which yields B'HCl [914®] 
(Wolff, B. 25, 3034). 

Iniidc (g,H,.CO)3NH. [148®]. 

I Nitrile C,II,.CN. (204° cor.). V.D. 1-03 
(obs.). ly*’, —31,800 (Bertbelot a. Petit, ^4. C7». 
[♦•] 17, 12:5). Formed by heating KCy with 
putas.sinm toluene (>-tfulpluMmte or with tri-o- 
tolyl pho^plirfito (Heim. li. Hi, 1776), by heating 
o-tolyl tbioearhiniide witli linely-divided copper 
(Weith, B. 6, 411*). by bniling o-tolyl carbainine 
(Weith, B. 7, 722). by lienl^ng o-iodo-toliieno 
with AgCy at 350" (Meiv. a. Weith, B. 10, 751), 
by boiling the h'lyiyl deiiv.itive of o-tohiidino 
with zinc-dust (the yiidd being 18 p.c.) 

((Jasiorowski a. Mer/, 17,71; 18, 1001), and 
by Sandmeyer's ntaetion fium o-toluidino (Calm, 
!i. to, 75ti), Ijiquid. 11 .S( >, at tiO ’ to 70 ' forms 
C.H..C{N11).NII.C().C II . [103 ]. wbiffii is con- 
verted, by warming its neiil solution, into the 
iinido (C,H..Cl)).,N 1 1 (Kialfl a. Kevstens, 7i. 25, 
155). Cone. JilAq forms C..ll,.CI,.NH, [98"J 
(Billz, !>. 25, 2510). m 

[ Ilextfh yih idc v. Mj-TiiYL-nKXXMKTiivi.ENH 

* CAUjSOXYLlO ACin. 

m-Toluic acid CJI.M.'.CO.II |1;3]. [110°] 

(.raeobsen, B. 14, 2317; Boiiiemann, B. 20, 
1.3SO). (263 ). ll.C.Y. 92S,5()9. ll.C.p. 929,100. 

: H.F. 98.900 (Stt)hmann, J. pr. [2] 40, 134). 

I S. -09 at 15 at 100°. , , 

j Formot 'um. 1. By oxiilising bromo-xylene • 

: and reducing the resulting broino toluic acid 
; with sodium-amalgam (Ahrcn.s, Z. [2| 5,106; 
•Bie.hte^ li. 5, 421 ; Butlinger a. llaiuHay, .4. 

! 16s, 2ri.>), 2. liy distilling uvilie. acid ^itli lime 

* (Pittig, B. 5, 208). P>v oxidation of w-xylene 
i with dilute UNO, ( I’a^ il.lurolf, B. 4, 410; 

■ Bruckner, li. It, 406; lloiiter, B. 17, 2028).— 
4. By sjiponifying the nitfilfe*. 

I’rci'dration.- 1. ]\v huiling »-cbloro-xylcn6 
with UNO, tl vol. of S.(l. I I) and wuter'(*il yols.) 
(StmlT, A. 220, 217). - 2. By sulphonating crude 
xylene, then luejiuring (’,.11 .Mon.SO.^NM^, oxT- 
dising by KMnO,, heating the resulting 
C,H,M. {SO,NH,).C().,H with HCl at 230°, and 
distilling with sh-am (.laeoltseii, B. 14, 2317). 

I'nqu-rties. - Long needles, volatile with 
steam, v. sok aleoliol and ether. Oxidised by 
chromic acid niixtuic to isojditbalie acid. 

Salts. — Ca.\N3aq. S, 317 at 15°; 8'2 at 
ji)0° — JiaA'.,2a(j : triitjetric plates or tables. — 
AgA'- 

•Bihyl ether Ft A'. (226°). 

(Jh lor ide (218' at 72 1 mm.) (Ador a. 
Billiet, B. 12, 2.300.. 

.Sitrili* C.H.CN. (209 ). Formed by 
lieating m tolyl thioc.ai l#imide with Cu (Weith a. 
•l.andoJt, Jf. 8, 720), and in other ways (Buchka 
1 a. Schuchteheck, B. 22, 841). 

' yoTofUic •keid C. H,Me.(;0,,H [l:4j. [179®]. 

■ (27.5'’ cor.) (Fi.sc}ili, B. 12,4)15). H.C.v. 920,800. 
If. C.p. 927,400. H.F. 100,600 (Stohmann, /.itr. 

i [2] 40, 134), 

* Fornintion. -l, By the action of dilute 
i NHCj on cymonR (Noad, P. M. [#] 32, 19; A, 

I 63, 289) on ^i-xylene (Beilstein, A. 137, 303 ; 

; Bruckner, A. 20^, 113), and on terpenes (Hirzel, 

: Z. 1860, 205). 2. By saponification ot the 

j nhrilc. — 3. By heating p-bromo-toluetie with 
I cfcOjEt and sodium-amalgam and gapooiMng 
' the product (Wurtz, C. li. 68, 1298). — 4. From 
I jp-bromo-tolueue, CO9 and sodiam (KekuUf 
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187, 184). -6. By the action of POCl, (40 g.) on 
a mixture of toluene (40 g.), HOAc (80 g.) and 
ZnOlj (80 g.) at llO*^ (Frey, J.pr. [2] 43, 116).— 

6. By reducing bromo-2>-tolnio acRl with sodium* 
amalgafti (llemsen a. Morse, Am. 1, 1.38). — 

7. From the cliloride which is fOr^ied by tho 
action of COCl.^ on toluene in presence of AlCl, 
(Ador a. Crafts, JJ. 10, 2176). — 8. From the amide 
which is formed by the action of aICI, on a 
mixture of toluene, CS.^, and NlF.CO.Cl (Gatter- 
mann a. Schmidt, B. 20, 850). — 0. By fusing 
C,H,.CO-C«H,.CO,II with pdiash (Friedel a. 
Crafts, Bl. [2] 35, 508), and also by passing gase- 
ous cyanic acid and IfCl intoV diiene at 100^ con- 
taining AICI3 (Gatterniunn a. Itossolymo, B. 23, 
1105). 

Properties. — Needles, v. sol. hot water, v. 0. 
Bol. alcohol and ether. Volatile with sloam. 
Oxidisod'hy CrOj or KMnO, to terephthalic acid. 
Yields a di-nitro- dcrivutivts [158^]. 

S a 1 1 8. — KA'. — l>aA'..2aq ; needles (Buchka 
a. Irish, B. 20, 1761). - GaA'.Oaq.-MgA'.^ 3a. i- - 
CuA'j. - AgA'. * 

Methyl ether MoA'. (217^). 

Ethyl ether Ft A'. (228'). Oil. 

Amido-ethyl ether C,H..CO.O.C U.NII.,. 
Yields B'HBr,^167°J and [IsO 'J. 

P‘Amido-propf/ 1 ether 
0,H,.C0.0.C3n,i.NHi. The hydrobr-mido 
B'HBr is formed by evaporating a solution of 
the bromo-propyl-amide. It yields B'OelijNaOj 
[186''] and B'.,ll,i’lCl„. 

Phenyl etlcer i’liA'. [72°]. « 

, Chloride (225° at 720 iniii.). • 

Am\de CjHj.C'O.NlL. [150°]. Form'' ! by ' 
heating the Nil, salt in scaled at 230° 

(Hallemann, It. T. C. 6, 70). 

Methyl amide Cjiij.CO.NHMe. [143°]. 
Formed by the action of NllMe.COCl on toluene 
in presence of AlCl, (Gattcrmann a. Schmidt, 15. 
20,120; A. 244, 51). Tables. 

* E thy I ami d e C, a,. CO. [0C°J. 
Bromo-ethyl-amidc 

C,H,.CO.NH.CR,,CnjJr. [120°] (Salomon, B. 
26, 1825). Formed from |>-toluic chloride and 
bromo-ethylamine. Flates. Converted by boil- 
ing water into tho amido-ethyl ether. 

Chloro-cthyl-amide 
<^,.CO.NH.CH.,.Cn,Cl. [122°J. Needles (from 
ligroin). 

Bromo-propyl -amide 
C,H,.CO.NH.CK,.CnBr.CIl3. Melts at W®, 
becomes solid, and melts again at 158° {B. 26, 
1326). 

Chloro-propyl-amidc r 
0,H,.CO.NII.CH,.CI IMeCl. [78°]. 

Anilide CjHj.CO.*NHPh. [115°]. Formed, 
from toluene, phenyl cyanate, and AlCl^ (Leuckart, 
[2] 41, 306). % 

o • Nitro - anjlide. [110°]. Yellow 
prisms. 

p . Toluide C,n,.CO.NHC,H,. [160°]. 
Formed by the action of sodium-amalgam and 
HOAo at 60^ on an alcoholic solution of di-p- ; 
tolyl ketoxim (Goldschmidt a. Stocker, B. 23, 
2747’; 24, 2799). Needles. 

Nitro-tolukde C,H,.CO.NHC,H,Me(N02) 
[4:1:8]. [166°]. 

Diphenylamide C.H^.CO.NPh.^. [155*|. 
Prisms (from alcohol) (Lellmann a. Bonlidffer, 
20, 2118). 


XylideC,K,.CO.i^lilGJlM6.. [130**]. Tieldi 
C,n,.C0.NH.C«H,Me,(N02) [187°J. 

Phenyl -methyl-amide C^Hj.CO.NPhMe. 
[70°] (Lellmann a. Benz, B. 24, 2114). 

o-Nitro-hemyl-amide • 

C;H,.C0.NH.CH...C,H,.N02. [142°] (Wolff, B, 
25, 3036). 

Nitrile CJI.Me.CN. [28-5°]. (218°). 

.Formed by distilling potassium toluene p-sul* 
phoiiato with KCy (Merz, Z. [2] 4, 33), by heat- 
ing C.II..N.CS with Cu (Weith, B. 6, 421), by 
lioating tri-p-tolyl phospliute with KCy (Heim, 
It. 16, i77-'d, and by passing CjH .NH.CHO over 
heated zinc-dust (G. a. M.). Obtained also from 
jr»-toluidino by Samhueyer’s reaction (Glock, B, 
21, 26.50). Sodium added to its boiling alcoholic 
solution forms a small (piantity of w-amido-jp- 
xylene, the greater part beitig saponified (iJain- 
herger a. Jiodter, B. 21), 1710). 11, SO^ gives 

C,H;.C(Nn).NH.CO.C,1L [115°J. Easily con- 
verted into tho imide (C,H7.CO).Nll [155°] 
(IvralTt a, Karstens, B. 25, 154). Cone. HIAq 
forms CJf..Cr,.Nf r. [115°-! 20 j, decomposed by 
fusion (ililtz, B. 25, 2530). 

Tc irahydride C^lLOo. (252°). Formed 

by reduction of CII/C<^gJJ';^JJ^C.CO.R with 


sodium-amalgam (l!inhorn a. Willsfalter, B. 
26, 2009). Needles, melting below 0°. Yiehhs 
CaA'..4aq, CuA'o2a(j, jMsA'. (210 '-220°), and 
an amide [lbs'll. Boiling Na(.)lIA(i converts 
the acid into a solid isomeride [47°] (254 ■’-260°) 
which yields CaA'.j4aq and an amide [135°]. 
Ilexahydride (Sercbojakoff, B. 25, 3355). 

Jii’fcrenccs. — Amido-, JIjiomo-, Bkoho-nituo-, 
Cur.uuo-, Nituo-, Nituo-amido-, Oxy-, Oxy- 
AMiDo-, and Si Li’iio- toluic acio. 

a-Toluic acid is Piiknyl-aci/iio acid. 

o-TOLUIC ALDEHYDE C„fI^Mc.CHO[l:2]. 
o-Toluylic aldehyde. (200°). Prepared by boil- 
ing oj-chloro-o-xyleno with lead nitrate solution 
(Luuth a. Grimaux, BL [2| 7, 233; Bayinan, 
Bl. [2] 27, 498). I’reparcd also from o-xyleno 
by the successive action of CrO^Cl.^ and water 
(Bornemann, B. 17. 1167), and by oxidising 
C,.ir,Mc.C11.30H with chromic acid mixture 
(Krober, B. 23, 1029). Oil, smelling like bitter 
almonds. Yields a crystalline compound with 
Nalll^Og. Boduct^d by sodium-amalgam to 
o-tolyl-carbinol. 

Oxim C„JI,Me.CH?NOH. [40°]. Is an anti- 
o.rim. White crystals (from ether), v. sol. 
alcohol. Yields a crystalline Ijydrochloride. 
Ac.^O yields an acetyl derivative [56°J. AcCl 
acts in like manner. The acetyl derivative is 
decomposed by alkalis with regeneration of 
the oxim, no nitrile being formed (Dollfus, B, 
25, 1921). The oxim is converted in ethereal 
solution by PCI, into tho nitrile (204°). 

• w-Toluio aldehyde CJI^Me.CHO[l:3].*(199°). 
S^G. 2 1-037. Formed by boiling w-chloro-w- 
xylone or «-bromo-»«-xylene with lead nitrate 
solution (Gundelach, Bl. [2] 20, 44 ; Muller, B, 
20, 1213), andcalso by the action of water on 
CjHgCrOXla obtained from w-xylene (fitard, B. 
14, 848; Bornemann, B. ^7, 1464). Oil, smell- 
ing like almonds. Combines with NaHSO,. 
Aniline forma C;H,.CH:NPh. (314°). 

phenyl -hy dr azide C0H4Me.CH:N2HPh. 
[9n. (B.); [88°] (Budolph, A. 248, 100), 

Prisms (from ligroin), v. sol. ether. 
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j).tolxLie aldehyde C,H^Me.CHO[l:4]. (205®J. | 
Formed by distilling calcium 2 )*toluate with cal- ; 
cium formate (Cannizzaro, A. 124, 2o4). Formed 
also by the action of water on the product of com- ' 
•bination of p-xylene with CrO.CL (Borneinann). , 
Oil, with peppery smell. Oxidised by air to ■ 
toluic acid. Alcoholic potash forms potassium 
toluate and tolyl-carbinol. 

Reference. — Nituo- xnd Oxy- toluic alde- 
hyde. * 

TOLTJIC CHLORIDE v. Chlondc of Toi.ric 

ACID. 

TOLUIDES. Compounds derived from tolui- 
■ dine by displacement of H in Nil/ by an acid 
radicle. 

o-TOLUIDINE C«H,Mo.NH.. [1:2]. Mol. w. 107. 
(198°). S.G. ="-998()(Hnihl,.4.200,189). H.C.p. 
9(54,700. H.C.v. 9()d,7ri0. H.F. .I.KOO (Petit, ( 

107, 2()«). M/j l*o8'jr,. r.7-o(>. S.V. 

Formed from o-cresol, Znllr,, MI,,, and NM.t'l 
at 335° (Merz a. Miiller, Ti. 20, .547). Prepared 
by reduction of o-nitro-toluene. May be sep.i- 
rated from p-toluidine by moaniof tln‘ aeiduxal- 
ates (Bindschedler, fi. 0, ll.'^ ; Ihle, J. pr. [2] 
14, 449 ; Miniati, Booth a. Colu'ii, ,S’. (L /. 0.* 
418), by freezing (Bosenstielil. UL (2! 17. 7). I)y 
means of tlio nitrates (Sebad, 7». (5, 13»‘>lj, 
hydrochlorfdes, sulphult s, or phosphates (L«‘\\ v, ' 
Fr. 23, 2(19 ; B. 19, 1717, 2728 •, vf, Wiilting, />*. 
19, 21.32). o-Tolnidino can lx; prepared from 
C,MeHBr(NII,.)(N() )fl rid C,.MeIlBrT(N( ».)H, 
C,MtiUBrl(NH .)lI, ■C.MeUP.ilBrll, followed' bv 
C,Me(NO,)BrIBrH, ami C,Me(\H/llr\P,rH. It 
can also be, got h'om C, Me(NH .)BrlBrll viii * 
C..MeIBrIHrU. followed by C..MolBirBnN'<) ] 
and C^McIBi lBr(^lI,) thus proving tliat the 
toluidino C„II,Mo(NH) [1:2! idt.iitieal willi 
C,H,Me(Nn,) [1:0) (WVobh wsky, A. 192, 213). 

Proportii'fi. — Oil. A solution in H..SO,ll ,(> is 
coloured orange by UNO, and bine by OrO,, the 
solution in tlic latter ease beenmiiig reildish- 
violct on dilution. Forms a eryst.-ilIiiK- cim- 
pound with liquid CO. at 8’(lhtte, rk H. K)."*, 
614). With PbO. and acpieous acetic a< id gives 
a green colour, while Pb(_), and alenludic aeetic 
acid gives a r<;ddish-violet colour (Ijauth, C. fl. 
Ill, 975). Unlike yi-t.duidinc, it forms a erysjal- 
line compound with alloxan (Pelli/./.ari, (J. (', 
1887, 1288, 1.39(1). If an ethereal solution i)f 
o-toluidine is shaken with toi-y diluK* hb^crhitig- 
powder solution the »<pieous layer becomes 
yellow or brown, and the ethereal layer, if de- 
canted and shaken with dilute II .SO,, colours 
this reddisii-violet, A solution of p tolylerm 
diamine hydrochlorid*’ niixe<l with a little o- 
toluidine gives a green colour on mldition of 
FeCl, or K,Cr,0, (Nietzki, IJ. 18, 1157).. 

Reactions. - 1. POCl,, forms PO/NIIC IP)f 
[225°] (Michael is a. Budert, If. 26, v, sol. 
water, whence Br forms PO(M10„II,Br.N(^ ), 
[253^. Another product of the .action of POClj 
on o-toluidine is POCl(NIlCJI,Me).^, whence \vater 
forms HO.PO(MIC,lL). [95;]. PSCl, forims 
PS(NHC;H;):, [135°],- -2. SiCl, reads forininf^ 
SiCl.,(NHC;ii,).^„ a whitegranulifi: powder (Harden, 
C. J. 51, 40).— 3. On heating with malic acnl it 
yields the mono-toluide ;[178°J, di-toluide [181°'!, 
and a to'yl-imide [116°] of malic acid (Bistj^joflF, ; 
B. 23, 2043),— 4. Chloro-citryl Chloride forms 

(Skinner j 


а. Ruhemann, C. /. 65, 239 ).t- 5. SO,, alcohol, 
and nitrous acid give rise to the ‘ sulphazida * 
C„H,„NySO, [142°] (Limpricht, B. 20, 1241).— 

б. On nilrafio^i of o-toluidine or its acetyl deriva- 

tive NOj enter.s the p- and o- positions, but in 
presence of , H .SO4 (10 pta.) the compound 
C..H,Me^NO,,)(Nil,l [1:4:6] [107°] ia formed 
(Nolting .a. Collin,” B. 17, 2(56), together with the 
(l,2,6)-i5opie»yde (Gn'en a. Lawson, C. J. 69, 1018). 
— 7. Benzoic aUlehude forms CvHjCHrNCiH,, 
an oil (316") (l-:tard‘ Bl. [21 39, 530 ; Pictet, B. 
19,1063). .8. Ihi^JrDhenriDiiide^'iV warming forms 
the saint' hudv (319") (Lncluniteh, Af. 9, 695). — 
9. Tohiitliiu; hcatet), with toluidiiie liydroe.hlorido 
and ben/.uie ablch/Hc in sealtMl fiibcsut 120 'forms 
C,,!! ..C11(C.,H,M.*.N H .)^, a crysiuliine powder 
turning blue in (lie air (Ullmnnu, ./. pr. [2] 36, 
251). - 10, 'riie nu-thiil lirrivitiire of p-fm/-6cH- 
zoic aldehyde at 129 lUDilufc.-; tlie^iuupoiind 
C,ll,(OMe).('H;N.C 11, I32 'J (Slcinlmrt. .1. 241, 
.319). 11. Ilromo-pnipiiilir acid rcaets, forming 

C,.11,,.N/).. [185°) (Mahery a. Krause, B. 22, 
3:198).— ri. aft-Di-hro*-:^i-nc.r!dic add produces 
pale-yell.fw needles [115 '] (^^. a, K.), -— 13. The 
hytlrochlorith; hc'utcd with MeOH at 250°-300° 
gives rise to <h-mi'tliyl-ti»luiilino, xylidine 
C,1I ,Me.(N’U.,) [1:3:1] and mesidino (I/impaoh, 
//. 21. (549). — 14. CinDicarn /assed into an 
a1ct)h(dic, solution forms crystallino 

wliich yields and lV'2HNO,, (IJla.lin, 

I'd. [2] 41, 128). -1.5. On heatiffg wifli S if 
yields 0,, 11, [120 'J eryslallisiug from alcohol* 
in yt'Uow plates and yuddiug a dibromide 
C, ,li, J5r.,N.,S ] 199 ) (Oatti ftuann, B. 22, 42,5). — 
16. ClSoilf'in CilCl, h.niis (Mf,,V/f.S(>,ff, which 
yii'ids B:i.\'., 2)i<]. Beih thfs acid and>#i salts re- 
pnnlijc(! o-(<»luiiiiue w lu ii tn-ated with hot water 
(Tr:i.ube, ll. 23, 16.16). 

S:il t.-^ ( Beilsleiii !i. Kubllterg, A. 1.56,66; 
Buseusi ielil ). B'llCl aq. S. 37‘4 at 15'5'’. 8. 

(akfdiol) 109. - B',11 BtCl,. Decomposed by 
builii g w.-iter (dilTei'eiiee frnm /(-htluidijie) (De 
Conimdv, IJI. [2] 15, 13J). IV ,li;./n('l,. WbsW 
tables (BibiinutY, Mnvif. r,i ienf. [3j 4, 925). — 
B',ZnCl,2aq (Laclmvilch, M. 9. ,51:3). ByigCI,. 
{li.l 'J. l*rt pared by hbaking at\ alcoholic solu- 
tion of the base, with llgOl, (Klein, li. 11, 743). 
Orystalline. jiowdi.T, sot. aleolitd and ether. — 
BkMn(3.,. B'H OuOl;. Yellow crystalline pp. 
got by adtlijig OuOl . (d a s'f>liition of the liydro- 
chlfiith? (I’oiuey, It KO, .365). -B'KBr. Tri- 
metric )»ristiis. - B'.llgBr^,. [101'']. Leaflets 
(^Ifiii, If. t:{, Hl’d). ll'.^/nBr.j (Ijet'tl.s, J. 1882, 
50.31. -B'lll. 3’riiiJttrie. prisiiis (Stittlel, B. 16, 
28). B'dlgl.. While ueoTiles. - jr.,Zn4 — 
B' Cdl... - B', II, FeCy„ : crystals. — 

B' JI Cu (SO,).,. j-’uniietl by adcling aqueous 
cuj.ric Kulpbatc and NmllSO, to a solution of the 
base in acetic acid (Di'uig* H, It. 112, 870). — 
B'HgW.(S#,).^ aq. B H.,SO,. Cryslals (Welling, 
toft a. tolleus, n. l.S, .3:ii:3).— B'.,H.,SO«. B. 7*8 
at 22'. S. (89 p.c. alcohol) 1*6 at 21’5°'. — 
S. 10 at 19". S. (89 p.c. alcohol) 
2.3-5 at 16-.5 BTl,PO,. Crystals, v. sol. water 
(Lewy, JJ. 19, 1717). The Balls.B'^H^PO^ and 
B'-ilI^PO, could not bo prcparecT Aniline sets 
free o-toluidine from B'l^PO,. p-Toluidftie also 
sets free o-feduidino froai its phosphate. — 
,B'USCyCr(SCy),2NH,. Bed plates, v. sol. hot 
water (Christensen, J, j)r. [2] 46, 862). — Oxal- 
ate : small plates. B. 2 38 at 21°. B^(84p.e^ 
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Alcohol) 2*68 at 21<’. S. (ether) *65 at 21« — 
Chloroacetate BV^HaClOg, [96°] (Bisohofif, 
K 21, 1267).— (/S ?)-naphtholate [81®] (Dyson, 
a J. 48, 470). 

Formyl derivative 0,H,.Nfi.CH0. [68®]. 
(288®). ‘Elates (Ladenburg, B. 10, 1129 ; Tobias, 
B. 15, 2446). Thecrystalline poly nJe fide [211°] 
is V. sob hot HOAo, nearly insol. ether and cold 
alcohol. 

Thioformyl derivative C|H,.wH.CSH: 
[96°] ; yellow needles ; bitter taste ; sol. alcohol 
and ether, insol. jvater. Formed by heating the 
formyl derivative with 'it dissolves un- 

altered in cold aqueous NaOH, aud is reprecipi- 
tated by an acid. By distillation in vacuo it 

forms di-tolyl-formamidine with 


S® lam alcohol) (Bladin, Bl [2j 


Phthalyl derivative C,H,N:0,0,:C H . 
[182°]. (near 860°). Needles, sol. hot HOAo 
(Friihlioh, B. 17, 2679). 


Phenacyl derivative 
0,H,NH.CH,.CO.O,H5. [89°]. Formed from the 
base in alcohol and ®‘bromo-acetophenone 
[Bischler, B. 25, 2865).* Needles. Yields B'HCl 
and an acetyl derivative [92°]. * 


»t-Toluidine C.H.Me.NHj [1:3]. (197°) (Beil- 
stein a. Kiihlberg, A. 156, 83) ; (201°) (Buchka 
a. Schachtebock, B. 22, 840) ; (205°) (Lorenz, A 
172, 180 ; aiorz a. Miiller, B. 20, 548). S.G-. 25 
*998. S.N. 128*1. H.O.v. 904,600. H.C.p. 
965,000. H.F. 2,900 (Petit, A. Ch. [6] 17, 165). 
Formed by reduction of wi-nitro-toluene. Ob- 


evolution of H.^S and CS,» By heating for 7 hours 
at 190° uiider pressure a crystalline compound 
0,eH,,N.^S [160°] is formed with evolution of 
HaS (Senier, B. 18, 2292 ; C. J. 47, 762). 

Acetyl derivative C^H^.NlIAc. [109°] 
(Bedson a. King, C. J.‘^, 75.3). (296°). S. *85 
at 19°. Formed from tlie base and HOAc '(Beil- 
stein a. Kuhlberg, A. 156, 77 ; Alt, A. 252, 818), 
or by shaking it with water and Ac.D (Hinsberg, 

B. 23, 2902). .Converted by PCl^ into the com- 
pound 0,H,N:CClMo, which when carefully heated 
gives a base C,H;N:CMe.Cn.^,CCl:NC.lIj [58°], | 
and when trsated with excess of o-toluidine gives 

• di-tolyl-acetamidine [69°]. Br in HOAc forms 
CeHaMeDr(NHAc) [1:0:2] [157°]. 

Chloro-acetijl derivative « 

C, H,NH.CO.CH.,Cl. [112^]. Formed <by the 
action oi johloro-acetyl chlorido on o-toh.v’ hue 
dissolved in benzene (Widrnan, J ^r. [2} 88, i 
299). Needles (from dilute '.’.Iwonol). Converted 
by alcoholic potash a pyrazinc derivative 
[160°]. 

Di-znloro- acetyl derivative 
CjH/xsH.CO.CHCL. Needles, volatile with steam 

• (^ugheimer a. Hoffmann, B. 18, 2987). 

Tri-chloro-acctyl derivative 
C,H,NH.OO.CCl3. [67°]. Formed from hexa- 
ohloro-acetone and o-toluidinc (Clocz, A. Ch. 
[6] 9, 216). Needles, si. sol. cold alcohol. 

Brovto-acctyl derivative 
C,H,.NH.CO.CH,Br. [113°]. Formed from 
o-toluidino and brorno-acetyl bromide (Widrnan, 

• J,pr. [2] 38, 298). Needles. Converted by alco- 
holic potash into 0,„H,„N.;O. [1(J0°J. 

Thio-acety I derivative «) 

C,H,J^H.CS.CH3. [68°] (Wallach, B. 13, 629; 
16, 147). Converted by NaOEt and EtBr into 
oily 0,H,N:CMe.SEt (262°). , 

Propionyl derivative C.Hj.NH.COEt. 
[87°]. (299° at 730 mm.)^ Formed from o-tolui- 
aine and propionic acid (Pictet a, Duparc, B. 
20,3421). Needles, si. sol. hot watcij, Uxidised 
by KMn04 to propionyl-o-umido-benzoic acid 
[117°]. 

a-Bromo-propionyl derivative 
C.Hj.NH.CO.CUBr.CHs. [131°]. Needles, insol. 
ligroi'n (Tigerstedt, B. 25, 2920). 

Beneoyrderivative C,II..NHBz. [131°] 
(Gudiman, B. 21, 2553) ; [143°] (Briickner, A. 
206, 180). Long br^ad needles. Yields benzoyl- 
o-amido-toluio acid on oxidation by KMnO.. 
FCl* forms O^.N:CC1.C4 Hj (Just, B. 19, 982). •• 

Oxalyl derivative C,Oa(Nn.C,H,)y 


I tainod also from ^J-toluidine by successive acetyl- 
ation, nitration, saponification, diazotisation, 
boiling with alcohol, and reduction (Lorenz, B. 
7, 448). Formed also by heating wi-cresol with 
ZiiJir.,, ammonia, and NH,Br at 300° (M. a. M.). 
Prepared from *benzoio aldehyde by nitration, 
^conversion into7«.nitro-benzylidene chloride and 
reduction of this body by zinc and HClAq in the 
cold (Vienne a. Steiner, Bl [2] 35, 428 ; Wid- 
man, B. 13, 676 ; Bl. [2] 36, 216 ; Ehrlich, B. 
15, 2011 ; Harz, B. 18, 3398). 7»-Toluidine can 
bo .shown to exist in commercial toluidino by 
moans of the nitroso- derivative of di-methyl- 
7w-toluidine, since o- midp- di-rnethyl-toluidines 
do not give nitroso- derivatives (Wurster a. 
Bicdel, B. 12, 1796). 

Properties. -Oil. Its solution inH,SO^HaO is 
•3oloure<l yellowish-brown by.CrOa and* blood-red 
b}’ UNO;,. Its ethereal solution, shaken with 
watiir and a little blcaching-powder, is coloured 
reddish, Iho aqueous layer being brownish yellow. 
HXO;, added to its solution in a mixture of 
H38O, and HOAc below 0° forms nitro-toluidina 
[134°] and some of its isomeridos. Cyanogen 
passed into its alcoliolic solution gives the com- 
pound (C,IL.NH,),C,N2 [200°] which forms 
B'.,HC1, BV2HNO,, and B'./JH.SO^ (CI6ve a. 
Bladin, BL [2] 41, 129). Yields (4,2,1)- xylidine 
when its hydrochloride is heated with MeOH at 
200°-300° (Limpaeh, B. 21, 616). 

Salts.— B'HCl. S. 96*3 at 12°. S. (94 p.o. 
alcolKiJ) 61*9 at 9\- B'JI,,PtCl„.— B'HNO.,. S. 
20*1 at 23*5°. S. (94 n.c. alcohol) 46 at 15°.— 
B'HBila (Kraut, A. JIO, 323).— B'.,H,SO.. 8. 
6*25 at 14°. S. (94 p.c. alcohol) *41 at 15°. — 
B'^HjFeCy,. (Eisenberg, A. 205, 270). — B'H^CjO^. 
Silky needles. S. 2*65 at 13° ; S. (’94 p.o. alco- 
hol) 1*77 at 16°; S. (other) *13 at 16°.— 
BVJH^CoO^, White plates, S. 1*46 at 16°; 

^ S. (94 p.o. alcohol) *96 ; S. (ether) *128 at 15-6°. 
— B'aHD.O^ aq. Very unstable. 

Formyl derivative CTHy.NH.CHO. (278° 
at 724 mm.) (Niementowski, B. 20, A892). 
Converted by long boiling into 
C,H,N:CH.NHC,H, [123°]. 

• Acetyl derivative C,H..NHAo. [66®T, 
(303°). S. *44 a# 13°. 

Di-chloro-acetyl derivative * 
C,H..NH.CO.CHCl3. [10b°]. Silky platef 
(Hi^heimer a. Hoffmann, B. 18, 29§8). 

Benzoyl derivative C,H,.NHBz. [126°] 
(Just, B. 19, 983). 

Phthalyl derivative 0,H,NhC,OXH^ 
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(lid'], ^mdlei, T. nl. HOAa (FtOhlioh, JB. 17, 
2679). 

p - Toloidiiie C,H<Me(NH.J[l:4]. [45®] 

(Stadeler) ; [42*8®] (Mills). (198®) (M. a. H.) ; 
(206°) (Stadeler, J, pr. 96, 66). S.G. 1046. 
S. *35 at 11*6®. H.C.p. 958,800. H.C.v. 
967,860. H.F. 9,700 (Petit,. G. fl. 107, 206). 
S.V. 128,700. Formed by reduction of jp-nitro- 
toluene (Muspratt a. Hrjfmann, A. 64, 1; 00, 
144 ; Noad, A. 63, 305 : Hugo Muller, Z. ISO IP, 
101; Sell, C, J, 16, 180; v, also o-toluidink). 
Formed also by heating jp-cresol with am- 
moniacal ZnCl, (Buch, B. 17, 2007; Morz a. 
Muller, B. 20, 64.5) and by treat ftig mothyl- 
aniline hydrochloride at 3-50® (Hofmann, B. 5, 
720). On sulphonating a mixture of o- and p- 
toluidine the o-toluidine is first* attacked and 
the p-toluidine can then be distilled olf. 

Proiicriies. — Plates (from ligroin or dilute 
alcohol). Its solution in is turned 

yellow oy CrO, and blue by HNO.„ in the latter 
case changing to red and finally brown (Bosen- 
stiohl, Bl. 10, 200). Jileaclung-powdcr does 
not colour its solution in water or ether. I*b(P and 
HOAc diluted with water or alcohol gi\o a bright 
red colour (Lautli, G.R. 111,975). When boiled 
with water, crystals of an cfllore.-^t’cnt hydrate 
separate on cooling (Lewy, B. 19, 2728). 

Reactions. — 1. Oxidised by KMnO,, alkaline 
KaFeCy^, or chromic acid to or 

C,jH..Me(NC;H,)j(NH.J*[l:2:5:4], wliich may be 
readily reduced to C,,H,.Me(NMC.fl.)dNn,J 
crystallising from alcohol in eolourh's.s ]dalcs 
[100®], readily rc-oxi(li?ed to C.^,1I .,N, (Bar- 
silowsky, A. 207, 102, 118; J. R. l-ssT, 132;, 
Perkin, G. J. 35, 728; 37, 610; Klinger a. 
Pitschke, H. 17, 2439; Green, O. J. 03, 13'.>5). 
The compound crystallises from 

xylene in dark-rod plates [227®;, disselving in 
acids, forming maroon-rod ]i<xuids, quickly de- 
composing with separation of ^’-tolnidinc. Gone. 
H.^SO^ dissolves forming a greenish- 

blue liquid which on warming becomes wine- 
red with production of p-toluidirie. - 2. Oxidi.sed 
by CrO, and HOAc to tolucne-a/o-toluenc 
C-H^.No.CjIL. — 3. Nitrons avid forma 
C,H,.N;.NHC,H,. When NaNO., is added to 9^ 
solution of the hydrochlorides of o- and p- 
toluidinc, the o-toluidine is first attacked, 
yielding C,H-.N 2 .C,HuNIi, rfnd can ihuf bo 
removed when mixed witl>p-tolnidine (Wolfing, 


I (Hofmann, O. /.I, 170; A. 60, 144; Cldve a. 
I Bladin, Bl. [2] 41, 125). The mother-liquor 
j contains C-jH^gNj, [182®] which yields the salts 
j B'HCl 3aq {a»red powder) and B'.^HjPtCl^. The 
I compound C,eH,„N^ is also formed when 
I p-toluidine ^ heated with oxalimido-ether at 
j 100° iVoHauder, B. 24, 805). -9. Gyanurio 
\ chloride forms C,N,(NHC..U,), [288®] (Klason, 

' J. pr. [‘d] 33, 291).--l6. Chloro-acetic acid 
j (4 mol.) forms C JIjNH.GIl.^. (XV, TI, while ohloro- 
; acetamide forms 0 H N H.(9 (P. F 
I Meyer, B. 8, U5sj. An alL^holio solution of 
: chh)ro-ac<'tic acid and IJGyS yields C,„H,..Nj,SOj 
[170 -182 ’] (NeneW, ./. pr. [21 10, 1).-11. Hi- 
I chloro-acctic avia forms t>)Iylamidi)-mothyl- 
j oxindnle. - - 12. ChUuol n ai ls, with forma- 
: tion of CCl 3 .CII(NU(^.H,), [115 'J (Walhich, A, 

; 173, 278). When chloral is wanned with an 
1 alcoholic solution of p-tohiiiiino thffto is also 
' formed CCl 3 .Cdl(Oli:t).MlG.H; [77®]. - 13. 
j Aldehj/dc forms crystalline CLI.,.CII(NIIC;n;)j 
; [c- 00°|. — 1 1. Fii?funild<-hijdc added to a hot 
I alcoholic solution of /.«ioluidine and its hydro- 
chlorule forms brown amorphous 
whicdi yields B'H(X utid IVHNO., both crystalli- 
sing in purple needles (Stenlioii.se, A. 150, 20.3). 
15. Nascent furniu. ahivhi/do ])roduccs a base 
C,,1I,.N,. [134 ) which is convc.rfed by nitrous 
acid with evolution of CX), into CisHihN^O, 
[2(;0°-201’-’] (Tollens, J. pr. [2J ,30, 24i5).— 
10. Ben.'.oir al /eJn/de at 100° reacts, forming 
C,.H,.CI1(NH(\.I1,).J10()'! (;52(;'’i.V. at723mm.h 
wliicli eh.'uiges at 100 ’ ijilo lui isomcrido [120®- 
r25 j '^nd is convcrled by Br in into 

G,,H„Br.N [100 -10.5' 1 (ScbilT, Z. 11^5, 400; 
Ma/./.ara, J. 1880, 500, ; I’irtet, B. .10, TO3). In 
the action of /etoluidine and it.s liydrocblorido 
on bcn/.oic aldclivde at 120 ’ there is produced 
C,,11,„N., [178 J* and CJl ,.(’II(C„Il,Me.NU,,), 
[18.0 1 ( 0 . 430°), which yielil a di-aiadyl deriva- 
tive [218®] and a di-ben/ovl derivative [19G®] 
(llllmann, J. pr. [2] 30), 207). 17. p-Metlioxy- 

bairaic aldehyde forms G.,H,((JMe).GH:(NO,H5 
[92°] (Stcinhai't, A. 211, 332). -IS. p-Mclhoxy- 
ben-vophenone chloride yields the compound 
CJI,(OMe).CPh:NG;H, [90' ] Hant/.sch a. Kraft, 
Ji. 21, 3520),— 19. An etliereal solution of 
■ C,;ll 3 .CCl:NSG 2 ph, obtained from benzene sul- 
' plionic anilide and I’Gk,, forms the compound 
C,.ri,.C(NHCJr,):N.SO,Ph, which separates in 
mojioolijiic crystals ; a:b:c « '060:1: -533; 


D. P. J. 203, 200). — 4. Substituents usually : 
enter positions 3 and 5 [Me ^ 1] but when 
p-toluidine or#it8 acetyl derivative is dissolved ! 
in H„SO| (20 pts.) and nitrated the compound j 
C,H 3 Me(NO,)(NH.,) [1:2:4] is formed instead of [ 
the (1,3,4)- isomcrido (Nolting a. Collin, B. 17, ■ 
263). — 5. Bromine in cone. HClAq at 0° forms 
C„H. 2 BrjMe(NHo) [5:3:1:4] ; but C«n 3 BrMe(NH.) 
[2:1:4] is formed in presence of cone. H^SC)^# 
(Hafnof^ B. 22, 2538, 29021. — 6. ICl forms 
CflH 2 ljMe(NH 2 ) [5:3:1:4] (Michael a. Norton, B. 
11, 107). — 7. Chlorine passed into ^-toluidine 
dissolved in H^SO, at 0® forms ^HjMeC^NHJ 
[1:3:4] a]q{l larger quantities of its ^,2,4)- isomer- 
ide. In HGlAq (40 me.) the chief product is 
OAM^NH,)(l:3:5?l] (Hafner).— 8. 
pasM into an. iMcoholic solution forms 
or (0,H,N)jC,N- ci^Btallising in p%arly scales 

g 22®-280®] ana yielding the crystalline salts 
iSHCl. B',2HNO„ B'ASO^ 6aq, and B'AOA 


09^ 10', insol. water (WullacJi a. Gossmann, 
yl.*214, 210).— 20. Alcohol, SO.^ and nitrous 
acid form tho Bulphazido G,^iJ,„N. 3 S 03 [14P®J 
(Limpricht, B. 20, 1241). -21. Heated with, 
persulpliocyiuiic acid it gives jr;-tolyl-thiobiuret 
{B. 17, 584),— 22. On Wiating with sulphur it, 
fields dchydrothiotoluidijie and primuline ; v. 
PraMULiNE. --23. J)la"uhe.n:‘(u>e chloride, yields 
CflH5j^.,.NH(5H, [85®J whioh is identical with 
the product of tho acti»/n of p-diazotoluene 
chloride on aniline (Nolting a. Ilinder, B, 20, 
3005). — 24. Bromo- 2 )ropiolic acid forms di- 
^olyl-acetamidine G,JI,,N... [120®] (Mabery a. 
Krause, B. 22, 3307), which is also filmed bv the 
action of HOAc and PGl, on p-toluidine (Mof* 
mann, Pr. 15, 56).— 25. Jiaconic acid in boiling 

, A n tT v^cn,.gH.co^ 
aqueous solution forma C,H,.N<^pp^ GW. 

[186®] (Scharfenborg, A. 254, 160).— 26. AcetyU 
citric anhydride dissolved in ohloioforxn fonsf 
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C,n,0(C02H)(C0.NHC;fl,)2 [189°] Klingemann, 

B. 22, 987).~27. Malic acid at 160° yields 

C. ,H,0(C0.NHC,H,), [208°J (Bischoflf, B. 23, 
2016), — 28. The hydrochloride •heated with 
MeOH fields C^H^Me^lNHa) [1:3:4] (Limpach, 

B. 21, 640).— 29. Ethylene oxidt forms oxy- 

ethyl-p-toluidine (Demole, B. 7, 635). — 

30. SOCL forma thionyl-toluidine (g. d.). — 31. 
POCI, forms rO(NHC,H,)3 [192°],* wllch yields 
PO(NHC,H,Bi)a [180°] and PO(NH.C ll,.NO,), 
[247°] (Uudert, B. 26, 569). Another product of 
the action of POVil^ is POCl(NHC,H;).,, whence 
water forms HO.PO(NHC,H,), [121']. — 32. 
PSCI3 forms PS(NHCdI;), [\^5°i. 

Salts.-B'lICl. S. 22-9 at 11° ; S. (89 p.c. 
(alcohol) 25 at 17°. B'IIAuCl,.-P.',Il,PtCl,. 
Not decomposed by boiling water (De Coninck, 
Bl, [2] 4^ 131).-B'.,PtCl, (dordon, />’. 3, 177; 
Cochin, m. [2] 31, 499).- B',.H..rtCy, (Scholz, 
M. 1. 905).— B'PtCl.Et.POa (Sailiard, ill. [2] 18, 
111). — B^PtClMo.i’Oa- — B'PtCl,2Nt,PO, 
(Cochin, J. 1878, 31.5).— B'.^ZnC1..3aq (Lacho- 
vitch, M. 0, 513).— n .n.ZnCl, ‘(ariilingholT, 
Z. 1865, 699). - B'.lIgCL. [125'g. ^Thick ^ 

needles, sol. alcohol and ether (Klein, B. 11, 
743).— B',^NiCl.j2KtOH. Green pp. (Lippmann 
a. Vortrmlnn<^ B. 12, 81).— B'.^CoCla. Blue 
needles. — B'jjiLSnCl,i. Monoclinic crystals 

(Iljortdahl, J. 1882, .535). — B'3lI.,CuCl, (Pomey, 

C. BM04, W)0).—B'„MnCl.. (Leeds, J. 1882,503). 

‘ -B'2UrO,.Cl...-B'Hi}r. Plates (Stiidel, B. 10, 

28).— B',HgBr,. [121°]. Plates (Klein, B. 13, 
835). — B'jZnBr,. — B'.CdBr B'lII.— 

[81°]. — B'llBil, (Kraut, A. 210.i321).— 
lV,.(II,SC,f),UI, (Jorgenson, J. }ir. [2] 14, 386,).—. 
B',ZnI,.— B',,CdI,.— B'HNOa. S. 17*7 at 23-5°; 
8. (89 p.o. alcohol) 42 at 20°. B'.AgNO,. 
[101°] (Mixter, Am. 1, 239).—li'.,Cd(N()3)2.— 
]V,,ng,(N03),.~B',II,SO,. 8. 500 at 22°; 8. 

(84 p.o. alcohol) 1*3 at 23°.— B'H„SO,. Crystals, 
converted into BMI,S04 by water (Tolhnis, B. 

• J18, 3312).-]l\Ag‘s6,2aq (Mixter). -B'lL.PO,. 
Thick needles, v. si. sol. cold water (Lewy, B. 
19, 1717).~-B'..(NH..Ph)ll,CoCyella«i (WWIsky, 
/. 1809, 314).-B'.,ll.,CoCy«2a<i: B'JlgCy,.— 
B'HCr(SCy) 42 NIl 3 . Plates (Christenson, J. pr. 
[2] 45, 362).-B'.Cu,lL(8(L),. Yellowish-white 
hexagonal plates. - B'llgl I (SO,),. aq (Deniges, 
C.,/i.ll2,870). Oxalate P'lLC.D. Aaq (Boriic- 
niann, B. 22, 2710). S. ’87 at 14° ; S. (84 p.c. 
alcohol) '48 at 22°. lusol. ether.— Chi or o- 
acetates B'C..H,,C10., [102'] (Baralis, J. 1^84, 
698).-B'C..H..C1.,6,. [141°]. (B.) [130°] (Duis- 

bei-g, B. 18, i94). -]VC,HCl 30 .,. [137°].— Tri- 
•chloro-lactate B'C,HyCI.,0.,. [13(i°]. - Mucate 
B'aC^HidOg. Yellowish crystals, sol. hot water. 
— Piorate IVC, H^NyO,. [109°] (Smolka, M. 0, 
923). S. -64 at 18 5° ; 8. (95 p.c. alcohol) 4-2t) 
at 18°. — Phonate [31*1" |. heating 

p-toluidine with phenol (Dyson, C. J. 43^ 408). 
Needles (from ligroin). — ComiJound with 
pioramide B'CuH^(NO.^)aNH.,. Black needles 
with green reflex (Mertens, B. 11, 813). 

Formal derivative C,H,.NH.CHO. [45°] 
(Hiibner a. Bu.lolph, A. 209, 371) ; [52°] (To- 
biib, B. 15, 2410) ; [53°] (Bamberger a. Wulz, 
B. 24, 2080). IJprmed by bsiling p-toluidine 
with formic acid or, together with the oxalyl 
derivative C,0,(NH0,H,)a [263°], by heating 
P'toluidine oxalate. Prisms. Converted by 
heating with into C,H,.NH.CHS [174°] 


(Senior, B, 18, 2294; C. J, 47, 766). Yields 
0,H,.NNa.CHOaq. 

Acetyl derivative C,H,.NHAo. [147°] 
(Hiibner a. Wallach, A. 154, 302 ; Kelbe, C. J. 
44, 916). (307°) (Beilstein a. Kuhlberg, A. 156, 
74). S. *089 at 22°. Dimorphous, crystallising 
in monoclinic forms ; a:b:c = 1-216:1: -788 ; 
/3 = 106° 7', and also in trimetric crystals ; a:b:c 
= -651:1: -329 (Pancbianco, G. 9, 3C2). Oxidised 
hy KMnO^ to acctyl-p-amido-benzoic acid (Hof- 
mann, B. 9, 1299). Oxidised in like manner in 
the animal body (Jaffe a. Hilbert, i/. 12, 295). 
PC1-, forms a liquid product which solidifies 
when strongly cooled, the crystals doubtles*^ 
being C,1I,NH.CC1,^.CH;,. This readily splits up 
into HCl and CjH..N;CCl.CH.,. This is a colour- 
less solid which is converted by Aq into acctyl- 
p-toluidine ; by toluidine into di-tolyl-acet- 
aniidine. The chloro-iniido C 7 n;.N:CCl.CH, afc 
100° forms a base C,j,Hi,,N Cl [72°], which may 
ho crystallised from alcohol. It is probably 
C,II,N:CMc.CH.,.CCl;NC,H,. It is dcoompos<‘d 
by moist air or water with production of 
MeC(NC-IL)NC,H-lI, HOAc and MeCONHC.H,, 
and by heat with production of an amorphous 
base C,„IImN._. (Wallacb a. Fassbnnder, A. 214, 
202). Nitrous acid converts acctyl-p-toluidine 
into CJL.NAc.NO [80°] (O. Fischer, B. 10, 959). 

Chloro-ace tyl derivative 
C,ri,NH.CO.CH..Cl. [162°]. Needles (Tommasi, 
Bl. ( 2 ) 19, 400 ; 'Meyer, B. 8 , 1151). 

Di-chloro-accti/l derivative 
C,H,NH.CO.CMCl,,. [153°] (Jliigheimer a. Hoff- 
mann, B. 18, 2980). 

Tri -chloro-acetyl derivative 

c,n,NH.c().cci 3 . [sdi (C-); [102°] (j.). s. 

(alcohol) 12-5 at 14°. Formed from p-toluidine 
and (CCl 3 ).,CO (Cloe/., A. Ch. [C] 9, 145), and 
also from p-toluidine andCCla-COCl (Judson, B. 
3, 784). 

Bromo-acetyl derivative 
C,II,NH.CO.CU,Br. [164°]. Needles (Abenius, 
J. pr. [ 2 ] 40, 433) converted by alcoholic potash 
into an a/.ine and C-H^NH.CO.CHyOEt [32°] 
which is v. e. sol. alcohol. 

Thio-acetyl derivative 
€-H,.NIl.CS.CIl 3 . [131°]. Formed from the 
acetyl derivative and PjSj (Jacobsen a. Ney, B. 
22, ^,06). Got also by beating tolyl-acetainidine 
with CSj at 100 °r or di-tolyl-acetamidino with 
II 3 S (Bernthsen a. Trorapetter, B. 11, 1759 ; 
M’allach a. Pannes, B. 13, 529). Converted by 
NaOFit and EtBr into oily C,H,N:CMe.SEt 
(272°) (Wallach a. Wiisten, B. 16f 147). 

a-Bromo-propionyl derivative 
C;II,NH.CO.CHlU-.Cll 3 . [125°] (Tigerstedt, B. 
25, ‘2921). Plates, v. sol. CHCI 3 . 

Benzoyl derivative C,U,NHBz. [168°]. 
(232^). Formed from p-toluidine and BzCl 
(Jailbird, Z. 18f»5, 440; Kelbe, B. 8 , 875 ; Hiib- 
ncr, A. 208, 310; Wallach, A. 214, 21Y; Gude- 
man, B. 21, 2553 ; Muller, B. 22, 2404). Needles, 
V. sol. alcohol. Converted by PCI 3 into 
CJIjNtCCl.C.ilj [52°] (Just, B. 19, 980) crystal- 
lising from ligroin in prisms. . 

p-Nitro-bensoyl derivative 
C„H,(NO.,).CO.NHC,H,. [197°]. Formed from 
^-toluidine and p-nitro-bensSbyl chloride. Yellow 
needles (Gattermann, B. 25, 1082). Converted 
by PCI 3 into C«H,(N 05 ).CC 4 .NHC^ [119°] 
orysialliung in golden prisms. 
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Phenacyl derivative 
OjHjNH.CH-.CO.CeHj. [127®]. Formed from 
«-bronio-acetopheuone aiidp-toluidine in alcohol 
(Bisohler, B. 25, 28G0). Yellow prisma, yielding 
B'HGl and an acetyl derivative [89®] crystal- 
lising in white needles (from alcohol). 

Phihalyl derivative G.HjNiCaOaiC^H*. 
[205®] (Frohlich, B. 17, 2079). 

References . — Buomo-, Dibuomo-iodo-, BuoM(t- 
KITRO-, Ghlobo-, Tbi-chloko-nitro-, Iooo-, 
Kitro-, and Nituoso- toluidinks. 

TOLTJIDINE SULPHONIC ACID v . Amido- 
loLUKNK suLPHONio ACID and also *Nitro- and 
lODO- TOLUIDINE SULPHONIO ACID. 

TOLUIDINE THIOSULPHONIC ACID v. 

AMIDO-TOLUENE THIOSULPHONIC ACID. 

TOLTTIDO- V . Tolyl-amido-. 

TOLUIDYL-CYANURAMIDE w. Cyanic acids. 

TOLUIDYL-MELAMINE u. Cyanic acids. 

TOLUIBATIN v. Di -TOLY’L-OXINDOr.E. 

TOLU-(a/3)-NAPHTHAZINE C,-II,.,N, ix. 

Formed by oxidation of a mixture of tolylene-o* 
diamine (1 mol.) and (j3)-nsii)l»th()l (1 mol.) with 
KaFeCy,,. Formed also, togellier with the i.so- 
meride [109®], by the action of 0)*nii[>hthoquin- 
ono on tolylenc-o-diauiiiic (Witt, B. 20, 577). 
Dissolves in cone. llfiO, with violet-rcMl colour. 
Forms with its isomcride a molecular comijound 
[142®]. 

Tolii-(a3)-naphtha2ine C,,H,.N., ix. 

Formed as above, and also, tof'cther with ami<lo- 
benzene 2 ^-snlphonic acid, by boilin;jj sul[>ho- 
benzene-azo-()3)*naphthyl-p-U»lyl-amine with 
dilute H.,SOp and by boiling ‘ wo.d Idaok ’ 
C«H,{SO,H).N„.CJI,(SO,H).X...C,„ll..N llCd I : 
with dilute H,SO;{Witt, r' 2(), 577). Yellow 
crystals, v. si. sol. alcohol. Cone. II. SO^ forms 
a brownish-red solution. 

TOLUNITRANILIC ACID v. Nit]{o-di-oxy- 

TOLUQDINONE. 

TOLTJOIN V . Di-metiiyl-bi;nzoin. • 

TOLUOL V . Toluene. 

TOLUPHOSPHINIC ACID v. rnospiiojoLUic 
acid. * 

TOLUQUINOL v . nYDftoTOLi;ourN"NE. 

TOLUQUINOLINE v. Mkthyl-ouinom.nk. 

TOLUQUINONE C.H^Oj i.c. 

C,H,MeO, [2?4:1]. [09®]. 

Formation. — 1. By o.xidation of tolylcne- 
p-diamine or of o-toluidine (Nietzki, B. 10, 8.'i2, 
1934; A. 215, 158; Ladenburg, B. 10,1128). — 
2. By boiling crude creosol with MnO.^ and 
dilute H.,SO, (Carstanjen, J. pr. [2.J 23, 425). 
Separated from accompanying xylo(ininonc by 
reduerfon with SOj, crystallising the hydrotolu- 
quinone from benzene, and re-oxidising ^y 
fuming HNO,.--3. By oxidation of m-xylidino ^ 
(Nolting a. Baumann, B. 18, 11^). 

Preparation . — 20 g. of o-toIuidine are dis- 
solved in 600 C.C. of itater containing 100 g. of 
H-^SO^; 20 g. of finely powdered potassium 
bichromate are added by degrees, \»j)th conlinAal 
agitation, keeping the temperature at 10®-15®. 
After standing over night, 33 g. more K,^Cr5,0, are 
added; Uieqainone is then extracted with ether, 
4lted over CaCl^ and the ether removed by dis- 


tillation. The yield is about 80 p.c. of the 
theoretical quantity (Schniter, B. 20, 2283). 

Propertie .% — Golden-jcHow plates s/uelling 
like quinone. Very volatile. M. sol. Iwt water, 
V. sol. alcdu^ and ether. Its aqueous solution 
is turned brown by alkalis. SO.^ reduces it to 
hydrotoluiiuinone. Dilute (50 p.o.)nj,S 04 changes 
it to isota)lisiininone {C,H„0..)r, a powder not 
molted at .300 ’ (Si)itni, O. 12, 225). An aqueous 
solution of toliiquinone mixed with one of hydro- 
toluqninono dtqioidtB stcel-blSo needles of the 
<luinhvdrone [52®], v. o. sol. water. o-Nitro- 
aniline forms [2^1: l;0i CJLM.‘0,.N11.0„H,NO, 
cry.stalli.-;ing from alcohol in rodcnystals decom- 
posing at 200 ’ (rii'ici'slcr, li. 23, 2790). Nitro- 
7 )-toluidino C,ilI,Mo(NO.J.N 11. [1:3:4] forma a 
homologous body. 

Cklorimide [l^J. [88®] 

(Hi: rsch, J}. 18, 1514). Formed by the action of 
a solution of hlcaching-powdor on tlio hydro- 
chloride of amido-o-o.n#ol. Y'ollow prisms (from 
alcol»>l) Volatile with stesm, Ih'composcs vio- 
lently at .100 ’-115®. By digestion with NallHO, 
for several lioiiis it is coiiV('i'ted into amido- 
cresol sulpliouic a<*id. 

C'/t/ori7aif^cC.,ll,,.Mc<j^^^'^ [i;]]. [75®]. 

Made in like imimier from aij^ldo-z/^cresol 
(Stiiedel, J. 259, 218). Yellow prisms (from* 
alcolnd), vol.MtIlc w'ith sl< :i,iu, 

Oxiui C,.H:,M';<)(NOIIjj2:l;4]. Nilroso-o- 
*c/v’.s(d..| [135 ■]. Formed hy the action of nitrous 
acid on o-.cre;-,ol (Nidtiu;' a. Kohn, ^^17, 370). 
Formed also l>y the lu timi of hycflPoxylaniino 
livdi<»chlorido on toliKiuiiiono ((ioldschmidt a. 
S'.dmiid, Ji. 17, 2003). Needles (from w'atcr), 
i1c(-om[)o.s<‘d hy fu.siou. V. sol. alcohol and ether. 
Yields nitro-cresol |95 > on oxidation. NaA'3aq. 

KA' ; hiown ju-edles, v. sol. water. 

Oxiin C„lI.,Me()(N01].) [2:4:11. Nitroso-m- ^ 
crcsol. Forme<l hy boiling nitroso-di-methyi- 
?a-toluidinc with dilute (10 p.c.) NaOHAq 
(Wur.ster a. lliedcl, B. 12, 1799). Formed also 
by the action of NO..SO,H on ’m-cresol and 
water at O' (IJcrtoni, G. 12, 303). Small needles 
(from water). Decomposes at 145®- 150". SI. 
sol. hot water, Give:s Ijieheiniann’s reaction. 
Forms an acedyl dendvative C,,H 3 MeO(NOAc) 
[92 '1 ory.stallisiiig in hn-'.g! ju isms. 

^bi-oxim C.4f,.Me(NOH),[2;J:4J. Formed 
by tlio action of Jiydroxyhimiue on either mono- 
oxim (Nietzki a. (Juiteriiiann, B. 21, 430) or by 
boiling nitroso-o- or m-toluidino witli hydroxyh- 
amine hydrochloride (Mehno, /.». 21, 729). Yel- 
low ncedle.s, explodinff at 220" 234", v. al. sol. 
i*henzGne, sol. hot water, hIcoJjoI, and other, 
llcducedby^n andHClAq to tolylene-p-diamino. 
Alk(jlino KjFeCy,, fonns di iiitroso-tolueno. Ac^^O 
forms C,jH,Me(XOAc)., [J20®J, crystallising from 
alcohol in colourless needles. 

Ditolyliuiide C,,H.,Mo(NC,Ht) 2 ' [140®]. 

Formed by oxidation of tolylene-di-tolyl-diarnina 
in alkaline solution (Green, C. fT. 03, 1409). 
Bed pri.sms, v. sol. alcohol, v. e. sol. benz6'.ae. 

References. ^l)L-huo3no-t ^hlobo-, Iodo-, and 
OxY- TOLUQUINONE. 

« TOLUQUINOXALINE v. Methyl- gum- 

OXALINE. 

0-TOLUEIC ACID G,*H„NO, U, 
C,^.CO.NH.GH*.CO^. Toluyl - glycoadl 
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[162-6°], Formed from toloyl chloride, amido- 
aoetio asid, and NaOH (Gleditsch a. Mdller, A. 
250, 376). . Found in the urine of^dogs that have 
taken o>toluic acid. Thick plates, sol. water. 

wTilnrio acid. [139°]. Formed as above, 
and also when m-xylene or m-lofhic acid is 
administered to a dog (G. a. M. ; cf. Sohultzen 
a. Naunyn, 1868, 29). M. ^soL water. — 
ZnA'^4aq.— CuA'2 6aq. 

p-Toluric acid. [1C1°]. Formed from 
p-toluyl chloride and glycoco^l (G. a. M.) and 
also by passage of p-xyleno or jp-toluio acid 
through the animal body (Kraut, A. 98, 3G0). 
Plates (from water), si. aol.'cold water, v. sol. 
alcohol. — CaA'2 daq. — liaA'^ 5aq.- -AgA'. 

TOLUYL. The radicle CH,.C,U,.CO. The 
same name has been given to the radicle 
which is isomeric with xylyl, 
and has also been called tolyl, but may bo 
more conveniently named methyl-benzyl. Tolyl 
iBCH3.0,H,. 

o.*T0LUYL- ACETIC /CID 

Ethyl ether CJI,Mc.CO.CH,.caEt^ Oil. 
got by boiling the nitrile with alcohol and IlCl. 
Gives a violet colour with FeCl.,. 

Nitrile CJL.CO.Cn,.CN. [74-4°J. Formed 
by boiling o-tdiiyl-cyano-acctic ether with water 
(Haller, G. R. 108, 1117). Prisms, sol. alcohol 
and alkalis. Diazobenzeno chloride and NaOH 
^ form * C,H,^0.CHCy,N,.0,H5 [125°J. Cold 

alcoholic HOI forms the hydrochloride of 
C,H,.CO.CH,.C(NH).OEt [110°]. 

TOLUYL- ACHYLIC ACID 0„H,„03 i.e. 
C„H,(CH3).C0.CH:CH.C0,H. [138^j. Formed by 
the aotit^i,- of AlCig on a mixture of maleic 
anhydride and toluene (Pechmann, B. 15, 888). 

TOLUYL ALCOHOL v. ToiAL-cAuniNoi,. 

TOLUYL AMIDE v. Amide of Toluic acid. 

p-TOLUYL-o-BENZOIC ACID C,,H,,.0, Le, 
[1:4] C«H,Me.CO.C«H,.CO.,lI [1:2]. P,icnyl tolyl 
ketone carboxylic acid. Mol. w. 240. [14G^J. 

* Borrned by the action of phthalic anhydride on 
toluene in presence of AICI3 (Fricdel a. Crafts, 

A. Ch. [6] 14, 447; O. R. 92, 8.33). Prisms 
(containing aq) (from alcohol-toluene), v. si. sol. 
hot water. Its dilute aqueous solution tastes 
sweet. Potash-fusion yields benzoio and p-toluic 
acids. Warm cone. H.SO^ forms (/8)-mothyl- 
anthraquinone. — BaA\, laq. — CdA\, iaq. — 
CuA'.^ laq. 

Methyl ether Me A'. [5.3°]. 

Ethyl ether EtA'. [G9°J. 

Toluyl-benzoio acid C;H;.CO.CrtH3.CO,jn. 
[222°]. Formed by oxidation of di-tolyl-mcthano 
and of M-di-tolyl-ethane (Weilcr, Hi. 7, 1184; 
Ador a. Crafts, G. R. 8£^ 11G3 ; 0. Fischer, B. 
7, 1196; Anschutz, A. 235, 316). Slender* 
needles (from MeOH), si. sol. liot water. — KA' : 
tufts of long needles. — AgA/. • ' 

JBe/erencc. -Di-cHioRo-TOLYii-BENzoio Acln, 

TOLUYLEKE- v. Tolylene-. 

p-TOLUYL-PBOPIONIC ACID C,,H,..0, i.e. 
C^,.C0.CH,.CH3.C03H. [127°J (C.) ; [120°] (B.). 
Formed by 4he action of succinyl chloride or 
Buooinic anhydride on toluene and AlCl, (Claus, 

B. 20, 1378; Burcker, Bl. [2] 4§, 448). Plates 
or needles (from yt&feT), v. sol. ether. — BaA'^ 4aq : 
•ol. hot water. — AgA' : small needles, insol. Aq, 

•-TOLUYL-TOLUIC ACID. Lactone 

183=].. Gotlromnitto-toljl. 


methylene-phthalide, HIAq, and 1^ (Pteilmanil, 
B, 23, 316G). Thin prisms. Converted by al- 

cohoUo KH. into [190°]. 

00 -DITOLYL Gi^H,! i.e, 
[l:2]0,H,Me.C,H,Me[l:2J. Mol. w. 182. (272°). 
S.G. 1*^.* *9945. Formed from o-bromo-toluone 
and Na (Fittig, A. 139, 178). Liquid. 

« «mi-ditolyl[l:3JC,H*Me.C„H,Me[l:3]. (280°) 
(Schultz, H. 17, 468); (288°) (Perrier, G. R. 
114, 484) ; (289°) (Stolle, B. 21, 1096). S.G. 

*9993. Formed by diazotising di-amido- 
o-ditolyl afid boiling the product with alcohol. 
Formed also by the action of Na on m-brorno- 
toluenc (P.), and by reduction of di-oxy-??t- 
ditolyl and di-chloro-w-ditolyl. Oil ; yields 
diphenyl di-w-carboxylic acid and isophthalio 
acid on oxidation. 

pjj-ditolyl [1:4J CJl.Me.C^H.Me [1:4]. [121°]. 
S.V. 198*0. Formed by adding Na to a solution 
of p-bromo-tolueue in toluene (Zincke, B. 4, 
396; Louguinine, /h 4, 514). Monoclinic prisms 
(from etlier). Yields on oxidation p-tolyl-benzoio 
acid [244°] and diphenyl di-2>-carboxylic acid 
(Carnellcy, G. J. 32, 653). SbClj at 360° forms 
CCl, and per-chloro-diphcnyl. 

ow-Ditolyl [1:2] C^lI.Me.C^H^Me [1:3]. (270°). 
Formed from [2:4:1] C,II,Me(NH3).C„HgMe(Nn,) 
[1:3:4] by elimination of aiiiidogen by the diazo- 
rcactiou (Schultz, B. 17, ^11). Yields isophthalio 
acid on oxidation by CrO.,. 

o2>Ditolyl [l:2]CJI,Mo.C„II^M0[l:4]. (272°- 
280°). Formed from crude bromo-toluene and 
Na. It is also one of the products of the pas- 
sage of a mixture of behzene and toluene 
through a red-hot tube (Carnolk^ G. J". 37, 707 ; 
47, 587). O.xidised by CrO., and HOAc to o-tolyl- 
p-benzoio acid [180°J and terephthalio acid. 

Ditolyls have also been obtained by Barbier 
(C. n. 78, 1769) and Varet a. Vienne, BL [2] 47, 
919). 

Jiefere ? ices . — Di-amido-, Di-buomo-, Di-iodo-, 
Nitro-amido-, Oxy-amido-, and Oxy-ditolyl. 

p-TOLYL-ACETAMIDINE C„H,.N., i.e. 
CH3.C(Nll).NHC,JI,Mo[l:4]. [96°].' Formed 
f|;om p-toluidine hydrochloride and acetonitrile 
(Berntliscn a. Trompetter, B. 11, 1757). Prisms. 
Alkaline in reaction. — B"._,H3l^tClg. — B"H2C20g. 
ib’isi^s, V. sol. watdl- and alcohol. 
Di-o-tolyl-acetamiiine 

[1 •>] C,H,Me.NH.CMe:NCgH,Me [1:2]. [136°] 

(W.) ; [140°] (L.).^ Formed by the action of PClj 
on o-toluidine and HOAc (Ladeaburg, D. 10, 
1262), and also by the action of o-toluidine on 
CMe(SEt):NC,II, or on CMeChNC.H, (Wallach 
a. Wusten, B. 16, 148 ; A. 214, 208). Needles. 
Di-ivtolyl-acetamidine 

[1:4] C,H,Me.NH.CMe:N.C„H,Me [1:4], Acet- 

ti>lyl-imid4olyl-amide. [120°]. Formed from 
p-toluidine and CMeCl:NC,H„ which is tfte pro- 
difot of the action of PCI, on acetyl-p-toluidine 
(Wallach a. Fassbender, A. 214, 203 ; B. 9, 1214 ; 
16, 148). Foriped also from p-toluidine and 
bromopropiolio acid (Mabery a. Krause, B. 22, 
3307). Prisms (from begzene). Formed also 
from p-toluidine, HOAc, and PCI,. — B',H,P(C1«. 
— iJ'HCl. [200°]. 

op-Di-tol;fl-aoetamidine 

CgH*Me.NH.CMe:NCgH,Me. [142°]. Formed 
from o-toluidine and the product of the action 
ol PC1« on aceig^l-p-toluidme, and aloo Icooi 
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p>t61iiidine and the prodaot of the action* of 
PCI, on 8cetyl-o-toluidine (Wallach a. Pannes, 

A. 214, 209). Formed also from p-toluidine and 
[1:2] OaH 4 MeN:OMe.SEt, and from o>toluidmo 
and [1:4] CeH^MeNiCMeSEt ; the compounds 
obtained, [143°] and [140°] respectively, being 
perhaps isomeric and not identical (Wallach, B. 
16. 148). 

O.T0LYL-ACETIC ACID C„n,„0., i.c. 

[1:2] 0,H4Me.CH,.CO.iH. [80°f Formed hy 
saponification of its nitrile (lladziszewski a. 
Wispeck, B. 15, 1747 ; 18, 1281). Needles, si. 
sol. cold water. Yields plitlialio acid on oxida- 
tion. — CaA', 4aq. — AgA'. riates, sol.*hot water 
Amide [161°]. Plates, si. sol. ether. 
Nitrile C„H„N. (244“). S.Q. 33 10150. 
Formed from »-bromo-o-xylL‘nc and KCy. Oil. 

m-Tolyl-acetic acid [1:3] CcH,Rre.Cll 2 .CO II. 
[61°]. Formed by sa bonifying its nitrile, which 
is obtained from w-bromo-m-xylcne (It. a. W.). 
Needles, sol, Irot water.— CaA'^ 3aq. — AgA'. 
Amide [141°]. SI. sol. cold water. 

Nitrile (241°). S.G. 1 0022. Oil. 
Methyl ether (228°). S.G. 1-041. 

Liquid (Senkowski, M. 9, 854). 

Ethyl ether (238°). S.G. 1-018. 

p-Tolyl-acetic acid [1:4] Crtll.Mo.CH.^.CO JI. 
[94°J. Formed in like manner from w-bromo-p- 
xylena (K. a. W. ; Strassmann, B. 22, 12.30). 
Got alio by reducing p-tolyl-klyoxylio acid witli 
HI*(Clau8 a. Kroseberf^^ B. 20, 2051). Needles, 
si. sol. cold water. Plithalic anhydride and 

NaOAo yield [151°], 

whence HNOj at 0° forms the compound 


^‘»®Kc(NO,).CH(No,)c,n, 

is converted by treatment with boiling alcoliol into 



by HI and P to [110°] (Rulio- 

mann,H. 24, 3965). — NaA': needles, sol. water. — 
CaA'j 3aq.— AgA' : needles, sol. hot water. 
Ethyl ether EtA'. (240°). 

Amide C„H,,NO. [185'’]. Plates. Formed^ 
from the acid, and also by the action of yellow* 
ammonium sulphide on p-tolyl methyl ketone 
(Willgerodt, J3. 21, 534). • • 

Nitrile C,H,.CN. 418°]. (24.3°). S.G. 

n -9922. 

Reference, — Nitro^ and Oj:y ToLYn-Acmio 

Acn>. . 

m-TOLYL-ACETYLENE [1:3] C,lI,Mc.C;CII. 
Methyl'Styrene. (104°). Formed by distilling 
barium m-tolyl-propiolate with lime (Muller, B. 
20, 1215). Formed also by saturating a solu- 
tion of w-tolyl-acrylic acid with Jlllr at 0° and 
treating the product with NaOIlAq. Oil, be- 
coming tplid on standing. Gives an explosive 
red pp. with ammoniacal Cu^Cl-j. Hr forms 
C,H,.CnBr.CHjBr [46°]. 

Di-tolyl-acetylene C,H,.C:C.O,II,. [136°]. 

Formed by heating C,n,.CHBr.CHBr.C 7 H, with 
alcoholic potash at 140° (Goldschmiedt a. Hepp, 
B, 6, 1505). Needles (ffom alcohol). 

Dl-TOLTL-ACIPlPEEAZUrE v. Oxy-dtj 

ZOLTL-mUZINB. • 

Di-tolyl-dl-aei-piperasiiu v. Di-ozt-dz- 

TOLTIrPTBAZIKS, 


1 w-TOLYL-AOBYtrO AGIO U 

I {l:8]C,H,Me.CH:CH.CO,H. Methyl-cinnamie 
■acid, [111°]. Formed by heating 7/i-toluic aide* 

I hyde with Ac .p and NaOAo (Bornemann, B. 17, 
j 1474; 20,1382 ; Von Miller, J3. 20. 1213 ; '2^, 18991. 
Silky nccdl^s^v. sol. alcohol, si. sol.ligroln. FeCl, 
gives a bright-yellow pp. in neutral solutions, 
lleduced by sodium-amalgam to m-tolyl-pro- 
pionic aciiL[4jJ°]. KMiiO, oxidises it to 7/t-toluio 
acid. Br %rms C^H .CMl, Hr, .00,11 [167°].— 
BaA', — Ag.\'. Crystalline powder. 

p-Tolyl-acrylm acid • 

[l;4!C„li,Mc.CJl:Cll.CO,H. [197°]. Formed from 
21 -toiuic aldehyde, Nai)Ac, and Ac,0 (Von Miller, 

Ji. 23, 18'.)7 ; cf. Kleiber, B. 2:>, 1033). Needles 
(from benzene), si. sol. liot wnlcr. Keduoed by 
HI and P to p-lglvl-propiouic acid. Br forms 
C,H,Me.GlJHr.CllHi-.t]0.,lI. 

TOLYL ALCOHOL i;. TonvL-OAimiN'^L. 
p-TOLYL-ALLYL-HYDRAZINE C,„ri„N, t.«. 
CJl,N(C,iy.NH,. (l(;0°-170’ at 90 mm.). 
Got from lolyl-liydrazine and allyl bromide 
(xMichaelis^ B. 26, 217fif. Oil. Yields B'HCl. 
[129°|> Benzoic aldehyde forms the compound 
•CJL.N(C,U,,).N:CllPh.[t;i°J, wliilo cinnamic 
aldehyde forma the corresponding hydrazida 
[118°]. Ferric cliloride gives fho. tetrazono 
(0,n,(cjyN),N, [104°], 

o - TOLYL-ALLYL-THIO-SEMI-CABBAZIDE 
CjH.NH.NH.CS.NHCally [105°]. *'orin^d by 
wanning o-tolyl-hydrazino witli allyl thiocarb* * 
iinide (Avenariu.s, B. 24, 208). Needles, insol. 
\^t(’r, V. sol. alcohol and CS,. 

p - Toiyl - allyl - thio - semi - osrbazide [128°]. 
•Formed in like manner (A.). Needles^ 

o-TOLYL-ALLYL-THIO-TJBEA C jf^S U, 
CJ1,N H.CS.N 1 J C, II,. TolyUhiosinaviiiie, [98°]. 
Formed from o-toluidine and oil of mustard (Jail- 
lurd, if. 1865, 441 -, Maly, if. [2 ] 5, 258 ; Weith, B.8, 
1528 ; Prager, li. 22, 2998). I’early crystals, ra.sol, 
ether, v. sol. JlOAo. According to Dixon (C. </. 

55, 622), it melts at 76°. Converted by heatings • 
with UClAq into tolyl-propylciie-i|'-thio-uroa 
[126°]. Cyanogen passed into its alcoholic 
solution forms C, 3 H„N,S, which on wanning 
with dilute H^SO^ and alcohol gives a pp. of 

oxulyl-tolyl-allyl-thio-uroa 

[157°]. 

Rcfernice. - OxY-TonYr.-ALi.Yn-Tnro-DREA. 
o-TOLYL-AMIDO- ACETIC ACID 0,H„NO, 
i.e. VlI.Me NH.CII.,.(;0.,H. Tolyl - glycocoll. 
[150 ]. Prepared by the action of chloro-acetic 
acid and aqueou.s NaO.Xc on o-toluidine (Staats, 

B. 13, 137; Cu.stick, B. 13, 1091; Ehrlich, B. 

16, 201; BiscbolT a. Na^tvogel, B. 22, 1787).— 
OuA'., 2aq. Small needles.— CaA', 3aq : needles, 

1 m. Bol. water (Mantljiier, M, 11, 877). 

E thijA etner lAA.'. (281°). S.G. fjj 1*068. 

Oil (IrtschofT, B. 25, 2270). . 

Acetyl derivative OtN,NAo.CHj|.CO,H. 
[212°]. Tables (from dilute alcohol). 

• Chloro -acotyl derivative 

C, H,N(CO.CH,Cl).CH.,.CO,H. [117°}. Formed 
from the acid and chloro-acetyl chloride. in 
other (Widman, J, pr. [2] 38, .304). Bectangulai 
plates, V. sol. hot^alcohol, si. sol. water. 

Bromo-acetyl derivative 
0 ,H,N(CO.CH,Br).CIl 3 .CO,n. [124°), BeoUtt- 
gular plates. 
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Glycolyl derivative 
C,H,N(C0.CH2.0H).CH2.C0jH. [144®]. Formed 
by boiling the chloro -acetyl derivative with cone. 
Na,COaAq (Abenius, J. pr. [2] 40, 603). V. e. 
Bol. water. Yields KA' aq, BaA'jVaq, and AgA', 
and is* converted by heating at 160® into 

[109^], whence alcoholic 

NH, produces 0,H,N(CO.CH2.OH).CH,.CO.NH, 
[162°], crystallising in plates (from aftohol). 

o . Toluide C,ll,.NIl.CH 2 .CO.NHC,H,. 
[92°]. Formed Jiy boiling chloro-acetic ether 
with o-toluidino (Ehrlich, B. l6, 205). Needles, 
insol. water and HClAq. 

m-Tolyl-amido- acetic aciC. 
[l:3]0,H,Me.NH.CH,.COJI. Formed from 
chloro-acetic acid and m-toluidino in ether 
(Ehrlich, B. 16, 2011). Solid mass.-CuA'^ 2aq. 

Ethyl- ether EtA'. [68 ]. Formed from 
chloro-acetic ether and »a-toluidine. Six-sided 
plates, V. sol. alcohol and ether, si. sol. Aq. 

i)-Tolyl-amido-acetic acid 
[l:4]0„H,Me.NH.CII,.CQ H. [119°]. Formed, 
together with a compound [168°],# fr<^m p- 
toluidine chloro-acetic acid and NaOAc (dis- 
solved in a little water) at 100° (P. J. 
Meyer, B. 8, 1168 ; 14, 1323 ; Staats, B. 13, 
137 ; Schwebsi, B. 10, 2047 ; BiacholT, B. 23, 
1997 ; 25, 2281). Got also by saponifying its 
ether^ Needles (from water). When fused 
with potash it yields a producf which, when 
dissolved in water, is oxidised by air to an 
indigo* derivative (Ilcumann, B. 24, 1340). 
When fused with p-chloro-acct-toluide it yieldc 
methyl-indigo (Eckenroth, B. 24, 093^. The 
compouh> [108®], formerly supposed to bo 
p-tolyl-amido-aoctic acid, ought, according to 
Bischoff a. Hausdorfor {B. 25, 2281) to bo repre- 
sented as C0,1I.CH,.N(C,.M,).C1I,.C0.0NH3C,H,. 

Ethyl e^thcr EtA'. [49°]. Formed from 
chloro-acetic ether and p-toluidiue. Monoclinic 
plates, V. si. sol. hot water. 

« Aviide [103°]. Formed by 

heating p • toluidine with chloro - acetamide. 
Plates, V. si. sol. cold w’uter. 

Anilide C,ll,NU.Cll.,.CO.NHPh. [83°]. 
Formed by heating chloro-acetic acid with 
aniline. Needle.s (from hot water). 

p-ToUiide C;H,.NH.CJI.,.CO.NC,H,. [130°]. 
Formed in like manner, and also by heating 
toluidine with the com])Ound of glyoxal with 
NaHSOj (Jlinsborg, B. 21, 112). Plates, v. si. 
sol. hot water. Yields a chloro-acctyl derivs^ive 
[158°]. 

Nitrile C,Ii,mLCn.,.C^. [120°]. A pro- 
duct of the action of heat on the amiide. 

Acetyl derivativ^c CjUj.NAc.CHo.COll. 
[176°]. Formed from chloro-acetic ether antk 
CjHy.NAcNa, the product being saponilied with 
potash (Paal a. Otten, B. 23, ati90]^ Plates 
(from water). — NaA'3aq : plates, v. sol. wa\er. 

Jmide (OJI,.NII.CH,.C()),NH. [210°]. 
Got by heating the acid at 200° and adding 
Nfl,Aq to the product. Needles, si. sol. water* 
and NHjAq^Bischoff). 

pi-o-tol^-di-amido-acetic acid 
(0,H,NH).,CH.C02lI. [240°]. Formed by 

heating ai-chloro%cetic acid Vith o-toluidine 
(P. Meyer, B, 16, 925). Needles, insol. water, 
ll. sol. alcohol, V. sol. aqueous acids and alkalis. 
Beference, — Nirno-TOLYL-AMiro-AOBTio acid. 


Vtoltl-amido-aoetophskonx 

[l;4]C«H,Me.NH.0H3.00.0.H4. PhenaeyUp- 
toluidine. [184°]. Formed from jp-toluidine and 
bromo-acetophenone in alcohol (Lellmann a. 
Donner, B. 23, 167). Tables, v. sol. benz- 
ene, m. sol. alcohol. Yields, on nitration, 
[l:3:4]C„H,Me(NO,).NH.CH.^z [165°] and a di- 
nitro- derivative [156°]. Forms B'HNO, and 
B'HCl. 

* jp.T0LYL-AMlD0.A\3BYLIC ETHEE 

[l:4]C«H,Me.NH.CH:CH.CO,Et. [116°]. Formed 
from jp-toluidine and formyl-acetic ether (Von 
Pechmann, B. 25, 1053). Yellow plates, insol. 
water anddigroin. Alcoholic potash yields. 
Ijlates [144°]. Ac^O forms acetyl-toluidine. 

TEI-^-TOLYL-TRI-AMIDO-BENZENE 
C 2 ,H.,,N 3 i.e. OeHs(NHaH,),. [187°]. Formed 
by heating phloroglucin with _p*toluidine at 
210° (Minunni, B. 21, 1984). Needles, v. si. sol. 
cold alcohol. Cone. 11,^804 forms a bluish-green 
.solution, turning black on heating. — B'"HC1 : 
amorphous ; decomposed by water. — B'"2HC1 : 
small needles. — B" ^H.^PtClu. 

Tri-acetyl derivative Plates. 

Tri-benzoyl derivative [282°]. Minute 
pri.sms. 

2>T0LYL-AMID0-BENZ0YL. (a)- naphtho- 
ftniNONE 

[197°]. Formed by boiling jo-toluidirifr with 
benzoyl-(a)-naphthoquin#ne in alcoholic solu- 
tion for 15 minutes (Kegel, A. 247, 186). Red 
needles (from HOAc), v. si. sol. alcohol. 

j)-TOLYL-o-AMIDO.BENZYL.AMINE 
[4:1] C,H4Me.NH.CH.,.CJI,.Nn.4 [1:2]. [80-6°]. 

Got by reducing p-tolyl-*J-nitro-benzyl-amine 
(Soderbaum a. Widman, B. 23, 2187). Thin 
leaflets (from alcohol). Ac.O yields a di-acetyl 
derivative [180°]. The mono-acetyl derivative 
C, 11 ,NAc.CH.,.C«H 4 NH, [99°] may be got by 
reducing C,Il,NAc.CH.,.C,H,N 02 . 

o-TOLYL-a-AMIDO-7i-BUTYEIC ACID 
C,II;.NH.CHEt.CO.,H. [84°]. Long prisma. 
Forms an acetyl derivative [116°] and yields 
propyl-o-toluidine on distillation. 

Ethyl ether YAM. (278°). S.G. 1019. 
Got by heating o-toluidinc with o-bromo‘- butyric 
dther at 100° (Bischoff a. Mintz, B. 25, 2314). 

o-Tolyl-a-amido-isobutyric acid 
C,H41H.CMe,.C0,H. [02°]. Formed together 

with the isomeridp [110°] by the action of 
KOH and a current of steam on the ether [57°], 
which is got by heating o-toluidine with a-bromo- 
isobutyric ether (Bischoff a. Mintz. B. 25, 2334). 
The acid [110°] yields an acetyl derivative 
[219°], si. sol. ether. On distillation it forms a 
lactone [95°]. 

^j Tolyl-a-amido-n-butyrio acid 
C-HjNH.CHEt.COaH. [153°-166°]. Got from 
the ether EtA' (279°) S.G. §§ 1-011, which is 
^produced when p-toluidino is heatqd with 
a^broino-n-butyrio acid at 105°. Leaflets. Yields 
propyl -p-toluidine on distillation. 

Acetyl derivative G,H;NAc.CHEt.CO|H. 
[149°]. • 

p-Tolyl-a*amido-i80batyrio acid 
[1:4] C„H 4 Me.NH.CMe.,.C^,H. [160°]. Formed, 
together with the isomcride, by the action of 
hot potash ki a current of steam on the ether 
EtA' [36°], which is got by heating p-toluidine 
with a-bromo-isobutyrio acid. Yields an acetyl 
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dcrivaUve [146®]. Fonns isopropyl-jp-toluidino 
on distillation. 

p.Tolyl-i9-amido>isobutyTio acid 
C,H,NH.CH,.CHMe.CO,H. [190°]. Formed as 
above. Gives an acetyl derivative. [20G°J and 
decomposes on distillation into p-toluidino and 

s iKtono (?) [170»]. 

o-TOLYL-AMIDO-CROCONIC ACID 

[1:2] C,H,Me.NH.CMe:ClI.CO,n. ' 

Methyl ether Mo A'. [31°]. Formed by 
the action of o-toluidine on methyl aceto-aec tale 
((Jonrad a. Limpach, D. 21,523). Prjsma (from 
alcohol). 

Ethyl ether KtA'. Yellowish oil. 
p-Tolyl-amido-crotonic acid. 

Methyl ether McA'. [ri0°]. Prisma. 
Ethyl ether EtA'. [29 ^J. Formed from 
acetoacetic ether and p-toluidino. 

TOLYL-AMIDO-CYANURIC ACID v. 
Cyanurlc acid, described under Cyanio acios. 
p.TOLYL-AMIDO.METHENYL-BENZAMID- 

OXIM CPh<^j;j^>C.NH.Cjr,Me[];4.]. [135 ]. 

Formed by heating p-tolyl-tljiocarbimide with 
benzamidoxirn (Koch, B, 21, 398). Plates 
(from alcohol), v. sol. ether. 

DI -p - TOLYL- AMIDO-METHYLENE-o-PHE- 
FYLENE diamine C ,,11,,IJ, i.e. 

Formed by heating C(NCjll,).^. withr -phenylono- 
diamine at 135° (Moore, Is. 22, 1(539 ; 31HH). 
Tables (from alcohol), v. si. sol. boiling wat(;r. j 
—Salts; B',3Ht9. ^"cedles.— B',311,PtCl,,Sa(]. i, 
— B'H.jSO,. Needles, insol. ether, v. sol. hot Aq. j 
Nitrosamine 

CJI.<^!|^°j>C(NC,U,.NO),. [130^. Yci:ow 

ne<!dles, v. sol. alcohol. 

Di-ace ty I derivative [11.3°]. Needles. 
Di-hensoyl derivatiie [185°]. Prisms, j 
Tetra-benzoyl derivative [271°]. j 
Tetra-p-tolyl-tetra-amido - di - methylene -o- i 
phenyleue-diamine C,ilI,:N,.(C(NlIC;H;).)„ ; 
[11(>°]. Formed by heating C(NC 11;)^ witho- ' 
jiheuylene-diarnine at 200° (Moore, />’. 22, 3l95)» ; 
Needles, v. sol. alcohol. Docom])oscd by dilute 
HClAq at 150° into di-p-tolyl-urea un|l o- : 
pbenylene-dianiino. B'2H sd,. Needles, si. sol. j 
cold water. — ByjUCI. - loaq. 

Tetra-acctyl derivative (115°]. | 

Tetra-henzoyl derivative 
DI-p-TOLYl.AMIDO- METHYLENE o-PHE- 
HYLENE-PHENYL GUANIDINE 
vN. 


C,H,<^'"^C;NPh^C(NHC,U,),. [187^]. Formed 

by boiling C(NC 7 Ht)j with o-phenylenc-phenyl* 
guanidi^j^e (Keller, B. 24, 2508). Necdlrs (fioin^ 
boiling alcohol), si. sol. ether. 

DI - p - TOLYL . AMIDO - METHYLENE - o' 
PHENYLENE-p-TOLYL-GUANIDINE 
C,H.:N.,(CNCJI,):C(NHC,H,)a. [1^8°J. Formed 
by heating o-phenylene-p-tolyl-guanidinc with 
C(NC;H,)jat 220° (Kcibr, B. 24, 2513). Prisms 
(from benzene). 

DI - p . TOLYL -•AMIDO - METHYLENE - o-w 
TOLYLENE-p-TOLYL-OU AN IDI NE 

0,H,:N,(C:NC,H,):C{NHC,H,),. [210°]. Formed j 
by heating tolylene-tolyl guanidine together I 


1 with C(NC.n,)j at 220® (Keller, B. 24, 2621). 
Needles, si. sol. alcohol. 

o-TOLYL. AMIDO > METHYL - MALONAMIO 
ETHER CO,FUCMo(NHC,H,l.CO.NH,. Formed 
i by dissolving a-cyano-tolyl-a-amido-piiopiorua 
ether in ceni. H SO^ (Oerson, B. 19, 29(50). 
Long needles, std. liot water. Converted by 
boiling NaOilAq into tolyl-amido-propionio 
acid. > 

p-TOLYL-AMIDO-;. METHYL-OXINDOLB 

! cjr.,N,,o c.ir,Mo<ii,','|..,^,7,7)>co. 

' [L‘)7 ]. Formed by bcaiiii}' <li ehloro- (or di* 
brorao-) acftic acid^ with yt lolnidmo (I)msborg, 

B. 18, 190). Noedies, v. moI. Iiot alcohol. Ue- 
duces ammoiiiaeal AgN(>„ filming a mirror. 
Keadily absorbs oxN;'en troiu tin* air, forming 

^^CO. Alt oliolic l\j[)ll forms 

a blood-red .solution. I’/IKU : crystalline 
pow«ler. 

Di-acetyl derivative C„;lI,,Ao^.^O. 
[117°]. 

Ni4ro* amine [c- 220°]. 

p TOLYL-AMIDO-METHYL-THIAZOLB 

C(NIfC.H ):N' ■ brnnied from 

oxy-mothyl-thiazolo and y) tohiidil\o (Ilantzsch 
a. WelH'r, B. 20, 3130). 

TRI-p-TOLYL-TRI-AMIDO NAPF;rHA!iENE 

by be.atin;' nitroso.cHi,vI-(a).nai)bthyIamino with 
7>-(olnjd^io at 150’ (KiHclier a. Hepp, A. 250, * 

»2 I4). Needles (from alcohol). Ueadily iodised 
to di-niethyl-}»b< nvl-rosindnline. ^ 

O - TOLYL - AMIDO - (a) - NAPHTHOQUINONE 
0,;T1,,,N0., t.e.C,„Jl..(),(»H<^',^>7)* 1 Formed 

from o-tohiidine and (a)-na)>iitlio(piinono (Els- 
bacli, 15, (5H9). Bed nocflles, sol. NaOUAq. 

p-Tolyl-amido (a)-naphthoquinone 
C,„li p_,(N]IC,!l;). [202 ']. Formed from (a)- ^ 

nai)htho(inin<.ne. and /etolnidino in hot alcoholnf 
solution (Pliiiiplon, C. J. 37, G38). Formed also 
by the action of p-tolnidine on (/3)-oxy-(a)- 
naplitlio<ininone, and by lu-ating 7 >-t()lyl-araido- 
(/i)-naphtliO(iuinonc with llCAo at 150° (Elsbach, 

B. 15, 087). Bed needles. Forms a crimson 
solnlion in cone. U^SO^. In.sol. NuOHAq. 

n • / . 7.. • ; r. rr /C(NC.U.):C.NIIC,H- 
Diloluide ,);Cfl • 

[14']^1. Formed by oxidation fd tri-p-tolyl-amido- 
iiMldilhalenr! (Fischer a. Uepp, A, 256, 240). 
Orange, plates. 

o-Tolvl-amido-(^)-iiaphthoquinone 
r,JI,p,(Nn(ni,) or C,„IJ,(0H)O(NC,II,). [240®]. 
Formod fn)m((3)-naphthu]iiinone and o-tolnidine 
fl'Bshaeh, L. 1.5, 089). Bed needlc.s, sol. dilute 
NaOll Aq.. >^)t alTccti d by he.ating with HOAo 
at 15(J°. On heating witli dilute HGlAq it yields 
(j8) oxy-(a)-naphthoqiunoiie and o-toluidine. 

p - Tolyl - amido naphthoquinone [240®]. 
T’ormed from (/3)-naphthnqiiinonp undp-toluidine 
(Elsbach, 7i. 15, 080). Bed needles, sol. hot ah 
cohol and NaOIfAq. On healing ’^ith HGlAq 
at 130' it is split up into p-toluidine and .^3)- 
baplithoquinone 

Methyl ether :\ro A [1 60°J. Red crystals 
(Zircke a. Brauns, IJ. 15, 1909). 

Ethyl ether EtA'. [137°]. 

Isopropyl ether PrA'. [139®J, 
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p^Toluide 0,„H3(NHC,H,)0(NC,H,). [18S® 
cor.]. Formed by heating di>bromo*(a)-Daphthol 
withp-toluidine (Meldola, C.J. 45, 169). Formed 
also from (j3) -naphthoquinone oxim, p-toluidine, 
and HOAo (Bromme, B. 21, 891). Orange 
crystals with green lustre. « 

Dlo-TOLYL-DI-AMlDO-OIAZTHIOLE 

i.e. [135°]. Formed 

by boiling an alcoholic somtion of o-tolyl-thio- 
urea with dilute HClAq and HjOj (Hector, B. 
23, 308). V. Bol.^alcohol. Cyaiogen passed into 
its alcoholic solution forms CiJIiuN^SCyaCBO®]. — 
B'HClaq. [210°].— B'jHJHClc. [192°].— 

B'AgNOs- White pp.— B'Jl,HgCl4. [232°]. 
Needles.— Pic rate: B'C^NA- [201°]. 
Acetyl derivative CirtkjjAcN^S. [221°]. 
Benzoyl derivative [214°]. 

Nitr<fsaniine C,JI,,(NO)N,B. [135°]. 

Di - p - tolyl - di - amido - oiazthiole C,oH,«N,S. 
[127°]. Formed in like manner from p-tolyl- 
thio-urea (Hector, B. 23, 304). Thick yellowish 
prisms, v. sol. alcohol. “ Cyanogen forms B'Cy^ 
[190°].— B'HCl. [233°]. White needleV, be- 
coming reddish in air. — Byi..PtCl„ l.[aq. [109°]. 
— B'AgNO.l^aq. [177^].— B'.H.lIgCl^. [114°- 
119°]. — P i or^ t e [238°]. Yellow prisms, si. sol. 
alcohol. 

Acetyl derivative OjaHi^AcN^S. [160°]. 
BK>nzo\\l derivative 0 ,bH,.,BzN 48. [186°]. 
Nitrosamine C,fiH„(NO)N.S. [247°]. 
o-TOLYL-w-AMIDO-PHENOL C„fI„NO i.e. 
OjH^NH.CrtH^OH. (o. 373° cor.). Formed from 
• resorcin, o-toluidine, and CaCl, at 270°, (Philip, 
J.pr. [924^84, 70). Oil. lleduced by hot zinc- 
dust to n^^ro-acrirllno and acridine. 

Formyl derivative, [169°]. Tables. 
o-Toly 1-p-amido-phenol C; H . N H .C«H ,OH. 

[90°]. (367° cor.). Formed from hydroquinono, 
o-toluidine and CaClj at 240° (Philip, J. 2 yr. [2] 
34, 57). White luminro (from light pcdroleum). 
Reduced by distilling with zinc to hydro-acridine 
ind acridine. Converted by heating with cone. 
HOI into hydro»juinono and o-toluidine. 

Salt. — B'HCl : crystalline powder. 
Mono-formyl derivative [1.36*6°]. 
Di-acetyl d erioa it ve [106°]: needles. 
Di-benzoyl derivative. [171°]. 
p-tolyl-w-amido-phenol C,.,H,.,NO i.e. 
CjHj.NH.C^H^.OH. [92°]. (350° cor.). From 

resorcin, p-toluidine and CaClj at 260° for 8 
hours (Hatschek a. Zega, J. pr. [2] 33, 209). 
Prisms or needles (from benzene mixed with 
petroleum ether). Distilled over zinc-dust, it 
gives C,H;NHPh. , 

Salta. — B'HCl; decomimsed by water. 
Formyl dcrivati'. e . — 
0,H,.N(Clio).C„n4.0H. [146°]. V. sol. ether.' 

Di-benzoyl derivative . — 
0,H,.NBzC,H,.OBz. [c. 106°]. Gives witti fuming 
HNO, a di-nitro - derivative, [110°]. 

2^tirosaminc.-C,H,.N(NO).C,H4.0H.Oaiy- 
phenyl - tolyl - nitrosamine. [105°]. Yellow 
needles (from dil. alcohol). 

p-Tolyl-p-amido-phenol G,H..NH.C,H4.0H. 
[122?]. (360°-360°). From hydroquinone, p- 

toluidine, and CaCl, 8 hours at 260° (Hatschek 
a. ISega, J. pr, [^ 33, 224). Plates. Heated 
with zino-dust it gives phenyl-p-tolyl-amine. - 
Salt.— B'HCl. Powder, decomposed by Aq, 
Pi-ac$tpl derivative. [101°]. Tables. 


Di-benzoyl derivative. [ 169 ^. 
Nitroso- derivative 0jH,,N(N0).0,H4.0n 
[130°] ; needles. Very unstable. 

o-TOLYL-a-AMIDO-FHENYL-ACETIO ACID 
NHC,H,.CHPh.COjH. [143°]. Formed from a- 
bromo-phenyl-acetic acid and o-toluidine (Stdek- 
enius, J. 1878, 781). Plates, almost insol. 
water. 

^ p-Tolyl-a-amldo-ph6nyl- acetic acid. Formed 
m like manner, using p-toluidine. Insol. water. 

Ethyl ether EtA'. [90°]. Yellowish 
prisms. 

o-TOLYL - AMIDO-TRI-PHEN YL-METHANE 

CPh3.NHC,H,. [142°J. Formed from CPh,Br 
and o-toluidine (Wittich, B, 17, 705). Prisms 
(from ether). 

p-Tolyl-amido-tri-phenyl-methane [177°]. 
Crystals (from ether). 

Nitrosamine CPha.NO,H,.NO, [145°- 
148°]. 

p-TOLYL-AMIDO-BI - PHENYL - N APHTHO- 
QUINOXALINE. Phenylo- chloride 
c H ^ ^ • N=gpii 
^«^*\C(NH.CaH4Me):CH. C . NPhCl : CPh. 

Got by heating C,oH5(OEt)<;^^^^p^ withp- 

toluidine at 120° (Witt a. Schmidt, B. 26, 2006). 
Bronzed plates, v. sol. alcohol, forming a crimj 
son solution. Con->. H^S04 forms a slate-blue 
solution, becoming first blue and then violet on 
dilution. 

TRIp - TOLYL - TRI - AMIDO - DI-PHENYL- 
TOLYL-CARBINOL C^iHs^NaO. Tri-tolyl-rosani- 
line. The salts are formed by heating rosaniline 
. salts with p-toluidine (Hofmann, A. 132, 290). — 
C4,H3gNsCl. Small blue crystals (from alcohol), 
insol. water. 

TOLYL-AMIDO-PIPITZAHOIC ACID w. 

Toluido-vivviZMioiQ acid . 

o-TOLYL-a-AMIDO-PROPIONIC ACID 
CH,.CH(NHC-H,).CO,H. [116°]. Formed by 
saponification of the nitrile (Tiemann a. Stephan, 
n. 15, 2038 ; 0. G. 1886, 470). Got also by 
boiling o-tolyl-arnido-methyl-inalonic acid with 
NaOllAq (Gerson, B. 19, 2963). White crystals. 

Ethyl ether (278°). S.G. 1*047. 
Formed from o-bromo-propionio ether and 
o-toluidine (BischofI a. Hausdorfer, B. 25, 2208). 

AiTetyl derivative CjH^NAo.CHMeCOaH. 
[177°]. LcaUets. 

Amide. [12.5°]. ''Minute needles. 

1 Nitrile CH3.CH(NHC,H,).CN. [73°]. 
Formed by digesting the oyanhydrin of acetic 
aldehyde (lactonitrile) with o-toluidine. 

p - Tolyl - a-amido - propionic acid. [153°]. 
Formed in like manner. Plates, si. sol. water 
and ether. May be sublimed. 

Ethyl ether [35^]. Tables. 

Acetyl derivative [166°]. 

• Amide. [145°]. Needles, sol. hot Aq. 
Nitrile. [82°]. Plates, sl. sol. hot Aq. 

' p.Tolyl-j8-amido-propionic acid 
C,n ,Me.NH.CH,..CH,.C03H. [86°]. Formed from 
fi-ioAo propioni'* acid and p-toluidine (Bischofl 
a. Mintz, B. 26, 2352). Pearly scales, v. e. sob 
ether. 

Reference. — Di-bkomo-tplyl-hhdo-pbopio- 

MX'iRU.B. 

o-TOLYL-AMlDO-PYBOTARTBnCIDS 

CHrO^HG;H,).CO ‘ Obtained by saponl* 
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floation of o-tolyl-amido-pyrotartramio ether, 
which ii formed by the action of H^SO^ upon 
the o-cyano-a-o-toluido-butyric ether (Schiller- 
Weohler, B, 18, 1050). White needles. V. sol. 
alcohol and benzene, b 1. aol. ether and hot water, 
insol. cold water and ligro'in. lias both acid 
and basic properties. 

DI-p-TOLYL-DI-AMIDO-SUCCINIC ACID* 

C 0 ,H.CH(NHC-H,).CH(}^HC,H,).C 02 n. [c. 

200°]. Formed, together with ‘ di-tolil succiii ^ 
CigHiyN.Oj [228°], by boiling di-bromo-suecinic 
acid with p-tolnidino (Jungliahn a. llnissort, Ii. 
ayii, 17CC). V. sol. alcohol, insol. wa^or. Yields 
a di-nitroso- derivative [12.5 and a di-ac<‘tyl 
derivative G.^lI.,,N,Ori aq, which yields f-aA"aq, 
UaA"aq, and anhydritles [2, 12°], and 

C...,IT.,„N ..04 [222°J. NaA".— CaA".— C uA". 

Ethi)l ether EtA". [109°]. Needles. 

DI-p-TOLYL-TRI-AMIDO-TOLUENE 
CJI,Me(NIlC,II,),(NlI,) [l:2:5;i]. Formed 

by reducing aniido-toluquinono dilohiido with 
zinc-dust and IlOAo ((Ireen, 6’. J. 02, 140.2 ; if. 
Earsilowsky, B. 0, 1200). IMatcs (from dilnie 
HOAc). A very feeble base. 

DI -^)-T0IYL.DI - AMIDO - TOLUaDINONE * 
C,HMeO,{NHC,H,).,ri:2:.^.:t:GJ. fl78']. Forme.l 
from azotoline, MeOM, and oenc. H .SO^ (Fischer 
a. Hepp, A. 2C2, 2.’J1). JJrownish-rcd needles. 

Di-p-tolyldi-amido-toluqjuinone 
C,nMeO,(NfiaiI,)j [l)^:5;;t:G]. [211°). Fonued 
by boiling toluquinono with pdohiidino and al- 
cohol (Fischer a. Hepp, A. 250, 259). Yellow 
needles. 

Di- 7 j-tolyl-di-amido-toluquinone ^i-toluide 
C.j^H...N,0. [101 'J. # (.’laret-red plates (Fischer < 

a. Hepp, B. 21, 07«5). 

TOLYLAHINE is Toi-niniNB {q.v.). 

Di-o-tolyl-araine Nll(0„H,Me ;i:2j)o. (212° 

i.V.) at 728 mm. ((Iraebe, A. 2.2.S, OGO). (jbtaimtd, 
together with clijihenylaminc by heating o-toln- 
idine with aniline hydrocdiloride at 280 ’ (Clirard 
a. Willm, HI. [2] 25, 248). Formed also by 
heating o-cr<\sol with Znl?r„, ammonia, and 
NH,C1 at 335° (Merz a. Midler, B. 20, .547). Oil. 

Di-w-tolyl-araiueNHiC.HJa. (222°). Formed 
in like manner (Cosack, B. 12, 1001 ; Merz a. 
Midler, B. 20, 510). Oil, volatile with steam. 
SI. sol. acids, v. sol. alcohol. 

AcetyL derivative N4c(C,n;).. [4|^®J. ! 

Nitrosarnine (C,H.).N.NO. [103°]. ■ 

Di-jj-tolyl-amine Nii(CJE),. [70 ]. (321° , 

i.V.) (Graebe, A. 228, 2G2). Formed by heating 


TOLYI-ARSIKE v. Arsenic. 
TOLYL-AURAMINB 0„H„N, U, 
OJI,Mo.N:C(C,,H^NMoJ;,. I'wmed from auramlne 
hydrochloride ^nd p-toluidine (Fehvmann, B. 20, 
j 2852). Decomposed by H^S in alcoholic solution 
at 50° into €S(C,iH,NMc.j).^ and jo-toluidine.— 
Byi.PtCl,;. lied Ihikoa, v. si. sol. water. 

TOLYL-AZIMIDO-TOLUENE v. Azimido- 
COMroUNDdl • 

DI -p. TOLYL . fETRAZINE C,JI„N, i.e. 

; CJI.Mo.N<^'^^^^^>N.C,H.M 4. [185°]. Moh 

w. 2G0 (obs.). Formed liy the action of chloro- 
form and aloolioli* ]»otasii on p-tolyl hydrazine 
(l{uliemHnn, C. J. 55, 218; 57, 51).' Yellow 
plates (from hot alcohol). Yields a nitro- 
derivative 0,„ir,,,(N(),,,)N, [114°]. 

TOLYL - DISAZO - compounds Disiizo* 

COMI’OlJM»8. 

TOLYL BENZAMIDE v. Bcn::oyl derivative 
of Toluiiunh. 

TOLYL- BENZAKIDINE C„IJ,^N, i,e. 
0,H,,.«(NrJI.).NH.,. [00 ]. Formed from benzo- 
niti'ib* and tolnidino hydrochloride (Uornthsen, 
Ji. 8, 1210 ; 0, 420). Forms a or. slalllno nitrate 
and oxalate. 

j Di-;>-tolyl-benzamidine * 

1 C,H..(HNC,1I-).NHC,H,. [121°]. Formed by the 
action of yj-toluidino on bcnzonitril^, andpon w- 
cliloro-bcnzylideiuj-^ntoluidino C,H,N:CCl.CJlj • 
(Bernthson; Just, 7^.10, OSl). May bo sublimedi 
I liefercnce. — AMiDo-Touvji-nKNZAMiDiNK. 

I p-TQLYL-BENZAMIDOXlM C„H„N,0 <.«, 
C,H..C(NOIl).NlIO,lL. [17G°]. For^ied bv 
heating liydroxylamino Ijydrocb.h^'ido with 
C«lI,,.CS.NliCjII, and Ni« J’O , at 100° (H. Mtiller, 
H. 22,2400). Wbih‘ necilirs, si. sol. Ijot water. — 
B'HCl : white needles, h 1. sol. water. ClCO.J^t 

converts it into >CO. [163°J. 

TOLYL-BENZENE v. MirniYL-wriiKNYU ^ 
Tri-jrj-tolyl-benzeno i.e. C„H.,(0,H,)5. 

[171°]. Formed by p.assing dry HCl intop-tolyl 
imdbyl ketone for some days (Claus, J, pr. [2] 
41, 402). Needles. Oxidis(3d by CrO, to 
C„II,(C 0 ..H) 3 . Yields C.„H„Br, [212°]. 

7>T0LYL.B£NZIMID0 PHENYL ETHER 
CJl..,C(NC,IE).OPh. [120°]. Formed from 
C«H,.CC1:NC,H, and NaOPh (Hantzsoh, B. 
2G, 027). 

•oiu-TOLYL-BENZOIC ACID 


p-toluidine \Ndth its hydvoebloride ((iirard, *1. [1:3] C,,lT^Mo.C^H,.C02I [l';3']. [204°]. Formed 

140,316; Gerber, B. 6,440). Formed also by by oxidation of [1:2] C^MAle.C^H^Me [r:3'J with 
heating ^-cresol with ZnClj, ammonia, and dilute IINC^ (PeiTier, C. ii. 114, 484). Silky 
NH^Cl at 325° (Merz a, Miiller, B. 20, 510). needles, sol. alcohol, rn. sol. Aq. 

Whit© needles. Its salts arc decomposed by pp-Tolyl-benzoio a(#d 
water. ; [1:4; CJl,Me.C,H,.CO.,H [r:4']. [244°]. Formed 

Nitrosarnine (C;H,.)N.NO. [102°]. by oxid^tioi^ of ^^p-ditolyl by CrOj and HOAc 

Yellow* trimetric crystals (Leinie, B. 13, 1514^ ! (Caaiellcy, J. 1877, 381). Si. sol. hot water.— 
Cosack). ^ i AgxA'. 

Acetyl derivative (C.H.),NAc. [85°]. j • o 7 ,>-Tolyl-benzoic acid. [180°]. Formed by 
Benzoyl derivative (CJL).,NBz. [125°]. ^oxidation of [1:2] C,H,Me.C„H,.Me [l';40 (Oar- 
ifc/ercTiccs. -TaTRA-imoMo- and Nixno- Di- nelley, C. J. 37, 707). Irisol. water, sol. hot 

TOLYL-AMINK. , alcoliol. * 

DI.27-T0LYL-I80A1IYL.AMINE 0„H ,N i.e. I TOLYL-BENZYL-AMINB v, BaN 2 TL.«iL 0 - 
(C,H,) 2 NC,Hh. (2^°-300° at 15 mm.). Formed J'idink. • * 

by heating di^-tolyl-amine with isuamyl alcolfol j p-TOLYL-BENZYL-IBOBuTYL-DBBA 
and HCl in sealed tubes (Girard, Bl. [2] 24, ! Oj,H,,N,0. [41°]. Got from i^-tolyl-benzyl- 

12U). I carbamic chloride and isobdtylamine (Hamme* 

TOLYXi-AElLIHE Fubnyl-TOLVIppie, I jich, B, 25, 1824). Crystals (from ligroin). 

You HL 8 P 
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«>.TOtYL.BSNZYL.OABBAl[lC CHLOBIDE 

(C,H4Me)N(CH,^h).C0Cl. Formed from |)-tolyl- 
benzyl>amine and COCI3 (Hammericb, B. 25, 
1822). *OiL 

o-TOLYL-BENZYL-CABBIHOL 0„H„0 t.e. 
C«tif4Me.CH(0H).CHjPh. [66°]. . (above 360°). 
Formed by reducing p-tolyl benzyl ketone in 
aloobolio solution by Na (Mann, B. 14, 1646). 
Small concentric needles, sol. alcobol and ether. 
2)-T0LYL-BENZYLENE-ACETAM1DINE 

C,.H,.N, U. [79“J. Formed 

by reduction of the acetyl derivative of o-nitro- 
benzyl-n-toluidino in acetic acid solution with 
tin and HCl (Lellmann a. S^lckcl, B. 10, 1610). 
Small glistening plates. V. sol. alcohol, ether, 
and chloroform. 

n-TOLYL BENZYL KETONE C„H,,0 i.e. 
C„H4Me.Of).CH,Ph. [109°]. (above 360 ’). Formed 
by the action of AlCl, on a mixtaro of phenyl- 
acetyl chloride and toluene (Mann, ]}. 14, 1646; 
Strassmann, B. 22, 1220). Plates, sol. alcohol 
and ether. Na added its alcoholic solution 
forms the carbinol and an acid 

Oxim [131°]. Plates, insol. water. 
o-TOLYL BENZYL OXIDE i.e. 

[1;2] C„H,Me.Q.CILUli. (285°-200°). Oil (Stao- 
del, B. 14, 89y). Converted by IlNOa (^-Gr. I'o) 
into a tri-nitro- derivative [145°]. 

in»Tolyl benzyl oxide. [43°]. (300°-305°). 
Tables (from alcohol), v. sol. ether. 

n-Tolyl benzyl oxide [41°1. Formed from 
C„H,Me.OK and CH,PhCl (Frische, A. 224, 154). 
Crystals. Converted by HNO3 (S.G. Ic5) into 
di-nitrotn-crosol [84°]. 

TOLYb-BENZYL-ISOPHOSPHINE C, ,H,,P 
or 0„Hj„P.^. [187°]. An indillerent body formed 
by the action of zinc on a mixture of benzyl 
chloride and CuIIjMePClj (Michaclis a. Gleich- 
mann, B. 15, 1963). 

2J.T0LYL BENZYL SULPHONE 
g,H,Me.SO.i.CIl.iPh. [145°]. Formed by the 
action of benzyl chloride on sodium toluene 
-sulphinate (Otto, B. 13, 1278). Necalles, sol. 
ot alcohol. 

p-TOLYL-BENZYL-THIO-SEMICAEBAZIDE 
0„H„N,S. [121 ]. Formed from benzyl tbio- 
oarbimide and j^-tolyl -hydrazine (Dixon, C. J. 
61, 1022). Prisms, si. sol. cold alcohol. 

o-TOLYL-BENZYL-THIO-TTBEA C„H,«NjS 
i.e. 0,H4MeNH.CS.NnCH.,Ph. [139°]. Formed 
by boiling o-tolyl-thiocarbimide with bcn:\yl- 
aminein alcohol (Dixon, C. J. 59,556). Tufts of 
prisms, m. sol. hot alcohol. 

m-Tolyl-benzyl-thio-urea. [114°]. Formed 
from benzyl-thiocarbimide and w-toluidine. 
'^^treouB crystals, v. si. sol. hot Aq. ^ 

o-Tolyl-benzyl-thio-urea [121°]. Crystals. 
«-TOLYl-BENZYL-UREA 
CH^'h.NH.CO.NHG.H^Me. [181°]. Formed 
from jp-tolyl oyanate and benzylamine (Kiihn a. 
Hensohel, B. 21, 505). 

o-Tolyl-di-benzyl-nrea C,aII.,^N.p i.e. 
(CH,Ph),N.CO.NHC«H4Me. [169°]. Got from 
(0,H,)aN.COVjl and j)-toluidine (Hammerich, B. 
25, >820). Needles (from alcohoT), insol. ether. 

p-Tolyl-di-benzvl-urea C...JI./iN.^O t.e. 
OH5>hN(0,^e).CO.NH.CH.,Ph. [85°]. 

Formed from tolyl-benzyl-carbamic chloride aiid 
benzylamine (H.). ‘ Prisms, v. sol. alcohol. 
]H-|>-tolyl.be]LS7l.iirea [116°]. 


Formed from p-tolyl-benzyl-odVbamie chloride 
andj7-toluidine. Needles, v. sol. hot alcohol. 

Di^p-tolyl-di-benzyl-nrea 
(CH,,PhN(CaH4Me))*CO. [93°]. Got from p. 
tolyl-benzyl-carbamic _ chloride and p-tolyl- 
benzyl-amine. Crystalline, sol. alcohol. 

DI-p.TOLYL-BIURET (C«H4MeNH.CO),NH. 
[c. 220°]. Formed from 2)-tolyl-urea andp-tolyl 
cyanate at 160° (Kiihn a. Henschel, B, 21, 506). 
vVhite needles (from alcohol). 

Tri-p-tolyl-biuret 

(CJl4MeNH.CO)2NC,H4Me. [156°]. Formed 
from di-«-tolyl-urea and jp-tolyl cyanate. 

p-TOLYL-BORIC ACID C,Il4Me.B(OH),. 
[240°]. Formed by the action of water 6n boron- 
^-tolyl-dichloride {v. vol. i. p. 531). Needles, 
sol. hot water. HgCl^ gives a white pp. of 
C,H,HgCl. 

TOLYL-BROMO-ETHYLENE v. Buomo-tolyit 

ETHYLENE. 

TOLYL BROMO-METHYL KETONE 

CJT^Me.CO.CHJir. [55°]. Formed by the ac- 
tion of hot water on di-c.TO-bromo-cso methyl- 
atrolactic acid (Bottinger, B. 14, 1598). Crystals, 
volatile with steam, sol. water and ether. 

^>-T0LYL BROMO-METHYL SULPHONE 
C„H4Me.SO,.CII,Br. [92°]. Formed by the 
action of bromine on an aqueous solution of' 
C,H,.SO,.CH,.CO,TJ (Otto, J. pr. [2] 40, 544). 
Formed also from C^I^,.SO.^Na and CIL^Br.^ 
Thin monoolinic needles, sol. hot alcohol. 

jp-Tolyl di-bromo-metbyl sulphone 
C,H,Me.SO,.CIIBiv [117°]. Formed from 
tolyl-sulphono-acctic acid and Br (0.). Mono- 
clinic prisma, v. sol. hot al(\ohol. 

TOLYL-BUTANE v. Butyl-toluene. 

7n-T0LYL.BUTYLENE CJI^Me.CHa.O.Hj. 
(195°). Formed from CJIiMo.CHaCl, allyl 
iodide, and Na (Aronlieim, B. 9, 1790). Oil. 
Yields a Ibpjid dibromide. 

p-TOLYL-/)-BUTYL-PHENYL-THIO-UREA 
C,H,Me.NU.CS.NH.C,H,.CJI„. [137°]. Formed 
from isobutyl-phenyl-amino and 2^-tolyl-thio- 
carbimido (Mainzer, B. 16, 2024). Plates, sol. 
alcohol and ether. 

DI-p-TOLYL-ISOBUTYL-UREA C,„n,,N,0. 
[119°]. Formed from (C,H.)2N.COCl and iso- 
butylamine (Hammerich, B. 25, 1822). Prisms, 
v. sol. alcohol and ether. 

w-TOLYL-ISOBUTYRIC ACID 
C,H,Me.CE2.CHMe.CO.^. [92°]. Formed by 
oxidation of w-isobutyl-toluene by dilute HNO, 
(Kelbe, B. 16, 620). Needles (from ligroin).— 
AgA' : pp. 

i Referctice . — Nitro-tolyl-isobutyrio acid. 

o-TOLYL-CARBAMIC ACID CgHgNOx U, 
C,H,Me.NH.CO.^. 

Ethi/l ether EtA'. [42°] (0.) ; [46°] (L.). 
Formed from o-toluidino and ClCO,Et (Cosack, 
S5. 12, 1450; Nevile a. Winther, B. 12.. 2324). 
Formed also from OgH^Me.CChNCl and alcoholic 
potash (Lachmann, B. 12, 1349). Tables, sol. 
alcohol and benzene. Volatile with steam, 
i Yields o-tolyl ej anate on distilling with PjOj. 

I Isobutyl ether CJ3^A\ (275°-280°). Oil 
] (Mylius, B. 6, 974). PaxMally decomposed on 
j distillation into tolyl oyanate and isobutyl 
i alcohol. 

Benayl ether CH^PhA'. |^°]. Formed 
j from o-tolyl cyanate and benzyl tdcohol (Qatter- 
' mann a, Cantzler, R. 25, 1087). Noedlez 
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Phenyl ether PhA\ [92®]. Formed by 
boiling di-O'tolyl-nrea with di-phenyl carbonate 
for some hours (Eckenroth a. Riickel, B. 23, 699). 
Crystals (from ligroin). 

m-Phenylene ether [154®]. 

Formed by healing o-tolyl cyanate with resorcin 
at 120° (G. a. C.). Colourless plates. 

p-Phenylene ether [206-5°]. 

Formed by heating o-tolyl cyanate with hydro- 
quinone at 150°. - * 

o-Tolyl ether C,H,A'. [126^]. Formed 

from o-tolyl cyanate and o-cresol (O. a. C.). 
Needles. 

{fi)-Na 2 )hthyl ether [149']. 

Formed by heating o-tolyl cyanate with (jQ)- 
naphthol at ICO * (G. a. C.). Plates. 

Di-phenyl -ethylene ether C.^H2Ph2A'2. 
[234°]. Formed by heating o-tolyl cyanate with 
hydrobenzoin at 100° (Auwers, B. 24, 177H). 
Needles. An isomerido [1G3°] is obtained 
from isohydrobenzoin. 

w-Tolyl-carbamic acid 
[l:3]0,H,Me.NU.CO,H. 

Ethyl ether CioHijNOj. Prepared from^ 
m-toluidinc and chloro-formic ether {Cosack, B* 
13, 1090). Oil, V. sol. alcohol and ether. 

^-Tolyl-carbamic acid 
[]:4jO,H,Me.NH.CO,H. 

Ethyl ether Ft A'. [ri2°]. Formed from 

p-toluidirie and ClCO^.^t (Hofmann, Pr. 19, 108; 
B. 3, 650). Monocliuic prisms, v. sol. alcohol 
(Levin, J, 1882, 381). 

Phenyl ether PhA'. [115°]. Formed by 
distillingdi-p-tolyl-urea with di-pbenyl carbonate 
(Kekenroth a. lluc^el, B. 23, C98). Noodles* 
(from hot ligroin). 

Di-p-tolyl-carbamic acid (C;H,)2N.C02ll. 
Ethyl ether Ft A'. [02°]. Formed 'roin 
(C,Hj)3N.COCi and NaOFt (Haminerich, /i. 25, 
1824). Large plates, v. sol. alcohol and other. 

Chloride (0«H4Mo).,N.COCl. [103^]. 

Formed from COCla, a solution of di-2>-i,olyl- 
araiue in benzene, and cone. NaOHAq (Ham- 
merioh, B. 25, 1821). Needles (from alcohol), 

V. G. sol. ether. AgCy forms the conjpound 
(C,H;).2N.CO.CN(AgCy)3 crystallising in needles 
which begin to melt at 103°. • 

o-TOLYL-CAEB AMINE [l:2JC«H,Mo.N:C. 
(184°). S.G. 5^ *908. Forced by the action of 
alcoholic potash on o-ioluidinc and chloroform 
(Nef, A, 270, 309). Oil,* volatile with steam. 
When heated at 245° for 3 hours it changes to 
the isomeric o-toluic nitrile. Heated with S in 
CSj at 130° it yields o-tolyl thiocarhimide. 
at 100° forms C H.Me.NH.CHS [101°]. 

Chloride (J,H,Me.N:CCl3. (215°). Formed 
by passing chlorine into a chloroform .solution ^ 
of the carbaminc. 

P'Tolyl-oarbamine CjII^Mo.NiC. (99° at 36 
inm.). ^ Formed in like manner from i/-toluidinS 
(Nef). Oil. 

Chloride CeH,Me.N:CCl3. (220°). Con- 
yerted by n-toluidino into tri-p-tolyl-guanidine. » 
0-TOLYL-8EH1-CARBAZID& C.H„N,0 i.e. 
NH3.C0.N3H.C,H,. [160°]. Formed by heat- 
ing o-tolyl'hydrazine %ith urea (Pinner, B, 21, 
1219). Flat needj^s, m. sol. water. ' 

p-Tolyl-seini-carbazide 0,H,,^0. p5^]. 

81. sol. cold water. Iteduces Feliling’s solution. 

Di-p-tolyl-carbaiids CO(NH.NHC,H,),. 
(^®]. from p-tolyl-hydra^ine an4 


eorbamio ether (Freund, B, 24, 4197). Tables, 
insol. water, t. sol. hot alcohol. 

TOLYL-CABBIIPOS q. Toltl xsootanati, 
vol. ii. p. 316# * 

o-TOLYL-CARBINOL C,H„0 is. . 
ri:2]C,H,Moi3H..OH. a>-Oxy-o-xyUn6. Mol.w. 
122. [34°]. (223° i.V.). S.G. 1-02. S.linthe 
cold ; 1-5 at 100°. Formed by boiling «-bromo-o- 
xyleno wi^li liOIIAq (Colson, Bl. [2] 43, 8 ; A. Oh, 
[<ij 6, 116). Formed jRsobv reducingtho aldehyde 
C,.H,l\Ie.CI10 (haymann, P/. [2] 27,498), by the 
atti^of HNO_. «in the ainino»0„lI^Me.CHj.NH, 
(Kroner, B. 23, 1028), and by reducing o-toluia 
amide in acid ^diition by sodium-amalgam 
(Hutchin.son, P. 2 4, 171). Noodles, v. sol. 
alcohol and ether, sol. hot water. Oxidised by 
alkaline KMnO,4o o-tohne neid [103°]. 

m-Tolyl-car binol [ 1 : 3 ]C«H ,Me.CHa.OH. 

(217°). S.G. 5 1-036 (0.); n a. W.). 

S. 5 in the cold. ’ Ft)niUMl by boiling the bromide 
C^ll^Me.CH Jlr with alkalis (C.). Liquid, v. 
sol. alcohol and ctlu-r, si. sol. cold water. 
Yields m^olhic acid [fti8°J on oxidation. 

mhyl ether G,lT;.Cll,..OFt. * (202°) at 740 
mm. H.G. -93. Oil. 

Acetyl derivative C,,U,Xm^.Oko. (226°). 
Formed from C,ll,.CM.JJi; and KOAo (Radzi* 
szewski a. Wispek, P. 15, 17 47).^ Oil. 

/i-Tolyl-carbinol [hiJOJI^Mo.ClI.OH. [59®]. 
(217°). Formed from yj-toluio aldehydS and 
alcoholic potash (Cannizzaro, C. It. o4, 1225;* 
A, 124, 2.")5). Needles, si. sol. cold water. 

, Ethyl ether CHH„.OFt. (203°) at 740 
mm. Sii.G. •93. from w-bromo-p- 

xylene an<i alcoholic potash (Kadzis^wski a. 
Wi.si)ek, B. 15, 1745). Oil. ^ 

Di-tolyl-carbinol (0,H,Mo) OH.OH. [69®] 
(W.) ; [62°] (Ador a. Crafts,* B. 10, 2175), 
Formed by reducing di-tolyl kc-tono with sodium' 
amalgam (Weller, B. 7, 1184). Needles (from 
ulcohul), insol. water. 

Itcfercnce. — Oxy-tolvl-cahbinol. ^ • 

TOLYL-CARBINYL-AMINE v. Mbtbii.. 

BENZYL-AMINE. 

DI p-TOLYL-CARBINYL AMINE 

(CjH,) 3CII.N1I.3. [03°]. Formed by reducing 

tlie oxim of di-p-tolyl ketone in alcoholic solu- 
tion with sodium-amalgam and HOAo at 60® 
(Goldschmidt a. Stocker, B. 24, 2798). Tables. 
— B'HCl. [235°]. Wliito needles. 

Acetyl derivative [159®]. Needles. 

• TOLYL-CARBINYL-UREA v. Mbthtx.. 

BKNZYL-UUEA. 

Di tolyl-carbinyl-urea 
NH^.CO.N1 LcH(C,H;) 2. [152°]. Formed from 
the hydrochloride of the amine and KCyO 
(Goldschmidt, B. 24, 2T99). Needles. 

DI-p TOLYL-CARBONATE jf0,H,O),CO. 
[115°]. 0 Fosmed, together with di-ethyl carin- 
ate, .by heating p-tolyl ethyl carbonate at 800® 
(Bender, B. 19, 2268). V. si. sol. cold aloohoL 
DI-TOLYL DICARBOXYLIO ACID 
[3;4:l]C„n,Me(C03H).C,H,Me(C0,H)[];8;4] 

[over 300°]. Formed by heating its nitrile with 
dilute HjSOf (Lowenherz, B, 25, 1*86). Plates* 
insol. water, si. sol. hot alcohol. * 

ATifrifc C,^H,2(CN)« [1410®]. Formed from 
di-amido-ditolyl by Sandmeyer’s dtaso- reaction. 
Nbedles, m. sol. cold alcohol. 

Bejerence. — Oxt-ditoltl dxoabboztuo icxm 
TOLYL CKLOitIDS v< w-OmA>Bo-XTiJiim. 
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TOLYL OHLORO-BENZYL SULPHONE. 


p TOLTL OHLOBO BENZYL SULFHOHE 

C,H4Me.80yOHCLC«H4. [203°]. Formed by 
beating sodium* toluene jp-sulpliinate with 
benzylidene chloride (Otto,* J, pr. [2] 40, 619). 
Needles, (from HOAc). 

^^-TOtYL CHLOEO-ETHYL STf^^FHONE ’ 
ri:4]C„H,Me.SOa.CHCl.CH,. [48°]. Formed by 
boiling CH».CCl2.COaNa (1 mol.) with 
CjH^.SOjjNa (2 mols.) in solution. 

Formed also by heating' ethylidene chloride 
(2'5g.) with sodium toluene p-aulphinate (4‘5g.) 
and alcohol at lff0° (Otto, J.pr, [2] 40, 51.'5.534). 
Trimetrio tables, v. sol. hot alcohol. not 

act upon CjHj.SOjjNa even at 200°. 

j3-Tolyl chloro-ethyl aulplione 
C«H^Me.S02.CH,.CH,,Cl. [71P]. Formed from 
C„H,Me.S02.0Il2.ClCon and .I'Clj (Otto. J.pr. 
[2] 30, 367). Needles or plates, v. sol. hot 
alcohol. " 

p-TOLYL CHLOEO METHYL SULPHONE 

CuH4Me.S02.CH2Cl. [84°]. Formed by heating 
an aqueous solution of CHCI.2.CO,iNa (1 mol.) 
with CjHj.SO-^Na (2 mfr's.) on the water-bath 
(Otto, J. pr. [2] 40, 628). Tables (fronlberr;.ene), 
V. sol. hot alcohol. 

jo-Tolyl di-chloro -methyl sulphone 
C^H^Me.SOa.CHCl^. [114°]. Formed by passing 
chlorine into* a warm aqueous solution of 
C,H,.S02.CH2.C02H (Otto, J. pr. [2] 40, 644). 
Crystals, inaol. water, v. sol. hot alcohol. 

TOLYL-CRESOL CJl4Mc.Cll2.C,Il4.0II. 
(260°-266° at 10 mm.). Formed by heating w- 
chloro-xylene with phenol and zinc filings 
(Mazzara, O. 9, 421), Oil, sol. alcohol,, ether) 
and alkQ^is. Not coloured by FeClj. 

Acetpl derivative (250° at 9 mm.). 
Decomposed in moist air into ITOAc and tolyl- 
cresol. 

p-TOLYL-CUMINYL. AMINE C„II..,N i.e. 
C„H4Me.NH.OII,.CJI,rr. [30°]. (above 200°). 
Formed by the reduction by sodium-amalgam 
of the product of the action of cuininol on 
^Uoluidine (Uebol, A. 246, 293). Plates or 
prisms. — B'HCl. Plates or needles, si. sol, hot 
Aq. 

Nitrosamine C„H..„N.NO. [67°]. Prisms. 

S -TOLYL-CUMINYL-UREA C,hH.,N.,0 i.e. 
,rNn.CO.NHC„H4Me. [160°]. Formed from 
ouminylamine andp-tolyl cyanate (Goldschmidt 
a. Gessner, B. 22, 928). Needles, v. sol. alcohol. 

c-TOLYL-CUMYLIDEN E- AMINE 
0,H,Me.N:CH.O„H4Pr. [61°]. Formed fr(vm 
cuminio aldehyde (cuminol) and j7-toluidine in 
alcoholic solution (Uebel, A. 245, 292). Yellow- 
ish plates (from alcohol). Decompqsed into the 
parent substances by heating with acids and 
alkalis. " 

p-TOLYL-^fr-CUMYL-UREA 
C,H4Me.NH.CO.NH.C«H2Me,. [218°]. , Formed 
from ^'-Qtimidine and p-tolyl cyanate (Gold- 
schmidt a. Bardaoh, B. 25, 1361). Needles. 

o-TOLYL-CYANAMIDE CJl^Me.NH.CN. 
[77°]. Formed by heating 0,H,NH.CS.NU.OI1 
or by the action of hydroxylamine on o-tolyl 
thiooarbimi^ (Tiemann, B. 22, 1940 ; Yoltmer, 
B. 2^, 881). Tables, t. sol. alcohol andKOUAq, 
m. sol. water. . 

BI-o-TOLYL-CYANAMlDE i.e. 

C(NO,H,),. Carboditolylimide. (above 3008), 
Formed by heating the ^yl derivatives of di-o- 
tolyl-ihio-urea (Will a. Bielsohowski, B, 16, 


1317). Amorphous, y. sol. benzene. Converted 
by dilute HClAq into di-o-tolyl-urea. 

Di-p-tolyl-oyanamide C,„H,4N,SO or 
C(NC,H,),^. [60°]. (above 230°). Formed by 
the action of HgO on a benzene solution of di- 
tolyl-thio-urea (Will, B. 14, 1488). Thick 
prisms, sol. benzene and ether. On heating 
with aniline it gives phcnyl-di-tolyl-guanidine. 
Acids and alkalis convert it into di-p-tolyl-urea. 
©n distillation it yields compounds melting at 
49° to 60° and at 149° (Schall a. Paschkowetzky, 
B. 25, 2892). Phenyl-hydrazine at 190° forms 
Caell-iaNa [163°], which crystallises from alcohol 
in plates, dnd yields li'.,4IICl and B'32II^PtClB. 
On heating with phenyl-hydrazine at 166° there 
is formed N PhH:C(NCjH.),^ [138°], crystallising 
in pale-red needles, yielding B'^II^PtCla (Wessel, 

B. 21, 2274). Tolyleno-o-diamine at 140° forms 

C, .,II,4N, [196°], which yields B'^OHCl [143°] 
(Dahm a. Gasiorowski, B. 19, 3057). 

TOLYL CYANATE v. Cvanio acid. 

TOLYL CYANIDE v. Nitrile of Toluic acid. 
TOLYL-CYANURIC ACID v. Cyanic acids. 
TOLYLENE ALCOHOL v. Di-oxy-xylknk. 
TOLYLENE - DI - ALLYL -DI-THIO-DI-UREA 
[1:2:3] CJL,Mc(Nn.CH.NHCJI,),. [152°]. 
Formed from c-tolylcno-a-diamino and oil of 
mustard (Lellmann, A. 228, 246). Needles (from 
alcohol), decomposed on fusing into tolylene- 
thio-urca and di-allyl-thi9-urea. 

Tolylene-di-allyl-di-thio-di-urea 
[1:3:4] CJI,Me(NH.CS.NIIG,H,),. [150°]. 

Formed from i-tolylene-o-diamine and oil of 
mustard (Lellmann, A.22J, 24). Decomposed 
by heat like the preceding isomcride; melting a 
second time at 210°-230°. 

Tolylene-di-allyl-di-thio-di-urea 
[1:2:6] C,ll,iMe(NH.CS.NIICsHJj. [176-5°]. 
Formed from tolylcne-jJ-diamino and allyl thio- 
carbimide (Lellmann a. Wiirthner, A. 228, 200). 
Plates or prisms, nearly insol. ether. 

Telylene-di-allyl-di-thio-di-urea. [161°'. 
P’ormed from tolylene-m ?-di-amino and allyl 
Ihiocarbimide. Prisms (from alcohol), insol. 
ether, V. sol. HOAc. Melts without decomposi- 
tion. 

. TOLYLENE-DI-AMIDO-DI-ACETIC ETHER 

[1:2:4] C„H,Me(NH.CH.,.CO.,Et).,. [70°]. Formed 
from t,olyleiie-?/i-diamine and chloro-acetio ether 
(Zimmermann a. Kjiyrim, B. 16, 616). Needles 
(from water). •- 

c - TOLYLENE - o - DIAMINE C,H,oNa i.e. 
CJLMc(NH.,)Jl:2:3]. Mol. w. 122. [62°]. 

(255"). Formed from 0,n,Me(NH.i)(N02) [1:2:3] 
by reducing w’ith Bn and HCl (Lellmann, A. 228, 
243). Beddish crystals, smelling of acetamide. 
— B"2HC1. Sol. water, ppd. by HCl. 

c-Tolylene-7n-diainine CJl3Me(NH2)2 [1:2:6]. 
[104°]. Formed by reduction of nitro-toluidine 
fJ2°], or of liquid di-nitro-toluene (Ullmann, B, 
17, 1960). Prisms, sol. hot water, dives a 
binwn colour with nitrous acid. CrO, and FeCl, 
give a brown colour.— B'HCl : crystals, v. e. soL 
water. «, 

i-Tolylene-7»-diamine GQH,Me(NH!2)2 [1:2:4]. 
[99°]. (c. 280°). Formed by reducing ^-nitro- 
toluene (Hofmann, Pr. 11, 618) by reducing 
(411,2) -nitro-toluidine (NOlting a. Collin, B. 17, 
268), and by tht^ action of SnCl, on amido- 
toluene-azo-amido-cresol (Graefif, A, 229, 348). 
Needles (from water), v. sol. alcohol, ether, and 
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hot water. Cliloroforinic ether, ClCO-Et, forms 
[1:2:4] C.H3Mc(NH,)(NH.CO,Et) [91^^], ami 
chioHy C„H,Me(NH.CO,Et). [137°] (SchilT, 
A, 2(58, 314). Phenyl-tliio-carbiniido yields 
CO,Et.NH.CJI,Me.NH.CS.NHPh [155°]. Hep- 
toio aldehyde in the cold forms C-H,iN .(C.H, but 
whenheated ityields an orange mass which forms 
a highly fluorescent solution (ScliilTa. Yanni, A. 
253, 319). Benzoic aldehydh forms C.l l..(N :CU I'li). 
[122°-128°], while cinnamic aldohvdo gives 
C,H,(NCA), [1C2°] (HchilY, A. 140, *98; 239, 

m). Cl.CO.COJit forma 

[c. 280“] anil [l:2:-4] C„H,,Mo(N'H,).Nli.CO.C<),i:t 
[170°], wliich yields an acetyl derivative [192°]. 
Plienyl-thioearbimido forms the compound 
NHPh.CS.iNH.C,.H,Mc.NH.CO.CO,Et [155°] and 

cji3Mc<;;^J[;^^^j >Nrh [i98°j (SchiiT, 208, 

307). Tolylene-m-diamino lieated with citric 
acid at 125^ forms C, ,11,,N crystallising from 
boiling alcoliol in minute octahedra, decom- 
posing at about 187^' (.Schneider, JJ. 21, 0(J5). 
Acctyl-acetono at 100° forms a syrup, which 
when heated with IPSO, yields C,JI,,N., |191°J 
(Combes, C. It. 108, i252).~JJ"nci. - -~B‘"2Ht:i. 
-B"2HBr.— B"lPSO/2a(j : prisms. S. 5 0 at 
10-5 (Beilstein a. Kulilherg, vl. 158, .351). - 
B' H.jPtClg. — B"2IICyS. Pitsms (Lussy, JJ. 7, 
1205). • 

O’Accttfl derivative 

C,n,Mo(N 1 1 .\c)M IP f 1 :2: 1]. [140 ']. Formed 

from CJI,Mc(NH,)(NOJ [107'] by acetylation 
and reduction (Wallach, A. 234, 350). Needles. 
— B',H,PtCl«. 

p-Acetyl derivative 

C,H3Me(N]l,)(NHAc) [1:2:4]. [100°]. Formed 

by acetylating the diamine, and got also by 
reducing C,lI,M«!(NOJ(Ml Ac) [1:2: 1) (Tiemann, 
i?. 3, 221 ; Wallach, IJ. 15,2820, 2b31). Lung 
white needles. 

Di-acetyl derivative CJP,^fe(NIIAc).^. 
[224°]. Got by boiling the base with Ac.,0 or 
HOAc (Koch, A. 153, 132; Tiemann, B. 3, 8; 
Ladenburg, JJ. 8, 1211). Needles. 

Benzoyl derivati,. e 

C,Fr,Me(NO,)(NIIBz) [1:2:4]. [112°]. Got b^ 

reducing C„H3Me(NOJ(NTlBz) (Jlell, B. 7, 1505). 

Di-benzoyl derivative [221’]. Tables, 
si. Bol. alcohol (lluhemann, JJ. 11, 2050). 

Thiohemoy L derivative 
CgHjMe(NHJNri.CSPh. [197°] (Ucrntliscii a. 
Tronipctter, jQ. 11, 1700). 

PhthalyL derivative 

[192°]. Formed from 

the base and phthalic anhydride (Bic dennann, 
B. 10, 1161). Needles, sj)lit up by dilute liCi 
into phthalic acid and a base 
Di-f>hthalyl derivative 
C„IIaMe(NC„H,02)2. [233°]. Crystals, insoi. 
water and alcohol. 

s-Tolylene-wi-diamine CJI,Me{NH2)3 [1:3:5], 
(284°). Formed by reducing s-di-iiitro toluene 
(Slaedel, A. 217, 2021. Syrup.— B"HjSO^. — 
B"H3SnCl,; crystals, *. sol. water. 
Tolylene-p-dianiine C,H,Me(NH,)a 

i 64°]. (274°). Formed by reducing^ (5,1,2}- and 
2,1,5)- nitrO'toluidines (Beilstein a. Kuhiberg, A. 
.58, 352; Fileti a. Crosa, G. 18, 30G), and 
Q,H«Me.NrC«H^e.NH, [2:1:5] or [6:1:2] 


^-niAMiNa 

(Nietzki, B. 10, 832, 1168). Plates (from bens* 
enc), V. sol. water, alcohol, and ether. Forms 
toluiiuinone on oxidation. FeCl, added to a 
snlutiuii of ft>Iylen6-;)-dianiiiie hydrochloride 
mixed with o-tnluidine gives an iutonsb green 
colour.- B"2HC1. Plates.— B"lI.BO« S. *84 at 
11-5°. 

JJi- acetyl derivative 0«IIgMe(NHAo)a. 
[220 ’]. ]’4isifls (from dilute alcohol) (Nietzki, 
74. 10, 1157; 12.2237). 

Tolyleno-o-diamine C,.If J\le(Nn.,),, [1:3:4]. 

[88 r> j, (205°). * Formed by reducing (3 1,4)- 
nitro-;<-toluidino (Ueilslein a. Kuhiberg, A. 168, 
3.il ; GraelT, .4. 22tf, 313). I’bites, m. sol. cold 
water. Its a<ineous solution i(uickly blackens 
when exposed to air. Fed;, forms by oxidation 
crvst.llhsing from wood spirit in 
brownish -red plates [2l7’J ((). Fischciia. Siedcr, 
Ji. 23. 3802). 

Jteiuiion^.— \. Bvn:i>ic aldehyde at 140° 
forms C,,II„N, or [196*6°] 

(fjadeijbul^, Ji. 11, 591, ]05(»; Hinsherg, B. 19t 
2it20; 20. 15H5), wliich yields IFMel [209°], 
B'FtI fl81°J, and B'Ptl., [J 25'-’|, and is oxidised 
by KMnO, to an acid C,, 11,,, [254°].— 2. Fur- 
1'uraldcltydc, acting on tlm hydroflilorido, formg 
C,,H,,N />, |128-5°j, whicli yields B'McI [195*5°], 
B'Mel, [128°], and B'Mel, (109°].-,- 3. eicctic 
aldehyde (2 mols.) added to a cold solution of • 
the base (1 mol.) in glacial acetic acid forms 

(Hin.sborg). — 4. Anisic alde- 
hyde^ added to a dilute aipieouB solutio’' a)f tolyl- 
ene-o-diaiiiine hydrochloride conta.ntfig a little 
alcohol, forms C..,! l,.,N.,(>3 [152° -150°], which 
separates on addition of ammonia (P.).- 5. Sali- 
cylic aUh’hyde ni 110- forms C.^,11.^.,N,03 [100° 
liyP and at 135° it forms azurino 0„H„N,0, 
f25(!*5°J, which exhibits blue fluorescence in 
alkaline solutions. - 0. (Jlncr>se (2 mols.) added tg • 
an alcoholic solution of tolylene-o-diamino forms 
C 11,,(N:C,.H,X)J , crystallising in satiny needles, 

V. Bol. water [c. 100 J, which gives a red colour 
with FeCI;,. Gliieoso cunvorts tolylcne-o-di- 
ainino acetate into amorphous ‘ glycodiamido- 
toluenn ’ m. sol. water (Hinsberg, B, 

20, 195; Gri(;s.s a. Harrow, D. 20,2209). GJu- 
coson acts in a<]ueous solution on 

phenylene-o-diamino, forming C,j,H,eN;,0, [o. 
18^] (E. Fiselier, B. 22, 93). -7. Arabinose 
Pfrms C,,H,„N,0, [238°] (G. a. H.).-8. Acrolein 
in boiling a(]ueou3 solution forms tolylene-o-di- 
amine acrostn [185°] (Fi.sclier a. Tafel, B. 22, 
9;»). -9. J^'nrviic aldehyde forms Ci^IP^^N, [222°] 
^Fi.scher a. Wrezinski, Jf, 25, 2713). — 10. IJuiyrio 
aldehyde forms tulyleDc-butenyl-diamino 

CjII^^^^CPr [158°], ^and the compound 

C,.n..N,orC,U.<^(^<°»)^CPr (Hinsberg, B. 

«0, 1590).— 11. Nitrous acid or, better, amyl 
nitrite acting on a salt of tolyle»o-o-diamine 
forms aziraido-toluene 0,n,N, [84°] (323°), 
^vhich is V. sol. alcoliol and hot toluene (Zinoke 
a. Lawson, A. *2U}, 115 ; c/1* Ladenburg, B, 9, 
22f ; Bossiieck, B. 19, 1759 ; Nolting a. Abt, B, 

20, 3001). Azirnido-toluene forms the salts 
B',H,PtCl„ NaC,H,N„ IIg(C,H.N,), [236°], and 
AgC^H^N,. AcCl converts azimido-tolaene into 
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the (/3)*acetyl derivative 0,H,^^^NAo [94®], 
Rrhile the igomerio (a) -acetyl derivative 
[132°] is formed* lay the action of 

oitrouB acid on the acetyl derivative of tolylene- 
D-diamine.— 12. Boiling chloro-acetic ether forms 
Dxytoluquinoxaline dihydride and a compound 
0„H,aNjOj (?) [147°], whence HNajo^ms a com- 
pound [248°] (Hinsberg, A. '237, 365). — 13. Isatin 
yields [290°], si. sol. alcohol (Hinsberg, 

A. 237, 344).~14s. Equal mola of tolylcne-o-di- 
amine and acetoacetic ether when gently warmed 
together eliminate H^O, and form a condensa- 
tion product CisHigN^Oj '» heated at 
100°-120° acetic ether is evolved, and a tolylenc- 

ethenyl-o-diamine OaHaMc<^ ^C.CHa is pro- 
duced (Ladenburg a. Rugheimer, B. 12, 053; 
Witt, B. 19, 2977, 3‘299).-15. Ghloro-aceto- 
acetic ether forms C,iIu(NH)oCMe.CHCl.COaEt 
[110°], crystallising in , needles (Autenrieth a. 
Hinsberg, B.25, COG).-- -Hj. Oxijdehydihicetic acid 
forms C,HHO,(C,H3Me(NH,),) [14-7°] (Fetst, B. 
25, 325). — 17. o-Aldehydo-bemoic acid in hot 

water forms g HaMe<;jJ^2>O.C,H,.CO,H [258°] 

(Bistrzyeki, B. 23, 1043). — 18. Di^oxy-quinone 
formsi> di-qsy-methyl-phenazino [o. 

266°], which yields a di-acotyl derivative [160°]. 
19. Opianic acid gives, in alcoholic solution at 
0°, the acid OeH3Mo:(N,H}:C.CJl,(OMe)2.CO.:H, 
crystallising in needles, decomposing ^at 234' 
(Bistrzy^i, B. 24, 627).— 20. Di-brmm-pyrtivic J 

add (1 mol.) forms, on boiling, 

[235°]. 

Salts.— B"2HC1. Needles (Iliibner, A. 209, 
364). - B"II,SO, 1 \aq. Scales. S. 9'2U at 19-5°. 
-B"2H,0304 aq (Hinsberg, B. 16, 1532). 

Compound with pyrocatochin 
li"0«H„O.i. [78°]. Needles (from ligroin) (Merz, 

B. 19, 726). 

Compound with cyanogen B'Cy^aq. 
[c. 244°]. Formed by passing cyanogen into an 
alcoholic solution of the base (Bladiu, B. 18, I 
666). Crystals, m. sol. alcohol and ether. Con- I 
verted by heating with water into NII3 and two 
isomeric compounds C^H^NaO, one melting at 
290°, the other beginning to decompose at 230°- 
240°. B"Cyj yields the- salts B"Gy.JlCl iViq, 
B"Cy22HCl, B^Cy^HiPtCl,, 2aq, minute needles, 
(B"Cfi).JEl^tCl„2aq, and B"CyaH.S04 aq ; minute 
tables. 

V’Acetyl derivative 

C. H,Me(NH,)(NHAc) [HJ:4]. [131°]. Formed 

by reducing 0„H3Me(NO.J(NHAc) with iron and 
dilute HOAc (Boossneok, B. 19, 1757), Plates 
(from water). Converted by nitrous acicU iuto 
aoetyl-azimido-toluene. On distillation it yields , 

tolylene-acetamidineC,H3Me<^^j^^CMe [203°] 

(Niementowski, B.*25, 861). 

Di-acclyl derivative CaH,Me(NAcH).^ 
[216^]. Formed by boiling the base with AC;.0 
(Bistraycki, B. 2a 1878). Thi:i prisms (from' 
water). Yields HOAc and tolylene-acetamidine 
on distillation. * 

Di’Propionyl derivative \ 

iyi«MedNlLCO.Et)r [133°]. Formed in like 


manner (B.). Yields tolylen^-propcnyl-aminfi 
[166°] on distillation. 

Benzoyl derivative 

C,H,Me(NHd(NHBz) [1:3:4]. [194°]. Formed 

by reduction of CoH3Me(N02)(NHBz) with tin 
and HClAq (Hiibner, A. 208, 314). Crystals, 
split up by distillation into water and tolylene- 
benzamidine [240°]. 

Di‘benzoyl derivative C3H3Me(NHBz),. 
['264°]. Got by shaking tolylene-o-diaraino with 
BzCl and NaOIIAq (Hinsberg, A. 254, 256), by 
the action of Bz.^O on the diamine (Bistrzyeki, 
B. 23, 1879 ; 24, 631), and by the action of BzQl 
on the benzoyl derivative (Hiibner, A. 208, 314). 
Needles (from HOAc). 

o-Chloro-benzoyl derivative 
0„H3Me(NH2).NH.C0.CJI,Cl. [153°] (Schreib, 

B. 13, 407). Converted by benzoyl chloride into 
C«H3Me(NHBz).NH.CO.C,H,Cl [178°]. 

Di-cinnamyl derivative 
C«n3Me(NH.CO.C,H,).,. [206°]. Formed from 
tolylene-o-diamine and cinnamic anhydride (B.). 
Groups of small needles (from dilute alcohol). 

Oxalyl derivative C303(Nn.O,Ha.NPl2)2. 
[above 300°]. Obtained by the reduction of 

C. ,0,(Nn.C,H«.N03)3 (Hinsberg, B. 16, 2691). 
Small needles (from alcohol-ligroin). On fusion 
it splits up into Aq and CjbHi^N* [193°], — 
Salts. -B "H3Cl3ao:.-B"H.,PtCl„.~- 
B"H3S0^5aq. Colourless needles. 

Phthalyl derivatives. 

The compounds 0gn;,MeN3H3(C3H402) [104°] 
and C„H3Mo(NC3n,,02).; [272°] are known (Bieder- 
mann, B. 10, 1165 ; Ladenburg, B. 10, 1125). 

Benzene-sulphonyl, derivative 
C«H3Me(NII,).NH.S03Ph. The hydrochloride, 
B'HCl, is formed by the action of benzene sul- 
phoiiic chloride on tolylcne-o-diamine in benz- 
ene (Bistrzyeki a. Cybulski, B. 24, 633; c/. 
Lellmann, A. 221, 18). 

Phenyl-acetyl derivative 
0Jl3Me(NH2).NH.C0.CIl2rh. [195°]. Formed 
from tolylenc-o-diamino and phenylacetyl chlor- 
ide (B. a. C.). Needles, v. sol. hot alcohol. 

Di-phenylacctyl derivative 
C,H3Me(NH.CO.CIl2Ph)3. [176°]. Needles, in- 
Sol. ether, v. sol. hot. alcohol. 

1 Referc7tces.-~'Bnouo-, Cuu)RO-, and Nixao- 

ToLV *.EN E -DIAMINE . 

TOLYLENB-BIAiyHNE SULFHINIG ACID v. 

Di-amido-toluene sulphinio acid. 

TOLYLENE-O-DIAMINE SULPHONIC ACID 
0«H3Me(NH2)3.S03H [1;2:3:6]. Formed by re- 
ducing nitro-toluidine sulpbonio acid (Nietzki a. 
Pollini, B. 23, 139). Needles. Forms azinea 
with o-diketones. 

c-Tolylene-m-diamine aulphonio acid . 
O^HjoN^SO, i.e. C,ILMc(NH,)3S03H [1:2;6:4]. S. 
ir07 at 14°. Formed from toluene p-sulphonio 
acid by nitration and redaction (Schwahert, A, 
186, 360 ; Marckwald, A, 274, 349). Prisms, 
not melted at 280°. — BaA'j 4aq. — HA'HOl 2aq.— 
HA'HBr 2aq.— HA'HNOjaq: needles, bL boL 
alcohol. — (HA')2H_.S04 aq : plates. 

Tolylene-m-diamine ailphonio acid 
C*H3Me(NHj2.S03H [1:2:4;5]. S. *1054 at 10°. 
(Jot by reduction of 0,H2!iie(NO.J(NBy.SOaH 
[1:2:4:5] with SnCl, (Limpricht a. Foth, B, 18, 
2186; A. 280, 309). SmallpriBm8.—KA'aq.— 
BaA', 6 Jaq.— HA' to aq.— HA'HBr aq ; prismik 
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ttol 7 l 0 ]i«.m diamiae lalphonio acid 

C;ELMe(NH3)2.SO,H[l:2:4:x]. Formed from 
tolyleno-w-diamine and fuming H^SO^ (Wiea- 
inger, B. 7, 464). Small prisms. — NaA' 4aq. — 
KA' aq. -MgA'j 6aq.- CaA'j eUq.— Sr A' 7aq. — 
BaA'..6Uq.— MnA'.Saq. 

TOLTLENE . DIAMINE THIOSULFHONIO 
ACID V. vol. i. p. 188. 

TOLYLENE-BENZAMIDINE v . Benzenyl- 

TOLTLENE-DIAMINE. • 

TOLYLENE-BENZENYL-DIAMINE v. Ben- 

BENTL-TOLYLENB-niAMINB. 

. p-TOLYLENE BENZYL-DI-AMINE 

[1:2:6] C,H 3 Me(NH.J.NHCH,Ph. Go‘t by redii- 
oing p-nitroso-benzyl-o-toluidino by alcohol io 
ammonium sulphide (Lioeddinghaus, A. 2ri:h 
809). — B''2nCI. Needles, si. sol. alcohol. 

TOLYLENE BLUE C,.,IT,sN,HCl. Formed by 
mixing solutions of nitroso-dimethyl-anilino 
hydrochloride and (l,2,4)-tolylene-m-diamino 
(Vyitt, C. J. 35, 358 ; D. 12, y.'U). Prisms (con- 
iaining aq) with coppiry lustre; forming bhio 
solutions in water and alcohol. Acids turn the 
solutions reddish-brown. Alkalis pp. the base 
as a tarry mass. Tin and JlCl.\q reduce it to 
the leuco- base, which forms a deliquescent 
hydrochloride and cry.stalline (C,.,ir.,N,)IISiiCl.,. 
On boiling tolylone-bluo with water for soims 
time part is reduced to leuct-tolyleno blue and 
part oxidised to tolylerdo red 0,ji,„N,. Tolyleno 
blue heated in aqueous solution containing ' 
HOAo for 12 hours at 10^ forms tolyleno violet 
CnHi^N.,, characterised by an insoluble sulphate. 
Hydrated tolylene-violot C,,HnN, aq is a scarlet 
powder which dissoU es in alcohol and in ether, 
forming solutions with orange lluorcscence. 
Tolylene red 

[l“] C.H.(NlfeX^>C.H,^f<■(NII,) [»;C:l] 
(Berntlisen a. Schweitzer, vt.23G, 332; Andreson, 
B, 19, 2217). Orange-red needles (containing 
4aq). Forms a rod lluoroscont solution in al- 
cohol. Its neutral salts are red, its acid salts 
are blue. By elimination of NIL by the dia/.o- 
rcaction it is converted into di-methyl-amido- 
methyl-phenazine. 

Isomeride of tolylene red * 

Formed from chloro-di-iytro-toluene and di- 
methyl-p-phenylene-diamine and reduction of 
the product (Witt, B. 25, 3008). Coppery 
needles, sol. warm water. 

TOLYLElrtl-BUTENYL-DIAMINE v. Bu- 

TENYL-TOLYLKNK-DIAMINE. 

TOLYLENE-DICABBAMIC ETHER v. t- 

T0LYLF.NK-m-DL\MINE. 

TOLYLENE DICYANATE C„M«N.,0, U. 
[1:2:4] CgH,Me(N:CO). 4 . [94°J. Formed from 
tolylen# m-diaraine and COCl, (Snapo, C. J. 49,* 
258). Needles, sol. ether. When heated wi4h 
phenol at 130’ it yields CJl 3 Me(NH.CO,Ph), 
[147‘5®] crystallising in needles. 

TOLYLENE-ETHENYL-DIAMINE C„H„N.3 

i.$, 0,H,Me<^gr^O»fe. [203°] (Niementowski, 

B. 23, 861). 13608) (Nolting a. Witt, B. 17, sy. 
Formed by boiling (l,3,4)-tolylefte-o-diamine 
with HOAo (Ladenburg, B. 8, 677) by reducing 
the acetyl derivative of nitro>p-toluidine (Ho- 
l»eek«r, B, 5. 920), and by adding aldehyde to a 


solution of tolylene-o-diamlne in very dilute 
HOAo (Hinsberg, B. 20, 1589). Tables (from 
water). Forms with aoetone and SO^ the oom- 
pound (C„H,^N.^C,lI,0)SO, (Boossneoi, B. 21, 
1909).- B',H .PtCl,..— B'HNO,. 

TOLYLEN'dS.ETHENYL-ETHYL-DIAMINS 

Formed ^oit* [1:3:4] OJl,Me{NILd.NHEt and 
Ac^O (O. Fischer, B. 40, 200). 
Tolylene-ethenyl-ethyl diamine 

CH^:ClLkN* ethyla- 

1 tioM of tolylcno-cyienyl-diamino (Iliibner, A* 
210, 351). Formed also by the action of alde< 
hyde (2 mols.) on tolyeno-o-diiimino (1 mol.) 
(Hinsberg, /?. 60, 1585) and by heating 
C,;lI.,Me(NO.^)NFtAc with ziuc-dust and HOAo 
(Niementowski, li. 20, 1881). Ncedlef (contain- 
I ing 3a«i). Combines with ethyl iodide, forming 
i B'Ktl and irKtlj which yield irEtOH 

; and B'ELPtCl... Salts.-- K'l J I aq [143°]. — 

; Ji'HNO^ao. [99°]. ISfflts at 95° when anhy- 
^ drous* IvOiilfiNiOj. Crystals, si. sol. alcohol. 

TOLYLEN E-ETHYL-DIAMINE 
CMo-.Cir.O.NIL rrroT 1 . 1 u J 

CH ’ClI G Nlli'U* *^*'niod by reduc- 

tion of iiitro-othyl./;-tohiidino ((/attermann, B. 
18, 1181; Fi.scher, IL 20, 199). White plates, 
quickly bhickoncd by light and air. ^lotafbs on 
water. • 

Reactions. — 1. Bisulphide of carbon yields 

C«11,Mc;<5J,,j>C.S1I [139 J.-2. Ac, 0 forma 
' tolyleiio-etheiiyl-cthyl-diamino [100°],’ *8. Ben- 
zoic aldehyde yields CulIaMoCI^^.^^CPh ; 

while 0 - and p-nllro- a)id o-oxy- benzoic alde- 
hydes from corresponding bodies [170°], [170°], 
and [78°]. 

Balts. B'lICl. [nO’l.^.BVIAO*. [161°]. 
Tolylene-othyl-diamine • 

CJl 3 Me(NHEt).Nll 3 [1:2:6]. (2r>4°cor.). Formed 
by reducing nitroso-ethyl-o-loluidiuo (Koch, A, 
243, 307). Oil, v. sol. ether. - B"2UC1. [124°]. 
Crystals, insol. etlier. 

Tolylene-ethyl-diamine 

0,H3Me(Nn,)(NIIEt) [1:2:4]. (282° uncor.). 

Formed by reduction of nilro ethyl -p-toluidine 
(.Nolting a. Strieker, B. 19, 649). Oil. Gives 
the reactions characteristic of 7n-diamines. 

•Tolylene-di-ethyl-dlamino 
C,H.Me(NIlEt), [1:3:4]. (205° uncor.). OU 

(Hinsberg, A. 205, 191). Turns black iu air. 

Tolyienetfli-ethyl-dianiiae 
C,Il 3 Me(NEt,)(NH,) [1:2:5]. (240° i.V.). Formed 
Jfjy reducing ni tro-di- etbf l-o- tol nidi no (Bernthsen, 

B. 25, 3138). Oil. FeCl, slowly gives a purple 
colour im ai^aqueous solution of the ^Iphate. 
Na-.Fk.O, and K.Cr.^Oy ad(lpd to its solution in 
HOAo slowly ppt. S 03 H.S.C„H,Me(NEt)(NH,.) 
[210°-215°J.— B'HjSO^. Large colourless tables. 

• DI-TOLYLENE-ETHYLENE-TETRA-AMINS 

V. ETHYLKNK-DI-TOLTLENE-TElnA-AlUjra. 

TOL YLENE-DI- ETHYL-DI -THIO - DI- UREA 
J:1:3:4] MeC,H3(NH.CS.NHEt)2. [149°]. •Oot 
from ethyl mu^ard oil f5*5 f .) and tolylene-di- 
amine (3 g.) in alcohol (13 o.o.) (Lellmann, A. 
2^, 23). y. sol. alcohol, more soL HOAo, si. soL 
water. Decomposes when melted into tolylene* 
thio-nrea, Me.C«H,(NH)^S, and OS(NHEt)r 





(1.2.4)'l8omeride [225°]. Formed from tolyl- 
ene-di-thio-di-urea and EtI at 105° (Lussy, B, 

8 . 668). Crystals. 

TOLYLENE-DI-ETHTI-W-IT^EA 
ri:2:4]OpH,Me(NH.OO.NHEt),. [175°]. Formed 
by heating tolylene-urea with EtI aJllO® (Lussy, 
B. 8, 292). Crystals, v. sol. alcohol and ether. 
TOLYLENE HYDBATE v. PnicNYn-BENZYL- 

OABBINOL. - - 

DI-TOLYLENE KETON® OXIDE 

Formed by heating oxytoluic acid with Ac.,0 
(Weber, B. 25, 1745). White flakes, sol. alcohol 
and ether. * 

TOLYLENE MERCAPTAN C,,H,Me(SH), 
[1:2:4]. Dithiocrnsorciyi. „[37°]. (203'^) 

(Klason, B. 20, 355). 

Di-tolyJene mercaptan 

HS.CJIaMe.CJI3Mc.SH. [113°]. Formed from 
the diazo- compound of di-amido-o-ditolyl by 
combination with potassium xanthute at 70 - 
75° and saponification oi-, the resulting oil with 
alcoholic potash (XjcuoUart, J. irr. [25* 41* 211). 
'Yellowish plates, v. sol. alcohol and ether. 
Methyl ether \n 8°1 . Needles. 
TOLYLENE METHENYL-AMIDINE C^n^Nj 

i.e. O.H,Mo<^jj>CH. [114»]. Fomed by 

boiling froq3i(l,3,4)-tolylcne-diamine with formic 
. acid (Ladenburg, B. 10, 1123 ; O. Fischer, B. 
22, 644). -B'.,H..rtCl,;. Yellow prisms. 

T0LYLENE.‘METHENYL-D1AMINE V. 
Methenyl-tolylkne-diamine and the pijecedinfJ 
body. ^ 

TOLtD METHENYL - METHYL - DIAMINE 

CJI,oN, i.e. cn -CH.C.NMe^^^* 

Formed by heating C;Il„(NIL).NnMe with 
formic acid (0. Fischer, B. 20, 195). 

Iiomeride 

Formed by heating tolyb-ue-mothcnyl-amidine 
with Mel (0. Fischer, B. ‘22, 014). Formed also 
from (l,3,4)-tolylcne-diaTnino and fminic alde- 
hyde (Fischer a. Wres/.inski, B. 25, 2711). Oil. 
— B'HIaq. — B'HCl. Prisms (from fIClAq). 

TOLYLENE-METHYL-DIAMINE 
[1:3:4] C,n3Me(NH3).NUMc. [44°]. Formed by 
reducing nitro-mcthyl-^-toluidine ((Taltennanii, 
B. 18, 1487; 0. Fischer, B. 26, 191). Formed 
also by heating niothyl-jrvamido-toluene-jyLio- 
benzono sulphonio acid with SnCl.^ and HClAq 
(Bamberger a. Wulz, B. 21, 2082). Four-sided 
tables. , 

Reactions. — 1. Acetic anhydride yields 


[142°]! — 2. CS.^ reacts, forming. 
0,H,<^§g>CS [194“],— 8. ScniOic Meliy.U 

form. C,H.<^jj^>CPh [127“], while o-nitro- 

and o-oxy-benzoio aldehyde form corresponding, 
bodies [153°] and f 180°]. 

BaZ^s.— B'HCl. [175°.180°]. Plates (from 
alocAol).-B'H 3 C 304 . [124°].-B'C.HJl30,. 
[164°]. - 

Tolylene-dl- methyl-diamine 
O.H,Me(NMeJ(NHJ [1:6:2]. [28°]. (270?). 

Formed by reducing nitroso-di-methyl-»/i- 
(Olaidine (Worster a. Biedel, B. 1 2, 1801 ; 13, 


126). Needles or prisms; ▼. sol. water, hlcohol, 
and ether. Yields toluquinone on oxidation. 

Acetyl derivative [168°].— 
B'^H^PtCl^laq. 

Tolylene-di-methyl-diamine 
C„H3Me(NMe,)(NH,) [1:2:5]. [47°]. (240° i.V.). 
Formed by reducing nitro-di-methyl-o-toluidine 
(Bernthsen, B. 25, 3131). FeClj gives an intense 
bluish-red colour in nqptral solutions. Na.S^O, 
and K^Cr-.O, added to the acetic acid solution jjpt. 
C„H.JIe(NMe,)(NII,)S.S03lI [c. 240°]. Salt.— 
B'jH.SO,. Needles, v. e. sol. water. 

Tolyleue-tetra-methyl-diamine 
C„H3Me(NiV:e,), [1:2:5]. (c. 2r,0 ’). Formed bf 
heating the preceding body with McOIl and HCl 
at 180° (W. a. R.). Liquid. Coloured blue in 
aqueous solution byFeCl,. 

Methylo-iodide B'Mel. [100°]. Needles. 
Tolylene-tetra-mothyl-diamine 
OJ[,Me(NMe,)3 [1:3:4] . (220°) at 717 mm. Got 
by methylatlon (Nieinentowski, B. 20, 1888). 
Liquid, V. si. sol. water. FcCls at 40° to 50° 
gives a reddish brown colour. IINOa added to 
its solution in H,,80, gives a rod colouration. — 

' B'JIJhCla. -B'HHgCla.— B'CJIaNjO,. Yellow 

tables. 

Reference.— Nrrno - tolylf.ne - TETUA-MRTnYL- 

DIAMINE. 

TOLYLENE-METHYL-ETHENYL-AMIDINE 

C,JI,„Nj i.e. icn!'C.NMo^^'^^‘'' ^112°], 
Forme(l, together with C„)Il|.jN,jO [103°], which 
crystallises with 2aq, by reducing the compound 
Cjr,Me(NO.).NMe.\e (Niomontowski, B. 20, 
1878), and by acting on tolylnne-methyl- 
diamino with Ac.H (O. Fisclier, B. 20, 190). 
Needles (from liot water). B'.,II.lHCla (dried at 
100°), 12:U°-21t°].— B'flCl .laq. -Jr.MoL [221°]. 
— B'.MeOII. [11.5°-135°J. 

TOLYLENE TETRA-METHYL DI-PYBROLE 
TETEACARBOXYLIC ACID C.^JI.^N.O, i.e, 
[l:2:4]O.H,Mo(N<“{^:e-CO.H^^. [243“]. SL 

sol. hot alcohol and ether. 

FAhyl ether Bt,A’\ Formed by heating 
di-acetvl-succinic ether with tolybrne-ui-diamine 
and 1X6 Ac at 150° (Knorr, A. 230, 314). Oil. 
TOLYLENE-METHYL-THIO-UREA 

Ch''’;Si:c:nMo>‘= 5- [194“]. Formed from 
C,HJNH,)(NIIMe) arrd CS.^ (Fischer, B. 2C, 19G). 
Needles (from alcohol). 

TOLYLENE-DI-OXAMIC ACID C„H,„N20,. i.e. 
CJljMe(Nn.CO.CO.JI), [1:2:4]. Formed, together 
with the amide, by the action of alcoholic NHjon 
the ether. Crystalline. Very sweet. Decomposed 
by warm KOHAq into oxalic acid and tolylcne- 
diaminc. — Ag , A". — Pb A".— BaA" 2aq. 

Di-amide C,H jre(NH.CO.CONn3)2 [1:2:4]. 
fTormed from the elhe • and alcoholic ammonia 
(Schifl, A. 208, ,‘5 3). White powder, ha. sol. 
arcohol. 

Ethyl eZ/tcr [1:2:4] 

C HJIe('NH.CQ-CO,Et),,. [130°]. Formed by boil- 
ing C4H,Me(NH..).NH.CO.CO.Ft with alcohol and . 
oxalio ether (Schiff a. dVanni, A. 268, 340). 

* Small needles (from ether). 

A mide = ether ‘ 





Wiili alcohol and oxalic ether (Schiff. A, 2G8. 
841). 

Amide ether 

■pT \c#i/NH.CO.CON£[jjri r OOAOT & 

[l^J [o. 220 ]. Got 

by fusing CgHjMe^NHJ.NH.CO.CO.Et with ox- 
amio ether. 

TOLYLENE-OXAMIJ)E C,H3Mc<;^,{j>C,0,. 

[o. 2C0®]. Formed from (1,2, 4)-tolylo)io-«liamflio 
and chloro-glyoxylic ether, and also l»y heating 
tolylone-diamino oxalate to 100 ' (SchilT a. Vaimi, 

^A. 20S, 312). 

TOLYLENE.PENTENYL-DIAMfNE 
[ij eiti'']- Fornioa 

by reducing the valeryl derivative of nitro-p-toln- 
idine (Friederici, J3. 11, liiihner, A. 20U, 

305). Prisma (from ligroin), v. c. sol, alcoliol. 

TOLYLENE - DI - PHENYL - DI . AMIDO- 
METHYLENE-DIAMINE a,TI,oN. i,c. 

C.II,Me<]J{*>C(NlIPli),. Kormcl fn.ni 

C(NPh).^ and (l,3,4)-tolylone-dianiino at 1:50'^- ! [2i 
l-ll)'’(Dahm a.Clasiorowski, /A 10,.3().")7). Nerdli s m 
(from benzene), V. sol. aUadioh— [171'')* 

— Plates, v. sol. water and alcohol. 

TOLYLENE-PKOPENYL-DIAMINE 

[100* J. Form(3d by dis. 

tilling the dipropionyl derivative of lolylene-o- 
diamine (Bistrzyeki, J{. 23, lsZ3). Needles, m. 
sol. water, almost insol. ligroin. 

TOLYLENE RED v. Tolylkxb blub. 
DI-TOLYLENE, DISULPHIDE • 

(?Mc:CH.(kS.(\ClI:(^lI .neoT r uni 

cn :CH.a.s.c.cn;c.\r<; ioi-mo'ihytiio | 

action of heat at 200^-250’ on tol^lene liazo- 
Buljdiido [13 ], obtained from ! 


excess of NH^SCN by boiling with water, 
evaporating, and beating to 120“ (Lellmann, A. 
228, 245). Small red crystals (from alcohol). 
Does not melt below 320“ ; may bo sublimed. 
In.sol. w'ater, si. .sol. alcohol, dissolved* by warm 
NaOlI; re-mKl, byllCl. When boiled with lead 
noetato and excess of NaOlI, no PbS is formed. 

Tolylono^. thio - urea 0..lI,Mo<]5®>OS. 

[2S1']. Formed 1)4’ healing (l,3,4)-to1ylene-o- 
diamine snlphoeyanide at 130"* (ra*11mann, A. 
221, 10], Forn^^'d also by tlnWaelion of alcoholic 
Nil, on o-lolyicne di tliioe;ivl>;m'do (llilleter a. 
Steiner, />’. 20, t^51). Silvery plates, sol. aloo- 
liol, llOAc, and cold Nat)iIAq, si. sol. water and 
CiiCl,. 

m-Tolyleuo t thio - urea 

[IIIV^I. Formed from (1,2, 1) ttd.\fbnc-diamino 
and alcoholic CS, (Ijiissy, 7h 8, 203). Crystal- 
line powder, V. o. sol. aleolnd. 

7//-Tolyleue-di-thio-di urea 
ri:2:JJ(I]£,Me(Nll.(fl^,Nir,),. [218“] (L.) ; 

[20i#'J (Th a. S.). J'’ormed by healing tolylono- 
m-diainino sulphoey/inido (Ijiissy, li. 7, 1205; 
tJebliardt, 11. 17,3010; ihlleler a. Steiner, B. 
18,3203; 20,228). Crystal lij^ powder, insol. 

insid.afcu’ 


culiol, in. sol. hot 


wah-r ami ether, nearly 
llOAc. 

.YLEN 

i.e. CJI.,Me<^^!,!^.^C.(l,.II^!\ro. Formed by ro- 

dneing j 1;4J (\,ir,Me,C().N’ H.C,.ll,(NO,,)Mo [4:3:1] 
(lliib^er, .1. 210, 331). Needles, si sol. walcr. — 
H'llCl. — IVdLSO^. Crysl'Js, si. sol. 

water. ^ 

TOLYLENE - DI - p -TOLYL - DI . AMIDO- 
METHYLENE-DIAMINE C., i.e. 

Nils 


C II Me 


<;^,;j>C(NlI.C,U,Me),. 


[10C“]. 


othcnyl - amido - tolyl meivapfan and MNO,^ 
(Jacobson a. Noy, Jt, 22, Oil). Cone. ll.SO^ 
gives an intense blue colour. 

TOLYLENE - DI - THIO - DI - CARBAMIC 
ETHER [l:3:4j CJi,Me(N;C(SH).OEt), [J20 'J. 
Formed by boiling tolylone-di-thiocarbimide with 
alcohol (Billeter a. Steiner, Ji. 20, 230). Pljtto.s 
(from benzene). Yields a ycllowiah-white silver 
salt. • • 

TOLYLENE - DI . THIOCARBIMIDE [1:2:4] 
C„II,Mc(N.CS),. [50"]. (c. 300^). Formed from 
tolylcno-m-diamine and CSG1„, and also by 
heating tol vleno - di - thio - di - nrea with cone. 
HClAq (Bilfeter a. Steiner, B. 18. 3202 ; 20, 230). 
Needles. Converted by NH,Aq into tolylone-di- 
thio-di-urea [206'"], by aniline intf> di^plnmyl- 
tolyleno-di-tliio-di-nrca [108“]. Copper at 250“, 
produces C„U,MeCy, [141“]. 

Tolylene-di-thiocarbimide [1:3:4] 
C«Hg8Ie(N.CS)2. [42“]. Formed from an aquedhs 
solution of tolylene-o-diamine hydroohlorid^and 
CSC4 in CHClj (B. a. S.). Plates. Converted 
by HCl at 200“ into o-tolylene-thio-urea. • 
TOLYLENE-DI-THIO-DIGlMrCOLLIG ACID 
C,H,Me(S.CH,.CO,H),. [152“]. Formed from 
thio-orem C,H,MefSH), [35“], ohloro-acetig 
acid, and NaOd^Aq (Gabriel, B, 12, ljj40). 
Needles, m.'sol. hot Aq. • 

TOLYLENE THIO-UEEA O.H,Me<JJg>CS. 

Formed from CAMe(NH2H01), [1:2:3] and 

m 


Formed by he.ating C(NCall ,Me).j with (1,3,4)- 
lolyhino-diiiminc (l)ahm a. thiaiorowski, B. JLO* 
30.V.)). NocmUos (from alcohol). — lV.^3IlCl, 
[113 ']. Deliquescent needles, v. sol. water. 

TOLYLENE-TOLYL- DIAMINE C^II^N, i.e. 
[1:3:4] C„lI,Me(NJr,)NIIfVI, Me [1:4]. Amido-di- 
p-toJifUaminr.. [lOO'"]. Formed by reducing 
nitro-di-2)-tolylamino (O. Fischer, B. 23, 8708 ; 
20, 187). Pri.sms(froin ligroin), turning brownish- 
red in air. ll^SO, forms a blue solution changing 
to green. FoCl., forms (LJI.,N,0 [188“J crystal- 
Bsing in red plates, yielding B'JI^l’tCl,. Boiling 
with acetic anhydride and sodium acetate 

piodnoos [95“], which 

forms B^lLPtCl^i. Benzoic aldehyde forms 
C,II,<^(^^"/’)>ClU*h which yield* 

(C„IT*N.AUjl’tCl, and C„H,„N JlAiiCl,. 

• - B'HX^O,. .Nearly insol.oold Aq.^ 

B'C«HjN.,Oy. Brownish-rod crystals. 

Acetyl derivative Prisms. 

Tolylene p-tolyl-diamine 
[1:4:3] C„H,Me(NH.J.NJ10j!I,Meil:4]. [107®]. 
Formed from tolueno-azo-toluenc or s-di^-tolyl- 
hydrazine (hydrazo-toluene) in alcoholro solu- 
tion by the ^tion of SnQ]., and HCl (T&uber, 
B. 2.5, 1022 ; cf. Melrus, B. 8, 664 ; Gold- 
*Bchmidt, B. 11, 1026). Plates, v. e. sol. alcohol. 
NaNO.^ colours its solution in HgSOi deep 
blue (?)* Benzoic aldehyde reacts, forming 



Wa ItoLYLENJE-tOLtL-DlAlliNtl. 


C,H,<®(^^OPh [166®] (cf. LeUmann; B. 

15, 832). Benzil in alcohol and HGl forms 
C^H^N^O [173®]. Ethyl nitrite and H,SO^ 
added to, its alcoholio solution form the azimide 

0,H.<^(°A)^N [93°]. On oxidafton together 

with 2>-tolaidine it forms the ditofuide of amido- 
toluquinone (Green, O. J. 63, 1408).i ^ 

Tolylene-di-jp-tolyl>diamitae 
[1:2:6] 0„Il,Mc(NHC,H,).,. [113®]. Formed by 
heating hydrotoluquinone (10 g.) jvithjj-toluidine 
(160 g.) and ZnCl, (80 g ) to 200®-280° for 5 hours 
(Green, O. J, 63, 1408). Plates^ sol. HOAc, insol. 

TOLYLENE-^J-TOLYL.GUANIDINE 
OAMe<^H>C:NO,H,. [198°]. Formed from 
tolylene«o-di;!bmine and C(NC,II.),^ (Roller, B. 24, 
2618). Prisms (from alcohol),* or tables (from 
benzene). Phenyl cyariatc forms the compound 

0,H.<^ >C;NC,H ,^Q>Nfh [233°J, crystal- 

liaing from hot alcohol in needles. — ij'IlGl. — 
B'jHjjPtClj. — 6aq. Needles, si. sol. cold 
water. 

Acetyl derivative C:NC,n,. 

[149®]. Needles, v. sol. alcohol. 

Di-iemeyl derivative [201®]. Needles. 

. Nitrosamine C,H„:N.,lI(NO):C:NC,II,. [c. 
140°]. Decomposed on fusion. 

TOLYLEN E ;j-T0L YL-THIO.lf REA 

CMe;on;Q:NS’’“’’>°S- [270°]. Formed from 
tolyleno-toly^ ‘diamine and CS^ in alcohol 
(Fischer a. Siedcr, B. 23, 3799). Prisnifi, insol. 
water, si. sol. ligroin. Cone. H^SO, forms a 
green solution. 

TOLYLENE-TJREA C^H^N.^O i.e. 

^ [292°]. Formed by 

neifting tolylenc-o-diamine with urea and got 
also by the action of HClAq at 140° on 

0,H,Mo<^^^^C.OEt [163°], which is formed by 

the action of nN:C(OEt)j on tolylene-o-diamino 
hydrochloride (Sandmeyer,J5. 19,2(5.51). Formed 
also by heating 0,H«(NH.,).Nir.CO.NPh.. (Lell- 
mann a. Bonhfiller, B. 20, 2121) or the comT^ound 
OyH«(NHj).NH.CO.NHPh (Leuckart, J. pr. [2] 
41, 324, who states that it melts above 300°),*' 
and by heating tolyleno-o-diamine in benzene 
with COCl, in toluene in sealed tubes at 100° 
(Hartmann, B. 23, 1048). Needles, eih sol. hot 
water. — B'HOl : prisms. 

TOLYLENE - DI - URESl C«n,,,N,0, i.e. 
[1:8:4] 0„HaMe(NH.CO.NIL)2. [282°]. Got from 
tolylene-diamine hydrochloride and y:Dta:^iura 
oyanate in aqueous solution (Lellmann, A. 22?., 
14). Needles, si. sol. water and chloroform, 
Bol. alcohol and hot cone. HCl ; v. sol. HOAc, 
Tolylene-di.urea CbH,.,N 403 i.e. 

[1:2:4] C«H,Me(pH.CO.NH2).i. [220°]. Formed 
from tolylene-TH-diamine sulphate and KCyO 
(Strausi, A. 148, 157). Formed also from tolyl- 
ene oyanate and amiponia (Lussyi B. 8, 291). 
Boales, si. sol. alcohol and hot water. — B''2HCr. 
TOLYLEKE-VIOLET v. Toltlens blub. 
f.Dl.TOLYL.STEANE 

(396®). FonnedfEoin 


0,H,Me.CH,CI and sodium (VoUratli, Z. 1864, 
489). Oil. 

«/-Di.p-tolyl.ethane 0H,.CH(06H,Me)„. 
(295°). S.G. *974. Formed by shaking paral- 
dehyde with toluene and H^SO^ at 0® (0. Fischer, 
B. 7, 1191). Formed also bv heating di-a-tolyl- 
propionic acid with lime (Haiss, B. 16, 1476) 
and by the action of ethylidene chloride and 
AICI3 on toluene (AnsChiitz, B. 18, 664; A. 
26^, 316). Oil. Yields toluyl -benzoic acid and 
di-tolyl ketone on oxidation. 

s-mp-Li-tolyl-ethane C,H,(C,Hy)y (297®- 
300°). Forraed from ethylene bromide, toluene, • 
and AICI3 (Friedel a. Balsohn, Bl. [2] 36, 62 ; 
A. Ch. [6] 1, 487). Yields isophthalio and 
tercphthalic acids on oxidation. 

Beferenccs.-kmuo-^ Chloro-, Tri-culoro-, 
m-Ni'j KO-, and Oxy-tolyl-, ethanes. 


TOLYL ETHER v. Di-toia'l oxide# 
o-TOLYL-ETHYL ALCOHOL. Hex a 

hydride CH,<^jj^^™®>CH.CHMe.OH. 
(195°-200°). Formed, together with the tetra- 
hydride Cn,<™^;|]^^®^C.CHMe.On (142° at 

60 mm.) by reducing CJI^Mc.CO.CH., in moist 
ethereal solution by sodium (Kipping a. Perkin, 
jun., G. J. 67, 22). Oil. Yields an acetyl deri- 
vative (201°- 208°). * 

p - TOLYL - ETHYL - m ^ AMIDO - PHENOL. 

Ethyl derivative C^Hj.NEt.CuH^.OEt. 
Formed from CjHj.NH.CoH^.OIl, potash, and Eli 
(Ilatschek a. Zega, J.pr. [2] 33, 217). Oil. 

^-Tolyl-ethyl-p-amido-phenol. Ethyl deri- 
vative C„H„,NO i.c. C,H;.NEt.CJI,.6Et. (c. 
340°). From" CyH,.NH.C,IIj.OH, potash, and 
EtI (II. a. Z.). Oil. 


TOLYL-ETHYL-AMINE v. Ethyl-toluidinb. 

Di-tolyl -ethyl- amine (C„H^Me),,NEt. (266°- 
260° at 20 mm.). Formed by heating di-p-tolyl- 
amine with EtOII and IICl at 250°- 280° (Girard, 
BL [2J 24, 120). Oil. 

o-TOLYL ETHYL CARBONATE i.e, 

[1:2] C,H,Me.O.CO.OEt. (236°). Formed from 
sodium y-cresol and ClCOoEt (Bender, i?. 13, 700). 
Oil.- 


7n-Tolyl ethyl carbonate. (240°). Formed 
in like manner from r/f-crosol. Oil. 

2>-Toiyl ethyl carbonate. (245°). Oil. By 
long heating at .300° it yiblds di-^J-tolyl carbonate 
and di-ethyl carbonate (Bender, B. 19, 2268). 

DI - p - TOLYL - ETHYLENE C.eH.a i.e, 
O,H,Me.CH:CH.C,H,M0. DLmetmjl-stilhem, 
[179°]. (above 300°). Formed by distilling 
(CJI^MeloCH-CCl, with zinc-dust (Goldschmiedt 
% Hepp, B. 6, 1504 ; Elbe a. Forster,./, pr. [2] 
39, 300), and by heating di-p-tolyl fumarate, CO, 
being evolved (Anschiitz, B. 18, 1948). Plates, 
V. ^bl. CllCla. Yields a dibromide [204°]. 4 

TifDl-tolyl-ethylene CH2:C(C8H;Me)a. (306°). 
Formed by the action of alcoholio potash on 
G;U.,C1.CH(C,H,)2 (Hepp, B. 7, 1413). OiL 
Yields di-tolyl-ketfne [94°] on oxidation. 

Tetra-tolyl -ethylene C„H-g i.e. 
(9,H,)2C:C(0,U,)2. [215°]. product of the 
action of chloroform and AJ^i, on toluene 
(SchAVarz, B. 14^ 1629). Plates, with greenish- 
' yellow fluorescence, sol. benzene. 

Beferencea . — Bbomo- and Dz-chlobo- lOLtz#' 
xthylbnb. 
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d.mTL.ETHTLSKE.DU]IIVE 

0,H,NH.CaH4.NH^ (c. 267®). Formed from 
o-tolylamido-ethyl-phthalimide and HGl (Now- 
man, B. 24, 2194). Sol. water and alcohol. — 
B"2H01. [168^-173®].— B"2C,H,N,0,. [148®J. 
Green needles. 

Di-benzoyl derivative [104-5®]. Ncodlos. 

p-Tolyl-ethylene diamine. Formed in liko 
manner (N.). Liquid. -B"2HC1. [218'^J. — 
B^HaPtCl,. Yellowish plates. • 

Di-acetyl derivative [107®]. Noodles. 

Di-benzoyl derivative [1G1®J. Cubes. 

, Di-o-tolyl-ethylene-diamine C.JT..„N., i.e. 
0,H,NH.Ca,.ClL.NIIC,n,. [71®]. ^S.'3atl00\ 
S. (cold alcohol) 9. S. (ether) 14. Formed by 
the action of o-toluidine on ethylene bromide in 
presence of Na^COj (Bischol!, B. 23, 1982, 2031 ; 
25, 3257; cf. Mautliner a. Suida, M. 7, 230; 
Colson, Bl. [2] 48, 799). Plates (from lij'roin), 
V. sol. alcohol. Yields indole on heating; with 
zinc-dust. CII^Cl.CO JI and NaOAc from di- 
tolyl-pyrazine hexahydrido [151^|.— B"21I01. — 
B"H..PtCl„.— B"iI,SO, (dried at 100 ’).-B' 2llBr. 
[222^]. S. 3 at lOOA 

Acetyl derivative C^lI,(NAc.CjII,)*. 
[153®]. 

Bronio-acetyl derivative 
C,H,(NO,lL.CO.ClI,Br),. [205 J. SI. sol. cold 
IIOAc and lij^roin. , 

Bromo-propionyl derivative 
C,,H.^N,Br,0,. [18^]. 

Bro7no-n-butyryl derivative 
(Ca,H 3 uN^.Br.C.,)C„Ilu (from bonzono). [100®]. 

Bro7no-isobutyryl det'ivaiLvcs * 

C,H,NH.C,H,.NC41-.c6.CBrMe, [137®] am) 
C,,H,oN,Br,0, [173®j. 

Di-^-tolyl-ethylene-diamine [97-5®]. Formed 
by heatin" ;;-toluidino with etliyleno bromide at 
150® (Gretillat, M. S. [3] 3, 383; liischolT, B, 
25, 3260). Crystals, v. e. sol. alcohol. -Hydro- 
bromide [255°]. 

Acetyl derivative C.,H,(NAc.C,lI,)^. 
[139®]. 

Bromo-acetyl derivative C.,Jl..N..Br..O.^. 
[196°]. 

Bromo-propionyl derivative. [182®]. 

Brovio-n-hutyryl derivative • 
C,.BL,„N^rA. [125®]. 

Bromo-isobutyryl derivative * 
0,«H3„N^rA. [175®].^ 

Di-o-tolyl- di- ethylene -diamiii e G , hH^Nj. 
[171®]. Formed, together with di-o-tolyl- 
ethylene-diamine, by heating o-toluidine with 
OaH 4 Br 2 (^M. a. S.). Needles, si. sol. alcohol. 
Forms indole when distilled with zinc-dust. 

Di-p-tolyl-di-ethylens-diamine [190®]. 

(360°). Formed by hedging CJI,Cl.te with 
p-toluidine at 220® (Wurtz, A. Suppl. 7, 94 1 
Demole, A. 173, 138). Prisms, v. si. sol. alco- 
hohj-B^APtCl,. • 

Tri-jp-tolyl-tri-ethylene>triamine 
N,(C,H,) 3 (C 2 H 4 ),. [186®]. Formed by heating 
p-toluidine with C^^Br, (G.). Needdes, v. sj^ 
sol. alcohol. Is perhaps ide^ical with the pre* 
ceding body. Its hydrochloride melts at 189®. 

Bs/cr«nc«.— UlTTO - DX - tolyl - sthylenb - DI- 


BZ-p-TOLTL ETHYIEKS OIEEIONB 

OjftHjsOa i.e. OjHilCO.OttH^Me)^ Di-toluyU 
etliane. [159®]. Formed by the action of sue- 
cinyl chloridi and AlCl, on toluene (Hollenmnn, 
It. T. C. 6, 70 ; Claus, B. 20, 1877). Neodlos, 
V. si. sol. co^d alcohol, insql. alkalis. \cCl con- 
verts it into di-p-tolyl-furfurano C,gH,*0 [164^]. 
Ammonium acotato ami ilOAc on boiling form 
di-p-tolyl-py/rolo [197®]. P.^S^ forma di-^-tolyl- 
thioplieife [171®]. # 

DI p.TOLYL - ETHYLENE - DI - METHYL-DI- 
AMINE C,ll,(NVe.O,.H,Mo).^ [80®]. 

Formed by boiling its di-methylo-di-broXhide 
with NIiaAq (Iliibm r, A. 221, 337). Tables or 
prisms (from ftleohol), v. si. sol, water. — 
irTUlgCl^. [190®]. -ir'lLPtCl,. Orange- 
yellow powder.^ 

M clhylo-iodide IV'Mi'F. Noodles. De- 
composed at 100®. M. sol. hot waUr. 

Xtetliylo-bromide r)"2MeBr. Formed by 
heating di-methyl-jj-loluidino with CjHjBra at 
105 ’ for some days. Yields B"Mo_jIIg..Cl 4 [159®- 
H;2’], jrMe,8n#i«, B"Mc,rtCl„, and 
B"‘Jif!,.Tffl\IcNaO„ [197®], which crystallises from 
alcohol. 

TOLYL ETHYLENE OXIDE n. Ethylenh 

ETIIKK or* CHK.SOL. 

DI^j-TOLYL ETHYLENE^i DISDLPHONE 

(C,.H .SC.J.AHf ’]. Made by boiling sodium 
toluene ;>-suiphinato with C^ll,Bi^ and alcohol 
(Otto, J.pr. [2] 30, 351 ; 10, 531). Got also by 
boiling the same salt with Cflj.CClg.CO.jNa. 
Needles or plates. Dilute KOMAq converts it 
into toluene sulphinic acid andC.ll ..SO-^.C^UcOH 
(55®J, whieh yields C,ll..S().,.a,IIA [791, 

C,II,.SO,.C.,lI,I [100 M,C,U, SO/C^^OBz [176®] 
and (C.iL.*SO.j.C,dl,)..S ( 150”- 160®]. Ammonia 
forms (0;H;.S(3.,.CJI,;.NH, which yields a hydro- 
chloride [201®]. 

DI-p-TOLYL-ETHYLENE-UEEA 
Slf.N(C H [228® j. Formed from di- 

p-tolyl-ethylcnc-diainino and COCL^ (MichlOf a*. 
Keller, B. 14, 2181). Needles. 

p-TOLYL-DI-ETHYL-PHOSPHINE 
C,H,.PEt 2 . (210®). Formed from C,H,PCla 
and ZnEt., (Czimatis, B. 15, 2010). Liquid.— 
B'Mel. [i37®]. - B' .Mo,PtCl,. Yellow plates. 

p-TOLYL ETHYL SULPHONE 
C,II,.SOj.C. 2 lI,,. [56®J. Formed by oxidation of 
C,H,.8Et and by the action of EtBr on sodium 
4olueno p-sulphinato (Otto, B. 13, 1276; 18, 
161). Formed also by warming the acid 
C;H..S02.CH.Me.C02lI with KOHAq. Trimetrio 
plates; - '526:1: '721. Hoi. alcohol and 
ether. 

p-TOLTL ETHYL SULPHONE a-OABB- 
OXYLIC ACID C,II,.80 .,.CHMg.CO.,H. Tolyl- 
sulpJwno^ropkmic acid. [37®]. Formed by 
hifating C^Hj.Sf^.Na with CllH.CHBr.CO^Et and 
alcohol at 150® and Saponifying the product 
(Otto, iT. pr, [2] 40, 555). Crystals (from alco- 
hol), converted by Cl into CII,.CHCl.SO^.C,H,. 

TOLYL ETHYL DISULPHOXIDE o. iSlf Ayl 
ether ol Toluene TniosuLPnoNfS acid. 


AMINB. « 

«.T0LYL AhTLENE ETHYL DIOXIDE 
0 ,H 4 Me.O.CHyCHrOEt. (244°). Formed from 
and alcoholic potash (Sohreiber, 

^.24,195). 


TOLYL ETHYL THIOBIUBET 
[134®]. Formed from toM-thiobiuret, aiMnoI, 
aqueous NH,, and £tl (Tursinit B. 17f 586). 
Needles (from alcohol). 

o-TOLYL-ETHYL-THIOSEKIOAXB AZIDE 
OANH.NH.CS.NHEt. [130°]. Eonaod o-to^l» 
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hydrazine and an alcoholic solution of ethyl- 
thiocarbimide (Dixon, C. J. 57, 262). Needles, 
V. si. sol. cold water. CUSO 4 colours its alco- 
holic solution deep blue. • 

TOLYJ. ETHYL DI-THIO-GABBONATES 
CS(OEt).S.CJi,Me. The o-, m-, and p- com- 
pounds formed by the action of potassium xan- 
thate on cold solutions of o-, wi-, and p-diazo- 
toluene chloride are oils (Leuckart, il. [2] 41, 
188), They are converted id to tolyl mercaptans 
by boiling with alcoholic potash. 

o-TOLYL-ETHVL-THIO-UEEA 

CS(NHEt).NHCJl4Me. [84°]. Formed from 
o-tolyl-thiocarbimide and etliylg^mine (Staata, B, 
13, 136). Prisms, insol. water, sol. alcohol and 
other. 

p-Tolyl-ethyl-thio-urea [96°]. Formed in 
like manner (Weith, B. 8, 1630). Tables, v. sol. 
hot water. «• 

o-Tolyl-di-ethyl.thio-ureaCS(NRt,).NllC,II,. 
[102°]. Formed from o-tolyl-thiocarbimide and 
NHEtj (Gebhardt, B. 17, 3038). Needles or 
prisms. •' 

p-TOLYL.ETHYL-TOLUTRIAZINE DKIY- 

DEIDE C„U,„N. i.e. 

[168°]. Formed j^y heating toluene-azo-toluidine 
with propionic aldehyde at 110° (Goldschmidt a. 
Poltzer, B. 24, 1009). Needles (from hot benz- 
ene). — [96°J. — Platinochlorido 

P221°]. Small yellow needles. 

p-TOLYL-ETHYL-UREA C,oTT,,N,0 i.e. 
NHC,H;.CO.NIIEt. Formed from ^''toluidino 
and ethyl cyanate (Sell, A. 126, 162). Crystals, 
insol. watijr, v. 0. sol. alcohol. 

DI-o-TOHLJL.FORMAMIDINE C,.H,«N., i.e. i 
NHC,H,.OH:NC,n,. [151°]. Formed by ‘boil- ' 
ing the formyl derivative of o-toluidino for a 
long time, or by heating it with o-toluidine and 
PClj (Ladenburg, B. 10, 1260). Formed also by 
distilling tliQ thioformyl derivative of o-toluidine 
Vt vacuo (Senier, C. J. 47, 762). Prisms (from 
alcdnol), insol. dilute NaOIIAq, Yields crystal- 
line C.jO.eNaBra,— B',H,,PtCl„. 

Di-m-tolyl-formamidine N1IC;II,.C11:NC,H;. 
[123°]. Formed by boiling ?a-toluidino with for- 
mic acid (Nierneiitowski, B. 20, 1893). Needles 
or plates, insol. water. Ur in CH.. yields crys- 
talline NHC,ll,.CHBr.NlBrCJL. - li'ilCl. [214°]. 
— B'3n,PtCl,.-B'CJl,N,0,.' Yellow needles. 

Di-p,tolyl.forniamidine [141°]. Formed by 
distilling CjHjNII.CllS in vacuo (Senier, C. JS 
47, 767 ; B. 18, 2290). Prisms. -B'JLPtCL. 

DI-p-TOLYL-FURFURANE i.e. 

ChIc(C'h! 1>^* Formed by the action 

of AoOl on C;jH.(CO.C,H,).^ (•rlolleman, R. T. G. 

6, 72). Small plates, converted by P.S5 into di- 
tolyl-thiophene, and by ammonium actfiatoe into 
di-tolyl-pyrrole. 

p-TOLYL-GLYOXAL CeH^Me.CO.CHO. 

[102°]. Formed from the oxim by dissolving in ' 
aqueous NaHSO,, stirring the crystalline mass 
with alcohol ai^d a little HO Ac, llltcring, and 
boiling with dilute HjSO^ (Muller a. Pechmann, 
JB. 22, 2556). Needles (from hot water), v. sol. 
alcohol. Beduoes ool^ ammoniacal AgNO„ but 
not Fehling’s solution. When shaken with 
benzene (containing thiophene) and HjSO^ it 
eoloura the benzene green. Yields p-tolyl-gly- 
l^liC acid andp-toluio aoid on oxidation. 


Fhenyl hydrazide 

0,H,.C(N.^Ph),CH(N,HPh). [146°]. Yellow 

needles (from dilute alcohol). 

Oxim 0,H,.CO.CH:NOH. Tolyl nitroso- 
methyl ketone. [100°]. Formed from tolyl methyl 
ketone, amyl nitrite and NaOEt. Needles (from 
benzene). 

Acetyl derivative of the syn-oxim 
I CjHj.CO.CHiNOAo [68°]^ From the oxim and 
I Ac.X) (Soderbaum, B. 25, 3461). Tables (from 
j MeOH). Cold NaOHAq splits it up into NaCy 
I and p-toluic acid. Cone. H^S04 acts in like 
manner. Ac,0 at 100° forms C,H,.CO.CN [62°], • 
whence boiling NaOIIAq forms p-toluic acid. 

Acetyl derivative of the anti-oxim 
C,H,.C(OTI),.CH:NOAc. [148°]. From the oxim 
and AcCl at 0°, followed by water. Cold 
! NaOHAq forms C,H-.CII(OII).CO.^ [14C°], v. 

I sol. ether. Cone. II.^S04 converts this acetyl 
rtnf't-oxim into the oxim. Converted by KCy 
dissolved in dilute alcohol intop-toluyl-formoin 
C,.H;.CO.CH(On).CO.CO.C,H, [161°] (Soder-. 
baimi, B. 25, 3173). 

„ p- TOLYL- GLYOXALINE i.e. 

(285°). Got by warming 

with dilute HNO3 (Marck- 

wald, B. 25, 2365). Pale-yellow crystals, si. sol. 
water. Smells like mushrdoms. -B'aiPPtCl,.. — 
B'AgNOy. — Picrate. [179°]. Golden needles. 

p-TOLYL-GLYOXALYL MERCAPTAN 

[205°]. Got by action of 

boiling ITClAq on the produot of the action of 
ainido-acetal on p-tolyl thiocarbimide (Marck- 
wald, B. 25, 2363). Silvery leaflets, m. sol. hot 
water. Yields (C,„H,.,N,.S).,PtCl^. Mel in alcohol 
forms (C,„H,,MeN,S)Hr‘ [95°], which yields the 

base [90°], which forms a 

picrate [140°]. 

p-TOLYL-GLYOXYLIC ACID C,H,0, i.e. 
C„H,Me.CO.COH. [07°J. Formed by the ac- 
tion of AlCl, on a mixture of toluene and 
Cl.CO.CO,C,H„ (Poser, B. 14, 1750). Formed 
also' by oxidising p tolyl methyl ketone with cold 
alkaline K^FcCy^ (Buchka a. Irish, B. 20, 1762, 
2213). ♦Needles (from ligroin), si. sol. hot water, 
v. sol. alcohol and eth^r. Yields p-toluic and 
tereplitluilic acids on oxidation. Benzene (con- 
taining thiophene) when shaken with tolyl-gly- 
oxylic acid and H3SO4 is turned red, p.nd finally 
bluish-violet. 

I Salts. - KA'.—NaA' vjaq (Claus a. Erose- 
berg, B. 20, 20 18) . — Ba A'..,.— BaA\, 8aq.— CaA', oq. 
T-AgA'. Needles, v. sol. hot water. 

Ethyl ether FAh:. (260°-270°). 

A wftie CyHaNO.^. [160°]. Prisms. 

^Phenyl hydrazide [144°], ♦ 

D?^-o-TOLYL.GUANIDINE C.^H.-Ng i.e. 
C(NH)(NHC,H,),. [179°]. Formed by the ac- 
tion of NH,, lead acetate, and KOHAq on di-o- 
tolyl-thio-urea (Bt^ger, B. 12, 1855). Crystals, 
sol. ether. Cyanogen passed into its alcoholic 
solution forms the dicyanide C,,H,,N5 [174°] 
whic^i is converted by HCl into the oxalyl deri- 
vative OijHjjNjOj [207°], whence boiling with 

alcoholic HOI forms [214®], 

The dicyanide is converted by with anL 
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line into which yields crystalline 

B'HCl aq. — : yellow pp. 

Di<^.tolyl-gnanidine NH.C(NHC,H,).. [108°]. 
Formed by passing cyanogen cnlorido iiito fused 
p-toluidine (W. Wilson, C. J. 3, 154; A. tJ. 
Perkin, C. J. 87, 696). Formed also by de- 
Bulphuration of di-tolyl-tbio-urea in presence of 
NHj (Hofmann, 23. 7, 1739). Needles (from 
ligroVn). Nitric acid (S.(^1‘5) gives a di-nilro- de- 
rivative [197°J, which forms c*rystalline 
Alcohol and HNO^ (S.G. 1-4) produce di-nitio- 
p-tolyl-urea. Cyanogen passed into its ethereal 
^solution forms C,jH,;NaCy.., crystallising from 
ether in prisms, converted by dilute^HClAq into 

[188-6°] (Landgrebo, 23. 10, 

1687). The cyanide is converted by boiling in 
alcoholic solution with aniline hyilroehlorido into 
?aq [110°-115°].- S .al t irjI.PtCl,. 

Tri . o - tolyl - guanidine C...ll.,N 3 i.c. 
C(NC,H,)(NHO;H,),. [131°]. Formed by tlio 
action of o-toluidino in alcoholic solution in 
presence of lead oxide on di-o-tolyl-tlii<jarca 
(JJerger, B. 12, 1857; cf. Girard, B, 6, 416). 
Formed also \vhen di-o-tolyl-thiourea is boiled* 
for a long time (Barr, B. 19, 1709). Minute 
prisms. Yields a dicyanide 0.,U..,N5 [111°], con- 
verted by cone. IlClAq in alcoholic solution into 
C-.,n,,N 30 , [179°J. B'JI,Fy31„: yellow prisms. 

Tri-p.tolyl-guanidjne C.,H._. 3 Nj. [123 j. ,S. 

(alcohol) 7-4 at O'. Formed by heating di-jO- i 
tolyl-thio-urea with copper (Merz a. Weith, X. 
1808, 010), or, in alcoliolic solution, with /)- 
toluidino and PbO (Hofmann, />*. 2, 169). Got 
by heating p-tnluit)ino with FCJ, and p-tolyb, 
cyanato (Weith, //. t), S20). Formed also wlnm 
di-p-tolyl-urea is boiled for a long time (Barr, //. 
10, 1708), and likewise by tlie action of 
p-toluidine on the product of the action of 
chlorine on tolyl cyanate (Nef, A. 279, 32'J). 
Needles (from ligroin). Yields a dievanide 
[IBl-*], which forms B'JlCl3aq and 
B'all.PtCl,, and is converted by boiling with 
alcoholic HCl into di-tolyl-parabanic acid. 

Salt B.— B'HCl aq. S. -0 at 0°. B'.H.PtCl,,. 
B. -045 at 0°.~13 HNO,. S. *07 atOA B',H,SU,. 
Plates (from hot water). Neutral in reaction.* 
p-TOLYL HEPTADECYL KETONE 
[l:4jC„H,Me.CO.C,,ll3j. [07^. (278 at If^mm.). 
Formed from toluene, stcaryl clilori«le, and 
AlCl, (KraOt, B. 21. 2208^. Oxidised by HNO, 
[S.G. 1*12) top-tolnic acid. 

p -TOLYL- HEXYL- TOLUTRIAZINE DI- 
HYDRIDE C,,n.,.,N 3 i.e. 

[ICS”]. Formed by 

heating oenanthol with toluene-o-azo-toluidine 
Eit 175° (Goldschmidt a. Poltzer, B. 24, 1010). 
Needles, sol. hot benzene. — BJICI. [96°]. — 
B'jjHPtCV [171°]. Yellow crystalline pp. • 
o-YOLYL-HYDANTOlN C,„H„N./h. [17^°]. 
Formed by lieating o-tolyl-ainido-acetic acid 
wth urea at 180° (Ehrlich, B. 16, 742). Light- 
rellow plates, sol. alcohol and^hot water. On 
loiling with baryta-water it gives o -tolyl - 
aydantoio acid, whi^, when set free from its . 
;alts, at once sp^ts up into water and o-tolyi - 1 
aydantoin. * • • ' 

p-Tolyl-hydantoin C,oH„Nj,Oj 


Formed, together with p-tolyl-Hydantoio acid 
CO(NH.J.N(C,H,).CH,.CO.iI, by fusing p-tolyl- 
amido-acotio acid with urea (Sohwebel, B. 11, 
1128). Needy’S (from water), v. sol. alcohol, 
p - T o 1 y 1 - h y d a n t o i 0 a o i d is crystalline, 
si. sol. hot qjcohol and hot water. 

Di-o-tolyl-hydantoin CO<JJ(°'gj;gg^. 

[276°]. Go^ from o-tolyl-ami«lo-acetio toluido 
and COC\ (Bischoll^ B. 26, 2276). 

Di.j,.tolyI.hydantoS» 

■ [175°]. Formedirom hdyl amido-acetic toluida 
; and COCL (BischoO, B. 26, 2280). Plates (from 
alcohol), si. sol. iflgroin. 

TOLYL - HYDRAZIDO - METHYL-THIAZOLR 

DIHYDRIDE Formed 

by heating tolyl-allyl-thio-Bemlearbazide with 
cone. JiClAq at 100' (Avenarius, B, 21, 270). 
TJio compound im-lls at 133°. Both the 
0 - and the p- compounds form crystalline 
hydrochlorides. w 

a» 1 Of-YL - HYDRAZIDO - PROPIONIC ACID 
C,;n,Me.NH.NH.CHMo.CO,H. (143°J. Formed 
by the action of .sodiiim-ainaigani on the o-tolyl- 
hydrazide of pyruvic acid (.Iiipj) a. Klingemarin, 
G. J. 63. 619). Bniall neodles (MWi McOH). 

o TOLYL-HYDRAZINE O.H,NIl.NHj. [53°] 
(P.); [66°j(F.); [69"J (Gallimik a^ltiohtor, B. 
18, 3176). Prepared from o-loluidine in the* 
same manner as phonyl-liydnizino is obtained 
^fiom aniline (I'iscber a. Busier, A, 212, 338; 
*l‘reum^, B. 24, 4200). Gliltiuing plates, slowly’ 
oxidised by air, forming a brown oil. --J^'llCl aq : 
n. (Miles. B'HNO,, : ])lates. Wi'WSOCl, and 
cttier it forms 0,IJ,NH.N;BO, a yellow oil 
smelling like gcraiiimnH (Miclmelis, A. 270, ] 19). 
(Jluco.-re yi<!ld.s o-tolyl-glmiosazone C„„IJj^„N,0, 
121)1] (Basclnm, A. 2:59, 229). l)i-ra?'thyl di- 
ketone forms CI4C(N JIC,li ,).C(N,UC;H,).CII, 
[198°J (Japp a. Klingcinann, A. 247, 221). . 

Formyl derivative. 0„H,Me.NH.NHCUt), 
[121°]. Formed from o-tolyl hydrazine and 
forinarnido. Needles (Gattennann, B.'2li, 1078). 

Acetyl derii/'rtGit’eC,Jl,.NlI.NlIAc. [104°]. 
Formed from o-tolyl-liydruzino and Ao^O (G.). 

B ropionyl derivative 
C^Hj.Nll.NH.CjII/). [84°]. P’ormed from o- 
folyl-hydrazine and propionic acid (G ). Colour- 
les J tables. „ 

• Benzoyl derivative C.n,.NII.NHBz. 
[IHO'J. Got from the hydrazine and BzCI in 
j:t ,0 (G.). Ncf dles. Givi'S off all its nitrogen 
in the frec^^tale on boiling with Fehling’s solu- 
tion (Straehe a. Iritzer, M. 14, .88). 

7a - Tolyl - hydrazine C,ir,.NIl.NH. 3 . (242°) 
(Buchka a. Schaclitehek, JL 22, 841 ; cf. V. 
Meyer^a. J^occo, B. 16, 2976). Oil. — BTlCl. 
Neqdles, v. sol. water ami alcohol. 

p . Tolyl - hydrazine CJIjNH.NHj. [61°]. 
(242°). Obtained from p-tolnidine (Fischer, B, 

8, 589 ; 9. 890). White plates (from ether), sL 
sol. water. 

Jieactions.—l. With SOCl,‘1ind ether it 
forms CJl,NII.N:SO [112°], crystallirfitg ia 
yellow neediest (Michaelis a Jiuhl, A.270, 118). — 
2. C,H,PC1, forms C,H,Rh.N;PC,H, [16a»], 
arystallising in prisms. — 3. POOL forms 
(CyH,NH.NH),PO [189°]. -i. Acetons forms 
OMe,(N^O,H0 [52°]. - 5. Acetow$Uc eth^. 



m 


tolyl-hydrazinb; 


forms 0,sh,gN,0, [93®] (Knorr, B. 17, 550).— 
6. Oxalic ether forms NHC7B^.NH.C0.C02Et. 
[183°] (Preund, B. 24, 4198).— 7. I>i - methyl 
<^aefoneyield8CH,.C(N.^aH,).C(*r..HC,H,).CH, 
[280°J,andCH3.C(N^C,H,)Ao [1C1°] (Japp, C,J. 
53, 544). • 

S a 1 1.— [148°] (Michaelis, i4. 
270, 184). 

Toluone-p-pboaph inate 
[161°]. ^ 

Formyl derivative 

C,H<Me.NH.NH.GI10. [164°]. Formed by heat- 
ing the alcoholic solution of p-tolyl-hydrazine 
with chloroform and potash.^ Formed also by 
heating p-tolyl-hydrazine with formamide at 
130° (Ruhemann, C. J. 55, 248). Plates (from 
water), v. sol. alcohol. 

Acetyl derivative CuH^Me.NILNTIAc. 
[121°]. F6rmed from p-tolyl-hydrazine and. 
AcOH (Gattermann, Ti. 25, 1080). Plates. 

Propionyl derivative [170°]. Needles. 
Dibenzoyl derivative [188°] (Fischer). 
Di-o-tolyl-hydrazine. 

Formyl derivative (C;H.)..N.NH.iJIO. 
[130°]. Formed from C,H,NH.NH.CHO and 
CuSO., (Gattermann, 25, 1078). Plates. 

Acetyl (vicrivativc (C,II.).,N.NHAc. 
[101°]. Formed in like manner from acetyl-o- 
tolyl-hydruzine and CUSO4. Needles. 

Propionyl derivative Needles. 

Benzoyl derivative [200°]. Needles. 
tt-Di-p-tolyl-bydrazine (C;II,).N.NIf3. [172°]. 
Formed by reduction of di-tolyl-nitrosamino 
with zinc-dust and IIOAc (Lehne, B. 13, 1540). 
Plates, V. alcohol and ben/.etie. — 13'HCl. 

Formyl derivative (C.H;).^N.NII.CnO. 
[146°]. Formed from formyi-p-tolyl-l.ydrazino 
and CUSO4 (Gattermann, B. 25, 1070). Plates. 
Acetyl derivative. [170°]. Needles. 
Propionyl derivative [171’5°]. Needles. 
Benzoyl derivative. [187°]. Needles. 
s-Di-o-tolyl-hydrazine C.H,NH.NHC,H,. 
o-Hydrazo-toluene. [105°] (P.‘) ; [140 ] (S.). 
Formed by reduction of o-toluene-a/.o-toluene by 
sodium amalgam (PctriclT, B. 0, 557; Schultz, 

■ B. 17, 467). Converted into di-amido-ditolyl 
[8:4;l]0,H3Me(NH,).C,.H,Me(NH.,)[l:3:4] [128°] 
by heating with HCl. The d i a m i d o-d e r i v a t i v 0 
C,H«(NH.,).NH.Nn.C,H,(NH,) [180°] is a product 
of the action of sodium-amalgam on nitro-p- 
toluidine (Buckney, B, 11, 1153). , 

s-Di-w-tolyl-hydrazine CyH^NH.NHCjHj. 
Formed by reducing ?a-tolucno-7n-azo-toluene by 
alcoholic ammonium sulphide (Goldschmidt, B. 
11, 1§26; Barsilowsky, A. 207, 110). Liquid, 
converted by H,fS04 into ^ di-amido-ditolyl. 

s-Bi-p-tolyl-hydrazine C;H,NH:nHC,H,. 
[126°]. Formed in like manner fror-.p-koluene- 
p-azo-toluene (Melms, B. 3, 553) and by the ac- 
tion of zinc-dust and NaOHAq on p-nitro- 
toluene (Janovsky, Jlf. 9, 829). Tables or needles, 
y. 0. sol. alcohol. In alcoholic solution it is • 
really oxidised by air to 0,H..N3.C7H,. Dilute 
H^SO. converts it into toluidine and toluene- 
azo-tAnene. On treatment in alcoholic solution 
with hydrochloric acid it chang-^s to tolylene- 
tolyl-diamine. The di-ami do- derivative 
[l:2:430;a:,Me(NHJ.NH.NH.C«H,Me(NH,)[4:l:2] 
obtained^Crom 0AMe(NH,).N,.0,^,Me(NH2) by 
with y>dimn-ainalgan>, is orystalline 


and yields B''HjS0„ B"2HCa, B"3HBr. ud 
B"H,PtCl. (Graefl, A. 229.-852). ’ 

Beference. — Oxr-TOLYL-HYnBAziNB. 

o-TOLYL-HYDBAZINE SULPHOKIO ACID 

CflH3Me(N2lIs).S03lI [1:2:4]. Formed by adding 
o-diazo-toluene p-sulphonic acid to a cold solu- 
tion of SnClj (Limpricht, B. 18, 2193). Colour- 
less needles, v. sol. hot water, nearly insol. 
alcohol.— KA' 2aq : ora«ge-red prisms.— BaA', : 
y&llow orystalline powder. 

o-Tolyl-hydrazine sulphonio acid 
C,jH3Me(N2ll3).S03H [l:aj:2]. Formed by heating 
o-tolyMiydrazine (1 pt.) with cone. H^SO^ (0 pts.V 
at 100° (Gallinck a. Richter, B. 18, 3175). Thin 
needles (containing ^aq). By boiling with 
aqueous CuSO^ it is quantitatively decomposed 
into a toluene sulphonic acid and nitrogen. — 
Na A' 3,>q.-BaA', 4aq.— ZnA'^Saq.— PbA'., Gaq. 
— Pb3A'2(OH)4. Sparingly soluble needles. 

p-Tolyl-hydrazine-o-sulphonic acid 
0„H3Me(N,Il3).S03H [1:4:2]. [274°]. Formed 

by reducing p-diazo-toluene o-sulphonio acid 
with Na.,SOj, (Brackett a. Hayes, Am. 9, 401) or 
HCl and SnC4 (Pasche, B. 21, 3410). Tables, 
si. Bol. cold water. Decomposed by fusion. Not 
attacked by warm H^SO,. 

p-Tolyl-hydrazine w-sulphonic acid 
C,H,Mc(NJl,).S(),H [1:3:4]. Obtained by re- 
ducing p-diazotoiuqne wi-sulphonio acid by 
cooled SnClj (Limpricht, B. 18, 2193). Slender 
prisms, sol. hot water. FeCl^ evolves nitrogen • 
in the cold. Couc. H3SO4 at 80° forms a red 
amorphous substanco (Schneider, Am. 8, 271). 

^J-Tolyl-hydrazine disulphonio acid 
,CaH^Me(N3ll3)(S03H)2. Formed by adding 
p-diazo-toluene disulphonio acid to a cold solu- 
tion of SnClj (Limpricht, B. 18, 2103). Nodules, 
V. sol. water. — BaH.^A"./2'aq : tables. 
Di-tolyl-hydrazine disulphonic acid 


C,n3Me(S03H).Nn.NlI.C,IL,Me(S03H). A pro- 
duct of the reduction of the corresponding azo- 
compound by SnCla (Neale, A. 203, 72). Crystal- 
line powder (containing 2ia(j), si. sol. water. — • 
BaA"5aq. — CaA"3^aq: monoclinic ellioresoent 
prisms. 

Reference . — Nitbo.- tolyl • hydkazinb sul- 

PCONIC ACID. 


0-TOLYL-IMIDO-DIACETIC ACID 

[1:2]C; H,Me.N(CH,.C03H)3. [c. 100°]. Formed 
by heating o-tolyl-amido-acetic acid (1 mol.) 
with chloro acetic acid (1 mol.), Na.^CO, (1.J 
mols.) and a little water at 140° (Bischoff, B. 
23, 1094 ; 25, 2270). White crystals, insol. 
ligroin, si. sol. ether, m. soL aloc&ol. — NH.A'. 
[100°]. V. sol. Aq. 

Amide C,H,N(CII..C0.NH..)3. [164°]. Plates. 
Di^O’toluide 'C,H;N (CIL.CO.NHO,mr 

[150°]. 

. Imide C,H,N<°^°°>NH. [146°]. 

Prisms (from alcohol), si. sol. water. 
o-Tolylamic acid 

C.-H,N(CH3.C03H).CH3.C0.NH0,H^ [148°]. 

Crystals (from cloohol). 

p-Tolylixnido-diacetie acid 
[l:4JC,H4Me.N(CH3.CO.,H>,. Diglycotolylamie 
acid. [o. 140°]. Formed by the action of 
GL3CI.GO3H .on p-tolyl-glycocoU (Meyer, B. 14, 
1323; Bischoff, B. 23, 2000). Needles (froni 
water). Very unstable.* — CuA', aq : green 
needles.— Ag^' (NO,) : needles.— p-Tplqidinv 
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•«U (O^^NEyHA'. [119®]. Crystals, sol. 
hot water. 

Mono-amide, [222°]. A product of the 
action of Ao^O on the compound [1G8°] got from 
chloro-acetio acid and p-toluidine (Bischoff, B, 
25, 2280)« 

Di- amide C,H,N(CH.,.CO.NH,),. [250<>]. 

Di-p-toluide CJl;N{Cn,.CO.NUG,l],)y 
[251°]. Long needles (from alcohol). 

Amide p-toluide * • 

0 ,H,N(Ca,.CO.NHJCH,.CO.NHC,H.. [210°]. 

p-Tolylamic acid 

AH.N(CH,.C02H).Cn,.C0NlIC,H,. [222°]. 
Weedles, insol. water, sol. hot alcolidl. 

p-TOLYL-IMIDO-DIACRYLIC ETHER 
CrtH,MeN(CII:CII.CO.^Et)2. [73 ']. Formed from 
7 >-toluidine and formyl-acetic ether (Von I’eeli- 
mann, B. 25, 1053). Yellow needles (from 
dilute alcohol). 

o - TOLYL ./3 - IMIDO - BENZYL - MALONIC 
ETHER 02 ,H..,NO. i.c. 

C«H,.C(NC,H;).CH(C02Et)2. [05°]. Formed by 
the action of w-chloro-bon/ylidenc-o-tohiidino 
upon Bodiuni-malonio ether (Just, B. 10, O.s”)).^ 
Crystals, v. sol. ether. Split up by dilute IlCIAq* 
at 120° into acetophenone ando-toluidinc. The 
jfj-isomerido is liquid. 

o-TOLYL./3-IMIDO-BUTYRIC ACID 
CJI.Mo.N;C.Mo.CH,.C(),H. *[112°]. Formed by 
heating aoctoacetio Ahor with o-toluidino at 
*150° (Knorr, B. 17, 512; Fawicwski, B. 22, 
2203). Needles (from hot water), converted by 
cone. ILSO. into {Py. l) oxy-{B. 4, Py. 3 )-di- 
methyl-quinolino. 

;j-Tolyl-/3-imido-butyric acid. Formed in^ 
like manner from p-toluidine. Crystals. C«ni- 
vrrtLMi by lESO. into {Py, l)-oxy-(/i. 2, Py. 3). 
di-mothyl-quinoline. 

p.TOLYL lODO-ETHYL STJLPHONE 
C,H,.SO,.CIL.CH2l. [100°]. F(nined from 
tolyl oxy-ethyl sulplione and IIIAq at ir.O'^ 
(Otto, J. pr, [2] 30, 357). Crystals, v. sol. liot 
alcohol. 

TOLYL lODO-METHYL SDLPHONE 

C7H,.S0^.CH,^I. [120°]. p’ormed by heating 

sodium toluene sulphin'ate with Cll.J.^ and 
alcohol (Otto, B. 21, C55). Small needles, v. o. 
sol. hot alcohol. 

DI-p-TOLYL KETONE (?0 (CJT,Mg).. •[92°J. 
(333°) at 725 mm. P’ornfed by oxidation of di» 
tolyl-methane (Wciler, B. 7, 1183), of «-di-tolyl- 
ethane (0. P'iseher, B. 7, 1195), and of 7f-di- 
tolyl-ethylen% (Hepp, B. 7, 1411) by cliromio 
acid mixture. 

Preparation. — 50 g. AlCI^^, 05 o.o. toluene, 
60 C.C. CS,, and 11 c.o. of a solution of in 

CS. saturated at 0° are put into a corked half. * 
litre flask and gently warmed. After 20 minutes 
HGl is allowed to escape and a second 11 c.c. (A 
CS, saturated with phosgene is added. The 
operation is repeated 2 or 3 times ; the yield is 
60 p.o. of the calculated (Elba, J, pr. [2j 35, 467 ; > 
cf, Ador a. Crafts, B. 10, 2174). ^ 

Properties.— Crystals (from alcohol). Con- 
Tcrted oy HNO, at 250^ into benzoyl-terephtlialic 
acid. Reduced bv HI and P to di-tolyl-mcthanc * * 
(Ador a. BUliet, JJ. 12, 2303); . • 

Oxim (C,H,),C:NOH. [163°]. Prisms (Gold- 
ichmidt, B. 23i 2746)*. Decomposes on keeping 
with sudden evolution of nitrous fumes, Cono. 


at 100° forms the p-toluide oi p-tolokl 

acid. 

Dl.p.tolyl diketone 0,H,.CO.OO.C,H,. 
P'l'oUl. [105°]. P'ormod by boiling toluoln 
(1 pt.) with HNO, (2 pts.) (Stierlin, P.,22, 381). 
Yi'llow plates (from warm alcohol). Gives a 
vioh‘t colour when boiled with alcoholic potash* 
(a)-Oj-iw CJI,.C(NOII).C(NOH).C,H,. 
[217°]. riat^ or needles, si. sol. alcohol. Yields 
a dineet\q derivative [134°J. 

{fi)-Oxim [225 ’]. Formed, together with 
the (a)-oxiin, the actimi hydroxylamino 
liydrocliloridc on the ketono. Needles, v. soL 
alcohol. Yields a di-acotyl derivative [141°]. 

Di ;)-tolyl tet^aketone 

C..lI,..CO.C(OrT),.CO.Ci.).(’..Tr.. [88°]. Formed 

hy the action* of nitric acid (S.fl. 1*3) on 
CJL.CO.ClI(OII).C().(:().C,U, (Soderbaum, P. 
25, 3171). rrisms (containing (CflfllnOJ.CH,) 
(when crystallised from CSJ. 

Di-oxim 

C-IL.C(N01l).C0.C0.C(N01I).C.n,. [181°1. 

riates ((^nt.aining ESOll) (from alcohol). 
Bi-oxiin 

C ll,.CO.C(N()Il).C(NOIl).r0.n,II,. So called 
* (71}-nitro-cyni(>ne.’ flLbV'J. Mol, w. 321 (by 
Ibioult’s method). Formed h^ the action of 
nitric acid on cymene and on ‘p-tolyl methyl 
j ketone (llolleinan, li. T. C. 6, 60; cf. I Randolph, 

I B. 0, 937 ; Fitlica, A. 172, 31 1). NiedItJB, v. sol. 
warm alcohol. Converhal by NaOIJAq intop-» 
tolnic acid, /inc-dnst and ilOAc reduce it to 
/;.n,.CO.Cir,.CH.,.CO.O;ir, [159°]. Alcoholic 

‘ Nil, f(ymsp-toluic amid(‘ and C,JI„N.,05j [162°]. 
Boiling Ac,0 forms 0,^11, „N,,0,Ac,0 [lt^°J. 

7iV/f 7vncc.--()xY-j>i-To>-yn kei owe. 
TOLYL-MALONAMIC ACID v. Malonio acid. 
TOLYL-HELAMINE v. Cyanuramide in the 
article on Cyanic actus. 

O.TOLYL-MERCAPTAN [l:2]C.H,Me.SH. 

[15°]. (188 ) (H.) ; (193°) (V.). FoAied by re- 
ducing (4,l,2).broino-tolyl mercaptan (Hiibner, * 
A. 169, 30 ; Vallin, B. 19, 2953). Prepared by 
boiling o-tolyl ethyl dithioearbonato with alco- 
liolic potash, the yield being 70 p,c. of the 
theoretical amount (Leuckart, J. pr. [2] 41, 188). 
Plates. — Pb(SOjn,),. Brick-red pp., turning 
white in air. 

m-Tolyl ^ mercaptan [l;3]0„H,Me.SH. 

[c. 2<»0 'j. Formed hy rediicing toluene m-sul- 
pkonic chloride witli tin and HCl (HUbner, A, 
169, 61) and by boiling w-tolyl ethyl xanthate 
with alcoholic potash (L.). Colourless liquid 
with intense odour of mercaptan. Volatile 
A'ith stcHin. In ammoniacal alcoholic solution 
it is oxidised by air to««-tolyl disulphide.* 
p-Tolyl mercaptan fl:4JCJI,Me.SH. [43°]. 
(188°) 4J.) a (191°) (Crafts, P. 19. 3130 ; Oito, 
P..19, 3129); (191°) (Vallin, P. 19, 2953). 
Formed by reducing toluene p-sulphonic chlorids 
with tin and IICl (Alarcker, A. 136, 79 ; Javorsky, 
Z. 1865, 222). Formed also by lieating p-tolyl 
ethyl xanthate with alcoholiopolash(L.). l^rmed 
also from di-7?.tolyl disulphide, al*ohol,sndH.S ' 
(Otto a. Bossing, P. 19, 3130). Unctuous l&hxmw 
(from ether), volatile with s^'am. Cono. H.^804 
forms a blue solution. Bcadily oxidised to di* 
jj^tolyl disulphide [46°]. Chloro-acetone forms 
aH,.S.CH,.CO.CH, (151° at 15 mm.); 6.0. 
U'f X 0986 which yields ft pbenyl-hydrazids 
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[62^ PeUsIe, A. 260, 268).-Hg(SO,H,V— 
aH,S.HgCl. Plates. 

JSihi/l ether 0,n,8Et. (221°). S.G. ^ 
1*0016. Colourless oil (Otto, J?. 43, 1277). 
References.— kmDo- and Bbomo- tolyl 

ilEBCAPIAN. 

o-TOLYL-MESITYL-THIO-UEEa 

C,H,.NH.CS.NjF10,H,Me3. [167°]. Formed 
from o-toluidine and mesityl ^hiocarbimide 
(Eisenberg, B. 15, 1014). Needles, in'Sol. Aq. 

DI-TOLYL-METHANE CH,(C,H,).,. [23°]. 

(286°). 

Formation. — 1. From form®o aldehyde (or 
methylal), toluene, and (Wciler, B. 7, 

1181). — 2. By reducing di-toljTl ketone with HI 
and P (Ador a. Itillict, B. 12, 2302).— 3. A pro- 
duct of the action of AICI3 and toluene on 
CH3CI2, on CllyCl, or on CCl,.NO.. (Fricdcl a. 
Crafts, A. Ch. [6] 11, 266 ; BL [2j“43, 60 ; Elba 
a. Wittich, B. 18, 347). 

Properties. — Prjsms, v. sol. ether. Oxidised 
by chromic acid mixture to di-tolyl ketone, 
toluyl-benzoic acid, and C^'(G^n,.C02lI)2. Yields 
a di-nitro- derivative [161°]. 

Tri-tolyl-methane 011(0,11-).,. [7.3°]. (.377°). 
Obtained from tri-ainido-tri-tolyl-carbin<)l(I.losen- 
Btiehl a. Gerber, A. Ch. [6] 2, 363). Crystalline. 
/^^/crcncc.s.Ai-Di-nuoiio- and l)i-ciir.oiio-, ni- 

TOLYL-METHANE, 

o-TCLYT METHYL-p-AMIDO-PHENOL 

Methyl derivative C,ILNMo.O,.H,OMo. 
(336° cor.). From C,H-NII.CJI,OII, KOH, and 
Mel (Philip, J. pr. [2] 34, 50). Oil. 

TOLYL-METHYL-AMINE v. Mrthyl- 

T0LUIDIN3, MKTUYL-BKNZYn-AMINE, and AmIDO- 
XYLENB. *■ 

Di-p-tolyl-methyl-amine (C,H,.)2NMo. (235°- 
240° at 20 mm.). Formed from ditolylamino, 
MeOH, and HCl at 250°- 280° (Girard, Bf. [2J 
24, 120). Does not combine with acids. 

DI-TOLYL-DI-METHYL-DI-TRIAZYL 

Formed by boiling p-tolyl-hydra/.ine cyanide 
(O^HjNH.Nig.Cy, with Ac.p (Bladin, B. 23, 
8114). Crystals (from alcohol), m, sol. alcohol. 

P-TOLYL-METHYL-BENZYL ketone 
C«H,M e.COCH,.CJI,Me. [102°]. Got by re- 
ducing p-toluoin with zinc and alcoholic IICI 
(Stiorlin, B. 22, 383). Needles, inaol. water, v. 
sol. benzene. 

o-TOLYL-METHYLENE-AMINE 
CjHjNiCH, (?). Formed by adding o-toluidine 
to a soldtion of formic aldehyde (Wellington a. 
Tollens, B. 18, 3307). Colourless syrup. * 
p-Tolyl-methylene-an’ine CjHjNrCn^ (?). 
[0. 123°]. Formed, together with a polymoride 
b1. 80 I. benzene and alcohol, by addinp^p-toluidino 
to a Bolution of formic aldehyde (W.' a. ^^T.). 
Crystals, v. boI. benzerie. 

Di.o-tolyl-methylene-dianiine(C,H,NH)...CU2. 
(over 350°). Formed, together with the follow- 
ing solid isomerido, by heating o-toluidine with 
OH, CL at 11C’"-116° (Grunhagen, A. 256, 305). 
Liqu&u, V. sol. ether and alcohol.— B'^H^PtCI, : 
brown amorphous ^wder. * 

Isomeride [0. x36°]. Crystalline powder, 
b1. sol. cold alcohol. — Salts: B''2HGl. 1- 
B"2p[Br.— B^'H^SO,. - B"2H,PO,.— B''3H,0,0*. 
lUMliating aggregates. 


I Di-p-toIyUmetbylene-diunine 

J (above 360°), Formed, togethei 

I with the solid isomeride, by beating p-toluidiae 
with CKjClj (O.). Oil, V. sol. ether.— B"II01.— 
B"2H.,Pt01«.-B"HAu0I,. 

Isomeride CjjH.gNj. [ 0 . 156°]. (over 350°). 
Amorphous, si. sol. ether. — B"2^C1 (?). — 
B''H.,PtCl„.— B"2HAuCl,.— B"2HA04. Crystal, 
line crusts. 

« l)i-2>tolyl-di-methylene-dianiine 

[90°]. A product of the 

action of CHgCl, on p-toluidine at 100° (Grfln- 
liagen, A. 2*56, 200). Granules, sol. hot alcohol! 
Converted by nitrous acid into a crystalline 
nitroso- derivative (C,H,N).,C.,H2(NOH) (?) — 
B"2HC1.— B"2H AuCl,. -B "2HBr.— B"H2S04. 

o-Tolyl-trimethylene-diamine 
C3n,(NII,).NIIC;H,. (281°). Formed by re- 
ducing o-tolyl-pyrazolo dihydride in alcoholio 
solution by sodium (Balbiano, G. 18, 354). Oil. 

7>Tolyl-trimotbylene -diamine 
C3H,(NII,).NHC,H,. [c. -15°]. (287°). A 

product of the action of Na on an alcoholic 
solution of p-tolyl-pyrazole (Balbiano). Liquid. 
Oxalate. [208°]. Spherical groups of minute 
needles. 

?>T0LYL METHYLENE METHYL STTL- 
PHONE KETONE C^H-.SO,.CH,.CO.CII,. [61°]. 
Formed from chloro'-acctone and sodium toluene 
p-.sulphinate (Otto, J. pr. [2] 36, 401). Silky 
needles. Yields a broino- derivative [130°]. 
m-TOLYL-METHYLENE-PHTHALIDE 


[153°]. Formed by heat- 

ing m-tolyl-acotio acid with’ phthalio anhydride 
and a little NhOAc (Heilinann, B. 23, 8157). 
Needles (from ligroin), s). sol. ether. 

p-Tolyl -methyl ene-phthalide 0,aH,aO.,. 

p-Xylal-plithalUle. [151°]. Formed in like 
manner from 7>-tolyl-acetic acid (Uuhemann, li, 
24, 3065). Yellow needles (from alcohol), si. sol. 
ether. Nitrous acid passed into its solution in 

chloroform forms 


[140°J, which may be reduced to the compound 

Reference. — NlTKO-TOnYL-MBTnYLENE-PHTHAIj- 
II>E. 


w-TOLYL-METHYLENE-PHTHALIMIDINE 
[les”]. Formed by 

heating w-tolyl-methylene-phthalide with alco- 
holic ammonia (Heilinann, B. 23, 3161). Yellow- 
ish needles. 

p-’xolyl-methylene-phthalimidine 0 ,bH,jNO. 
[204°]. Formed by heating p-tolyl-methylene- 
phthalide with alcoholic NH3, the compound 
NH,.CO.C«H,.CO.CH,C,H, being first fonned 
(Ruhemann, B. 24, 3068). Converted by passing 
niirous acid through its solution in chloroform 

into [227°]. 

Isomeride [228°]. Formed 

by heating Ot»H|<Coo q •- alooholio 

ammonia (B.]f. 

Be/ercTtce.— NnBO-ioidiL-i|XTHTi4BNx-pQT9i&- 
uunzNS, 


0 
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TOLYL-METHYL-THIAZOLINE, 


]>I>^TOLTL TBIXBTRTLENS DISITL. 
FHOHlB OgH^fSOsOyH,)^ [125®]. Formed from 
tximethylene bromide and sodium toluene p-sul- 
phinate (Otto, B. 24, 1834). Plates. Converted 
by alooholio potash at 120® into the compound 
0(CHrC]^OH3.SO.O,H,), [80®J. 

TOLYL^BTHYL-IMBSATIN v. Toluidt of 

Jfeihyl-JBATis. 

ta-TOLTL METHYL IpTONB 0,H,.CO.OH, 
Methyl-acetophenone, (219®). Formed by dis« 
tilling calcium w-toluate with calcium formate 
(Buchka a. Irish, B. 20, 176G). 

Tolyl methyl ketone. (225®). S.O. 22 •9891. 
V?D. 4'68. Formed, together with the p- com- 
pound, by the action of AcGl on toluenn and 
AlCl, (Essner a. Gossin, Bl, [2J 42, 95). This is 
perhaps the o- compound. 

jp-Tolyl methyl ketone. (217°) (M.) ; (230® 
cor.) (W.). Formed by the action of AlCl, on a 
mixture of toluene and Ao.p or AcCl (Michaelis, 
B. 15, 186 ; Glaus, B. 19, 234). Formed also by 
heating toluene with HOAo, ZnCI.^, aud POCI, 
(Frey, J,pr, [2] 43, 114) and as a by-product in 
the oxidation of (o).nitro-cyraeno (Widman, B. 
19, 687). Oil. Yields a dibromido CyH^Br.^0 
[100®]. KMn04 forms terephtlialio acid. Alkaline 
KjFeOy, forms ^-toluio and ^-tolyl-glyoxylic 
acids (13. a. K.). HNO, forms C, [125°J, 

which is reduced by zinc-dust and HOAo to 
C2H4(C0.C,H,)2 (Hollemann, f2. T. C. 10, 211). 
Oxim [88°]. Crysfals (from ligroin). 
Phenyl -hydra Slide [97°]. Pi isms. 
Reference.— AiiiDO-f Iodo-, and 0.xy-, tolyl 

METHYL KETONE. 

0-TOLYL METHYL KETONE TETBA- 
HYDBIOE OH.<^”^®^C,CQ.CH.. (L>0«°). 

Formed from a«-di-acetyl-pontano by treatment 
with cone. H^SO^ (Kipping a. Perkin, jun., C. J. 
67, 18). Oil, smelling like peppermint. Docs 
not combine with NallSOj. In moist ether it is 
reduced by Na to the hoxahydrido. 

Oxim OjHjjNO. Liquid. 

Phenyl hydraeide CisH.„N... Oil. 

Tolyl methyl ketone hexahydride v. Metiiyl- 

BBXAMETHYLENYL METnYL KETONE. 

m-TOLYL-METHYL-MALONIC ACID 

[l:3]0,H4Me.CH,.CH{C0,H)a. [133’’j. Formed 

by saponification of the ether (Poppo, B. 2.3, 110). 

lihombohedra, si. sol. water : need 1ft. 

Methyl ether Me.^". •(o. 300"). 

Ethyl ether (320°). Formed from 

M-bromo-m-xylene and sodium malonic ether. 
Oil. Converted by alcoholic NH^ at 150° into 
C4H4Me.CE^.CH(C02Et).C0.NHj[186°], which on 
warming with water forma the ammonium salt 
C4H4Me.CHj.CH(C0,Et).C0,NH4 [77°]. Et^" is 
converted by methylamine into themethylamide 
C,H4Me.CHi.CH(CO^t).CONHMe [120°], and 
by anihne into 0,H4Me.CHa.OH(CO.NHPh), , 


Di-m-tolyMl'methyl-malonio ether • 
(0,H4Me.OH^,C(COsEt),. [122°]. A product of 
the action of wbromo-m-xylene on sodium 
malonic ether (Poppe, B. 23, 109)7 

o-TOLYL-METHYL-<^KAZOLINB 0„H,^0 i.e. 

boiling 

cjH,.CO.NH.O^OHMeBr with alcoholic potash 
(Salomon, B. 26, 1323). Oil.>-fi'0«H,N,O,. 

tX2^3.~B^T>t01r 


jp>Tolyl.mtthyUzagollne 0„H,,NO. (266®). 
Formed from the bromopropyl-amide of n-toluio 
acid (Salomon, B. 26, 1826). Oil.—Picrata 
BG,H,N,0,. a83®].-B;,H,Pt04. [184°]. 

p tolyl-dT-methyl-phosphinb 

G:H,-PMe^ (510®). Formed from O^H^I^GI, and 
ZnMe, (Czimatis, B. 16, 2014). Oil, oxidised by 
HgO to G,H,PMe,0. CS, forms 0,H,PMOjOS, 
[110®] crystallising in red plates. 

ll'MeT. [256®]. Needles. 
Yields and B'.>I(>,.PtCl,. 

Benzy lo-chloride, YicJds 
B'j,(C,IL)..lHGlfl [lftJ6°J, a yellow crystalline pp. 

p-TOLYL-METHYLPHTHALIMIDE 
[4:2:l]CoH:,Me:C.O,/^N.C^H4Mo. [180 ]. Formed 
by distilling (4,2,l)-mothyhphthalio acid with 
p-toluidine (Nienumtowski, .If. 12, 030). Crystal- 
line mass, V. c. sol. chloroform, insol. water. 

pTOLYL-METHYL-PHTHALIMIBINE 

[149°]. Formed 

from p-tolyl-methyleno-phthaliniidine, HI and P 
(lluhemanjj, B. 24, 31)(f!5). Needles. 

Dly-TOLYL-METHYL-PIPERAZINE 
CmHjjNj. [105°J. Formed from di-p-tolyl- 
propylene-diamine, otliyleno bromide, and 
NaaCO^. Needles (from alcohol), dllischoff, B. 
26, 3278). 

o-TOLYL. METHYL . PROPYLENE - tp - JHIO- 
UREA |\J|^^®"^^C.NMo.O;Tl;. (0. 295°). Formed • 

from o-tolyI-propyl(.‘ne-»)^-thio-urea and Mol 
(.Vrager, B. 22, 2999). Yiehls (/3)-inetl)yl.taurino 
on oxidation. -B'Cuir.N^O,. [138°]. — B'HI. 
‘^166°]. — li'aH^PtClj. Decomposes o^ 200®. 
p-TOLYL-DI-METHYL-PYRBOLE 

[46®]. (255°). Got by heat- 

ing the di-carboxylic acid (Knorr, B. 18, 808). 
Cry.stals, volatile witli steain. 

Reference. — AMino-TOLYL-ni-MKTiiYL^lPYnROLB. 

p-TOLYL-DI.METHYL-PYRROLE DICARBe ' 

OXYLIC ACIB Got by 

saponifying its ether, which is formed by mixing 
acetic acid solutions of di-acetyl-succinic other 
and 7>-toiuidine (Knorr, B. 18, 304). Needles, 
decomposes at about 250°, with evolution of CO9. 

— K,A".— AgIJA". 

Ethyl ether Et.,A". [67°]. Tables. 
^iefercnce. — AMino-xoLYL-ui-METnYL-PYRaoL* 

DICAUBOXYLIO ACID. 

p-TOLYL-DI-METHYL-BULPHAMIDE 
SO,(NMe,).NHC,H,. [91®]. Formed from 

N. Io.^.SO;jCl tnd p-toluidino (Behrend, A, 222, 
129). Crystals, v. sol. alcohol and ether. * 

• p-TOLYL METHYL BULPHONE 

O, H,.S02.CH.. [87°]. Formed by the action of 
cone. KGIIAq on" p-tolyl-sulphono-acetio acid 
(Otto*B. 18, 161). Got also from C,Hy.SO^a 
and Mel «(Otto). Needles (from very dilate 
alcoliol), V. sol. hot water. 

• o.TOLYL.M£THTL.THIAZOLIirB 

CH.— PM’-aaS”). Conned by 
heating o-toluic bromo-propylamlde with 
at 150® (Saloiflon, B. 26/i 1328). 00. — 

B'G,H,N,0,. [186®]. 

p-Tolyl-methyl-thiaioline C„H,;NS. (395®). 
OiL~B'C^,N,Oy. C141®].-B»APtOU- 

• a 
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TOLYI,.METHyi/.THIOHTDANTOIN; 


o-TOtYI-lIETHTl-THIOHTDAHTOnr 

tl98^. Formed from 
O'tolyl-thiocarbimide and alanine (Marckwald, 
J3. 24, 8281). CryBtals. 

• 1‘olyl-methyl - thiohydanto'in. [197®]. 
Formed in like manner from ^-tolyl-thiocarb- 
imide and alanine (Asohan, B. 17, 427). Minute 
priams. On heating with alcoholic potash it is 
converted by hydrolysis ip to a salt bf the oily 
NHO,H,.CS.NH.CHMe.CO^, which slowly 
changes, in the free state, back into the 
hydantoin. 

0'Tolyl-di-methyl>tliiohydanto‘in 

‘ [176°]. Armed fromo-tolyl- 

thiocarbimide and a-amido-isobutyric acid 
(Marckwald, B. 24, 8284). Needles, v. sol. hot 
alcohol, u 

p - Tolyl • di - methyl - tblohydantoin. [85°J. 
Formed in like ipanner from p-tolyl-thiocarb- 
imide. Crystals, v, sol. most solvents. 

o-TOLYL-METHYL-XHIO-UREA 
NHMe.CS.NHC^IIj. [163°]. Formed ^ from 
methyl -thiocarbimide and o-tolnidine in alcohol « 
(Dixon, C. J. 65, 022). Pearly crystals, m. sol. 
hot water, sol. alcohol. 

n-Tolyl-mei:hyl4hio*urea. [126®]. Formed 
in like manner from jp-toluidine. Vitreous prisms, 
V. soli, hot ^ater. 

iJ^erence.— ToLVL-Tnio-UREA. 
o- TOLYL-(a)-NAPHTHYLAMINE O^H.^N 
i,e. OjoHj.NH.OhH^Mo. [96®]. Formed by heat- 
ing (a).naphthol (1 mol.) with o-toluidin*D 
(2 mols.) and CaCl^ (1 mol.) in sealed^tubes at 
290°, the 4'"ield being 37 p.c. of the theoretical' 
amount (Friedlander, B. 16, 2084). Flat needles, 
V. sol. alcohol and ether. ^ 

o-Tolyl.(8)-naphthylamine OjoHjNH.OaH^Mo. 
[96®]. Formed by heating a mixture of 
(i8)-naphthol with o-toluidine and CaCl.^ at 280®. 
Silvery plates (from ligroin), v. sol. alcohol. — 
<2i'2CaH,N,0,. [110®]. Iluddish-brown needles. 
Benzoyl derivative [118®]. Plates. 
jp-Tolyl-(a)-naphtliylamine C„H,jN. [79°]. 
(360° at 528 mm.). Formed by heating (a)-naph- 
thol with p-toluidine and CaCIj at 280®, the 
yield being 60 p.c. Short prisms (from alcohol). 
Its solutions exhibit blue fluorescence. 

j>.Tolyl-(8).naphtliylamine. [104®]. Formed 
by heating jp-toluidino hydrochloride with 
(8)-naphthol for 8 hours at 200° (Witt, B. 20, 
678 ; c/. Friedlander, B. 16, 2078). Plates (from 
alcohol). Its solutions have violet-blue fluor> 
escenct. Dissolved in isoamyl alcohol it is re- 
duced by Na to a hydride [44®] (tJamberger/a. 
Miiller, B, 22, 1309). With nitroso-dimethyl- 
aniline hydrochloride and HOAc it yields a 
saffranine C,oH,N,,Cl(C,H,):CeH„NMe2 (Witt, B. 
21, 724). jp-ToIyl-naphthyl-amiuelflO ^.), heated 
with nitroBO-dlmethyianiline hydrochloride’ (4 g.), 
ZnCl, (10 g.), and HOAo (100 o.o.), forms 
Oa)H,.^(NH.O„H4Me)2 [226°], which yields an 
acetyl derivative [225°]. ^ 

Aoetylpderivative [86°]. Needles. 
^Benzoyl derivative [139°]. Needles. 
Reference, — Tbtri-bbomo-tolyl-naphthti • 

iMINS. 

OI^-TOLYL-KAPHTHYLEKE-DIAMINE 

C^oH,(NHC|H,)~ [237®]. Formed by heafing 
di-oxy-naphthalene with y>-toluidine and2>*tolu« 


idine hydrochloride (Annaheim, B. 20, 1378 
Needles (from xylene). Gives a red colour o 
heating with solid ZnCl,. 

o-TOLYL.(a).lSrAPHTHYI.THIO-TOEA 
C8(NHO„H,)(NHO.H,). [168®]. Formed b 

the action of o-tolyl thiocarbimide on (a).napl 
thylamine or of (a).naphthyl thiocaft)imide o 
o-toluidine (Mainzer, B. 16, 1416). Shoi 
needles, sol. alcohol. ^ Split up by cone. HCIA 
r,t-»160° into o-toluidine, fa).naphthylamin< 
o-tolyl-thiocarbimide, and (a) -naphthyl thi< 
carbimide. 

o - Tolyl - (8) - naphthyl - thio - urea [194° 
Formed frt m o-tolyl thiocarbimide and (j8)-napl! 
thylamine (M.). 

p - Tolyl - (o) - naphthyl - thio - urea [168° 
Formed from p-tolyl thiocarbimide and (a)-nap]i 
thylamine (M.). Slender white needles. 

p - Tolyl - (8) - naphthyl - thio - urea [164® 
Formed from ^-tolyl thiocarbimide and (8j 
naphthylamine (M.). Decomposed byHClAq e 
150° into jp-toluidino, (8)-naphthylamino, p-tolj 
thiocarbimide, and (8) -naphthyl thiocarbimide, 

^-TOLYL p-NITRO-BENZYL OXIDE 
O^H^Me.O.CHj.CrtH^.NOj. [91°]. Formed fror 
y>-nitro-benzyl chloride and alcoholic C,H,ON 
(Frische, A, 224, 144). Yellowish plates, soi 
ether. 

TOLYL NITRpsO-METHYL KETONE t 
Oxim of ToLYii-aLYOXAL, 

TOLYL-OXAMIC ACID v. vol. iii. p. 654. 

TOLYL-OXAMIDE v. Oxalic acid. 

o-TOlTl-OXAZOIINE 

(255°). Formed by dissolving o-toluic bromo 
ethyl-amide in hot water and adding alkal 
(Salomon, J5. 20, 1322). Oil. Evaporating witl 
aqueous HOI (1 mol.) forms the compoun< 
C,H,.CO.O.CIl2.CH2.NH2, while excess of HC 
gives C,n,.CO.Nn.CH,.CH201. — B'0„H,N,O, 
[145°1.— B'.HoPtCl,. [189®]. 

p-Tolyl-oxazoline C,ftH,,NO. [66°]. (266°) 
Formed by decomposing C7H,.CO.NH.CH„.CH.^B 
with alkali. Needles.— B'O-HjN.O,. [188°].— 
B'*H,PtCl„. [186°]. 

• DI-o-TOLYL OXIDE (C„H,Me)aO. Cresy 
ether. (272°-278®). S.G. » 1-047. A produc 
of the distillation* of Al{OOaH,Me), (Gladstone a 
Tribe, C. J. 49, 27)., Oil, smelling like geraniun 
leaves. 

Dilm- tolyl oxide (C,H,)jO. (284°-288°) 
IX, 1-5576 at 16°. V.D. 193-9. A product o 
distillation of aluminium thymol Al(00,,H,3) 
(Gladstone a. Tribe, C. J. 41, 13). Oil. 

Pi-p-tolyl oxide (O^H,).,©. [60°]. (270°-800") 
Formed by distilling aluminium p-oresol (G. a 
T.). Prisms (from alcohol). 

Isomeride [165°]. Formed by heatin{ 
jp-oresol with ZnGl, (Busch, B. 17, 2688^ Crj» 
tals, volatile with steam. 

DI-TOLYL-OXINDOLE 

Toluisatin. [200'^]. Formed by adding tolnen< 
to a solution of isatin in H^SO, (Baeyer a 
Lazarus, B. 18, 2638). Needles, v. sol. alcohol 
and ether, sol. aqueous alkacMs. Yields an aoety 
derivative •0„H„0(NAo) [148®] and an ethyl 
derivative 03^|tO(N£t) [108®], both being oryi* 
talline. 



m-TOLYL-PROPYLENK-DIAMlNKL 


TOLTL.OXT-ACSnC ACID v. Tolyl deHmtiv 
of Qltcollio Acn> and Oxt-toltl-acetio aoxd. 

p-TOLTL OXY-ETHYL 8ULPH0NE 
07£^.S0(.0H,C]^0H. [55^]. Got from sodium 
toluene jp-sulphinate and glycol chlorhydrin 
(Otto, /. [2] 30, 855). Needles (from alcohol) 

with bitter \aste. Heating with KOHAq gives 
C„H„S,0, [84'>J. 

Benzoyl derivative OtHj.SOj.OjH^.OBz. 

’ {176°]. Needles, si. sol. hot alcohol. • 

DI-0-TOLYL.PARABANIC ACID 0„H„NA 

i.e, [203°]. Formed by boiling 

aif alcoholic solution of oxalyl-di-tolyl-guanidine 
with cono. HClAq (Berger, B, 12, 1850). Small 
needles. 

Di-p-tolyl-parabanio acid [144°]. Formed 
by boiling di< (or tri-) p-tolyl-guanidincdicyauido 
with alcohol and HCl (Landgrebe, B. 11, 978). 
Plates. Oxidised by potassium permanganate to 
^.Q^N(o,H,.co,H).go Jggoo, 
'"^\N(0«H,.C0,n).C0 

jj.TOLYL PENTADECYL KETONE 
C„H„.CO.O„H,Me. [00°]. (202° at 15 mm.). 

Formed from palmityl chloride, toluene, and : 
AlCl, (Krafft, B. 21, 2260). Needles (from ' 
alcohol). Yields p-toluic acid on oxidation. j 
o-TOLYI-PENTHIAZOLINE C„I1„NS i.e. 1 

C,H,Q.S~QHj heajting trimcthyleno ! 

ohlorobromido with thio*o-toluic amide (Pinkus, 
B, 26, 1081). Oil, volatile with steam. Its : 
hydrochloride gives a white compound with 
HgCl,. 

^-Tolyl-penthiazoline [53°]. 
jj-TOLYL-PHENTLIAZINE. Dihydride 

C;H the action : 


of HNOj on o-amido-benzyl-^j-toluidine hydro- ! 
chloride (Busch, B. 25, 45^. Yellow plates 

(from alcohol). — B'HCl.—B'jAPtCia. [190°J 

BAH.NA- [132°]. Dark-yellow needles. 

jj-TOLYL-PHENYL-ACETAMIDINE C„H,,Na i 
U. C,H,.Cn3.C(N.O„H,Me).NH,. [110°]. Formed 
by heating phenyl-acetonitrile with p-toluidino 
hydrochloride (Bernthsen, A. 184, 342). Crys- i 
tals (from alcohol). — B'^HjPtCl^: yellow prisms. ! 

DI - p . TOLYL - DIPHENYLACETYLENE - 
DIAMINE C^aHa.N, i.e. C,H,N:CPh.CPh;NC,H,. 

[161°], Formed, together with Bz.CPh:N6t,II, 

[116°], by healing benzil (1 jnol.) with ^^-toluid- 
ine (2 mols.) at 130° (Bandrowski, M. 9, 690). 

Triclinio plates. 

DI . T0LY4- PHENYLENE .DIAMINE v, 

Phentlsne-dx-toltl-dzamine. 

TOLYL PHOSPHATES. 

Tri-o-tolyl-phosphate (C,H,0)3PO. Fowned 
by heating o-cresol with POCl„ the yield being 
95 p.c. (Heim, B, 16, 1767 ; liapp. A, 224, 173). with calcium formate (Miller, B. 23, 1082). Oil, 
Oil, sol. alcohol and ether. i smelling hke^eppermint. Volatile with steam, 

“ ■ ■ ■ ■ — f 
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C,H,PC1, [20°] (245°), beinK converted bv water 
into C,H,P(OH)„ which splits up on heating into 
tolyl -phosphine and toluene phosphonio acid 
0,H,PO,IL (Miohaelis, B. 12, 1009; 18. 653; 

A. 212, 230). dll with strong odour. Bapidly 
oxidised by air to 0,H,P(OH),. HI •forms 
CjHjPHj,!, crydlallising in colourless needles. 

p . TOLYL - PHTHALIDE 0,,H„Og ♦.«. 

^'orraed by re- 

ducing C,lI;.Cd.CyH,.(50^U in alcoholio solution 
with Zn and HCl (Gresly, A. 234, 236). Needles, 
sol. hot alcohol, iasol. NAAq. • 

Di - j) . tolyl - phtholldo 

[116°]. Formed by heating phthalyl chloride 
(100 g.) with toluene (160 g.) and AiCl, (Berchem, 
Bl. [2] 42, 168 ; cj^ Friedel a. Crafts, Bl. [2] 35, 
505). Prisms, sol. alcohol and ether. 

TOLYL - PHTHALIMIDE -u. Toljlimidc of 

PuTlIAIilO ACID. 

w-TOLYL-PROPIOLIC ACID 0,H,.OiO.COaH. 
[109-5°]. Formed by boiling di-bromo-tolyU 
propionic eicid 0 JI;.CllJir.CIIBr.C03H with 
alcoholic potash (MiiHor, J5. 20, 1215). AgNO, 
gives an explosive wliito pp. 

o TOLYL-PROPIONIC ACID C,H,.0,H,Or 
Monoclinic prisms (Young, B. 25, <>102). 

wi-Tolyl-propionio acid 0,H,.ClI^.Ck,.CO^. 
[43°]. Formed by reducing m-tolyl-acrylio acid 
with sodium -amalgam (Miiller, B. 20,^21^; von 
Miller, B. 23, 1890). Notidlns (from li{pofn), sol. 
water, alcohol, and ether. Volatile with steam. 

7n-Tolyl-propionio acid [125°]. Formed by 
oxidatioiAof i/t-isobutyl-lolucne by HNO,(Kffront, 

B. 17, 2330). Needles, si. sol. hot water. -^AgA' ; 

crystals, sol. liot water. *** 

p-Tolyl propionic acid. [116°] (Von Miller, 
n. 23, 1898); [120°] (Krol)or, B. 23, 1033). 
Formed by reducing p-tolyl-acrylio acid. Con- 
densed by hot ASO, to oxy-motbyl-indonaph- 
thene. • 

Di-a-tolyl-propionic acid OII,.C(C,H,)^.CO.^H^ 
[152°]. Prepared by adding toluene to a solu- 
tion of pyruvic acid in at - 10°(Bdttinger, 

B. 14, 1596; 16, 1474). Monoclinic crystals, 
sol. hot alcohol. Give it-di-tolyl-othane on 
distillation with lime. Oxidised by KMnO, to 
di-phcnyl-othane tri-carboxylio acid. — AgA'. 

Ethyl ether EtA'. [145°]. JL^risms. 
Ucfertnices, — Baoaio-, Nixito-, and OxY-, 

TOLYD-l’JlOPIONIC ACIDS. 

Jf-TOLYL-PROPIONIC ALDEHYDE 

C, H,.CH.,.CH.,.CHO. (223°). S.G. la .9941. 
Formed by the action of water on the coir pound 
of CrO^Cl, wisli the oymene got from camphor 
and PjOj (llichter a. Schuclinor, B. 17, 1931). 
(iiot also by distilling calcium p-tolyl-propionate 


p-Tolrl phosphate PO(OC,H,)(OH)3. [116°]. 
Formed by the action of water on PO(OC7ll,)Gl|i 
which is a product of the action of POCl, on 
y>-oresol (Bapp, A, 224, 168). Plates, sol. alcohol, 
ether, and water. * 

Tri^tolyl phoBpha|B P0(00,H,),. [78°]. 

Formed by heating p-cresol with POCl,, the 
yield being 95 p.o. eColourless tables, insol. Aq^ 
p - TOLYL . PHOSPHINE 0,H,NHr [4°]: 
(178°). Formed by the action of AlGl, on a 
mixture of toluene and PCI,, the resulting 


Yields ^’’toluic and terephthalio acids on oxida- 
tion. • 

DI-o-TOLYL-PROPYLENE-DIAMINE 

(!JB[Me(NHCyHy).CHj^NHC, A* (280° at 120 mm.). 

Got by heating o-toluidine witl^ propylene 
bromide (Bischoff, B. 25, 8276). 

• Acetyl derivative CjiH^NjOg. 

Di-p-tolyl-prdpylene-diami«ie 
0,^(NHO,H,),. (277° at 48 mm.) (Bisohoff, B, 
25,^277). Got from ji-toluidine and 0,HjBr(i 
Oil. 
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AeHyl derivative 0„H„N,02. [114®]. 

Beneoyl derivative O^H^^NjOj. [152®]. 
o-TOLTL-FBOFTLSHS-tf'-THIO-UBBA 
0,H,NH.O^® [126®]. Formed from 

«-o-tol>l-allyl-thio-urea and HCl (Prager, B. 22, 
2999). Tables, si. sol. hot watel.— B'APtCL. 
[178*^]. Prisms.-B'OANA. [176®]. Cubel. 

DI-o-TOLYL-FEOFYLENE UEEA 
£ya,<^^'^’>CO. [9SO}; Pormed'ftom di-o- 
tolyl-propylene-diamine and COCL^ (Bischoff, B. 
25, 3276). Prisba (from dilufc alcohol). 

Di-p-tolyl-propylene-urea. [130®]. 

d-TOLYL ISOFEOPYL EETONE 
O^H^Me.CO.Pr. (236°). Formed from toluene, 
isobutyryl chloride and AlCl* (Claus, J. pr. [2] 
46, 480). ^ Oil, with bitter taste and aromatic 
odour. Y’elds p-toluio and terephthalic acids 
on oxidation. Yields an oxim [92*^]. May be re- 
duced to p*tolyl-isopropyl-carbinol ; an oil boil- 
ing above 300°. 

DI-o-TOLYL-PYEAZKIE HEXMYDEIDE 
O.H.M8.N<^y’';g^p> N.C.II,Me. “zM-b-tolyZ- . 

mperaaine. [171®]. Formed from ethylene 
bromide, o - toluidine, and Na.COj at 160° 
(Bisohofif. B. "22, 1781 ; 23, 1982 ; cf. Mauthner 
a. Suida, M* 7, 233), Crystals (from other). 

Ist-merfde. [164®]. Formed by heating di- 
o-tolyl-ethyleno-diamine with chloro-acetio acid 
and NaOAo (Bischoff, B. 23, 2031). Thin needles 
(from alcohol). 

Bl-p-tolyl-pyrazine hexahydride * 

[188°]. ' Formed" 
from p-toluidine and C.H^Brj in presence of 
NaOAo or Na^CO,. Prisms, si. sol. alcohol. 
With NaNO, and HOAc it yields a di-nitroso- 
derivative [167®]. 

o-TOEYL-PYRAZOLE 

^2i6-5° cor.). S.O. g 1 0868 ; 10753? Formed 

by boiling epichlorhydrin (1 mol.) with o-tolyl- 
hydrazine (2 mols.) and benzene, boiling off the 
benzene, and heating the residue at 150° (Bal- 
biano, 0. 18,868). Not reduced by boiling with 
alcohol and Na.— B'.Jl.^PtC4 [201°].— B'Etl. 
[100°]. Needles, v. e, sol. water. 

Dihydrine 0,HjN5.C-H,. (271®). S.G. g 
1*084. JFormed from acrolein tolyl-hydrazide 
and dilute (2 p.c.) H.jSO^. Oil. Bol. funj '.ng 
HClAq, but reppd. by water, KjiCr^O, and 
HjSO^ give an indigo-blue colour, 

jp-Tblyl-pyraiole. [33®]. (259® cor'. 

Formed, In like manner, from epichlorhydrin and 
p-tolyl-hydrazine. Yellowish plates, si. sol. hot 

water.— B'aHaPtCl,2aq ; needles. [184®] B'EtP. 

[105°]. Prisms, v. sol. water. , 

Dikydride, [60*5°]. (282° i.V.). Formed 
trom acrolein p-tolyl-fiydrazide and dilute H^SO^. 
Got also by reducing p-tolyl-pyrazole id alcoholic 
solution by Na. Iridescent plates, si. sol. ho,* 
water. Its acidified solution is coloured violet- 
red by KjOrJO,. 

OtTOLYL-FYEIDIHE HEXAHYDEIDE 
0,H4Me.N.OjH„, ^ (262°). Formed by heating 
piperidine with p-bromo-toluene at 270® (Lell- 
manno. Just, B. 24, 2099)* V. sol. alcohol and 
bensene. 


distillation ol 

jp-toluidine muoate (Lichtenstein, B. 14, 933). 
Converted by AoOl into crystalline OjHjNO^Ao^, 
— B'^HgOlj. 

Dl^-tolyl-pyrroU 

[197®]. Formed by treating di-p-tolyl-furfurane 
OT (C,H,.C0).,C^4 NH4OA0 (Hollemann, 
B. T. C. 73). Small plates with bluish lustre. 
Does not form a K derivative. Boiling HClAq 
gives a red resin. With isatin, after several 
days, it gwes an intense red colour. j 

o-TOLYL-ftUINAZOLINE BIHYDEIDE 

0|5^,4N2^.e. Formed by 

reducing the formyl derivative of o-nitro-benzyl- 
o-toluidine with tin and HClAq (Paal a. Busch, 
B. 22, 2701). Oil, — B'HSnClg. — B'HCl : amor- 
phous.— B',H,PtCl«. [210®]. Needles (from al- 
cohol containing HCl). 

^-Tolyl-quinazoline dihydride. [120°]. 
Formed in like manner. Plates, v. sol. alcohol. 
— B'HSnCl,. [165®].-B'HC1 2aq. [85°].— 
B'HCl. [251°].— B',H^tCl.. [216°]. Yellow 
needles. 

Me thy lo^ to elide B'Mel. [186°]. Needles. 
jp-Tolyl-quinazoline tetrahydride 

^«^KcH,.*NC?H,Me* Tl^?®]. Formed by re- 
ducing the diliydride in alcoholic solution by 
sodium. Needles, m. sol. alcohol. Yields a 
nitrosamiue [100®]. Yields a crystalline hydro- 
chloride. 


liefcronce. — Oxy-tolyl-vQuinazolinb. 

{l>y. 3).o.T0LYL-QUIN0LINE C,„II„N U. 

g [77°]. Formed by die- 
tilling oxy-tolyl-quinoline (pseudoflavenol) with 
zinc-dust (Weidel a. Bamberger, M. 9, 108). 
Silky needles (from benzene). —B'jB[.,PtCL [dried 
at 105°). Orange tables. 

?/t-Tolyl-iBoquinoline 

[52®]. Formed by heating (l).ohloro- (3).m- 
tolyl-isoquinoline with HI and P for three hours 
a 170° (Hcilmann, B. 23, 3168). Needles (from 
MeOH). 

iicTolyl-isoquiitoline 

[78°]. Formed in like manner (Ruhemann, B, 
24, 3975). Needles.— B'HI.—BH.,Cr04.— 

B',H.,PtCl4.-B'C„H,N,0,. Yellow needles. 

Jicf erence. — Oxy-tolyl-quinolInb. 

TETRA.7n-TOLYL-SILICANE Si(0,H,),. 
[161°1. (above 550°). S.G. 1*1188, Formed 
from w-bromo-toluene, SiCl,, and sodium (PoUs, 
B. 19, 1021). Prisms (from ether), v. sol. benz- 
ene. 

Tetra-p-tolyl-silioane Si(C,H,)4. , [228®]. 
(qbove 450°). S.O. *2 l°0793. Formk from 
SiCl^, p-bromo-toluene, ether, Na, and a little 
EtOAo (Polio, B. 18, 1642 ; 19, 1019). Mono- 
olinio crystals(;(from chloroform). Decomposed 
by . oonc, HNO„ forming silica and di-p-nitro- 
toluene [72°j. •* 

TETBA-o-TOLYL SHICATB Si(00,H.).. 

437°). . Formed by heating o-oresol with 
SiCl4, the yield being 90 p.o. of the theoretical 
quantity (Hertkom, B. 18, 1686). OR, T« soL 
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«fooboL I> 0 oompoBed by bot water into silica 
and o-oreaoL 

Tetra-f»-tolyl silioata Si(OC,H,)<. (445®) 

at 720 mm. Syrup (H.). 

Tetra^tolyl silicate Si(00,H,)4. [70®]. 

{444®). Tables or prisms, v. sol. benzene (H.). 

j?-T0LYL 8ILIC0-CHL0EIDK 0,H,SiCI,. 
[219®). Formed from Hg(O^H,)j and SiCl^ at 
ilO® (Ladenburg, A. 173, l65). Liquid, converi^ 
[)y dilute aqueous ammonia into 0,H,.Si0.0H 
0 . 160®] , which is converted at 200° into solid 
;C,H,.Si0),0. i 

• TOLYL SULPHATES. 
o-Tolyl aalphurio acid 

[1:2] OfHiMe.O.SOj.OH. Occurs in small quan- 
tity in the urine of horses (Preusse, H. 2, 3.55). : 
Prepared from CjH^Me.OK and EjS^O, (Bau- 
mann, B. 11, 1911). The K salt crystallises in I 
plates, m. sol. water. | 

m-Tolyl sulphuric acid C«H 4 Mo.O.SOj.OH. I 
Occurs in very small quantity in horses’ urine I 

(P.)* 

p-Tolyl sulphuric acid CuH4Me.O.SO;..OU. ; 
Occurs in the urine of horses and cows (Bau- ' 
mann, B. 9, 1389, 1716; Stadelcr, A. 77, 18). ! 
Formed by boiling potassium p-cresol with j 
KjSjO,. The E salt is si. sol. cold alcohol. | 
DI-o-TOLYL-SULPHAZIDE CuH,«N..SO.. ue. I 
[2:1] 0,H4Me.NH.NH.S0,.C,i:L4Mc [Irij. ‘ Tohjl- 
toluene-sulphazide. Obtained by the 

action of SO.^ upon o-diazo-toluene in alcoholic 
solution. White glistening needles (Limpricht, 
B, 20, 1241). When boiled with baryta-water it 
decomposes into o-toluene-sulphinio acid, 
toluene, and nitrogen. 

Di-^-tolyl-sulphazido C, 4 H,aN.^SO- t.e. 
[4:1] 0,H4Me.Nn.NH.S0,.CJI,Me [1:4J. Toltjl- 
toluene-sulphazide. [140®]. Formed in like 
manner from p-diazo-toluono (L.). Small 
needles. By boiling with baryta-water it is de- 
composed intop-toluene-sulpliinic acid, toluene, 
and nitrogen. 

Reference, — Nitro-di-tolyl-sulpiiazide. 
DI-^j-TOLYL SULPHIDE S(C«H4Me).^ [57®]. 
(above 300®). Formed by distillation of lead 
p-tolyl-mercaptide (Otto, B. 12, 1175). Small 
needles, insol. water, sol. alcohol. Yields di-^)- 
tolyl Bulphone on oxidation bv KMnO^. 

Di-m-tolyl disulphide* CiiIInS, * i.e. 
(C^H4Me)2Sf. Formed froAi m-tolyl morcaptan 
by treatment with dilute HNOj (Uiibner a. Post, 
A* 169, 51). Liquid at —22®. Decomposed on 
boiling or by atmospheric oxidation of its am- 
moniacal alcoholic solution (Leuokart, J, pr. [2] 
41, 189). 

Di^-tolyl disulphide ( 0 ,H 4 Me),S. 4 . ^43®]. 
Formed from ^-tolyl mercaptan by atmospheric 
oxidation (Marcker, A. 136, 88) or by the ac- 
tion of C1S0,H (Beckurts a. Otto, B. 11, 2066),» 
or by flroatment with ICy (Thurnauer, B, 23, 
769). Formed also by the action of HjS on*a 
warm dilute solution of toluene jp-sulphinio acid 
in alcohol (Otto, J.pr, [2] 37, ^1). Crystals, 

T. 6. sol. ether. Be^ns to boil » 807° i.V. but 
decomposes on distillation. Alcoholic E,S 
forms j>-tolyl mercaptan (OMo a. BdBsing,*B. 19, 
3129). - • 

Di p.tolyl tetrasulpbide ( 0 ,H 4 Me),S 04 . 

(76®]. Formed by the action of H|S on a cone, 
eolution of toluene ^gulphinic acid (Otto, /. pr. 


[2] 87, 211). Small plates, Insol. water, t. ioL 
ether. 

References. — Di-imido*, Di-saeifo-, and OzT- 

DX-TOLYL-SDLPHfDB. 

0-TOLYL SULPHOOYANIDE 0,H4Me.S.ON. 
(o. 245®). Formed by adding ouprous sulpho- 
I cyanide in ESCy to a solution of o-diazo-toluene 
I (Thurnauer, B. 23, 770). Yellowish-red oil with 
unpleasant odour. 

p-Tolyi sulphocyaoide. (o. 248°). Formed in 
like manner, and also by passing OyCl through 
alcohol containjpg lead p-talyl meroaptide. 
Liquid, solidifying below 0®. 

DI-p-TOLYL BULPHONE (C,4l4Me),SO,. 
[158®]. (405®) at 714 nnn. Prepared by the 

action of AlCl, on a mixture of toluene and 
toluene p-sulphouic chlorido (Beckurts a. Otto, 

B. 11, 2068; 12, 1177; cf. Michael, B. 10, 584). 

Formed by tho action of fuming or SO, 

on toluene (Deville, A. 44, .306 ; Otto a. Grttber, 
A. 154, 193) and by tho neti..n of EMn04 
HOAc on di-p-tolyl sulphide. Prisms (from 
benzene), b 1. sol. cold ffiGohol and ether. Potash- 
fuFioET yields p-cresol and diphenvl (Otto, B. 19. 
2426). 

DITOLYL DISULPHONIC ACID 
[1:4:5] O«H,Me(SO,H).0„HsMe(SO,H) [6:1:4]. 
Formed from di-amidu-ditolyl diHulphonio acid 
by diazotisation followed by boiling with alco- 
hol (Hallo, A. 270, 303). Crystaln^ v. sol. 
water, m. sol. alcohol, insol. ether. — Jv.A". Hexa- • 
gojial i)lutes.— KHA" : piipins.— BaA"* 5aq. 
Chloride 0,411,. ,S,04C1.4. [229°]. 

AmiAe 0,4H,,S.A{NH,),. Needles. 
p-TOLYL-SULPHONO-ACETIO ACID. 
CJl4Mo.SO,.CH.,.CO.,H. [118®J. Fw/med from 
sodium henzeno sulphinato and chloro-aoetio 
acid (Gabriel, B. 14, 834). Crystals (from benz- 
ene), si. sol, hot water. Cl passed into its 
aqueous solution forms C,H4fBO.^.CH01, [114°]. 

Br forms C,H,.SO.,.CilBr,, and C,H,.l^,.CH,Br 
(Otto, J.pr. [2] 40, 542). — AgA' : trimetrio tables. , 
Ethyl ether Eik* . Converted by bromin% 

(2 mols.) at 90° into C.H,.SO,.CBr,.CO,Et which 
on saponification by cold NaOHAq yields 

C, H,.SO.,.CHBr, [117®]. 

p-TOLYL-SULPHONO-ACETONE 
CH,.CO.CH,.BO,.C«H4 Mo. [61®]. Formed by 
heating sodium toluonop-sulphinate with chloro- 
acetone in alcohol (Otto, J. jrr. [2] 36, 426). 
Needles, v. sol. alcohol. Bromine forma 
Cl*^Br.CO.CH,.SOAH7 [130®], m. spJ. alcohol. 

Di-p-tolyl-di-salphono-acetone 
CO(CH,.S05.C,H,Me).,. Formed by heating 
rH.JBr.CO.C^j-SOjCyll, with sodium toluene p- 
sulphinato in alcoholic solution. Plates, v. sol. 
hot HOAo and clilorofcA'm. 

• DI-TOLYL DI . SULPHONO - DI - ETHYL - 
^INE^a(C,H4.SOrC,H,),. Formed by heat- 
ing ^i-tolyl ethylene disulphone with NH,Aq 
(Otto, J. pr. [2J 30, 85'J). -B'HCl. [201°].— 
B'HAuC^: dark -yellow needles. 

• DI - TOLYL - DI . SULPHONO - DI - ETHYL 
OXIDE 0(CA^ SOa.O,H,),. [84®]. Formed by 
the action of cono. EOHAq on C^4(S0AHJ| 
and as a by-product in tho preparatiW of 
T,H,.S0,.CA4QH [56®J by the action of dUuta 
EOHAq on the same body (otto a. Tr6gert B, 

20| 944 ; cf. J.pr, [2] 30, 171, 821). 

TOLYL DISULPHOXIDE v. Tolyl ether of 
ToLUBNB TBZOSULPHONIC ACID. 
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]>i-|>-tol7l iQlphozide S0(0^4Me)2. [92^]. 
Formed from toluene, SOGl^ and iJCl, (Parker, 
B, 28, 1844). . Flat needles (from ligroin), v. e. 
sol. benzene. Beduced by sodium and alcohol 
to di-tolyl sulphide [66°]. KMnO^ in HOAo 
forms di-tolyl sulphone [168°]. . 


DI-o-TOLYL-TETEAZINE t.e. 

0,H,N [141°]. Formed from 

o-tolyl-hydrazine, chlorofDrm, and alcoholic 


potash (Euhemann, C. J. 57, 62). Crystals. 
Yields orystplline 0,gH,.(SOaH)N4 and 
0,aH„(N0.JN, [207°].~B'HC1; needles. 


Methylo-iodide B'MoJ. [198°]. Nodules. 
Di-p-tolyl-tetrazine OjaHigN^. Formed in 
like manner. B'HCl: very unstable white needles. 


Methylo -iodide B'Mel- [242°]. Needles. 

o-TOLYL-THIAZOLE DIHYDBIDE 


0,H,Me.0^g;^^^ (282°). Formed from thio- 

o-toluio amide anrl ethylene bromide (Gabriel a. 
He3rmann, B. 24, 786). Got also by heating o-toluic 
bromo-ethyl-arnide with^'P^Sj (Saloipon, B. 2G, 
1329). Converted by bromine-water into hiiirine 
and o - toluio acid. — B'jHaPtCla. [199°]. — * 
B'C,HaNaO,. [132°]. 

p-Tolyl-thjiazole dihydride. [81°]. Prepared 
in like manner. Tables. 

j).TOLYL.l?HIOBIURET C„H„NaSa. [168°]. 
Formed b^ fusing ^-toluidine (2 pts.) with per- 
sulphocyanic acid (1 pt.) (Tursini, D. 17, 584). 
Minute needles, sol. NaOIIAq. Yields CaHjoNaSaEt 


[134°], crystallising from alcohol in needles, and 
OgHjoAoNjS,, [166°], crystallising in needles. 

O.T0LYL-/8-THI0CARBAMIC ACID 
[l:2]0AKb.NH.C8.OH. 

Ethyl eiAer 0,H,N:C(SH).0Et. ,Tolyhthio- 
urethane. Formed by heating o-tolyl-thiocarb- 


imide with alcohol at 130° (Ltebermann a. 
Natanson, B. 13, 1676; A, 207, 161). Oil, sol. 
alkalis.-^^C,oH,5AgNSO : white pp. insol. NH.,Aq. 
Converted by Mel into C7H,N(OEt).SMe, and by 
^tlinto 07H7N(0Et).SEt, both being oils boiling 
above 260°. 

m-Tolyl-/3-thiocarbamlc acid 
[l;8]C.H,Me.NH.CS.01I. 

Ethyl ether C,H,N:C(SH).OEt. [68°]. 
Formed in like manner (Jj. a. N.). Yields 
C,oH,,AgNSO and oily O.oH.jEtNSO. 

«-ToJyl-/9- thiocarbamic acid. Ethyl ether 
0,H,NC(SH).OEt. [87°]. Formed in the same 
way (li. a. N.). Triclinic crystals. Ammonki.cal 
AgNOa added to its alcoholic solution ppts. 
C7H,NC(OEt).SAg, which is converted by Mel 
into C,H,NC(OEt).SMe, and l^v EtI in^o 
07H,NC(OEt).SEt, both being oils boiling abefve 
260°. 0,H7NC^0Et).SE4 is decomposed by dilute 
H3SO4 at 180° into p-toluidine and thiocarbonio 
ether. <. 

o-Tolyl-o-thiocarbamio acid C.H,NII.Cp.SH. 

Methyl ether MeA'. [70°]. Formed by 
heating C^,NH.C(NC,H;).SMe with dilute 
HaSO* at 140° (Will a. Bielschowski, B. 16 
1817). Plates. 

Ethyl ether EtA'. [60°]. Tables. 
^^olyl*a-thiocarbamic acid NHC,H,.CO.SH. 

Methyl MeA'. [107°]. Formed b^ 

heating 0,E[TNH.C(NC,H,).SMe with dilute 
H^SO, at 170°. Needles, ▼. sol. alcohol and 
ether. 

Ethyl ether EtA'. [79°]. Formed from 


p-toluidine and 01.CIO.SEt. Needles. Yields 
£tSH and tolyl oyanate on distillation. 

Ethylene derivative 

[88“], Long ilendet 
needles. 0 

o-Tolyl-di-thio-carbamio acid 
C,H,NH.CS.SH.— NlA'j. Brown needles, insol. 
water. — BaA',. Plates (Losanitsoh,B. 24, 3027). „ 
Forms di-o-tolyhthio-urea on heating. 

Methyl ether MeA'. [132°]. Formed 
from the Ba salt and Mel. White needles. 

Ethyl ether EtA'. [72°]. Formed Ijy 
heating C;H,Nfl.C(NC,H,).SEt with CS., at 160° 
(Will a. Bielschowski, B. 16, 1317). Prisms. 

Ethylene derivative 0„H„NS, i.e. 

CS<^g ^ C.^H4. [129°]. Formed by heating 
C,n,N.C<^^^j^C,H4 with CS^ at 200° Yields 

CjgH,,NS.^MeI, crystallising in prisms [151°]. 

77t-Tolyl-di-thio-carbaniic acid 
C,H,NH.CS.SH. 

Salts .— BaA'^. Formed from wt-toluidine, 
CS., and Ba(OH)2 in alcohol (Losanitsch, B. 24, 
3027). Needles, sol. water, insol. cold alcohoL — 
NiAV Yellowish-brown plates. 

Methyl ether MoA'. [89°]. Needles. 

p-Tolyl-di-thio-carba,niio acid C;H7NII.CS.H. 

Salts. — NH|A'. Formed from p-toluidine, 
CSj{, alcohol, and NHaAq (Losanitsch, B. 24, 
3026). Yellowish prisms, sol. water, insol. alco- 
hol. — BaA'j. Needles. — NiA'^. Formed from 
p-toluidine, CS^, ammoniacal NiSO,, and alcohoL 
Brown needles, sol. alcohol, insol. water. 

Methyl ether MeA'. [84°J. Prisms. 

Ethyl ether EtA'. [74°]. Formed by 

heating NHC,H,.C(NC,HJ.SEt with CS^ at 160° 

(W. a. B.). Needles, split up by heat into 
p-tolyl thiocarbimide and EtSH. 

Ethylene ether CS<g 

[126°]. Crystals. Yields a methylo-iodide [107°], 
which is converted by aniline into C,eH,„N.^S 
[123°], and by o-toluidino into C^HigN^S [82°]. 
o Reference. — Nitro - tolyl - xmocAiiBAMio 

ETHER. 

Q- TOLYL -THIOCARBAZIC ACID o- Tolyl 
hydrazide (T.lLNH.NH.CS.SNHg.NIIC^H,. 
Formed from o-tolyt-hydraziue, ether, and CS, 
(Preund, B. 24, 4200). Prismatic tables, insol. 
ether, decomposed by water and alcohol. The 
p-isomeride melts at 109°. •- 

DI-o-TOLYL-THIOCARBAZIDE C.gH.gN^S Le. 
CS(NH.NHOgH,Me)g. [130°]. Formed from 
o-tolyl-thiocarbazic acid and o-tolyl-hydrazine 
at 90° (Preund, B. 24, 4201). Needles, sol. alco- 
hol, insol. Aq. 

Dl-p-tolyl-thiocarbazide. [121°], Formed 
iq like manner at 110° (Preund, B. 21, 4194). 
!l^iates, V. sol. hot alcohol. 

Di-o-tolyLthiosemioarbazide Ci,H.,N,S i.e. 
NHC,H,.CS.NH.NHC,H,. [149°]. Formed by 
heating o-tolyl-thiocarbimide fl mol.) with 
o-tolyl-hydrazine (1 mol.) in alcohol (Dixon, 
O.J, ol, 1017). Octahedra, m. sol. hot alcohol, 
hisol. Aq. y . 

Di-2}>tolyl-tkio8eniioarbaiide. [164°]. Formed 
in like manner (D.). Prisms, y. e. soL hot alco- 
hol. 



TOLYL-TdtO-UBEA. 


Tfil 


(4:i1oa5SiH.CS.NH.NHO,H,M«[1:2]. [1420]. 

FomiM {tom iKtolyl-thiooarbimide and o-tolyl- 
hydrazine p.)* Pn«&B, sL sol. hot alcohol. 
Isemeride 

[2:l]0,H4Me.NH.CS.NH.NHC,H,Me[l:4].[163‘>]. 
Form^ from o-tolyl-thiocarbimide and jp-tolyl- 
hydrazine (Dixon, C. J. 61, 1015). Prisms, m. 
■ol. hot alcohol. 

DI^TOLYL-THlOCAlftBAZONE C,5H„N,ai.«. 
0 ,H,N:N.CS.NH.NHO,H,. [168®]. Formed froiti 
di>o-tolyl>thiocarbazide and alcoholic potash 
(Preund, B. 24, 4201). Dluo-black needles, v. 
sol. chloroform, si. sol. alcohol. Cone. H.SO, 
forms a bluish-green solution. 

Dl-y-tolyl-thiocarbazone. [105°]. Formed 
in like manner. Dark-blue amorphous flakes. 

O-tolyl-thiocarbimide c,h,ns i.e. 

[l:2]C,H,Me.N:CS. (239°). Formed from di-o- 
tolyl-thio-urea by distilling with P^Oj (Slaats, 

B. 13, 136), by heating with aqueous II.PO, 
(Hofmann, J?. 15, 986 ; Mainzer, B. 16, 2017), 
or by boiling with fuming HClAq (Girard, B. 6, 
445). Oil. 

Reactions. — 1. Chlorinetorma OJIj.KCl.CSCl 
(218°), which is converted by alcohol into a 
mixture of di-o-tolyl-urea and o-tolyl-carl)amio 
ether (Lachmann, B. 12, 1349). — 2. Ckloro-acetic 

acid and alcohol at 150° form 

crystallising in needles [120°], decomposed by 
boiling baryta-water into o-toluidine, COj., and 
thioglycollic acid (Voltzkoff, B. 13, 1.5*80). — 
8. PhOMe and AICI3 on warming form 

C, H,NH.Cy.C,jH,OMe [95°] (Tust a. Gattennann, 
B. 25, 3528). PhOiit and AlCl, give C„H„N SC 
[116°]. 

m-Tolyl-thiocarbimide C,II,.N:CS. (244°) 
at 732 mm. Formed by boiling di-w-tolyl nr< a 
with cone. HClAq (Weith a. Landolt, B, 8, 719). 
Heavy oil. Converted by copper-powder at 220° 
into m-toluio nitrile. 

n-Tolyl-thiooarbimide [1:4] C,H,Me.N:CS. 
[26°]. (237°). Formed by heating di-jp-tolyl- 
thio-urea with P3O3 or aqueous of S.G. 

1-7 (Hofmann, B. 1, 173 ; 15, 986 ; Staats, B. 
13, 135). Formed also, together with phenyl- 
thiocarbiraide, by heating PhN:C:NC.H, with 
CSj at 190° (Huhn, B. 19, 2409). Needles (from 
ether), v. sol. alcohol. • • 

Reactions.— !. Aniviquiia forms tolyl-thio- 
urea, and other bases act in like manner. — 
2. Bromine forms 0,HjNBr.CSBr, which readily 
gives off Br^ leaving (C,H,NCS)aBr3 crystallising 
in plates decomposing at 210° (Holmers, B. 20, 
790). — 2. Chlorine forms (0,HjNCS).^Cl„ whence 
dilute alcohol gives (C,H,NCS)30 [139°LcryBtal- 
lising in needles.— 3. CH3CI.CO3H ana alcoho^ 

at 160° form 0 ,H,N:C<q^q» [162°] (VSltz- 

ko£F^. 13, 1579).— 4. Warmed with toluene altid 
AlOL, it gives 0,H,NH.CS.O,H, [10^°].— 

5. Heated vrith AICI 3 it yields (CjH^N.CSl.S 
[176°] (Friedmann a. Gattermann, B. 26, 8525)a 

6 . C^gOMe and AlCl, react, erith formation of 

0,H,NH.CS.O^«.OMe [167°].— 7. CeH.OEt and 
AlCl, give 0,,H,,^OS [161°], which may 
oxidised to Cj,l*, 3 NOS [170°]. ^ • 

Dl-p-TOlTL Bl-TSHO-CABBONATB • 
CO(SO«HtMe)r [91®]- Formed from j?-tolyl 
mercaptan and OOGlj. It is also a by-product 


in the action of p-diazo-toluene ohloride on 
potassium xanthate (Leuckart, /. pr. [9] 41, 
190). Needles (from alcohol). 

TBI-TOLYL TRI-THIOOTAKURATS 

(0,H,Me.SCy),‘’ [114°]. Formed from sodium 
jp-tolyl mercaptan end cyanuric chloride 
(Klason, J. pr, [2] 83, 120). Crystals (from 
HO Ac). 

o-TOLTL-THIOHYDANTOlN O.H^NSO U 

o-tolyl-thiocarbimide and amido-acetio acid 
(Marckwald, /?. A4, 3281). PlaAis, v. sol. alcohol, 
si. sol. ligroin. 

p-Tolyl-thiohylantoln [210°] (M.). Formed 
as above (M. ; cf. Aschan, B. 17, 420). Flat 
prisms, sol. alkalis. 

Isomeride [183°]. Formed by fusing 
CII.Cl.CO.NHCjII, with tliio-uroa (P. Meyer, B, 
10, 1966). Small crystals. * 

jP-Tolyl't/^-thiohydantoio acid 
C,H,N:C{NH,).S.CH,.COJI. [176° - 182°]. 

Formed by boiling^ cliloro-acetic acid with 
amiiy)nitsm sulpliocyanidc, ^>-tolui(line, and 
alcohol (Jager, /. pr. [2] 16, 21). Prisms, not 
attacked by Ac^O and Br. 


DI-p-TOLYL-THIOPHENE 


CII;C(0..1£,Me)\Q 

CH:C(C,H,Mo)/'^* 


[171°]. 


Formed 


•.a. 

by 


heating di-p-tolyl-furfnrane with ]^3Sj*(Uolle- 
nianii, R. T. C. 6, 74). Small plates (from, 
alcohol). Gives an intenso dark-gieeu colour 
with isatin and 

o-TpLYL-THIO-UEEA NIL.CS.NHC„H,Mo. 
[165°]. Formed from o-tolyl thiooarbimido and 
NlIyAq (Staats, D. 13, 136). V. ^1. not water 
and alcohol, si. sol. other. 

Acetyl derivative NHAo.CS.NHC„H,Me. 
[184°]. Formed from acetyl thioearbimide ando- 
toluidine in alcohol (Bixon, C. J. 55,804). Pale 
lemon-yellow prisms, insul. water, sol. alcohol. 

Benzoyl derivative * 

NHBz.CS.NIlC,H,Me. [119°]. Formed in Itkd* 
manner (Dixon, 0. J. 65, 623). Pale-yellow 
prisms, blackened by AgNO.j. 

Di-o-tolyl-thio-urea CS(NH.O„H,Me),. [158°]. 
Formed from o-toluidino and CS.^ (Girard, D. 
4, 985; Berger, B. 12, 1864; Ador a. RUliet, 

B. 12, 2301). Long noodles, v. sol. hot alcohol. 
Converted by heating with Mel into the hydro- 
iodido of di-tolyl-methyl-thiourea CjjHjgN.^S, 
which may be represented as ‘methyl di-o-tolyl- 
irnido- thiocarbamato ’ C,lI,N:C(SMe).NHO,H,. 
This body melts at 60°, while tjie corresponding 
ethyl derivative melts at 51°. The ethylene de- 
rivative [^°] may be represented by the formula 

C, H,N:0<g (WiU a. Bielsohowski, 

B. J5, • 1316). The isoinorio compound 
rR21C.H,Me.N:C<rg C®2°] i« 

got by foiling the methylo-iodide of the ethylena 
derivative of p-tolyl-di-thio-carbamic acid with 
o-toluidine. 

m-Tolyl-thio-urea NHCtH,.€S.NH,. [103°]. 
Formed from ni-tolyl thioearbimide and wa- 
monia (Weith a. Landolt, B. 8 , 71^. ftismf, 
m. sol. hot water, v. sol. dlcohol and ether. 

Di-m-tolyl-thio-area CS(NHC,H,)^ [122°]. 
Formed from wi-toluidine, CS,, and alcohol (W. 
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». L.)« Keedlef , ▼. eol aloohol? nearly insoL hoi 
water. 

|;.Tolyl.tliio.Tirea NHO^H^OS-HH,. [ISa®]. 
(0. a. W.) ; (S.). Formed by heating p- 

toluidine hy^oohloride with ammonium aul* 
phocya 9 ide (De Clermont a. Webrlin, C. i2. 83, 
347). Formed also from p-tolyl-thiooarbimide 
ammonia (Staats, JB. 18, 136). Plates (from 
aloohol) with bitter taste, si. sol. cold water, m. 
sol. alcohol. , 

Acetyl derivative'* NHC^H^.CS.NHAo. 
[176°]. Formed from acetyl sulphooyanide and 
p-toluidine (Miguel, Bl. [2] 281^ 103). Needles, 
V. e. sol. hot alcohol, v. sol. ether. 

Di-p-tolyl.thio-urea CS(N§0,HjMe)j. [176°]. 
Formed by boiling jp- toluidine with GS 2 and 
alcohol (Sell, A. 126, 160). It is also a product 
of the action of allyl-thiocarbimido on an 
alcoholic solution of p*toluidine (Maly, Z. [2] 5, 
258). Trimetrio prisms (Levin, J. 1862, 384), in- 
sol. water, nearly insol. cold alcohol. In 
alcoholic solution It is converted by HgO into 
di-p-tolyl-urea. In benzene solution COCl.^ forma 
0„H„NjS0 [116°] (Will, 'IV. 14, 1487,^. CSCl, 
forma Ci.HhNjSj [109°] (Freund a. Wolf, 23. 26, 
1466). Mel forms C,H,N;C(NHC,H,).SMe 
[128°], crystallising in needles, split up by heat 
into C(NO,H,L [60°] and HSMe, converted i 
by heating with acids or alkalis into di-o-tolyl- 
urea and MeSH, and forming the salts B'HCl 
[173°] andE'HjSO^ [150°]. EtI forms the corre- 
sponding OijHjoNjS [87°], while ethylene bromide 

gives [112°], which yields 

B'H,S 04 and a' hydrochloride [219°r] (Will * 
a. Bielsohowski, B. 14, 1492 ; 15, 1309). 

NiTiio- and On- toltl-thio- 

OBBA. /- 


p-TOLYL - TOLTTTKIAZINE DIHYDRIDE 

cMe;CH.C.N.NC,H,Me* J* 

Formed by heating o-amido-azo -toluene with 
, formic paraldehyde and alcohol at 140° (Gold- 
'schmidt a. Poltzer, B. 24, 1008). Prisms, v. 
. sol. hot aloohol.—B'HCl. [220°].— B'jHaPtCl,. 
[216°]. Yellow crystalline pp. 

o-TOLYL-DRAZOLE i.e. 

®^'N<cO.NH- ‘’y 

tolyl-hydrazine hydrochloride with urea (Pinner, 
JB. 21, 121§). White leaflets, v. sol. hot water. 

r Tolyl-urazole. [274°]. Yellowish needles, 
sol. hot water. 


o-TOLYL-DREA C.H,„NjO t.«. 


NH2.CO.NH.C,H-Me[l:2]. [186°]. Formed from 
o-toiuidin^' hydrochloride and potassium cyanate, 


(Cosack, B. 13, 1089). Plates, sol. alcohol, ether, 
and hot water. * 

Bentoyl derivative CO(NHBz).NHO-H,, 
[210°]. Formed from o-tolyl cyanateund benz- 
amide at 126° (Gatterm^nn a. Gantzler, B. 25, 
1088). Needles. 

m-Tolyl-urea NHrCO.NHC.H^Me [1:8]; 
[142°]. Formed from m- toluidine hydrochloride 
and potassium cyanate (Gosack, B. 12, 1460 ; 
18, 1089). Nelddes or tables (from aloohol) or 
plates (from water). 

p-Tolyl-tirea , NHrOO.NHO,H«Me [1:4]. 
[172°] (0.); [180°] (St.; P.). Formed in like 
manner (0.; c/. Sell, C. J. 16, 190). Formed" 
also by the action of p-toluidine on mercuric 


fulminate (Steiner, B. 8, 619), and alao from p- 
toluamidozim, benzene snlphonio acid, NaOH, 
and GHOl, (Pinnow, J9. 24, 4167). Needles, 
Bol. hot water, v. si. sol. ligroln. 

Dl-o-tolyl-nrea GO(NHG,H,)y [246°] (D.) ; 
[264°] (W.) ; [266°] (Barr, B. 19, 1769). 

Formation.— 1. By the action of 'alcohol or 
water at 100° on the dichloride of o-toluio 
nitrile (Lachmann, B. 12, 1349).— 2. From o- 
tolpidine hydrochloride and cyanamide (Berger, 

12, 1869). — 3. From tolyl cyanate and water 
(Nevile a. Winther, B. 12, 2325).— 4. From 0 - 
toluidine and GOCl^ (Girard, B. 6, 444).— 6. By 
heating o-(olaidine with urea (G.).— 6. A pro* 
duct of the distillation of o-tolyl-eznido -acetic 
acid (Widman, J. pr. [2] 38, 803). — 7. By the 
action of Ao,0 and benzene on the o-toluide of 
o-tolyl-imido-diacetio acid (Bischofif, B, 23, 
1996). 

Propcriics.— Needles (from HOAc), insol. 
ether, si. sol. alcohol. Not volatile with steam. 

Di-m-tolyl-urea GO(NH.G«H.Me)a. [203°] 
(G. a. G.) ; [217°] (G.). Formed from w-tolyl 
cyanate and 7n-toluidine (Gattermann a. Gantz- 
Jer, 25, 1089), by the action of GlCOjEt on r»- 
toluidine, by heating tn-tolyl-oarbamio ether 
with water, and by heating w-tolyl-urea with 
m-toluidine at 160° (Gosack, B. 12, 1450; 18, 
1090). Needles (from alcohol), insol. water. 

Di-p-tolyl-urea GO(NH.G«H*Me).,. [256°]. 

Formation. — 1. By boTling an alcoholic so- 
lution of di-p-tolyl-thio-urea with HgO as long 
as HgS is formed (Sell, C. J. 16, 190 ; A. 126, 
161). — 2. By passing GOCl.^ intop-toluidine dis- 
solved in chloroform (Michler, B. 9, 710 ; Kiihn, 
•a. Henschel, B. 21, 605). — 3. By heating tolyl- 
nrea withp-toluidine at IG0° (Weith, B. 9, 821). 
4. From p-tolyl-cyanate and p-toluidine (Gat- 
termann a. Gantzler, B. 25, 1089). 

Proper/tes.— Needles, insol. water, si. sol. cold 
alcohol. 

Tri-p-tolyl-urea C2jn..,aN20. [189°]. Got from 
(G,H,)2N.C0C1 and p-toluidine (Hammerich, 
B. 26, 1822). Needles, sol. warm benzene, in- 
sol. ether. Gives a benzoyl derivative [137°]. 

Tetra-p-tolyl-urea G^nH-gNjO. [80°]. Got 
from (G 7 H;) 2 N.COCl and di-p-tolyl-amine. 
Needles, v. e. sol. alcohol. 

Befermces. — Amido-, Nitro-, and Oix- 

TOLYL-PKEA. • 

TOLYL-XYLIDINE. G.^H^N i.e. 
G,H,Me.Nn.G,H,Me 2 . [70°]. (c. 800° at 487 
mm.). Silky needles (from alcohol) (Girard a. 
Vogt, Bl. [2] 18, 69). 

o-TOLYL to-XYLYL ketone G,«H„0 t.«. 

‘ [1:2] G,H*Me.GO.O.H,Me, [1:2:3]. (830°) at 

728 mna, Formed from o-tcluio chloride and 
.tn-xylene (Smith, B. 24, 4050). Oil. Gon verted 
by bydrozylamine at 120° into a mizture of 
anilides. 

' TONKA BEANS, the fruit of Dipterimodo^ 
ratcu, contains coumarin (g. v.) (Boullay a. Bou- 
tron-Charlard, J. Ph. 11. 426 ; [3] 7, 160). 

< TBAOACANTH ODlf. Exudes from Aetra- 
gains vems, a trC^ growing in Armenia and the 
north of Persia. It swells^ up in water, about 
pne-half.of it dissolving. It contains arabin, 
bassorin, starch, and water. c 

tRANSFIBATlON. Graham, in 1846 and 
1849, applied the term * transpiration* to the pas- 
sage of gases through capillary tubes into a 
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?a«ai»i («; 1*. 1846. 578 ; 1849. 849). The raiei 
ol transpiration of different gases bear constant 
relations to each other; bat these rates have 
not been connected in any. definite ways with 
the compositions of the gases. M. M. P. M. 

TBSE QUM V. Xylan. 

TBEflAiiOSS V. SnoAB. 

TBEHALUM S. *06 at 17^ 1-8 

at 100®. Mp » + 179®. .Occurs in TreJiala 
manna (Scneibler a. Mittelmeier, B, 20, 133i).« 
Tasteless, minute prisms. Very hygroscopic. 
Does not reduce Fehling’s solution. Does not 
react with phenyl-hydrazine. Boiling dilute 
H^S04 forms glucose. At 180® it slo vly forma 
irehalin, which is v. sol. water and ppd. by alco- 
hol. Trehalin dissolves in phenyl-hydrazine. 
Iodine colours trehalum and trehalin violet. 
Diastase, yeast, and invertin have no action. 
Ac.,0 and NaOAc yield an acetyl derivative 
[above 210®]. 

TRI-. In the alphabetical arrangement of 
this dictionary theprefix'tri,’ when indicatingtho 
presence of three radicles, is treated as if it did 
not form part of a name, except where the en- 
tire name is numerical, as in ‘ tridecane.’ 

TRIANOSFERMIN. A crystalline substance 
occurring in Triayio^mrma Jici/olia, a climbing 
plant of Brazil (Peckholt, Ar. Ph. [2J 113, 101 ; 
Parodi, Ph. [3] 10, GG7). It has a pungent 
taste, is alkaline in reaction, sol. water, alcohol, 
and ether, and is ppd. bJPb(OAc)j and PtCl*. 

TRIAZOLE PymHliazoU. 

[120*5®]. (260°). V.D. 2*39 (calc. 2-49). Formed 
by heating its carboxylic acid alone or with 
boiling water (Andreocci, B. 25, 229 *, Bladin, B. 
25, 745). Needles (from ether), v. sol. water and 
alcohol, may bo sublimed. The di-oxy- deriva- 
tives of alkyl-triazoles named by 

Pinner ‘ urazoles,’ are obtained by heating 
hydrazines with urea (Pinner, B. 20, 2353). 

TRIAZOLE CARBOXYLIC ACID 

^137®]. Obtained by oxi- 
dising methyl-triazole (Andreocci, B, 25, 229) or 
amido-phenyl-lriazole carboxylic acid and alka- 
line KMnOf (Bladin, B. 25, 744). Amorphous 
powder. — OuA'.,aq. Green crystalline powder. 

TRICARBALLYLIC ACID «. vol. i. p. G7t8 

TRICOSANE V . Tri-icos^wte. 

TRIDECANE [-6®]. (234®). S.O. 

I *771 ; y *761. Formed by reduction of methyl 
dodecyl ketone jor of tridecoic acid by HI and P 
(Krafft, B. 16, 1G99). Formed also by distilling 
barium myristate with NaOMe (Mai, B. 22, 
2184). • 

TRIDECOIC ACID 0„H„.CO.,H. [41®]. (23G® 
at 100 mm.). Formed by oxidation of methyl 
trideoyl ketone (Krafft, B. 12, 1CG9). Crystals. 
— AgA'.* 

Amide 0„H.^.CO.NHj. [98*5®]. FormCfi 

by digesting the nitrile with cone. HjSO, and 
TOoring into water (Lutz, B. 19, 1439). Plates 
(from alcohol). * 

Nitrile 0„H^CN.« (276®). Formed from 
trideoylamine, Br, and NaOH. Oil, v# sol. 
ftloohol and etbor. • • 

TBIDSCTL ALCOHOL (O.HJ,OIf.OH. [42®]. 
Formed by reducing di-hexyl ketone (Kipping, 
Ot 57* 536). Plates (from dilute alcohol), 


insoL water. May be distilled. HBr formi 
(O.H„) OHBr [8^. 

TRIDECYLAinNEO^,H^EL. [87*]. (265®). 
Formed by boijing myristyi-trideoyl-area witn 
KOHAq (Lutz, B. 19, 1437). Unotaous mass, 
V. sol. alcohol and ether. Absorbs watbr and 
COjfrom the air. — B'HCl : needles, decomposing 
at 100®.-B',H;PtCV~B'.,II,SO4; needles, insol. 
cold water. 

TRIDEfYLENE (233® oor.). S.G. 

*8445. Occurs in petroleum from Burmah 
(Warren a. Storer, Z. 1868, 232). 

TRIDECYL-UREA. Afyris^l derivative 
C-hH^NjO, i.e. C„H„N1I.CO.NHO„H„0. [103®]. 
Formed by the action of Br and KOHAq on the 
amide of myristio acid (Uoimor a. Will, B. 18, 
2016). Crystals (from alcoliol), almost insol. 
cold water, sol. etb*er. 

TRIOENIC ACID v. Etuylidenk iudubt. 

TRIGONELLIN C,n,NO, i.c. 

yyCR — 0^- CO 

CH^ ^CH I , Occurs in the seeds of 

MJH.NMe/ O ^ 

Trigonfilla'^^\emim-gnseum (Jahns, B. 18, 2518 ; 
20, 2840). It is also produced by saponification 
of the product of the reaction of Mel on potas- 
sium pyridino (/9)-carboxylato (llantasch, JB. 19, 
31). Colourless prisms (containing aq), converted 
by HClAq at 2G5® into pyridine (/3) -carboxylic 
acid {q. u.. Reaction 4).— B'HCl. — B'./HJ’y3L.— 
B'HAuCl* [198®]. -B'.allAuCl*. [18C^. Slender 
needles. 

n-TRMOOSANE [48]. (234® at 16mm.). 
S.O. *7785; *7670. Fonnoil from laurone 

(C,,H.^.3)^0K) by treatment with POIj and reduction 
of the resulting (C,,H„).,CGl3 with HI add P at 
240® (Krafft, B. 15, 1712). Obtained also by 
fractional uistillation of paraflin oil from brown 
coal (Krafft, B. 21, 22G3). Glittering plates 
(from ether-alcohol), si. sol. alcoliol, 

TRMCOSANE DICARBOXYLIO ACID 
C;.,H,4(CO,H)a. [102*6®]. Formed by* heating 

di-oxy-penta-icosylone with soda-lime (St&rckof 
A. 223, 300). Flocculent pp. (from ligroin-etber). 
— PbA". 

TRI-ICOSYL ALCOHOL (0„H,3)3CH.OH. 
[76®]. Formed by reducing laurone with Na and 
water {Kipping, C. J. 67, 983). Plates (from 
ether), insol. water. Yields an acety] deiirative 
(C„Hj/!n.OH [35®]. 

TRt-ICOSYL ALCOHOL C„H„.On. [82®]. A 
warlike body extracted by hot alcohol from 
flax fibres (Cross a. Bovan, C. N. 69, 135). Yields 
an acetyl derivative [65®]. 

TRIMELLITIC ACID v. vol. iiirp. 20R 

‘ TRIMESW ACID v. vol. iii. p. 230. 

TRIMESITIO ACID, v. Pyridine tbzoabb- 

OSTLia ACID. 

TRIMETHYLENE v. vol. iii. p. 304. 

TRITKIN C„H,.30„. [a]„«-43*6® (Beide- 
meistbr, J. Th. 1881, 69).* Extracted by dilute 
alcohol frem the root of couch-grass {Tritieum 
^pSns) (H. Muller, .dr. Ph. [3] 2, 600; 8. IL 
Tasteless hygroscopic powder, v. sol. water, insoL 
alcohol and ether. Lfovorotatory.w On boiling 
with water, especially in presence of acidg* it 
dhahges into laDvulose. Its solutions are not 
ppd. by metallio*Balts, nor colanred by iodine* 

JTROPJEOLINES v. Azo- compounds* 

TROPElNES. A name given by Ladeobnig 
to alkoyl derivatives of tropine (q. u.)* 
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TSOFIO ACID V, OZY-PHBNTL-PBOPXONIO 
AOXD. 

TBOPIBIKS V. Mbthyl-kthylsnx ptbxdzmb 

mXUBTDBZDB. 

(a)-Xeth7l-tropidizi« 

OH^OH.OH;OH.CH:CH.CH.,.NM^ (Ladenbufg) 
orOH<™;°|j>0H.CH.,NMe,' (MetUng). 

Formed by distilling tropidine methylo-hydroxide 
with water (Koth, B. 17. 167 ; ‘Meiling, B. 24, 
8118). Oil. HClAq forms ‘ hydrochloro-(a)- 
methyl- tropidine ’ which gradually changes into 
the isomerio •‘tropidine mv thylo-chloride. — 
B'^,PtCl,. [174°].— B'HAuCl^ : golden-yellow pp. 
Methylo-iodideB'Mff. [162°]. Needles. 
(iB)-Methyl.tropidine C,H,5N. (206°). S.G. 
1* *922. Formed by heating (a)-methyl-tropidine 
at 160°-200°. Oil. Converted by HCl into 
tropilene. 

TROPIQENIN C,n„NO. [161°]. Got by 
oxidation of tropine by alkaline KMnOf (Merling, 
B, 16, 287). Go^ also by boiling ‘ homohydro- 
apotropine ’ with baryta^ater (Pesci, 0. 12, 329). 
Needles, sol. water and alcohol. Heojnvgrted by 
Mel into tropine. Oxidised by chromic acid 
mixture to eegonio acid and a small quantity of 
tropic acid (Liobermann, B. 24, 615).— B'HI. — 
B'aCOj : cryitalline pp. — B'JljPtClfl aq. — 
B'HAuGl^ : golden-yellow plates, sol. alcohol. 
T]^0PILENE C,n„0 i.e. 

“ (7) (Meriing) (1820) 

(L.); (1^°) (M.). S.G. 2 1-0091. V.D. 102-3 
(oalo. 110). Formed by distilling tropidiro 
methylo-iodide with KOH (Ladenbuog, B. 14, 
2403 ;16, 1028 ; A. 217, 138). Formed also fronf 
(/3)-methyT‘-tropidine and cold HClAq (Merling, 
B. 24, 8123). Oil, smelling like Oil of bitter 
almonds and acetone, sol. dilute HClAq, v. sol. 
alcohol and ether. Beduces warm ammoniacal 
A.gNO„ forming a mirror. Reduces Fehling’s 


^ tion pptA metallic oxides from their salts. Not 
attacked by nitrous acid. Not volatile with 
steam. According to Eykman (R. 26, 1400) the 
rehractive index qgrees best with Merling’s 
formula. 

Beactions. — 1. Decomposed by distilling with 
soda-lime into tropilidene, methylumine, and 
H,0. — 2. Loses BL^O, being converted into tropi- 
dine by heating with fuming HCl and HO Ac at 
4 1P0° or by heating with HjSO^ (1 pt.) and water 
(1^ pts.) at 230°.— 8. Cone. HlAq and red P at 
150° form tropidine and tropidine periodido, but 
at 140° they form ‘tropine iodide ’ CjH„NI, 
which crystallises from water in prisms [118°J, 
whence silver chloride followed by PtCl, give 
(CgH„NICl)2PtCl, crystallising in red octahedra. 
By treatment with Ag.^0 followed by HCl and 
PtCl4 very soluble (CgH^NCyPtCl^ is got.— 4. 
Alkaline KMnO^ forms tropigenin and, finally, 
oxalic acid and NHg (Merling, A. 216, 341). — 5. 
CrOj forms tropinio acid 0aH„N(C02H)2. — 6. 
Aqueous IIOCl yields prisms [111°], whence 
alcohol produces C.,H,NCl4.CH.OH [108°], which 
forms a hydrochloride [162°] crystallising in 
plates (Einhorn a. Fisclier, B. 25, 1391). 

Salts. — B'HCl. -B',ja,PtClg. Orange-red 
monoclinic crystals. [200°J (Schmidt, A. 208, 
214).— B'HAuCl,. [212°].— B'HClGHgCla. [246°] 
(Laderiburg, B. 24, 1631).— B'C.HgNgO,. 

Nitroxyl Uerivative CgH,4(ONOa)N. 
Nitro-tr(y}->c'in. Formed T)y warming tropine (2 g.) 
with HNO3 (12 g. of S.G. 1-25) at 100° (Laden- 
burg, B. 15, 1025). Alkaline liquid, sol. water, 
alcohol, and ether. Yields KNO, on boiling with 
i KOH.— B',H,PtClg. Needles.— B'HI. Prisms, 
j Benzoyl derivdtive ChH, 4(OB/.)N. 
: BensoyUtropcXnc. Formed by heating tropine 
: hydrochloride with benzoic acid and dilute HCl 
(Ladenburg, B. 13, 1083; A.217, 96). Crystallises 
; asC,5H,BNO.,2aq[58°J, C,4H,„NO,.>q[37°], or an- 
I hydrous [42°J. 81. sol. water, v. sol. alcoliol and 


loluiion' and KMnO^ in the cold. Not attacked 
‘ tby AcCl. Combines with NaHSO, (M.). Nitric 
acid forms an adipic acid CoHmO^. Slowly 
combines with methylamine, forming (/3)-methyl- 
tropine. 

TEOPILIDENE C,H, i.e. 

Formed by distilling methyl-tropine methylo- 
iodide with KOH (Ladenburg, A. 217, 133 ; B, 
14, 2403; 26, 1007). Formed also, together 
with methylamine, by distilling tropine with 
soda-lime. Oil, smelling somewhat like toluene, 
but oombiniilg readily with bromine, forming 
OjHgBr,. Gives no pp. with ammthiiacal Cu./>1,. 
Oxi^sed by CrO, to benzoic aldehyde and acid 
(Merling, B. 24, 3122).' 

TROPINE CgH.gNO t.e. 

H^CH22S2SNMe lH^thyl-oxy. 

Utrahydride. [62°] (329“/. 

^0^. ' together with tropic acid, by hydro- 
1^;. hyosoyamine by baryta or 

-4. 128, 281; 133,87; Ladeirv 
§?Vof aWi f?; 217. 116;''B. 13.008 ; 20, 
WUq (Krn?A 1067). Hygroscopic t^les 
^. 206 9^* alcohol. Does 

1663 ; 23 the air. Its aqueous sola- 

eth’er). V : 
absorb CO, j 


I ether.— B'HNO,.-B',n,PtCi, 2aq.— B'0,n,N,0.. 
I o-Oxy-benzoyl derivative 
I CglI,,(0.C0.0„H4.0II)N. Salicyl-tropcine. 

I Formed in like manner, using salicylic acid 
j (Gaobe a. Caro, B. 13, 100; L.). Silky plates, 
j ^Feeble poison, -025 g. killing a frog in a few 
: ‘hours. Has no apparent effect on the pupil. — 
; B'HCl.— B'H.,PtCl,.—B'nAuCl4 : yellow plates, 
j f.%-Oxy-henLoyl derivative C^HinNO,. 
; [226°]. Small pla/es, v. si. sol. water. Acts 
: slightly on the pupil of tlie eye.— B'HCl. — 
; Bj^H^SOj 4aq.— B'jHjPtCI, : orange plates, 
i p’Oxy-beneoyl derivative C„H,„NO,. 
[227°]. Trimetrio plates (containing 2aq). — 
B'HNO,.— B'sH^PtCl, 2aq. Orange plates. 

riienyl-acetyl derivative 0„H„NO. 
i.e. C„H, 4 N(O.CO.CH 3 Ph). Plienylacettropeine, 
Aromatic oU.— B'HBr. — B'jHjjPtCl,. — B'HAuCl,. 
— B'jHgSO^. Soluble tables. 

Mandelyl derivative 0„H„I(10, i.e. 
C,Hj 4 N(O.CO.CHPh.OH). Homatropine, Formed 
by heating tropine with mandelio acid, HCl 
(1 pt.), and water (40 pts.), the yield being 60 p.o. 
of the theorehcal amount (Ladenburg, 0. B. 90, 
921 ; A. 217, 82). DeUquescent prisms (from 
ether), si. sol. water. A solution of its hydro- 
l^hloride is ppd. by potossio-uierourio iodide, but 
not by tanmn. It enlarges the pupil of the eye 
almost as energetically as atropine, but the en- 
largement passes off much more rapidly (Ydlkers^ 
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^.317t 86 ; Bertheaa, B^l. Klin, Wbchensehri/t, 
1680, No. 41 ; Tweedy a. Ringer, Lancet, 1880, 
No. 21).— B'HBr. Trimetrio oryatala; aibic 
m ‘414:1: *472. — B'CaHaNjO,. Yellow plates. — 
B'HAu01«. — B'aHjSOv Needles. 

Cin%amoyl derivative C-HiiNOa. [70°]. 
Small plates (from dilute alcohol). Gives pps. 
with tannin, picrio acid,potassio-mercuric iodide, 
and 1 in El. Strong poison, *03 g. killing a frog 
in three minutes. Has little action on the ^ipil. 
— B'HOl.— B'^,PtCl,.— B'HAuCl,. Needles. 

Atropyl derivative Ci^H.iNOa. Atrop- 
mtrope’ine. Oil. — B'HAuCl,. Small needles. 

Atrolactyl derivative Ci.II^^NO,. 
Pseudo-atropine, [120°]. Formed from atro- 
lactic acid, tropine, and dilute HCl (l:i00) by 
repeated evaporation (Ladonburg, A. 217, 87). 
Needles (from water). Resembles atropine in 
physiological action, two drops of a 1 p c. solu- 
tion expanding the pupil and paralysing accom- 
modation for a week.— B'HAuCl,. [U4°J. 

Phthalyl derivative C,,H,,N,0,. [70°]. 
Formed, in very small quantity, by ovapoiating 
phthalic acid with tropine and dilute ilCl. 
Mass of silky needles. -B'H.PtCl^. 

Methylo-iodide CBH,jNOMeI. Small 


151 ; Liebermann, 24, 2687). Formed also by 
dissolving its benzoyl derivative in hot oono. 
HClAq (Hesse, d. 271, 210). Hygrosoopio prisms 
(from chloroform), v. e. sol. water. Yields tro- 
pinic and eegonio acids on oxidation. — B'^SO,. 
Hygroscopio crystals. — B'HAuCl*.* [198°] 
(Ladenburg); [202°] (H.) ; [226°] (Lieber- 

mann). — B'jHsPtCla 4aq. [200°, anhydrous], 
Trimetrio prisms ; a:b:c = ‘702:1; *879. 

Methylo-iodide B'MoI. [270°]. Rhom- 
bohedra. Yields B'MeCl and B'.Me^tOl,. 
[210°] crystallising from water. 

Benzoyl ^ierivative *0,jH,„NOa. [48°]. 

Occurs in the leaves of Java coca (Liebermann, 

B. 24, 2330; Hesse, A, 271, 208). Colourless 
plates (from other). - - B'lICl. [270°]. — 

i B'-lI.^PtCla. Pale-Ycllow noodles. — B'Mel, — 
B'^XeCl.— B'Me'AuCl,. B'Mo,PtCl„ 2aq. 
Mandelyl derivative * 

C, H,.N0(C0.C1I(0[I).C,1I,). yp.IIomatropine, 
Formed by heating <|/-lropinn with mandelio an- 
hydride at 200° (Liebermann a. Limpach, B. 25, 
931).— B'lICl.— B',]il-tCl„. - B'lIAuCl,. 

fJWoJyyl derivative CgIi,,NO(C„nBO,^). 
Isomorido of hyoscine. [88°]. Wd— --4'9°. 
Nodules, injjol. water, sol. alcoliol. — B'HOl. 


crystals, nearly insol. alcohol. Yields B'MeOlI 
and B'oMe.^PtCl^ (Merling, B. 14, 182U ; Laden- 
burg, A\ 217, 131). 

B thy lo -iodide Ji'Etl. Crystalline. Yields 
B'.jEtjPtCla, a yellow crystalline powder, 

(a)-Methyl.tropino C,H,,MeNO. (24.3°). 
Formed by distilling tropine methylo-iodide. 
Liquid, v. sol. water and alcohol. Strongly' 
alkaline. Its hydrochloride, distilled with solid 
KOH, yields dimethylamino. — B'll.VuCl*. Very 
unstable. 

Methylo-iodide (C«H,,MeNO)MeI. Deli- 
quescent needles, decomposed by distilling with 
solid KOH into tropilideiie and trimethylaraino. 
— (C„H,,MeNO) 2 Me.^PtClh. Orange crystals. 

(/8)-Methyl-tropine 0,11, .NO. (108 -205°). 
Formed by shaking tropiione with an aqueous 
solution of dimetliylamine (Ladenburg, B. 14, 
2404). Liquid, split up by gaseous HCl into 
tropilene and NMe.H. B'll.VuCl*. Prisma. 

( 7 )-Methyl.tropine C„II,,NO. Formed in 
small quantity by distilling the methylo-hy- 
droxide of (a)-methyl-troi)ine (Merling. B. 15, 
288). V. si. sol. Aq.— B'.^H^PtCla. V. sl.^ol. Aq. 

Metatropine CgH,jN6. (238°). Formed by 
shaking tropine iodide with water and Ag.*0. 
Not solid at — 30°. — B'HCl : tables. 


[l8.3°J.-B'.,H,PtCla.— B'llAuCi,. [136°]. 

Atropyl derivative. Formed 

from tropide and ^//■tro|>ille at 200°. Crystals, 
sol. water. Split up by llClAq intj^ at^ppio acid 
and t|^-tropino. ^ 

Oxy-tropine carboxylic acid * 

(MI.CH.OH .Cl 1 (Oll).CH (0 1 1).C03n 
CH.CH.:NMe v / a-. Dlozyan- 

hydrdtcyotiine. Formed by oxidising hydro- 
eegonine with KMnO, and a(iUf;oi^ NftjjCOa 0 -t 1° 
(Liiihorn a. llassolT, /#. 25, 1305). Decomposes 
at 280°. V. 0 . Bol. wat( r and MeOH, iusol. 
Eton. -B'HCl. 1251°]. Ji'C ll^NjO,.— KA'. 

Methyl ether [130°j, Tables, v, 

e. sol. CllCI,. Yields Jt'Jld'tCl,. [210°]. 

Benzoyl derivative of the methyl 
ether C,II,MeN.Cll(OH).CH(OBz).Cg,,tt. 
[108°]. Needles.-B'HNO,. [21(5°].- B'HCl. 
[203°].— B'HAuCl,. [17:i°J.— B',U.^>tCl„. [208°]. 

Di-henzoyl derivative of the methyl 
ether C,H,MeN.ClI(OB/.).CH(OBz).CO.,H. 
Needles.— B'HNO,. [100°].— B'HCl. [280°].— 
B',lI,PtCl„. [205°].— B'lIAuCl,. [203"]. 
Mcference . — Oxythoimnk. 

TROPINE DIHYDBIDE C,H„NO i,e. 
6?n,.CH,.gH.Cn,.CH,OH 
ClI.,.CH.,.NMo * UydroitopvM, 


Hydrotfopidine C.II„N. (1G8°). S.G.fl‘937; 
‘026. Formed by reducing tropine iodide 
C,H,jNIj with zinc-dust and IIClAq (Ladenburg, 
B. 16, 1408). Liquid, m. sol. water.* B'HCl; 
deliquescent crystals. — B'^H.^PtCla. Tables. * 
Norhydrotropidine C^H.sN. [G0°]. (161°). 

Formed by distilling hydrotropidine nydro- 
chl^de in a current of HCl (Ladenburg, B, 
20, 10491. Crystalline.-B'HCl. [281^].— 
B'^,PtCl,.— B'HHgCl,.— B'C,H,N,0,* Needle^ 
^itrosamine C,H,jNjO^ [117^. Cubes. 
Faratropine 0„H,jNO. (202°). Formed 
from hydrotropine%ud K,FeCya (Ladenburg, B, 
24, 1626).— B'jH^tCl,. [197^].— B'HAuClJ. 

£182°].— B^HCftHgCV [225°]. ,V. sol. water. 

i^-Troplne C,^„NO. [108°]. (242°). Formed, , 
together with tropic acid, by warming hyoscine 
with baryta-water (Ladenburg, B, 13, 1661 ; 17, 


! Methyloxyethylpyridine hexahydride. (238°). 

I Formed from oxy-etbyl-piperidine a»d EMeSO* 
(Ladonbiftrg, B. 24, 1(522). V. sol. water and 
alcohol. - B'HCloUgCl,. [214°]. — B'HAuCl*. 
[170°]. Crystals. 

TEOMNIC ACID C,H,:,NO*. [263°] (L.) ; 

[220*^ (M.). A product of oxidation of tropino 
and of eegonine by chfomio acid mixture (Mer- 
.ling, !1. 216, 348 ; Liebermann, B. 28, 2619). 

I Needles, v. sol. water, si. sol. alcohol, insol. 
benzene. Gives off CO, wlien heated. Forms 
salts with acids and bases.— BaA'^ Very hy- 
groscopic. — CaA'... — AgA'. Readily i^jdaoed*— 
(HA')jPtCl*.— HA'HAuCl*. Golden prisma.— 
HA'HCl aq.* • 

TBOPTLENE v. Tbofilekb. 

TBUXEHE (C,H*)^. Formed by heating 
tmxone with red F and HIAq (S.G. 1*7) at 180** 
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niiebermann a. Bergaml, B, 22, 786 ; 28, 817). 
Formed also by beat^ hydrindone with oono. 
HClAq, and by heating phenyl-propionio acid 
with P,0« (Hansmann ; upping, C. 66, 269). 
Needles or plates, melting above 860°, insol. 
CHOl^ Oxidised by boiling HOAo ^d GrO, to 
crystalline ‘ tri-benzoylene-benzene,* which is 
not melted at 860°. HNO, forms (4,2,1) -nitro- 
phthalic acid. ^ 

(a).TBTrXILLI0 ACID t.e.* 

M-Y^opic acid. 

[274°]. Formed, together with (i8)-truxillio acid, 
by the action of boiling HCIA^ on isatropylco- 
caine, which is a by-product in the preparation 
of cocaine (Liebermann, B. 21, 2342; 22, 124, 
783, 2242). Small needles (from alcohol), sol. 
hot HOAc. yields cinnamic acid on distillation. 
Nitric acid (S.Q. 1*62) forms two di-nitro- deri- 
vatives, [229°] and [290°]. Yields two isomeric 
sulphonio acids.— Na^A" lOaq (Drory, B. 22, 
2256). — BaA" B^aq. Crystalline, v. sol. water. — 
CaA" aq.— Ag.^A''. Flocculent pp., sol. NHsAq. 
Methyl ether Me, A". [174°]. (o. 300°). 
Ethyl ether Et,A". [146°]. H.C.p. 
2,720,900 (Liebermannj B. 26, 92). Yields 
C„H,,(NO,),Et,05, [138°] (Homans, B. 24, 2590). 

Isoamyl ether (OaH,,),^". [83°]. Prisms. 
AOjO at ]60°^forms (a)-truxillio anhydride, while 
at 170° the product is (7)-truxillic anhydride. 

Di-amide 0,gH,40,(NHJ,. [265°]. Needles, 
V. si. sol. hot water, si. sol. alcohol (Drory, B, 
22, 2261). 

D i -p ip fl r t d 1 d e C„H, , (CO.N Cjn,o)2. PJ59°]. 
Oot from Ihe ^chloride and piperidine (Horstein, 
B. 22, 2264). "Orystalline powder, sol. alcohdl. 

Mono-piperidide " 

0„Hh(CO,H).CO.NO,H,o. [260°]. Yields MeA' 
[161°] crystallising from ether in needles. 

Anhydride (0,„H,„0,),. [191°]. Mol. w. 
1712 (1703 't)bs. by Itaoult’s method). Formed 
ly heating the acid with Ao,p and NaOAc at 100°. 
Needles benzenc-ligroin). Gives no fluor- 
escein. When heated for an hour at 200° it 
changes to (7)-truxillio anhydride. 

(i8)-TruxiUic acid 0,„H,aO. i.e, 
gHPh.gH.CO.H ,,, 

CHPh.CH.O'05H 

{S)-Isatropic acid. [206°]. Formed at'- the 
same time 'as the (a)- acid (Liebermann, B. 21, 
2342 ; 22, 783, 2243 ; 26, 90 j 26, 837). Morq 
sol. water than the (o). isomeride. Yields benzil 
on oxidation. Nitric acid (S.G. 1*62) forms a 
di-nitro- derivative [216®] (Homans, B. 24, 2590). 
Forms cinnamic acid on distillation. — Na^A'' 2aq. 
—BaA" 2aq. SI. sol, water.— CaA"8 aq.— Ag A". 

Methyl ether [76°]. Mol. w. 309 

(by Baoult’s method); calc. 324.^ H.G.p. 
2,422,900. Moaoclinio prisms; a: ' 
•826:1:2-019; i8« 89° 22'i 
Ethyl ether [47°]. 

Chloride 0„H,40aCl,. [96°]. Tabular' 

prisms, V. sol. ether (Drory, B. 22, 2260). 

Monop ipet,idide 0„H,<(CO,H).CONCjH„. 
[224°]. Formed from (j8)-truxillio anhydride and 
piperidme (Herstoin, B. 22, 2264). Needles, si. 
sol. cold alcohol. < 

Dipiperidine 0,,Hn(CO.NOjH,o)j. [180°]. 
Formed from the chloride and piperidine. 
Prismsi t. sol. alcohol. 


Phenylimid4 0„H„<g^NPh. [ISOT. 

Mol. w. 851 (obi^. Got by heating the anhydride 
with aniline. Cfolonrless needles (from alcohol). 
Cold alcoholic potash forms the compound 
CO,H.C„H,4.CO.NHPh [197°]. t 

Phenyl hydrazide C,ttH,i<oaNPh 
[218°]. Formed from thcacid, phenyl-hydrazine, 
ani ISOAc on warming. Crystals (from HOAo). 

Fluorescein 

Formed by heating the acid or its anhydride o 
with resorcin 'at 240 °. Amorphous brownish -red 
powder, sol. alkalis forming fluorescent solutions, 
V. sol. alcohol, insol. benzene. 

Anhydride Cj^Hj^Oa. [116°]. Mol. w. 
278 calo., 289 obs. by Baoult’s method. Does 
not change to an isomeride when heated. 

(7) -Trttxillio acid CinHjgO^. f-Isatropic acid, 
[228°]. Formed by heating the anhydride of the 
(a)-isomerido with HCl at 160°. Needles (from 
dilute alcohol), v. si. sol. hot water, v. sol. ether. 
Yields cinnamic acid on distillation. Gives the 
Same anhydride as the (a) - isomeride (Ladenburg, 
B. 22, 124). Heated with HClAq at 260° it is 
changed to (a)-truxillio acid. HNO, (S.G. 1*62) 
forms a di-nitro- derivative [293°]. 

Salts. — BaA" ll^q. — CaA"3|aq. — 

CaA" 6.jaq.— AgA" : cryst^«Iline pp. 

Methyl ether Me^A". [126°]. Needles. 
Mol. w. *332 (calc. 324), 

Mono-ethyl ether C,aH,,(C02H).C02Et. 
"[172°]. Formed, together with the di-ethyl ether, 

saturating an alcoholic solution of the acid 
with HCl (Liebermann, B. 22, 2210). Needles, 
yielding AgA'. At 320° it is converted into a 
mixture of (a)-truxillio acid and (o)-truxillio 
ether. 

Di-ethyl ether Et.A". [98°]. Needles, v. 
sol. alcohol (Drory, B. 22, 2200). 

Mono -piper idide 

C„H„(CO.NC,H,o).CO,H. [261°]. Plates (from 
water or dilute alcohol). Yields MeA' [201°] 
and a piperidine salt (CjH,,N)HA' 8aq [218°], 
which crystallises (with 3aq) from alcohol (Her- 
steiji, B. 22, 2262). 

Di-piperidide C,,H„(CO.NO,H„). [248°]. 
Needles, insol. water, sol. alcohol. 

Mo%o -anilide C,«H„(CO.NHPh).CO.^. 
[220 ^]. Formed by heating the acid with aniline 
(Liebermann, B. 26, 838). Needles (from dilute 
alcohol). 

Aniline C„,H„(CO.NHPh),. [265°]. 

Anhydride CigHj^O,. Mol. w. 282 (calo* 
^278). Gives no fluorescein. 

(8) .TiuxiUio acid C,hH„ 04. [174°]. Formed 
by fusing (/3)-truxillio acid with potash. Needles 
(from water), v. sol. alcohol (Liebermann, B. 22, 
22|>0; Hesse, A. 271, 205). Yields a di-mtro- 
derivati ve [226°] . Yields cinnamic acid on disnlla- 
tion.'^CaA" ; rosettes of needles. — ^BaA" 4aq : 
prisms, si. sol. Aq. — CuA" 2aq. — ^Ag^A". 

Methyl Aer Me*A" [77°]. Needles. 

Be/^rcnce.— OxT-TBUxn.Lio acid. 

TBUXONE (GgH«OL.a; -> d^r 8. [289°]. Fonned 
is’om (a)-traxiliio acid and fuming H^BOg (S.G* 
1-96)- at 15° (liebermann a. Bergami, B. 22, 

. 784 ; 23, 320). Plates (by sublimation), insoL 
water, acids, and bases.* Not attacked W HNOg. 
Yields (CgHgOg, [178°]. Aniline and HOAi* mi 
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boiHug tom the anilide (Q^H^rNPh), oryatalliaing 
in ne^es, r270°], decomposed by fusion. 

Phtnyl-hydraMide (CaH.rNj^HPh),. [o. 

270^. Needles, v. si. sol. alcohol. 

Oxitn (0,H^OH)«. Very unstable, easily 
changing to an anhydride. Boiling AooO yields 
(B,IL;N&Ac), [261*^, m. sol. HOAo. 

TuLuCUNlN C.j»H, 404 . Occurs in the bark 
of Tarapa Tulucuna (Caventou, J. Ph. [3] 35, 

189). Light-yellow amorphous resin, with very 
bitter taste, si. sol. water, v. sol. alcohol, ftnfol. 
ether. Turned blue by cold HoSO^. 

TUNOSTATEB, and derivatives of ; v. Tcno- 

, BTEN OXTAOIDS, SALTS, AND DERIVATIVES OF, p. 802 ; 

also Tungsten thio-acids, and salt!} of, p. 810. 

TUNGSTEN. W. (Wolfravi.) At. w. 183 0. 

Mol. w. is unknown. S.G. 18-77 (Waddell, Ain. 

8, 280) ; 18-77 (Moissan, G. li. 116, 1226) ; 1913 
at 4° (Boacoe, O. J. [2] 10, 286) ; for otlier de- 
terminations V. Bernoulli (P. Ill, 576), Zettnow 
(P. Ill, 16). S.H. (6° to 16°) -035 (Do la Rive 

а. Marcet, A. Ch. [2] 75, 113). S.V.S. o. 9 7. 

Histofical . — In 1786 a new acid was prepared 
by J. and F. d’Elhujar from the mineral wolfram- 
ite^ and shown to be identical with an acid ob- 
tained three years before from tungstcin by Scheele 
(Opitsc. 2, 119). The metal of the new acid was 
isolated by J. and F. d’E. For many years the 
new metal was known as wolfram or tungsten 
(from Swedish = heavy stoije) ; the latter name 
has gradually driven put the former in England 
and France, but the metal is generally called 
wolfram in Germany ; the symbol W is univer- 
sally employed. ^ ^ v,. .. 

Occurrence . — Never uncombined. Wolfram-^ oxidised by HNO;,A(i to WO^.a-H.^O; the pulve- 
ite (tungstate of F,e and Mn) is found in conr rulent* metal dissolves slowly in cau^tio alkali 
siderablo- quantities in Cornwall, Saxony, Bohe- solutions. Finely divided W rodwees and ppts. 
mia, &o.; tun^stenite, or scheclite (tungstate of many njetals from solutions of their salts. W 
Ca), scfteeletine (tungstate of Fb), and ‘-ome combines directly with Br, Cl, I, or 8. W is not 
other tungstates occur in various localities; acted on by heating in Nil, nor in CO (v. Rideal, 
wolframine or wolfram-ochre,WO^, is {Aho C. J. 65, 45; Smith a. Oborholtzer, Zeit. f. 

Some tin ores contain compounds of W, and W anorg. Ghemie, 5, 63). ^ 

is therefore not infrequently found in si^ccirnens The at. w. of W has been detennined (1) bv 
oi tin. reducing WOj in H, and again oxidising to 

Formation. — 1. By reducing WO , by heating WO, (Berzelius, P. 4, 151 [1826] ; Schneider, 
to redness in H (Berzelius, P. 4, 147 ; Wohler, J. pr. 60, 168, 161 [1850] ; Marchand, A. 77, 263 
A. 77, 262 ; Zettnow, P 111, 16 ; Roscoe, C. N. [1850] ; von Borch, J.pr. 64, 264 [1861] ; Bxche, 
26, 61, 78).— 2. By heating WO, with Na rnd A. Ch, [3] 50, 10 [1856] ; Dumas, A. Gh. [8] 66, 
NaCl (Z., i.c.).— 3. By reducing WO, by mixing 143 [1859] ; Bernoulli, P. Ill, 697 [1860] ; Persoz, 
with 10 p.o. charcoal and 2 p.c. resm, and A. Ch. [4] 1, 93 [1864] ; Roscoe, C. N. 26, 61, 
heating in a closed crucible for some hours to a 73 [1872] ; Waddell, Am. 8, 280 [1887]) ; (2) by 
white heat (Filsinger, S. V. 1. 1878. 229). — 4. By ; determining H.,0 in BaW,0, ,.911,0 '(Soheibler, 
passing vapour of oxychloride of W and U ' i. pr. 83^ 324 [1861]); (8) by reducing WO, in 
through a red-hot tube (von Uslar, A. 94, 255), i H and determining H,0 produced (Bernoulli, P, 

б. By heating WCl, in H, in a zino bath 111, 697 [I860]) ; (4) by analyt^ng AgjWO., and 

(Hoscoo, lx.). — 6. By strongly heating the salt 1 FeWO, (^ttnow, P. 130, 16, 240 [18W]) ; (6) by 
(NHJ^WO, in a carbon crucible (Bucholz, P. ^‘’unalysing^Cl, (Roscoe, 0. AT. 26, 61, 78 [1872]) ; 
ill, 676). — 7. By strongly heating the* nitride (6) by determining 4).H. of W (De la Rive a. 
(g. V., p. 800) in H (Wohler, A. 73, 190). • Marcet, A. Ch. [2] 76, 113 [1840]) ; (7) by deter- 

Privation. — 1. Pure WO, is heated to bright minin|; VJD. of WCl*, WCl, and WOCl, (v, these 
redi^s, in a Pt tube, in a stream of pure dry 41 compounds). The older doteitninations gave 

^ofinationt No. 1). — 2. A mixture of Pure values for at. w. varying from 16G to 189 ; the 
WO, and dry lampblack is heated in an eleario most ftcent determination (by Waddell) gave 
furnace (Moissan, C. B. 116, 1225). ^ i64-04 ; Roscoe’s determinations, made by re? 

WO, is premtred from wolf^mite by heating during WO, to W and oxidising W again to WO„ 
the very finely powdered mineral with oonc. by finding the ratio of WCl, to J^l and to Ag, 
BClAq, pouring off ethe solution from time to and by reducing WCl, in H, gave valoei^Mrying 
time and addins more HdAq, and after somcT from 183-26. to 183-77. The number 188*6 ia 
time addix^ a llltle HNO,Aq un|il most ofethe probably correct to half a flnit. The atom oi W 
Vrown solid is changed to yeUow WO,.a;H 20 , da pentavalent in the gaseous molecule W01|f 
crashing the residue woroughly by decantation, and hexavalent in the gaseous molesole WO^ 


adding a considerable quantity of NH,Aq and 
warming, filtering from quartz, unohang^ 
wolframite, Ac., evaporating the solution until 
small lustrous crystals of an acid ammonium 
tungstate separate, boiling these crystals for a 
long time with HNO,Aq^, washing, and heating 
the residue ^Scheibler, J. pr. 83, 239; cf. Ber- 
noulli, P. Ill, 590). 

Properties.— A steel-grey, hard, brittle, oryi- 
talline powiiBr (Riche, A. Ch. [3] 60, 6), By re- 
ducing fho nitride H, Wbhler (A. 78, 190) ob- 
tained W as a black powder. By roduoing WO, 
by C in an electric furnace, ^oissan (C. 

1228) obtainefl a lustrous, very hard, greyish 
white solid. ^ As produced by passing the vapour 
of WO.^CljmixetTwith II through a red-hot tube, 
W forms a shining, dark steel-grey, mirror-like 
deposit, which ^jan bo detached from the tube in 
hard, brittle crusts (von Uslar, A. 94, 256). W 
can be melted in the 0-H liamc, part of it burn- 
ing to WO, (Riche, l.c .) ; or by using a current 
from 600 Bansen cells, in an atmosphere of N 
(Desprez, C. R. 29, 540). Considerable masses 
may be^nclted by employing the current from a 
dynamo (u. Huntington, C. N. 46, 163). W was 
regarded by Faraday as dianiagiietio (T. 1846. 
49). The emission spectrum is described by 
Thaltjn (A. Ch. [4] 18, 202). W is unohangod in 
air, but when the pulverulent iffetal ia heated it 
burns to WO, ; compact W burns in air only at 
very high temperatures ; as obtained b^oducing 
WCl, by H, W is said to be pyrophoric. Watev 
ia decomposed by W at a re(l heat. The metal 

IQ I nr. Krr TTP.IAn nr ir An • .A 
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W Ifl Ihe fourth member (the third is as jet 
anknowu) of the even series, or chromium, fsinHj 
of Group VI. in the periodic arrangement of the 
elements. W is followed in its family by U, and 
it succeeds Mo and Or. W very closely resem- 
bles Mo like that element W is both metallic 
and non-metallio ; the balance of these proper- 
ties being, however, not quite so evenly main- 
tained in W as in Mo. It is doubtful whether 
any definite salt has been isolated deriyed from 
an oxyacid by replacing H4)y W. The oxide 
WO, acts as a fairly acidic oxide ; like MoO,it is 
remarkable for the large numbei; of compounds 
it forms, simultaneously .with oxides that are more 
basic and oxides that are less basic than itself. 
The chemical relations of W are discussed in the 
article Gubomium oiioup or blements, yoI. ii. p. 
168. 

Reactions. — 1. Heated in air burns to WO,; 
finely divided W burns easily ; compact W only 
at a very high temperature (y. Eoscoe, C.N. 25, 
01, 73).— 2. Heatedi to redness in gives H 
and oxide (? WOJ. — 3. Eeacts with hot nitric 
acid, or aqua regia, to form ; the same 

product is obtained by heating W with cono.'^SwZ- 
phuric or hydrochloric acid, but oxides inter- 
mediate between WO.^ and WO, are formed at 
first (Kiche, A. ph. [3] 50, 15). — 4. Pulverulent 
W dissolves in boiling cone, potash solution, 
giving H and a tungstate of K (Eiche, l.c.). 
6 . Heated ir carbonyl chloride to 150®-200° 
WOCb is produced, mixed with C (Smith a. Ober- 
holtzcr, Zeit. f. anorg. Chcmic, 5, 63). — 6. By 
heating to redness with sulphur chloride a red, 
crystalline thiochloride, probably W,S,^*1„ is 
formed aa a sublimate, unstable in air (S. a. O., 
I.C.). — 7. Finorj divided W reduces solution, s of 
several metallic salts ; AgNO, and AuCl, solu- 
tions are reduced to Ag and Au, HgCl.^ to IlgCl, 
Cu, Pd, Pt and Eh are partially pj)d. from solu- 
tions ; Bi, Cd, and Pb are not ppd. (Smith, Zeit. 
/. anorg. CUemie, 1, 3G0). 

- Combinations. — 1. Heated in oxygen, WO, is 
foi^ned. — 2. Combines with chlorine, to form 
WC1„ at 0. 800® ; with bromine, to form WBr,, 
at a higher temperature ; and with iodine, to 
form WL, when strongly heated. — 3. Heated 
with sulphur, forms WS,. — 4. The compound 
W,P, is said to be formed by strongly heating 
W in phosphorus vapoui* (Wohler a. Wright, A, 
79,244). , 

Detection and Estimation. — Compounds of 
W form colourless beads with borax or mierdJ 
cosmic salt in the outer blowpipe fiame. TJie 
borax bead is yeUow in the inner flame if a con- 
siderable 4uantity of a compound of W Js present. 
The microcosmio salt bead is blue in the inner' 
fiame in the absence of compounds that them- 
selves form coloured beads ; in presence of iron 
compounds the bead is blood-red, bivl addition 
of tin causes it bO become blue. Soluble alkMi 
tungstates are formed by fusion with alkali 
carbonate or nitrate; addition of excess of 
H,SO,Aq, HClAq, H,P04Aq, H,C,O^Aq, or 
HC,H,0,Aq to^an aqueous solution of a tung- 
state, foUowed ^oy immersion of a piece of zinc 
In the^L'quid, produces a blue colour ; addition 
i pi: MgS to an acidulated solution cf a tungstate 
no pp., but a blue colour. According to 
Mallet (O. «r. 28, 1223), the successive addition 
of small pieces of sine to the solution obtained 


by adding excess of sono. HClAq to an alkaline 
tungstate produces various colours, the most 
marked of which is a brilliant magenta-red. By 
adding KCNSAq and then small pieces of zinc to 
a solution of an alkaline tungstate in excess of 
cone. HClAq, a deep green colour is produced ; 
and an amethyst colour is noticed when 
KCNSAq is added to the solution of an alkaline 
tungstate, the solution is then diluted, HClAq is 
then, added, and lastl/ zinc is placed in the 
li(^ia. Very minute quantities of W can be 
detected by adding SO,Aq and Zn to solution 
of an alkaline tungstate, whereby a light-blue 
colour is obfiained (M., l.c., p. 1233). W is esti- • 
mated as WO,, obtained by evaporation and 
strongly heating; for separation from other 
elements a Manual of Analysis must be con- 
sulted. 

Tungsten, alloys of. By reducing mixtures 
of WO, with oxides of Sb, Bi, Co, Cu, Pb, Ni, or 
Zn, Bernoulli (P. Ill, 673) obtained alloys of 
W with these metals, provided there was not 
more than 10 p.o. of the foreign metal present. 
An alloy with aluminium, approximately WA1„ 
was obtained by Wohler a. Michel (A. 115, 102) 
by heating a mixture of WO,, Al, cryolite, and 
NaCl and KCl. W alloys with iron; u. Poleck 
a. Griitzer {B. 2G, 35) for an alloy approximately 
W,Fo. An alloy of 9 or 10 p.o. W with steel is 
extremely hard {v. Bernoulli, l.c. ; Philipp, Hof- 
viann's Ber. ilbcr chetK. Industrien, 14tb ; 
Lo Guen, G. B. 66, 593 ; 69, 786 ; 63, 967 ; 64, 
619 ; 08, 692 ; Caron, A. Ck. [3] 68, 143 ; Os- 
, mond, C. R. 104, 9H5 ; Gruner, C. R. 96, 197). 

Tungsten, amidonitrides of, v. Tonosten 
r.ITRinKB, AND ALLIED OOMPOU'IDS, p. 799. 

Tungsten, bromides of. The elements com- 
bine when heated together to form WBr^, and 
by partial reduction in H this gives WBr,. 

Tungsten pentabbomidb WBr,. The 
formula is probably molecular, from the analogy 
of WCI5. Prepared by heating W in excess of 
Br vapour, taking care that every trace of water 
and O are excluded. Dark, violet-brown needles, 
resembling I ; melts at 276° and boils at 333®, 
giving off a dark-brown vapour ; decomposed on 
distillation, with separation of Br ; moist air 
or *.vater forms HBrAq and blue oxide of W ; 
heated to 350® in a stream of H, WBr^ is formed 
(Eoscof , C. N. 25, 73 ; cf. Borck, J. pr. 64, 264 ; 
Blomstrand, J. pr. 82, 408). 

Tunos'^en dibromidk WBr,. Obtained, as a 
bluish-black, velvety solid, when WBr^ is heated 
at c. 360® (in a bath of ZuCl^) in a stream of 
dry H ; WBrj,, WOBr^, and Br distil over, and 
, WBr^ remains. Heated above c. 400° in H gives 
W and g[Br ; with HNO,Aq gives WO^ HBrAq, 
,|ind NH|NO^q (Eoscoe, i.c.). 

Tungsten, chlorides of. When W is heated 
in Cl the compound WCl, is formed, and by re- 
dfi'etion in H or CO„ this gives WClj, WCit> and 
WCJ . Great confusion existed about the com- 
positions of the chlorides of W until Eoscoe^s 
'.’esoarches in 1872 established the formula. 

Tungsten hi xachi.obide WCl^ Mol, w. 
396-82. Prepared by heating W in 01 (Bbscoe, 
JB. N. 26^ 61). The materials must be ^rfectly 
dry, and every trace of air m\^Bt be excluded, 
else' WOOlf is formed ; the WCl, aubllmea on the 
cooler part of the tnbe, and is then distilled 
■everal times in a stream of dry Cl, and then ia 
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a enrrent of Ary H (a small quantity of Wd. is 
format and distils off with the H). Teeln \A» 
187, 255) obtained WCl, by heating WO, and 
POl, in a sealed tube at 170°. WOi, forms dark- 
violet crystals ; crystallises from CS, in brown, 
six-sided tablets, from POCl, In steel-blue, metal- 
like, regulal crystals (T., Melts, out of 

contact with air, at 276°, and Doils at 346-7° at 
760 mm. pressure (R., l,cX V.D. 190 at 350° 
(Debray, O. 22. 60, 820 ; Roscoe, Z.c.) ; V.D. 16^*8 
at 440° (D., Z.C.; R., Z.c.; Riebt, B. 3, 066).* 
Dissolves readily in CS,, or POCl, (T., Z.c.). 
Distilled in CO, gives WCl.^ and Cl ; this fact 
t{&en in connection with V.D. at 440° ‘^bows that 
at somewhat above b.p. WCl, probably disso- 
ciates to WGl, and Cl. WCl, is unchanged in 
air; but if a trace of WOCl^ is present, IIClAq 
and WO, are formed. Hot water produces WO, 
and HClAq. Heated in air, or in O, forms 
WOCI4 (Roscoe, Z.C. ; Blomstrand, J.pr. 82,417). 
WOOI4 is also formed by heating WO, with 
WOI,. WCl, interacts with NH,, at the ordinary 
temperature, to form NH4CI and WaN, (Rideal, 
O. /. 66. 44). 

Tungsten PENTAcnixininE WCl,. Mol. w. 
860*45. • Prepared by repeatedly heating WCl, 
somewhat above its b.p. (346-7°) in a stream of 
dry H', and when a solid residue has been formed 
removing the WCl, from less volatile lower 
chlorides by heating in CO,j (Roscoe, C. N. 25, 
61). Black, lustrous, Aieedle-shaped crystals; 
very deliquescent ; molts at 248°, and boils at 
275*6° (R., Z.C.). V.D. 176*0 to 179-0 at 3.50° ; 
185*7 to 186*4 at 440° (R., Z.c.). Slightly soluble 
in CS, forming a blue liquid ; forma an olive- 
green solution in water, but is mostly decom- 
posed to HClAq and blue oxide of W. Heated 
in 0 forms WOOI4 and Cl (R., Z.c. ; c/. Blom- 
strand, J.pr. 82, 425 ; 89, 230). 

Tungsten TETiiAcnLOKiDB WCI4. This com- 
pound is present in the solid residue obtained by 
heating WCl, in H in the preparation of WCl, 
(u. supra) ; it is prepared by distilling this resi- 
due, in a bath of H,,S04, in a stream of dry CO„ 
returning the distillate to the distilling vessel and 
heating again, and repeating these processes 
several times (Roscoe, Z.c.). A soft, crystalline, 
greyish-brown powder ; very hygroscopic ; has 
not been fused or volatilised ; heated strongly, 
it gives WCl, and WCl,. Heated in H to Ca440° 
pyrophoric W is produced* Decomposed by 
water to WO, and a greenish-brown solution 
(R., Z.C.). 

Tungsten dichloride WCl,. Prepared by 
beating WCI4* in a bath of zinc, in a stream of 
dry COj,; WCl, distils off and WCl, remains. A 
loose, grey, amorphous powder; water^orms 
WO, and HClAq, with evolution of H ; interacts 
with H which has been passed through HNO,Aq 
to form WO,. HCl, and NH4NO, (R., Z.c.). 

Tungsten, oyanides of. No cyanides of W 
have been isolated; according to Wyroukpff 
{A. CK [51 8, 444 *, c/. Atterberg, HZ. [2] 24, 366), 
eompounds containing W, E, and FeCy, are ob- 
tain^ by adding HClAq to # mixture of E 
tungstates andE fern^yanide. 

Tungsten, fluorides of. No fluorid^of W 
has been isolateda According to Berzelius (P. 
4, 147), when a solution of WO,.HjO in HFAq is 
evaporated and the residue is treated with water, j 
a solid remains which is free from F after being 
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heated in NH,. According to Biehe (A. OK [B] 
50, 41), a solution of tungstic hydroxide In 
HFAq gives crystals of WOa.H,0 on evapora- 
tion. 

Tungstoxyfiuorid$s. {FluotungataUa.) 
By dissolving tungstates of the form MaWO, 
in HFAq, Mavignoo obtained a series of com- 
pounds of the forms 2M‘F.WO,F,.a:H,0 and 
M*‘F8.WO,F«.a-H,0, and also a few compounds of 
the form ]^*F.WO,F,.H.,0 {A. Ch. [8] 69, 67). 
These compounds majir be regarded as salts of 
the hypolhotical acids II, WOj^F, and HWO,F, ; 
they arc similar^to some clasps of the com- 
pounds described as Jluonidlyhdatea (this vol. p. 
42.5). 

The tungstoxyjiuorides otoh glass even when 
dry; they react slowly with acids, giving 
WOg.HjO. The salts of the forms M‘,WOi^4 
and M**W0.,F4 were prepared by dissolving 
M*,W04 and M”W04 HPAq and evapora- 
ting ; in some cases also by dissolving WO,.H,0 
in HFAq, addflig M OH, and aporating. The 
salts of the form M‘WO.,F3 were formed by dis- 
solving ac-'d tungstate! in HFAq and evapora- 
ting. The following compounds were isolated ; 
(1) M*,WO.J?4.a:H,0 ; M^NH,, »-0*, M-E, 
®-l; M = Na, a = 0; (2) M»WOj,F4.ajH,0 ; 
M«Zn,a;«10; (8) MWO,F„.a;U,0 ; M-NH4, 
a; - 1; M-K, x»l. Tho salts 
(NH4)4W0,l?,.(Nn4),W04 and CuWO,P4.NH, 
wore also obtained. • • 

By dissolving KjWO^F,.!!.^ in 4 p.c. H,0,Aq, • 
and crystallising from dilutts n,O..Aq containing 
'' little IlF, Piccini {Znt. f. (inorg. Cfiemie, 2, 
21) obtained K.,WO,F4.H,,0. P. calls this com- 
pound fluoToxypcrkingstate\ it might #ilso bo 
named pertungstnxy/luorulc. ♦ 

Tungsten, haloid compounds of. When W is 
heated in a stream of Cl the compound WCl, is 
formed, and this by reduction in H gives WCl,, 
WCI4, and WCl,,. The com])ound WBr, is 
formed by heating W in Br vapour, and WBr, is 
obtained by partially reducing WCl, in H. ^ 
Small quantities of WI, are obtained by heatid^ * 
W in vapour of I. No fluoride of W has been 
isolated. Oxychlorides and oxybromides of the 
forms WOX4 and WO.^X, are obtained by heating 
W oxides in Cl or Br, and in other ways. The 
following compounds have boon vaporised, and 
tho simplcBt formulae are molecular : W01„ 
WCl„-WOCl4. Tlio formulfo WBr„^ WOBr,, 
WO-^Clo, end WO,13r, are probably molecular; 
bift if the analogy of the chlorides and bromides 
of Mo of the form Mo^Xjr is to be followed (t». 
vol. iii. pp. 427, 428) it is prohabls that the mole- 
.nilar formi^sD of tlie dichloride anddibfbmide of 
V are not less than W,X,. 

^ Tungsten, hydroxiies of, t;. Tungsten oxides 
AND HYDRATED OXIDES (p. 800), alsO TUNGSTSlf 
OXYAGIDi (pi 802). 

Tungsten, iodide of,,Wl,. This, the onlw> 
iodide oj^W that has been isolated, is obtained, ' 
in* very small quantities, by passing I vapour, 
•mixed with CO,, over red-hot W. ^ It forms a 
metal-like, greenish crust ; heated in air it gives 
off I and leaves WO, ; it is not dicomposed by 
, water (Roscoe, C. N. 25, 73). •• 

Tungsten, • nitrides and alUsd 

pounds. Compounds of W with N, and 
bkbly also with N and H, are formed by heatittf ^ 
WOCl4in NH, *, the interaction of NHg and 
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W0» probftbly prodooee t oompoand, or com- 
poundf, of W, N, H, and 0 ; and a oompoand of 
W, N, and 0 ia perhaps formed by heating WO, 
with NH4OL 

Tumobtkit nitboeb. By paasing dij NH, 
over W01«, and washing away the NH4OI pro- 
duced, by water, Bideal (0. J* 65„44) obtained a 
black lustrous powder, agreeing fairly with the 
composition W«N,. This substance is insoluble 
in HNO,Aq, dilute H^SO^Aq, ofeNaOHAq ; hot 
cone. H^SO* produces NJl* and VtO, ; fusion 
with NaOH forms Na tungstate ; heating in air, 
or with aqua reqia, oxidises it to WO, 0., lx.). ; 

By continued heating W\J1, in NH„ to a 
temperature difficult to regulate, as slightly too 
high a temperature produces W, Uhrlaub ob- 
tained a black substance to which he gave the 
formula W,Nj {Die Verbindungen dniger Metalle 
mit SUckstofft Gdttingen, 1859). 

Tonost'kn AMiDONiraiDES. By the action of 
NH, on W01„ W5hler (A. 73, 198) obtained a 
black substance .containing from 86'76 to 90*8 
p.o. W, and 8*24 p.o. N ; W. supposed this 
substance to be a mixtuiv of two amidonitrides, 
2WN,.W(NH,),and 2WN.W{NH,),. W. obtained 
similar black substances, which he did not 
analyse, by heating chlorides of W with NH^Cl 
(A. 105, 258). 

Compounds of tungsten with N, H, and 0. 
W6hler {A. 73, 198) obtained a black substance by 
heating vyOg to dull redness in dry NH, ; theper- 
^ centage of W in this substance varied from 87*66 
to 88*47, and it contained 7*15 p.o. N, and 0. *2 p.o. 
H. To this substance W. gave the formula 
W,N,oHA (»4WN,.W,(NH,),.2WO,). . Rideai 
(0. J, 66, 44) passed dry Nil, over W6, heated,] 
to a dull ^^edness until the yellow WCJ,, was 
changed to a black, amorphous pojvder; he 
allowed to cool, and removed excess of NH, by 
passing a current of dry air through the tube. 
The black substance thus obtained contained 
86*26 p.o. W, and 7*4 p.o. N ; assuming c. *3 p.o. 
H, the numbers agreed fairly with the formula 
• W.N,H.O,. 

Comj^nd of tungsten with N and O. 
Bideal (2.c.) obtained a black powder, agreeing 
in composition approximately with the formula 
WN,.WO„ by heating WO, with NH,C1 until 
the weight became constant. According to 
Bideal (l.c.) finely divided W does not change 
when heated in a stream of dry NH,', after 
having been heated to redness in dry H; nor 
does NH, react with the blue oxide of W wbjn 
heated therewith. 

Tungsten, oxides and hydrated oxides of. 
When pcLwdereil W is heated in 0, jt combines 
to form WO, ; by heating this oxide* in H a bliA> 
oxide is formed, to whiolv.vanous formulas inter- 
mediate between WO, and WO, have been as- ’ 
signed ; by further heating in H, or ,*vit^ 0, the 
dioxide WO, ij produced. There are indicatlpns 
of an oxide with more 0 than WO,. WO, dis- 
solves in acids, but corresponding salts nave not 
been isolated ; the blue oxide separates from , 
these solutions; WO, is also soluble in alkali 
solutions. WO, is insoluble in acids ; it dis- 
solve]^ ,tn alkali and alkaline carbonate solutions, 
forming tungstates {v. under Tunosten oxTAoms, 
p. 8O2I. WO, combines with many acidic 
osidea to form compounds which react as aoidt 
(0. p. 801 )* WO, is the anhydride of more than 


one tnngstio add (v. p. SOi;* None of the oxides 
has been vaporised; the mol. w. of none is 
known. 

Tumosten ozosmB WO^ {Brown oxide of 
tungsten.) 

Formation.-— 1. By heating a mixture of 
WO, and 0 to redness (Buchholz,*’S. 8, 1). — 
2 . By heating WO, to incipient redness in H 
(Wdhler, A. 73, 198 ; 77, 262).— 8. By decompo- 
sing W01„ or WCl,, oy H,0 (Bosooe, C. N. 25, 
'*61, 73). — 4. By the reaction of Zn andHGlAq on 
WO, (Wdhler, P. 2, 346), or on solution of a 
metatungstate (Biche, l.c.). 

Preparation. — WO, is placed in a porcelain 
tube closed at one end and provided with a long 
opening in the middle ; this tube is placed inside 
another porcelain tube which is kept at red heat, 
while H is passed through as long as water con- 
tinues to bo formed (W6hler, A. 77, 262 note) ; 
the product is allowed to cool in H, and is kept 
in H for 24 hours (Biche, A. Ch. [8] 60, 29).^ 

Properties. — A brown powder with a slight 
violet sheen ; prepared by reducing WO, by Zn 
and HClAq, the oxide ia obtained in metal-like 
lustrous crystals, psoudomorphs of WO,. S.G. 
12*11 (Karsten, S. 65, 394). 

Bcactions.—l. Moist WO, oxidises rapidly in 
air to WO, ; as prepared by reducing WO, in 
H it is pyrophoric, but if allowed to cool slowly 
in H the product «is not pyrophoric (Berzelius, 
P.4,147; 8, 267; Wohler, l.c.; Riche, l.c.).— 

2. Heated strongly in hydrogen gives W. — 

3. Chlorine forms WO.^Cl, when heated with 
WO, (Roscoe, l.c.,p. 63).— 4. Heated to dull red- 
ness in a stream of ammonia, a compound, or 
compounds, of W with N,<H, and 0 is formed 
{v. Compounds of W with N, H, and 0, under 
Tonosten nitrides, supra). — 6. By heating 
with sal ammoniac, Rideai (0. J. 65, 44) obtained 
a black powder approximately WNa.WO, (v. 
Compound of W with N and 0, supra).-— 
6. Moist WO, dissolves easily in waim hydro- 
chloric or sulphuric acid, forming reddish-brown 
solutions from which blue oxide of W separates. 
WO, prepared in the dry way is scarcely acted 
on by acids, except aqua regia, which oxidises 
it to WO3. — 7. WO, dissolves in cone, potash 
solution, giving off H, and forming K tungstate. 
8. Reduces mercuric chloride to HgCl, and 
ppts.^Cu,0 from solutions of copper salts (Biche, 
A. Ch. [3] 60, 5).— 9. Heated in nitric oxide to 
below 500® gives the blue oxide ; oxidised to 
WO, by heating in nitrogen dioxide to 0. 800® 
(Sabatier a. Senderens.C.P. 114, 1429 ; 116,236). 

Blue oxide or tungsten. Blue compounds 
of W and 0 are obtained by heating WO, with 
reducing agents ; analyses lead to formula such 
as WjOj, W,0„ or W,0,i, intermediate between 
WO, and WO,. Maloguti {A. Ch. [2] 60, 278) 
gave the formula W,0, to the blue product of 
heating WO, in H to 0. 260®; von • Uslar 
( Bpitrdge eur Kenntniss des W und Mo [Gdttingen, 
18^6]) gave the formula W,0,. Gmelin said 
that a blue oxide of the composition W4O11 is 
formed by strongly heating WO, in CO. 

Blue compounds are al^ obtained by strongly 
heating NH, tungstates odt of contact with air* 
(Malaguti, l.e. ; von Uslar, lx.)> Aqueous solu- 
tioOs of WO, or tungstates are ooloured blue by 
the action of very weak reducers, #47. ^ exposing 
moist WO, on paper to sunlight (Liesegang,. 
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a 0. 1866. 948), or bj the action of SnCl^Aq on from ppd. MnS, *o., is boUed till H,S is es- 
tungstates ffiunsen, A, 188, 289; v. also polled, and is then fractionally ppd. by 
Soheibler, «/. w". 83, 313). Gone. H^SO, oi HgNO,Aq ; the later pps. are collected, washed, 
HOlAq gives a blue colour when heated with W and decomposed by heating in an open vessel. 
(Riche, A. Ch, [3] 60, 16). Tungstates boiled For a method A preparing WO, from wolframiU 
with acetic acid and then electrolysed give blue u. Preparation of Tonostkn, p. 797. • 

coloured stbstanoes (Smith, B, 13, 753). Properties* -A heavy, canary-yellow powder ; 

PaBOxiDBs OF TUNGSTEN. Fairley {G. J. 31, becoming orange-coloured when heated (Rosooe, 
141) obtained indications of an oxide with more C. N, 26, 73). Crystalline WO, is described as 
O than WO„ by dissolving W0,.2H,0^in wine-yellqjv. vfery lustrous, rhombic tablets (Nor- 
HjO,Aq, and evaporating over in vactw ; d.mskjold, P. 114, (iW). A trace of Na tungstate 

the green, transparent, yellow scales thus oh- gives a green colour to WO, (U., Lc.). S.G. : 
tained dissolved in water, forming a solution ! amorphous, TvlXto 7-16 (ZtdUiow, P. 180, 16, 
which could be titrated with KMnp4Aq, with 240; Knrston, 05, 391); crystalline, 7 •23 at 
separation of WO^.a;H.p. Cainmerer (C/nvw. 17'" (Z.. i.c.) ; 6•3^^,(N., Z.c.). S.ll. (8" to 98^> 
Zeitung, 15, 957) found that WO^ dissolved in j *07933 (Ilegnault, A. Ch, [3] 1, 129) ; (22“ to 
boiling HiO^Aq, with evolution of O ; on | 62°) -0394 (Kopp, 2\ 1865. 71). Melts readily 
spontaneous evaporation he obtained a | in the blowpipe (llicho, A. Gh, [3] 60, 29) ; can 
yellow powder, to which he gave tlie formula ■ bo sublimed by mixing with Na, CO, and heating 
WOj.RP3.KjO (c/. reaction of Hp Aq with to whiteness (Delnay, C. R. 55, 23'/) ; also by 
CrOjAq, vol. ii. p. 166). According to Kchard strongly heating in IICI (Schafarik, W.A. B. 47, 
(C. R. 112, 1060), a salt Nap.Wp,.2Hp is 246). Not decomposed at m.^j. of Pt (0. 1750°) 
formed by boiling Na paratungstate solution! (head, C../. 65, 313 [1894J). On exposiireto light 
with HPjAq and evaporating in vacuo. ! WO, turnr greenisli, i^lving to partial reduction 

Tungsten trioxide WO,. (Tungstic anJu/’ (lloscb’e, l.c.; cf. Liesogang, C. 0. 1865. 943) 
dri^. Sometimes erroneously called tungstic ! WO, is insoluble in water or iicids, oven in boil- 
<icid.) \ ing cone. lI.pO^; it dissolves in hot KOIlAij, 

Occurreruie. — Aa tungstic ochre or wolf rainine mi, or K .CO,Aq, also in molten K.pO„ 
in Cumberland, Conrtccticut, North Carolina, Ao. KUSO„ orK^WO, ; also in molten alkali chlorides, 
Formation.— J l. By strongly heating in air in air, with evolution of Cl (Schultze, J. pr. 
tungstate of NH4 or c4 2. By strongly ' [2J 21, 437, 441). WO, nets as •an* acidic 

heating WOi-ajHjO. — 8. By burning W in air ; oxide, forming tungstates (r. 'Tungsten oxyacids, * 
or O. I p. 302). 

Preparation. —An a(iueous solution of com- I ^ Reactions. — 1. Heated in hydrogen, WO, is 
morcial Na^WO^ is poured into boiling llGlAq ; redneed^to the blue oxide, then to WO,, and 
(1:1) ; the ppd. WO, is washed with IIClAq until « finally to W (v. Blub oxidk ok TUNosTKNfp. 800 ; 
NaCl is completely removed ; it is then washed Tunocten dioxide, p. 300; and* Tunohtbn, 
with water to remove all HCl, and dissolved in ! p. 797). -<2. Beduction to WO, or W is effected 
NH,Aq; the solution is evaporated to dryness, j by heating with carbon. -3, Ileated with 
and the NH, salt thus obtained is heated in an ! potassmvi or sodium. WO, gives W. — 4. lleduc- 
open crucible until every trace of Nil, is driven . tion to the blue oxide, and tlion to WO,, is 
off (Boscoe, C.N. 25, 73). Bernoulli (P. Ill, .590) brought about by zim' ond kydrocJdori* acid, by 
recommends to boil the NH^ salt fora long time stannous chloride, and also by heating with water • 
with successive quantities of HNOjAq (to remove and different organic compounds. — 6. Heating 
traces of Na salts), and to wash the residual j with carbon in chlorine pnuluces WOpi, and 
WO, quite free from acids (cf. Zottnow, P. 130, , WOCl,. — 0. WOCl, is formed by passing vapour 
16, 240). WO, is obtained in crystals by very | of tungsten hcxachlorida over heated WO, 
strongly heating the amorphous oxide (Bernoulli, j (Roscoe, C. N. 25, 63). -7. A mixture of WO, and 
P. Ill, 695 ; Schafarik, \V. A. B. 47, 246) ; by j calcium chloride heated to redness in carbon 
dissolving WO, in molten borax {Nordenshfold, j dioxide gives WOpi, (Scliultze, J. pr. [2J 21, 
P.114,612); by strongly hpatirig the oxide in a j 441).- Mixed witli carbon and lirsated in 
current of flCl (Debray, C. R. 55, 287) ; or by ; bromine, WO, gives WOBr^ ; and WOpr, is 
heating to whiteness a mixture of Na.jWO, and ; foifhod by passing vapour of tungsten penta- 
Na,GO, imbedded in NaCl, when crystals of : bromj/ie over hot WO., (Boscoo, l.c. p. 73). — 
WO, sublime (D., Lc.). j 9. WO, is said to dis.solve in wnolten alkali 

Na,W04 prepared from wolframite j chlorides, 1% air, giving off Cl; beateci in ab- 

by heating a mixture of 150 pts. of the ^nely j scucc of air (in a stream of CO,) with chloride 
powdered mineral with 100 pts. calcined NaCO, ! calcium, cobalt, ironTmagnesium, ornickel, it 
and 16 pts. NaNO„ for four or five hours, in an is said to give WO/’l, and MWO, (Schultze, 
iron vessel, lixiviating with water and crystal- L.c.). — l(i llteating with phosphorus vent achoride 
Using (if. Franze, J.pr, [2] 4, 238 ; cf. Hunting- ' produces WGl, and P001,(Teclu, fd. 187, 255) * 
ton, B, 17, 203 ; Soheibler, J. pr. 83, 239). but WO^QL^ and WOCl/aro also formed, aocord- 

Waddell(dm. 8, 380) prepares pure WO, from ing- to the relative masses of WO, and PCI,, and 
tungsten/Ue, by treating the powdered mineral ^e temperature (Schiff, A. 197, 185).~» 

with aqua regia, washing the reiidue, fusing it 11. WOpi,, WOCl,, and CO, aj^ formed by 
with EHSO4, dissolving in water, and fractionally heating WO, in vapour of carbon tetraehlpriae 
ppg. by HgNOjAq; tafe first pps. are then de- iWatts a. Bell, C7. «/. 33, 442).— 12. Compoumsol 
combed by a^ua^^ia, the WO, thus obtained W with N, H, «nd 0 (v. p. |^00) are formed by 
ia dried and fuM with Na^GO,, the* fused mafs heating WO, in ammonia ; and a compound of 
Is dissolved in water, tartaric acid is added, and W*with N and O is probably produced by heat- 
Hp is passed into the solution; the filtrate ing WO, with sal amrmmiocf v.p. 800). — 18. WSg 
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is formed Toy passing suHphur vapour, or hydrogen 
sulphide, over WO^ heated to whiteness 
(Berzelinsj ; also by beating to redness a mix- 
tare of WO« with 6 pts. of mercurio sulphide i 
I Brock, J. pr. 64. 254). “ 
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compounds of the form \VOy.xH.jO have been 
isolated ; as these compounds act as acids, they 
are described under Tungsten oztacids. 

Tungsten ozyacids, salts, and derivatives of. 
Several hydrates of WO,, th^t react as acids are 
known. WO, also combines with many acidic 
oxides— such as *?aOa, B.p,, SiQa, &c.— and the 
compounds so formed combine with basic oxides 
to form salt-like bodies. 

TUNGSTIC ACIDS. The hydrates of WO, 
fall into two classes : tungstic acids, which are 
insoluble, or nearly insoluble; in water; and 
metatungstic acids, which dissolve in water. 

ToNosTfe ACIDS. The numohijdrafe WO.,.HoO, 
or orthotungstic acid WO,(OH)j, ,i8 obtained by 
dissolving WO, in liot alkali or alkaline carbonate 
solutions, and boiling the^e solutions with excess 
of a mineral acid. It is also said to br obtained 
by decomposing an ammoniaoal solution WO, , 
by Cl (Dumas, A. Ch. [3] 55, 144) ; and also by 
boiling powdered wolframite with a^tia regia. 
This acid is a* yellow solid ; it reddens litmus ; 
is insoluble, or almost insoluble, in water. Ac- 
cording to Braun (J.pr. 91, 39), it is changed to 
2WO,.£f,0^ at 100°; according to Zettnow (P. 
130, 16, 240), this change is effected at 50°. The 
acid is slowly reduced by Zn and HClAq, the 
final product being WO, (0. v. d. Pfordten, B, 
16, 608). 

The dihy^ate WOg.2HjO is said to be formed • 
by adding a^ mineral acid to a dilute solutron of 
an alkali tungstate M^WO^, and dryiog in the 
air; also by decomposing WC1„ WOCl^, or 
WOgCl, by water (Forcher, W. A. B, 44 [2], 
173 ; of. Biche, A. Ch. L3J 50, 36 ; Anthon, J.pr, 

9, 6). Forms WO,.H,0 by drying over H^SO^ 
(Braun, J. pr. 91, 39). This hydrate is described 
as an amorphous, white solid ; reddens litmus ; 
somewhat soluble in water, but insoluble if a 
little acid is present. By boiling with dilute 
acids is said to give WO,,.H.p. 

The hemihydrate 2WO,.Hp, or ditungstic 
acid HjWp,, is said by Braun {l.c.) to be formed 
by heating the monohydrato to 100° ; the change 
is complete at 50° according to Zettnow (P. 130, 
16, 240). 

Mbtatunobtio acids. Acids of the com- 
position 4WO,.a;H.p are obtained by decom- 
posing Jjot od-ic. BaWp„Aq by the equivalent 
quantity of filtering from^BaSO,, and 

evaporating (Sohoibler, J. pr. 83, 310) ; also by 
decomposing PbWPuA^' by K^S, filtering, and 
evaporating (Forcher, W. A. B. 44 [2], 173). The 
composition of the acid formed by^evaporating 
in vacuo over HjSO^ is probably H.,,Wp„.?H,0 ' 
(Scheibler, l.c. ; cf. Persoz, C. B. 84 j l/^fi ; Lotz, 

A, 91, 62). BaWPi, is obtained by ppg. a 
hot cone, solution of (NHJaWp,, bj 
Ba01,Aq; Pt}Vp,. bv ppg. (NH,),WP„Aq by 
Pb(O^O^q ; (NHjgWp,, is formed by boil- 
ing \wH4)jw04 with WO,Aq and evaporating. , 

According to l^^ttnow (P. 100, 16, 240), the 
PI>. obtained by decomposing NajWO^Aq by a 
mineral acid has the composition ' 

4W0,.H,0(-H,W*0„) after drying at 200°. 


j Metatnn^o add rayitaUiMa in mlphar. 
yellow octahedra; the acid is readily goluble in 
water, forming a very sour, intensely, bitter 
/ liquid. A cone, eolation gives a pp, of WO,.2E.,o 
' on standing; when a dilate solution is boiled it 
coagulates and gives a pp, of white WOs.2H,0, 
and then of yellow WO,.H,0. Tbm heats of 
neutralisation of HjWp.^q by NajOAq, KjOAq, 
BaOAq, and SrOAq are given by Pochard (C. li. 
10^. 1167) ; the values are nearly the same as 
tfiose for EU^OgAq and HjSO^Aq. When four 
equivalents of base are added to HjW^OjjAq, 
orthotungstates M-^WO^ are formed (P., l.c.). 

By lon^^-continued boiling 2 pts. Na,WOf 
with 1 pt.' As-P,, evaporating, treating with 
alkali solution, and repeatedly crystallising, 
Lefort {A. Ch. [6] 25, 205) obtained fine, very 
lustrous crystals; which were very soluble in 
water and in alcohol ; to this acid L. gave the 
composition HgWiOjj.GHgO, and the name luteo- 
metatungstic acid. 

Colloidal {meta ?) tungstic acid. By adding 
to 5 p.o. Na WO^Aq rather more HClAq than 
sufficed to neutralise the Na, and dialysing, with 
addition from time to time of a little HClAq, 
Graham (C. J. 17, 318) obtained a solution in 
water of tungstic acid. The solution was not 
gelatinised by acids, salts, or alcohol at the 
ordinary temperature ; it " remained clear at 
200°. According io Saban6eff , (/. li. 21, 515; 
Abstract in C. J. 58, 1315), determinations of 
the freezing-point of an aqueous solution 
of Graham’s soluble acid point to the formula 
3W0,.H.p(»>H2W30„). As the values for mol. w. 
obtained by S. varied from 679 to 995, there 
seems little reason for adopting the formula 
HjW.O.o (713) rather than H^W^O,, (944). 

TUNGSTATFS. A great many tungstates 
have been prepared. The proportion of basic to 
acidic radicle varies much in these compounds. 
The better studied tungstates have been divided 
into three claBBes— orthotungstates MO.WO,, 
paratungstatea 8M0.7W0j, or perhaps 
5M0.12W0,, and metatwngstatee M0.4WO, — 
but as many tungstates are known which do not 
fit into any of these classes it seems better to 
adopt a nomenclature and arrangement similar 
t6 those employed for the molybdates {cf. vol. iii. 
p. 423), based on the number of WO3 radicles in 
the »-Tlts. Arranging the tungstates on this plan 
wo get the following table. B = divalent metal, 
or two atoms of a monovalent metal. 

(Ortho) Monotungstates BO. WO, or BWO, ; 
derived from the acid H2WO4. 

Ditungstates B0.2WO, or Rl/jO, ; derived 
from the acid HgWgO,. 

f. f 8:7 tungstates 3R0.7W0, orR,W 70 , 4 . 

(Fara)-{ 6:12 twngstates 6R0.12W0, or 

V BjWjjO,,. 

2:6 tungstates 2R0.5W0, or 

8:8 tungstates 8R0.8W0, or RgW.O,,^ 

^ Tritungstates R0.3WO, or RW,0„; ?derived 
from Graham’s colloidal acid. 

(Meta) Tetratungstates R0.4WO, or RW 4 O,, ; 
derived from tfie aoid H 2 W 4 O,,. 

Pentatungatates R0.6WO, or RW^Oj^ 

Hf^tungstates RO.6WO, or RW.Og,. 

Octotungstates R0.8WO, pr RW.O*,. 

The tungstates which have been most 
thoroughly examined are the monotongstatei 
or orthotungstates ; the paiatungstates, whioh 
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are either S:7 or 6:13 salts; and the tetra- or 
metatnugstates. 

For* thiotuTigstatss v, Tunqstbn, thxo>acu>s 
aND SAiiTS or, p. 810. 

Obthotumostitbs or Moxotunostatbs, 
BO. WO, or RWO4. Salts of H^WO^, which is 
the mononydrate of WO,. The alkali ortho- 
tungstates are obtained by dissolving WO, or 
WO,.H,Oin alkali or alk^i -carbonate solutions; 
or by fusing WO, with alkalis, alkaline 
bonates, or alkali acid sulphates, and dissolving 
in water. The other orthotungstates are generally 
obtained from solutions of the alkali salts by 
^pn. ; also by strongly heating WO^ with metallic 
oxides or carbonates ; also by fusing the alkali 
salts with metallic chlorides, and washing with 
water (Manross, A. 81, 243 ; 82, 356 ; Gcuiher a. 
Forsberg, A. 120, 2G8; Schulfze, A. 126, 56). 
The orthotungstates are insoluble in water, 
except the alkali salts and the Mg salt. Solu- 
tions of the alkali salts give pps. of WO^.K.^O 
(yellow) or WO,.2H.jO (white), with dilute 
HjSOiAq, HCiAq, HNOsAq, or HjPO^Aq; the 
pp. by HGlAq dissolves in a considerable excess 
of cone. HClAq (Mallet, O. J, 28, 1228) ; cold 
solutions of metatungstates are not ppd. by acids. 
According to Marignao {A, Ch. [3J 69, 5) the pp. 
obtained by adding an acid to a solution of an 
alkali tungstate sometimes contains alkali, and 
sometimes the x^g. acid, according to the rela- 
tive quantity of acid us^d, the dilution, and pro- 
bably also the temperature. Oithotungstates 
which are insoluble in water, and the metals of 
which form carbonates that are insoluble in 
alkali carbonate solutions, can bo brought into 
solution by fusion With alkali carbonates and 
treatment with water. 

Solutions of orthotungstates give a white pp. i 
with HgNOjAq ; a bluish-white pp. with I 
Cu(N03)2Aq ; a brown floccnlent pp. on adding ! 
K^FeCy^Aq, after adding llC31A(i ; no pp. with ! 
tincture of galls until an acid is ad<1ed, when a : 
copious chocolate-coloured pp. is formed ; and a : 
yellow pp. with SnCl^Aq, which pp. turns blue 
when it is warmed with a little lIGiAq or 
H-^SO^Aq. For the reactions with Zn and acid, I 
and with KCNSAq, Zn and acid, v. TuynsxEif, ' 

1 ’.TECTION OK, p. 798. 

Barium orthotungstate BaWO,. Prepared 
by fusing 7 parts 13aGl, witbP 4 parts NaO^and 

2 parts Na AVO^, and washiag with water ; white 

octahedra (Geuther a. Forsberg, A, 120, 270); 
fusible with difficulty (Zettnow, P. 130, 256); 
S.G. 5-0035 at^lS-S*" (Clarke, Am. S. [3] 14, 281). 
Hydrates : (1) 2BaW04.H30, by ppg. a hot solu- 
tion of 8Na,0.7W0, by BaOAq (Scheibler, 
B, B, 1860. 208); (2) BaW04.H3O and 

BaW04.2H20, by adding four equivalents BaO in 
solution to H,W40„Aq (Pochard, C. R, 108, 1 167). 

Cadmium orthotungstats GdW04. Obtained^ 
as a ysflow crystalline powder by fusing together 
11 parts GdCl,, 16 parts NaCl, and 4 pafts 
Na,W04 (O. a. P., l.c., p. 268 ; Z., l.c., p, 240). 
The di^drate CdW04.2H,0 la obtained by ppg. 
a solution of a salt of Gd by Na,Tf04Aq (Anthon, 
/. pr. 8y 899 ; 9, 337 ; ^mith a. Bradbury, B. 24, 
3935). • 

Oaloium prtlMtungstate CaW04. Ocoegra 
native as schulite^ S.G. 6*02 (BerflouUi, J. 13, 
783). Obtained by adding E3W04Aq to CaC^Aq. 
42aadratie oetahem are fonx^ by fusing 


Na3W04 with excess of CaOl, (Manross, 61, 
243 ; 82, 348) ; also by heating the ppd. salt 
with CaO in a stream of HOI (Debray, O. R* 66, 
287). 

Chrominm orthotungstate Or3(WO4)v20HBO. 
Obtained as a green pp. by adding NajW04Aq to 
CrCl,Aq; losds ISH^O at 100® (Lotz, A. 91, 66). 

Cobalt orthotu^state CoW04.2H,0. A 
violet powder ; obtained by ppg. Go salt solutions 
by KjWO^q fAnthon, J.jyr. 9,314). 

Copper orthoiutgstate CuW04.2Hj,0. A 
green powder, melting at a red heat and cooling 
to chucohite-coleured crystals^ formed by ppg, 
Cu salts by NaAVO^Aq (A., l.c.). 

Ferrous orthc^euiigstate F0WO4. Obtained 
as opaque crystals by lioating WO., and Fe,0, in 
a stream of llCl (Dobray, C. Ji. 55, 288) ; also 
by fusing 2 parts^FeCl^, 2 parts NaCl, and 1 part 
Na^WO, (Geuther a. Forsberg, A. 120, 278 ; 
Zettnow, P. 130, 30). The * trihudraU 

FeW04.3np jk-as obtained b^ Anthon {J. pr. 9, . 
343) as a brown xiowder by pjig. a ferrous salt 
by KjWO^Aq. Doubly coinpoumh of the form 
«tFe\yO,.,tMnW03 with the ratios m:n» 7:1, 
4:1, 3*1, 3:2, 1:2, and 1:7 were obtained by fusing 
FeCh, MnClj, NaCl, and Na.AN^O, in varying pro- 
portions (G. a. F., l.c. p. 27b ; cf. Z., f.c.p. 250). 
Wolframite has apiiroxirnately the composition 
FeO.MnO.WO3. 

Lead orthotungstate PbWO,. Occurs native 
as scheeletine ; obtained, as a white pp., by , 
adding K3W04Aq to solution of a salt of Po 
(A., I.C., p. 342) ; quadratic octahedra are formed 
hy fusing 10 parts Na^WO, with 47 parts PbOl., 
S.G. 8-265 (Manross, A. 82, 357). 

* Magnesium orthotungstate MgWp,. Formed, 
in white octahedra, by fu.sing 2 parts MgOL 
with 2 pa^ts NaCl and 1 part Na3W04 (G. a. F,, 
i.c. p. 272). 

Manganese orthotungstate MnWO,. Gar- 
net-brown, lii.stroiia, rhomhi<s crystals ; B.G. 6-7 ; 
obtained by fusing 2 parts MnCi,, 2 pdirts NaOl, 
and 1 part Na^WO, (G. a. F., Iji . ; Z., l.c.). 9 • 

Mercurous orthotungstate Hg^WO,. A 
yellow pp., formed by adding solution of a 
mercurous salt to solution of an alkali tungstate 
(A., Z.C.). 

Nickel orthotungstate NiWO,. Formed by 
fusing 2 parts NiCi, with 2 parts NaCl and 
1 par4 NaAVO, ; brown, lustrous crystals 
(Schultzc, A. 126, 56) ; S.G. 6-8845 &t 20-5®, 
6-Jip22 at 22 -- (Clarke, Am. S. [3J 14, 281). The 
liexahydrate, NiWO,.6H..,0, is obtained byppn. 
(A., i.c.). 

Potassium orthotungstate K„^704. 9 White, 
tr^clinio nefdles ; obtained by boiling WO, 
with an equivalent ^weight of KOIlAq or 
dv.COjAq, and evaporating (.Marignac, A. Ch. [8] 
69, 18 : Anthon, J. pr. 8, 399; 9, 837). Deere* 
pitates Vhen heated; melts at |pd beat (M., 
i.c.),*taking up CO* (Ultk? W. A. B. 56 [2], 148 ; 
cf. Krioriw, J. pr. 27, 89). Various hydrates are 
obtained by crystallising a solution of WO, in 
^COjAq under different conditions (M., Z.O. ; A., 
I.C. ; Riche, A. Ch. [3J 50, 45). m 

Silver orthotungstate AgWO,. A«nale* 
lyellow, amorphous pp. by adding Na3W04Aq to 
solution of a Alt of Ag ; melts below redness, 
and becomes orystalline on cooling ; easily soluble 
in HNO,Aq; soluble in NHaAq (Zettnow, P» 
130, 30 ; cf. Mutbmann, B. 20, 99i ; W6h]« tu 
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menypothetioal aoii H,W,0' wherZ.7u “ 
/ replaced by 6Bi 3B“, or 
Ob- formula (6:12) is adontorf th^ ’ *.® 


(Bl. [21 20 , 64 ). 

. Sodium orthotungotate Na,\^0,.2H,0. Ob- I foimnla (5h2) is adoDtodTba 
tamed by orystaUismg a solution pi WO, in the | monovalent and divalent^mefals ari 
equivalent quantity of NaOHAq hr Na^OOsAq. / salts 


Transparent, colourless, rhombic tablets (Ma- 
rignao, .4. Ch. [3J 69, 22). Effloresces invacuOt 
or in drj air. Loses all H^O sTt 1P0°. S.G, 
3*2588 at 17*5° 3-23M at ^9^• S.G. of Na^WO^ 
== 4-1743 at 20-5°, 4-1833 at 18-5° (Clarke, ylm. 


of the hypothetical add Ww o' 

lOBror 5R«; parat^ngstates of must l.e 
W.-esented in this scheme by the complicati .1 
formula J^”^io(Wi20j,)s. In the paratungstai* » 
which have been best examined It*=*NH, Li 


, - — MAW** T VP a/vdv/xa ik/wov VdXOXUiUQU X* 22* Ai XX |j| 

S. [8] 14, 281). Bolubilitj = 41*at 0°, 55 at 15°, Eg, K. Ag, and Na ; E«=.Ba, Cd, Ca, Co Cu’ Pb' 
ias-4 ot inno /T?i-r.>in r ao in\ a n at,, at., xrs _ ’j 


123-4 at 100° (Riche, J.pr. 69, 10). For S.G. of 
Na^W04Aq of different concentrations, v. Franz 
(J. pr. f2J 4, 238). For E.C. of Na,,WO,Aq v, 
Walden (^. P. C. 1, 629). 

Strontium orthotnngstate SrWO^. Obtained 
by ppn. (.^nthon, l.c.) ; also by fusing 2 parts 
SrClj, 2 parts NaCl, and 1 part Na2W04 (Zett- 
now, lus. ; Schultze, A. 120, 56). ^ 

Zino orthotnngstate ZnW04. Colourless 
tablets ; formed by fusliyT 2 parts ZnCl.^ with 
2 parts NaCl and 1 part Na.WO^ (Mouther a. 
Forsberg, A. 120, 270 ; cf. Zettnow, 130, 
240). 

I*AnATUNasTATES. A number of acid tungstates 
have been isoltited, the composition of which is 
expressed by one of the formulas SRO.TWOj or 
5I10.1‘^W0,. The former formula was given by 
, Lotz (A. 9l, 49) and Scheibler (/. pr. 83, 273) ; 
the latter formula by Laurent (A. Ch. [3] 21, 54) 
and Marignao {A. Ch. [3] 69, 6). The two 
formulas represent salts of almost identical com-i 
position, and no way has been found of deciding 
which form^ula is the better (cf. Knorre, J. pr. 'i 
[2] 27, 83). 'The acid tungstates of this n<eries 
are more easily formed and crystalhse better 
than the other acid salts ; they are generally 
called parntungstatea, following the suggestion 
made by Marignac. 

The fflkali paratungstates aro obtained by 
tt“,turating hot alkali solutions with WO., and 
crystallising ; most of the other paratungstates 
are prepared by ppn. from solutions of the 
alkali salts. The alkali salts are soluble in 
water, the other salts are insoluble. Solutions 
of alkali paratungstates give, with dilute HClAq, 
white pps. which become yellow on boiling 
(W03..rH.O). Metatungstates, R0.4W(}.„ aro 
formed by gradually adding HClAq to boiling 
solutions of paratungstates ; meta- salts are qlso 
formed by boiling para- salts with WO3.ILO. 
Solutions of paratungstates are not ppd-. by 
SO.jAq, HlAq, Citric, tartaric, or oxalic acid ; but 
the presence of one of these acMs docs npt 
hinder ppn. by HClAq. Solutions of alkali 
paratungstates give pps. with salts of almost all 
the heavy metals. HjS reacts with alkali para- 
tungstates in, solution to form solutWft of thio- 
tungstates which giv« brown pps. with acids, 
soluble in ^H4).iSAq. Paratungstato; readily 
react with HjPOf, HjAsO^, &o., to form complex 
acids (v. p. 807), solutions of which are not ppdl 
by acids, exoopt these are added in considerable 
excqif ; solutions of paratungstates are, there- 
fore, not ppd. by HCLAq in presence of HjPO^ 
H^AsOf, HgBjO^, <hr. For the rdactions of para- 
tungstates with PtO^H^ V. Rosenheim {B. ^4, 
2897 ; ^e reaction is rather indefinite). 

U the simpler (8:7) formula is adopted, the 


Mg, Mn, 2^1, Sr, and Zn ; and Ri« = A1 and Cf. 
The simpler formuhe are employed in the de- 
scriptions of the individual salts. 

Aluminium paratungstate Al.^WjOg^.OII.O. 
A flocculent pp.,’ drying to gum-like lumps ; ob- 
tained by adding (NHJjWjO^^Aq to a solution 
of a salt of A1 (Lotz, A. 83, 65 ; Anthon, J. pr. 
8, 399 ; 9, 337). 

Ammonium paratungstate 
(NH,)„W,024.6H..0. Obtained by dissolving 
WO^.U^O in Nri.,Aq and crystallising at the 
ordinary, or a little above the ordinary, teuv 
perature (Lotz, A. 91, 55). Crystallises in 
white, rhombic needles (Marignac, A. Ch. [3J 
69, 25 ; Kerridt, J. pr. 41, 190) ; also in rhombio 
tablets (M., l.c .) ; and is, therefore, dimorphous. 
Solubility -2-8 to ‘"4-5 at 15°^22° ; when the 
solution is boiled the 'Very soluble meta- salt 
(NH4).^W40,3 is formed. Loses 3-9 p.c. H^O at 
100° ; when heated to redness the blue oxide of 
W remains mixed with compounds containing N 
(M., l.c.). Marignao {l.c.) gave the formula 
(NHJjoWj.^O^j.llH.^O to this,* salt ; Berzelius, and 
Anthon (l.c.) gave the formula (NHJ.^W^^Oj.Hp ; 
and llicho (v. Marignac, l.c.) the formula 
(NH4),W,0„.5 or 6H,0. 

Various double salts have been isolated ; 
with Na,W,0,4 (v- Knorre, B. 19, 821 ; Gibbs, 
Am. 7, 236) ; with K„W,0.^,, {v. Laurent, A. Ch. 
[3] 21, 69 ; Marignao, A. Ch. [3] 69, 65) ; with 
l^^SriWjOji V. M. (l.c.), Lotz {A. 91, 61) ; with 
ZosWjOj, V. Lotz (I.C.); with CdjWjOj^ v. L. 
(l.c.) ; with Hg.,W,0.,. v. Anthon (J, pr, 8, 399 : 
9, 337). ‘ 

Barium paratungstate BasWjO.^^.SHjO. A 
white pp. formed by adding (NH4)aW,Oa4Aq to 
excet*s of BaCljAq, washing and drying over 
H.SO^ (Lotz, A. 93, .60 ; cf. Knorre, B. 18, 327 ; 
19, 820). Forms a double salt with Na-W,0.,. 
(Scheibler, J.pr. 83, 314). 

Cadmium paratungstate Cdji^W^Ojj.ieHaO ; 
white needles, obtained by adding NagW^Oj^Aq 
to excess of solution of a salt of Cd (Gonzalez, 
J.pr.<l2] 36, 44). 

Calcium paratungstate Ca,W,024.18H.p ; a 
crystalline pp. formed by ppg. excess of CaCl2Aq 
by NagW^O-i^Aq, and drying in the air (Knorre, 
B. 18, 328). Forms a double salt with NiigW.O^ 
(r.onzalez, Lc.). 

Chromium paratungstate Or,W70.j4.9H20 ; a 
grey powder, obtained by heating CrCl* with 
(NH4),W,0„ ; fhsoluble in water, but dissolves in 
CrClgAq (Lotz, A. 91, 66)4, 

Coihslt paratungstate Co,W,024.25H20 (Gon- 
z^ez, f.c.) ; forms a double tudt with NagW.O,. 
(G.. lx.). ‘ 

Copper paratungstate Cu,W70,4.19H,0 ; a 
pale-green pp. formed by adding Na^W^O^Aq tp 
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•ie«8B of 0 iiS 04 Aq (Knorre, B. 19, 826 ; v. also 
Oonzalez, [2] 86, 44). Forms a doubU 

suit witbi Na^WjOji (K., lxJ)» 

Load paratongstate Pb,W,03| ; a white pp. 
formed by adding (NH^),W,03<Aq to Pb(N03).Aq 
<Lotz, A. .91, 49). Forms a double salt with 
Na^WjO,, *Gonzalez, Z.c.). 

Lithium paratungstate LigW^Ojj.lOHjO. 
Large prisms, unchanged in air; obtained by 
boiling the proper quantities of WO, and LiltiO, 
in water, and allowing to crystallise (Scheibler, 

J. pr. 83, 321). 

• Magnesium paratungstate Mg,W,03,.21H.G ; 
obtained by ppn. (Knorre, B. 19, 82^). Forms 
a double salt with Na^W,034 (K., l.c.). 

Manganese paratungstate Mn,W, 0.4.3411.0 
(Gonzalez, J. pr, [2] 36, 44). •Forms a double 
salt with Na^WjOj^ (K., Z.c.). 

Nickel paratungstate NijWjO.j^.llHjO (An- 
thon, J,pr. 9, 344). 

Potassium paratungstate K,W703|.GH..,0 
(Marignac, A. Ch, [3] 69, 33, gave the formula j 

K, oW, 204 i. 11H30). Prepared by saturating hot . 
KOHAq with W0,..cH30, and allowing to cool ; j 
by boiling K.WO^ with H.O ; or by fusing 
wolframite with ^ of its weight of KjCO,, boil- 
ing the product with water, saturating the 
aqueous solution with CO^, and crystallising (M., 
Z.C.). White shombic crjjtals, isomorphous 
with the NH4 salt (M., Z.c.). Decomposed, by 
melting, to K^WO, and 5K.0.14W0.,, without 
forming any meta- salt (Knorre, J.pr, [2] 27, 91). 
yolubility =» 2’15 cold water, 6’6 boiling water. ^ 

Various hydrates have been obtained (0. j 
Zettnow, P. 130, 241 ; c/. Lefort, A. Ch. [6] 9,*! 
93; 15, 321; 17,470; 25, 200j. Forms double ' 
salts with NUrtW^Oi, (v. Marignac, A. Gh, [3J 09, J 
65 ; Laurent, A. Ch. [3] 21, 54). j 

Silver paratungstate AgjWjO,*; a yellow, I 
crystalline pp. formed by adding NagW,0.,Aq to j 
excess of AgNO,Aq (Gonzalez, J.pr. [2] 36, 44). 

Sodium paratungstate NaaW^O^^.lOH^O. 
This formula is given by Scheibler {J.pr. 83, 285) ; 
the formula NaioWiaO^, is given by Laurent (Z.c.), 
Marignac (Z.c.), and by Friedhcim a. Moyer, 
{Zeit. f, aiuyrg. Chemie, 1, 81). Prepared by satu- 
rating hot NaOHAq, or Na^CO^Aq, with 
WOa.arHoO and evaporating to the crystallising 
point ; also by passing CO, into Na^WO^Af until 
the reaction is only faiqtly alkaline. Largo, 
well-formed, white, triclinic crystals (Scheibler, 
Z.C. ; Marignac, A. Ch. [3] 69, 39). KlUorosccs in 
air ; loses 0. J of its H,0 over K^SO,; is dehy- 
drated without decomposition at 300'^ (S., Z.c.) ; 
heated to dull redness leaves a residue, iiisuluble 
in water, containing more than 6WO, it NajO 
(M., lx,; also Knorre, J. pr. [2] 27, 71). 
Melts above dull redness, giving NojWO^ and 
NajW^O,, (meta- salt). Heated with water to 
160 ° fives much meta- salt (K., Z.c.). Solubilitj' 

8 to 9 at 85° to 40° ; for the salts obtaine^le 
from an aqueous solution v. M. (Z.c.), and also 
£. (B. 18, 2362). By boiling a solution with 
Na,CO, transformation to NojWO^ is complete 
(o. Schmidt, Am. 8, 16). A hydrate with 21H2O 
has been obtained (M., l.c,). Forms douljjhi salts 
witii Sr,W,C^ (Gk>nzalez, J, pr. [2] 86, 44), and 
with Zn,W,OM (Knorre, B. 19, 82.^. 

Stronttum paratungstate Sr,W,0M.8H,0 
(Knorre, B. 18, 327). 


Zino paratungstate Zn«W,0,4.«H,0 (Gon- 
zalez. /. i>r. [2] 86, 44). 

Mbtatunobtatks or Tbtratunostatbs, 
R”0.4W0, or R^^W^O,,. Salts of the aoi^ 
H,W40„ ( v . MbTATUNOBTIO AOIDS, p. 802). 
metatungstates may be obtained by •causing 
metatungstid acid HjW^Ou.xHgO (v. p. 802) 
to interact With carbonates, chlorides, ,or 
nitrates ; also by the reaction of a weak acif 
(HaPO,A<| is vhe best) with ortbotungstates, th4 
acid being added* as long as the pp. of 
WO,.a*ILO which is at first formed ro'dissolves ; 
also from the a^lcali salts by double decomposi- 
tion, or better from the Ba salt by interacting 
with sulphates ; d^ie alkali metatungstates are 
prepared by boiling solutions of the ortho-tung- 
states for some time with WOa.:rli.O. 

Most of the fnctatiingstatos are very soluble 
in water and are cry stall isable from aqueous 
solutions ; aijueous solutions are ftot ppd. by 
acids in tho^cold, but pps. are obtained after 
long standing or boiling. Idetatungsiatos are 
changed to ortho- milts by excess of alkali ; 
when al.rongly he.^led, ortbotungstates arc 
formbd. Solutions of metatungstates arc not 
ppd. by H^S ; (NHJ.BAq gives a blue pp. ; pps. 
are not obtained with salts of the heavy metals 
except Pb and Hg* ; K ,FeCyyAq ^oes not form a 

pp. 

Ammonium metatun gstate 
(Nn,),W40„.BlI,0. This formula ta given by 
Scheibler (J. pr. 83, 303) ; more complioateif 
formula) are given by Marguoritto (A. Ch. 
[3] 17, 477), Laurent (A. Ch. [8] 21, 62), and 
Lotz (A. 91, 55). Obtained by boiling the 
para- salt (NUJ^W.O^.xH.O with WO, .11.0 
(Ma guerittc, A. Ch. [3J 17, 477) ; rflso by boiling 
the iiara-salt with a little HNO^Aq (Laurent, 
A. Ch. [3J 21, 62) ; also by heating the dry para- 
salt to 250’^-30a° (Scheibler, J. pr. 83. 804 ; cf. 
Persoz, A. Ch. [4] 1, 101 ; and Marignac, A. Ch. 
[4J 3, 71). White octahedra; ettloresces in air ; 
loses 7H,0 at 100°. Sohibility in cold w^er* 
-120 (Lotz, l.c.), =286 (Kiche, A. Ch. [8] 60, 
46). The solution is optically refractive. In- 
soluble in alcohol or other. Forms a double 
salt with NII4NO, (Marignac, A. Ch. [.3] 69, 61). 

Barium motatungstato BaW40„.9H.40. Ob- 
tained by adding BaCl.Aq to a hot oono. solution 
of Nq-iW^O,, acidified by llCIAq (Scheibler, , 
J. pr. 83, 301). Crystallises in laage, white, 
tejtragonal octahedra ; S.O. 4*298 at 14° ; loses 
611,0 at 100°; easily soluble in hot water, de- 
coi^posed by much cold water to WO, and 
BaWjOiQ.GHjO, which dissolve ligain on heating. 

Cadmiwn paratungstate CdW4O„.10H(O. 
Lustrous, white octajiedra ; unchanged in air ; 
obtained by decomposing BaWfOjtAq by 
C<lS04Aq (S., I.C., p. 273). 

Calsiuih metatungstato ^aW4O,vl0H2O. 
Quadratic octahedra^ obtained by dissolving 
CaCO, in H,W40„Aq and crystallising (S., Z.C., 
p: 314). 

Cooalt metatungstate CoW40„.9H^O (S., 
lx. p. 817). « 

Copper metatungstate CuW40„.ll]^^ (S., 
lx p. 317). ^ 

Magnesium metatungij^te MgW^Oit.SH^O 
(S.. I.C.). 

Manganese metatungstate MnW40|s.lOHA) 
(S., lx. p. 278). 
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ITeroaroas matetongitate Hg^W|0,3.35H^0. 
Obtained, aa a white pp., by adding j^NO^Aq to 
eolation of H3W40,a or a meta- salt (S., Z.C., 
p. 319). 

Nickel metstnngitate NiW40„.8H30 (S.Jx., 
p. 273 ).'^ 

Potaisium metatongstate E.;W40„.8H.p. 
Lqstrous ootahedra ; obtained by boiling 
KgWiOj^Aq with WO,.a;HaO ; very soluble in hot 
water, considerably less soluble in dold^water (S., 
Z.C., p. 303). A pentahydrd>t6 was obtained by 
Marignao {A. Ch. [4] 3, 71). 

Silver metatifiigBtate Ag.W^O,,. Obtained, 
as a crystalline crust, by adding AgNOjAq to 
NaiW40,,Aq, evaporating, niieparating from 
‘Ag2W04, and evaporating again (S., i.c. p. 318). 

Sodium metatungatate Na2W4O,3.10H.p. 
Obtained by boiling NaaVV^OojAq with WOs-arH^O 
and allowing to evaporate ; white, lustrous 
octahedra; S.G. 3-8C47 at 13°; very soluble in 
hot, but less in cold, water (S-, Lc, p. 303). 

Strontium metitungatate Sr\V40,3.81l20 (S., 
U. p. 314). , 

Zinc metatungatate ZnW40,3.10H/d (S., l.c. 
p. 273). 

Tungstates othek than ortho-, para-, and 

META- SALTS. 

* Ditung»t«ites. Salts of the form 
R*.,0.^0, = ll'aWaO,. Sa Its of K and Na of this 
composition w^ro said by Lefort {A, Ch. [5] 17, 
470) to bo formed by neutralising cold solutions 
of K3WO4 and NrjWO^ by acetic acid ; Knorre 

pr. [2] 27, 83) obtained only metatungstates, 
R3W4O,,, by this method. • 

Two to five tungstates. The e«:istence 
of salts nf Ime class 2iy0.5W03»=«lVWj0„ is 
doubtful. Marignao obtained a salt to whifth he 
gave the formula Na4\V50 ,,.1111^0 along with 
the para- salt Na4W,O,4.10U,O {A. Ch. [3J 09, 50). 
The same salt seems to have been obtained by 
Lefort (Z.C. ; cf. Foroher a. Gibbs, J. 1880. 341) 
by adding aoetio acid and alkali to Na2W04Aq 
‘ and allowing to stand for some time {cf. also 
Schmidt, Aw. 8, 10). 

Three to eight tung states. A salt 
(NH4)4W40„.8n30 = 3(NH4),0.8W03.8H,0 seems 
to have been prepared by Marignao {A. Ch. [3] 
69, 61). 

Tritungsta tes Il"0,3W03 = Il“W30,o. 

Lefort (A. Ch. [5] 17, 470) prepared a«jjalt to 
which he' gave the formula Na3W30,o.OIIjO, by 
pouring a boiling solution of Na^.W^Oj.OH^O (^h- 
tained by adding acetic acid to Na3W04Aq until 
the liquid shows on acid reaction) into boiling 
aoetio ai<iid, ihlowing to cool, separating the 
lower syrupy layer, and crystallRjing it. ^ 
corresponding salt K3WrO|o.21l30 was obtained 
by a similar method ; and a series of tritungstates' 
was prepared by mixing equivalent quantities of 
the Ka salt 8*id metaUio acetates, in isolation. 


and adding alcohol. L. de*>cribes the tritungstates 
as easily decomposing in aqueous solutKins to di- 
and tetra* salts. The following salts were formed 
by L. ; — BaW, 0 ,o. 4 H 30 ; CdW,0,..4H,0 { 

CaW.O,^6H,€^; CoW,0,4.4H.O ; FeW30,„.4H.p ; 
PbW>,p.2H,0 ; MgW,0,o.4H,0; MnW.O.o.SHp ; 
NiW,0,..4H,0 ; 2n.fi ; Na3W.O.,.4H30 

SrW,0„.6H,0. Kiiorre’s experihaents led him 
to regard Lefort’s tritungstates as mizturos 
{J.pr. [2] 27, 83). 

Psufo- and ocfo- tungsiatea. Salts 


of K and Na of the composition K,W«0,4 
B3W3O2S are said to have been isolate, the 
former by fusing mixtures of KWO4 and WO,, 
the latter by fusing K^W40i, with (Knorre, 

J.pr. [2] 27, 81, 91). 

A few tungstates that do not find plaoes in 
any of the foregoing classes have been described 
by different observers {v. especially Lefort, A. Ch. 
[5] 9, 93; 15, 324; 17, 470; 25, 200; also 
8i^lrBibler, J. pr. 83, 237 ; Gonzalez, J.pr. [2] 36, 
44 ; Knorre, J. pr. [2] 27, 93 ; Lotz, A. 91, 49 ; 
Feit, B. 21, 133 ; Cleve, Bl. [2J 43, 170 ; Hogborn. 
J3/. [2j 42,2). 

Pertunl STATES. By boiling a solution of thd 
paratungstate NagW,034.16H20 with H,OA.q, 
and then evaporating m vacuo, Pochard (C. R. 
112, 1060) obtained small white crystals of a salt 
to which he gave’the formula Na.0.W..0,.2H30 = 
NaW04.H,0; and by treating (NH4)g\V,0a4.GH,0 
in a similar way he isolated the corresponding 
NH4 pertungstate. According to P. these salts 
are decomposed by alkalis with evolution of 0 ; 
solutions of them set free 1 from KIAq, and 
react with HClAq, giving off Cl. 

Tungsten bronzes. Bright-coloured, lustrous, 
metal-like, crystalline solids, obtained by the 
action of reducers— such as H, coal-gas, Sn, or 
Fo — on tungstates of Li, K, or Na ; also by the 
electrolysis of these tungstates when molten. 
The composition oPthese compdrtinds, which are 
known as bronzes and aife used as pigments, is 
represented by the formula Mx(W03)y, where 
M - Li, K, or Na. The constitutions of the com- 
pounds are not known ; they may be represented 
as compounds of tungstates with \YO^, by the 
general formula jtMjO.t/WOj.^WO, ; they may 
also bo represented as compounds of M^O with a 
radicle composed of W and O in a ratio greater 
than W;20 and less than W:30— that is, aa 
compounds of M.^O with oxides intermediate 
between WOg and WO3. The tungsten bronzes 
are insoluble in most acids, also in alkali 
solutions. 

Sodium tungsten bronzes. These compounds 
are formed by the interaction of Na tungstates 
and H (Wohler, P. 2, 350), Sn (Wright, A. 79, 
221), coal-gas (Schnitzler, D. P. J. 211, 484), 
Zn or Fe (Zettnow, P. 130, 261), or by electro- 
lysing Na tungstates (Scheibler, J. pr. 83, 321). 
AccoRling to Philipp {B. 15, 499), the different 
processes yield the same bronze if the same 
tungstate is used, and the more WO3 there is in 
the tungstate employed the richer in WO, is the 
bronze produced. All the comppunda are in- 
soluble in acids or alkalis ; they dissolve in 
NaClOAq; heated with NH^Aq and AgNOjAq 
they 41^0 Ag and WO, {cf. P. a. Schwebel, B. 
12, 2234 ; 16, 600 ; Knorre, J. pr. [2] 27, 61). 
These compounds are slowly oxidised to tung- 
, states by heating to redness in air (K., l.c.), 
Philipp {l.c.) gave S.G. of all the sodium Uiroozea 
a»7-2 to 7-8 at 16° to 18°. 


Purple-red bronze N ajW^O, — Na 2 O. 2 WOg.WO, 
-Na. 3 O.WgOg-Na 2 WO 4 .W 2 Og. Prepared by 
fusing for c. he&f an hour a mixture of 10*9 g. 
Na-^CO,, 71-7 g. WO 3 and g. tinfoil, and boil- 
ing successively with H 2 O, NaOHAq, and HOlAq. 
Bpd cubes; the powder traiftmits green liglit 
when suspended in water (P., l.c,). 

Bed-yellow bronse Na 4 WgO,.=» 
2Na,0.3W0,.2W0g-2Na,0.Wg0 - Prepared by 
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•idtiag 60 to 80 g. of a mixtare of Na,W04 
WO, in the ratio 2Na,W04:W0„ adding 80 g. 
tinfoiU and keeping molten for 1 to 2 hours. 
Red-y^ow oubes; the ^wder is brownish 
yellow, and transmits blue light when suspended 
In water (P., Z.e.). 

Oold-ieUow bronze Na,W„Oi,a 
6Na,0.7W0j|.6W0, * SNajO.WjoO,,. Prepared by 
heating Na,WjO, to dull redness in H, powdering 
and again beating in HT and then boiling with 

H, 0, HOlAq, and NajCOjAq successively. Gmd^n 
yellow, crystalline powder (P., lx. ; cf, W5hler, 
P. 2, 360 ; Wright, A. 79, 221). 

• Blue bronze Na^W^O,, = Na,0.4WO,.W0, - 
Naa0.W50,4. Prepared by fusing with 

more than 2WO„ and adding tinfoil ; also by 
melting Na4W,034 (paratungstate) and electro- 
lysing with 6 Zn-Pt elements ^P., l.c. ; Scbeibler, 
J. pr. 83, 321 ; cf. Enorre, J. pr. [2] 27, 49 ; and 
Zettnow, P. 130, 261). Dark-blue cubes, with a 
red sheen ; S.G. 7’28 at 17°. 

Potassium tungsten bronzes. The com- 
pound - K,0.3 WO,. WO, - K,0. W4O, , 

seems to be the only one of this class that has 
been isolated. Prepared by fusing K^WO^ with 
WO3 and adding tinfoil ; also by fusing K.,GO", 
with from SWO, to 4WO„ and reducing by H or 
coal gas ; also by electrolysing a molten mixture 
of KjW04andWO,. Reddish-violet prisms, giving 
a blue powdery winch transmits greenish light 
when suspended in \>%ter; S.G. 0. 7*1 (Laurent, 

A. Ch. [2] 67, 219; Zettnow, P. 130, 202; 
Enorre, J. pr. [2] 27, 63). 

Lithium tungsten bronzes. A compound of^ 
this class, probably LigWjO,j, is obtained by 
fusing Li4W,0.^4 ipuratungstate) with tin. Darl» 
blue crystals (Scbeibler, J. pr. 83, 321 ; Knorre, 

I. C., p. 69 ; Feit, B. 21, 133). 

A potassium sodium bronze and a potasoium 
lithium bronze have been obtained (Knorre, lx. 
p.G6; Feit, lx.). 

COMPLEX TUNGSTIC ACIDS AND 
SALTS. Tungstic oxide WO, combines with 
several anhydrides, e.g. B.D,, P.p,, As^O,, SiO.., 
&c., and water, to form acidic compounds, and 
also with these anhydrides and ba.sic oxides to 
form salt-like compounds ; the whole of these 
compounds are usually grouped together® as 
complex Hingstic acids and complex ttmgstotes, 
and they are divided into sciob classes es^rseno- 
tungstates, phosphotung^ates, &o. 

Antimonosotunostio acids and saIjTS. Ac- 
cording to Lefort [A. Ch. [6] 17, 487), the com- 
pounds Sb-C)3.6W0,.4H.,0 and SbA-CWO 8H.,0 
are formed by dissolving tartar emetic in 
Na^O.SWOjAq and Na20.2WO,Aq respectively. 
Gibbs {Am. 7, 392) obtained ^ 

4Ba0.6Sb,0,22W03.86H20 and 
6K30.4Sb,0,-12W0,.25H20. 

Absbiiotumobtio acids and salts. Compounds 
of the form AsjO^ldWOg.irHgO have been 8b- 
tained by Eehrmann {A. 246, 46 ; ef. Fr^ery, 

B. 17, 296) ; and series of compounds of As-.O^ 
with WO, and basic oxides (NojO, K„0, BaC^ 
&o.), in which the ratio of Asfb,:WO, is 1:6 and 
1:3, have b^n desmbed by Gibbs {Am. 7, 313). 
Compounds of Wu, with Aa.O, and lapses, an^ 
'also with j^Opand As^O, and bases, and finally 
with AsD,* and P,0, and bases, «re descrilitd by 
Gibbs (Lc.). 

Borotunobtio acids and BALTS. Two 00m- 


poondf of B,Oa and WO, hara probably baaa 
isolated, in which the ratios of tne oxides axe 
1:14 and 1:9 respectively ; compounds of each of 
these with bases are known (Klein, A, Ch. [ 6 ] 
28,360). • 

Borotungstio acid and salts 
B 30 ,. 14 W 0 ,.rIl 20 . A solution containing B,0, 
and WO, in the ratio 1:14 is obtained by Wling 
Na-^WO^Aq with B^OaAq, ppg. by HgNO,Aq, 
decompe^ing. the pp. by 11 , 8 , and expel- 
ling H,S from thp filtrate by warming (for 
details v. K., l.c.). Compounds of the form 
*MO.BjO,.14WOs.^H.p hav^ been formed, 
where 2, 3, 'and 4, and M is Ba, K,, Ag,, Na, 
and Sr. 

Tungstoborio^aoid and salts. The com- 
pound B.p 3 . 9 W 0 s. 1 cH., 0 , usually known as tung- 
stoboric acid, i%obtained in yellowish octahedra ' 
by evaporating the sohition of borotungstio acid. 
A considerable number of compounds of bases 
with B.p, and WO„ in the ratio BParOWO,, 
has been olftainod; most «f them are of ‘the 
form 2 MO.Bp,. 9 W 03 .xH..O, M-{NH^).„ Ba, Cd, 
Ca, Co, Cu, Li.., Mg, Mn, Hg,, Ni, K„ Na,. Tl, ; 
a salts 2 MP 3 .B.p,. 9 W(),.a'Hp (M-AI or 
Cr) are also described by Klein {l.c.). 

FLUOToNosTATKii and all led compounds \ v. 
Tdngstoxyfluouidkb (p. 799). 

IoDOTUNasr.\TKs. ](^Iomstran 6 [J. pr. 40, 32T) 
described a compound 2Iv.p.L0.,.2W6|.3H,0, 
ol)tainod by adding the calculate^k qvmntity of 
HIO, to K .WO^Aq. 

PiiospiioTUNasTio ACIDS AND SAiiTS. The oxides 
WO 3 and P.p. combine in several proportions, in 
presence of 11 , 0 , to forni complex acids which 
contain largo quantities of WO, roluti\oly to tl»e 
I'P:.* A great many cornponndo are known 
containing WO, and P,Oj combined vrith basic 
oxides. 

Fhosphotungstio acids. Compounds of the 
form PjOj.a; WO., .2/11,0 *, compounds wherein 
- » 24, 21, 20, 10, and 12 seem i(^ have been 
isolated. The existence of these compounds 
was made known by Scbeibler (J3. 6, 802) ; Ihe^ 
have been investigated chielly by Gibbs (Am. 2, 
217, 281; 4, 377 ; 6, 301, 391; 7, 313, 392; 
Pochard, C. R. 100, 301 ; 110, 754 ; and Kehr- 
raann, B. 20, 1805, 1811 ; 24, 2326 : 26, 1900 ; 
A. 24.6, 45 ; keit. f. anorg. Chetnie, 1, 428 ; also 
Drcchsel, Ji. 20, 1452 ; and Brandhorst a. Kraut, 
A. 2^9, 373). The phosphotungstio acids are ob- 
tained by boiling If^POiAq with Ii.j\Vp,3.3:H.p 
^meta- acid) ; by decomposing, the mercurous 
salts by HClAq ; and by boiling NajW,0,^.*H.p 
(para- salt) with Na.JlPO^Aq .decomposing by 
llClAq, vid dissolving the acids thul formed in 
' ether. The phosphotungstio acids are unchanged 
in solutions in dilute acids ; these solutions are 
scarcely acted on by II2S, and very slightly by 
zinc 0 they give phosphates and tungstates when 
hoiled with alkalis ; c|;aractorirftic p^s. are pro- 
duce^with alkaloid?, urea, albumen, (kc. 

. PhosphoduodeoituugBtio • acid and salts 
P,0,.24W0,.a!H2O and |/M 0 .Pj 0 ,. 24 W 04 .®H, 0 . 
The acid is obtained by evaporating a solution 
of H,P 04 and H^W^Ou-xIip ii^tho proper pro- 
portion (Pochard, l.c.) ; by boiling a^ sdbition of 
tungstate and phosphate of Na, in the ratio 
24 Na»W 04 : 2 Na„HP 04 , acidulating with HNO,Aq, 
ppg. by HgNOjAq, decomposing the Hg salt by 
HClAq, filtering, and evaporating in vacuo 
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« Am» 2, 217 ) ; by boiling H,P04Ag with 
, in the proper proportion, decomposing 
by a small excess of H2S04Aq, removing H,S04 
by BaOAq, filtering, and evaporating (Sprenger, 
J. [2] 22, 418). The acid crystallises in 
white, regular octabedra, or cubes. The value 
for X in the formula KOy24WOg:xHjO varies 
according to different observers, from 40 to 53, 
69, and 61. The salts 2/M0.Pj{04.24W0,.a;H80 
are obtained by mixing tungstates (normal or 
para* salts) with H.,FO,Aq pr a phospfiate, and 
decomposing by slight excess of HClAq, HNOjAq, 
or HjSOiAq ; in most cases the salts ppt. as fine, 
white powders ; in some cases ifi- is advisable to 
evaporate to dryness, extract with alcohol and 
ether, and evaporate. The s^’ts have been de- 
scribed by Gibbs (Lc.) ; Kehrnlann {Zeit.f. anorg. 
Cfiemie, 1, 430) ; K. a. Preinkel (B. 24, 2327) ; 
Sprenger {J.pr, [2] 122, 418) ; and Brandliorst a. 
Kraut {A. 249, 378). Salts have been obtained 
wherein MO = (NHJ.p, liaO, CuO, KjO, Ag^O, 
and Na^O, and 2, and 3. '* 

Phospholuteotungstic acid and salts. 
Pa04.16W0,.a:H,0 and yM0.P,O,.16Wp,.a:H,O. 
The acid is obtained by boiling Na.^WO^Aq*'Aith 
HiPO^Aq, acidulating with HNO^Aq, adding 
Njk4Cl and boiling, crystalli.‘iing the pp. from 
NH401Aq, evaporating the NH, salt thus pro- 
duced with ag-tAi regia, and crystallising the 
acid so formed from water (for details v. K., f.c.). 
To an ao>d obtained by decomposing the K salt by 
HjSiFflAq, or the Ag salt by HClAq, K. gives the 
formula Pj05.18W03.irH.p ; and lie says that 
the salts are ^/MO.PjjOj.ldWOa.ajHjjO. The acid 
forms citron-yellow, six-sided tablets; it melts 
by the heat of the hand, and is very soluble in 
water. Acco^^liiig to K. {B. 20, 1805 ; A. 245, 
45), salts of this series are obtained by boiling 
any phosphotungstatcs with excess of H.,P04Aq 
in presence of an alkali salt. It is probable that 
two series of salts exist — one with IGWO, and 
another with ISWO, {cf. Gibbs, l.c.; and Pochard, 
I.C.). Salts have been obtained wherein 
'Me ==(NH,),0, BaO, CaO, CuO, PbO, and K^O, 
and 1/ = 1, 3, 4, and 0. 

Other phosphotungstio acids and salts. 

I. Salts of the form yMO. PA-22 WO^.arli.O 
have been obtained, wherein MO -- (NU,)26,Bab, 
and K.p, and y « 2, 3, 4, and 7 (v. K. a. 1’., B.'l\, 
2327 ; 26, 1966; K., Zeit.f. anorg.Chcmie, 1,435; 
Sprenger, l.c. ; Gibbs, Lc.). ^ 

II. An ‘acid of the form Pj05.21W03.a;n.p, 
and salts ^y/MO.PA-'^lWOa.jcAO, whcrf> 
M0«(NH4)30,*'K30, and Ag.^O and y^3, haye 
been isolated (K, a. F., Lc. ; K., Lc.). 

III. The acid P,Oj.20WO,.xH,O ijnd a salt 
6BaO.PA-2OWO8.xH3O were obtained by* 
Pochard {Lc ) and Gibbs (l.^.). 

IV. For the acid P204.12W0a.xH„0 and the 
salts yM0.P208.12W0,.xH30, wVre, MO 
-(NH4)80, Ba«, CaO, CuO, PbO, Li^O, Mg,0, 
Hg^O, K.O, AgjO, Na..t),* TL^O, and ZnO, v, 
P6chard (C. B. 110, 754). 

V. A few suits of the form 
yM0Jp805.7W0,.xH30 have been obtained 
(MO*(NH4)jO,<-BaO, CaO, Hg,0, Bafi; y 
doubtful) (Gibbs, l.c. ; K., Lc.). 

VL Compounds of alkali phosphates with 
WO„ and wi^ phosphoric acids and WO,, have 
been isolated; also compounds of alkalis with*- 
BJPO, and WO„ and with H,PO, and WO„ 


are described by Gibbs (Am, 5, 861 ; 7, aia 
892). ’ 

Pi^TiNiTUNasTATES, V, this vol., p. 283/ 
SiLicoTUNOSTia ACIDS AND SALTS. Three com* 
pounds of 8iO, with WO, and H^O, which react 
as acids, have been isolated, and many com- 
pounds of bases with SiO, and WO, Have been 
obtained (Marignao, A. Ch. [4] 8, 5). 

Siliooduodecitungstm acid, and salts 
Si0^12W03.xH30 ; as most of the salts contain 
dMjb (or 2MO) the acid is usually written 
4H30.Si02.12W0,.a5H80 ( - H,Si W,204,.a;H20}. 
According to Drechsel (B. 20, 1462), the acid is^ 
most easily' obtained by dissolving Na2W04 in 
boiling water, nearly neutralising with HNO,Aq, 
dissolving the crystals that separate in cold 
water, boiling this solution with gelatinous 
Si02.xH20 until ‘HClAq ceases to give a pp., 
filtering, evaporating, adding a large excess of 
H2S04Aq, extracting with ether, separating the 
lowest layer and evaporating (for details v. D,, 
Lc.). Large, colourless, dimetrio octabedra 
(with X =» 29) ; loses 25H2O at 100°, and all H2O 
at 350°. Very soluble in water and alkali 
Violations. Most of the salts of this acid have 
the composition 4M2O.SiO2i2WO8.xH2O, or 
2M0.Si02.12W0,.xH20; M20 = (NH4)20, Hg20, 
K2O, AgjO, NojO; MO = BaO, CaO, MgO; x 
varies from 7 to 28 (Marignac, Lc.). 

Tungstcsilioic acid, and salts. This name 
is generally given to an acid containing SiO.^ 
and WOa in the same ratio (1:12) as silicoduodeci- 
tungstio acid. The formula of the acid is 
‘generally written 4H2O.SiO2.12WO3.20H2O. The 
iicid is obtained by evapor;},ting a solution ol 
silicodecitungstic acid to dryness, taking up with 
water, filtering from separated SiOa, evaporating 
to a syrup, and allowing to crystallise. Forms 
short, white, triclinio prisms ; melts under 100°, 
giving off I6H2O and again solidifying. The 
salts of this acid are obtained by dissolving car- 
bonates in a solution of the acid, and evapora- 
ting ; they are more soluble and less easily 
crystallised than the salts of the duodeci- acid ; 
the salts are of the forms 

(1) 2M0(4M20).Si02.12W0,.xH20, where 
M^Ca, or 

(2) 2M20.2H;0.Si02.12W03.xH20, where 
Mj^K^orNo,; some more complex salts have 
also been isolated (Marignac, Lc.). 

Silico-deoitungstio * acid, and salts. The 
acid 4H2O.SiO8.lOWOj.xH2O (x probably ■» 3) 
is obtained by decomposing the Ag salt by 
HClAq, filtering, and evaporating ill vacuo ; the 
Ag salt is prepared by adding AgNOjAq to the 
NH4 salt which is obtained by boiling an acid 
tungstate of NH4 with Si08.a;H20, filtering, and 
evaporating. The acid forms a clear, yellowish, 
glassy solid, which does not wholly dissolve in 
wfiter; loses SHgO at 100°; on boiling ^th 
watej; most of the SiOj separates, and the 
filtr2i,te contains tungstosilioio acid. A few salts 
(have been obtained ; they are difficult to purify 
from silicotungstc^tes and tungstosilicatea (Ma> 
rignac, Lc.), 

STANNiPHOSPHOTTJKosTATis. Glbbs (Am, 7t 
^92) obtained the salt 

2(NIl4),0.P80..aSn08.22W0,.16H;0 by th# re- 
action of SnGl4.2NH4Cl and 
2Na.0.P,0*.24W0,.ajH80. 



TUNGSTEN 

TcrAKOTUNosTZO AOXDB. Two acids, 
lH-0.Ti0,.12W0,^H,0 and 
lHjO.TiO^ 10 WO,.«H 2 O, are described by Lc* 
jarme (v. Klein, Bl. [2] 36, 17). 

Vanadotctnostio acids and BALTS. Several 
sompounds of WO, with VjO, and H.^0 have 
seen desoAbed by Gibbs (Arn. 4, 377; 5, 
i61, 391) and Bosenheim (A, 251, 197) ; 
hey belong to the fornws VOvlOWO^-arH^O, 
i^204.18W0,.®H,0, and V,0..4W0,.tH,0. CoA-. 
i) 0 UDds of these with y^UO and t/MO are 
ilso described ; and a great variety of com- 
pounds coming under the goucral formula 
7iM0.nVj04.jpW03.a;H20 have been obiftined (c/. 
i''riedbeim, B. 23, 1505 ; and Eothcnbuch, B. 
13, 3050). 

Tungsten, oxybromides of. Twooxybromides, 
iVOJOr, and WOBr^, are forme^*by the reaction 
)f Br on WO„ and in other ways. The formula 
kVOBr4 very probably molecular, from the 
inalogy of WOCI4. 

Tungsten dioxtdibromide WOJBr,. Ob- 
ained by heating WO.., in a stream of Br vapour, 
ilso by passing vapour of WBr, over heated 
,VO, (Roscoe, 0. N. 25, 73) ; also by heating 
iVS, or a mixture of WO, and C in Br ^Borck, 

T. pr. 54, 254). Red, transparent, prismatic 
rystals ; appearing black when hot, and giving 
i yellow powder. Volatilised at red heat with 
nirtial decomposifion to WO, dnd WOBr^. 

Tungsten oxYTETKATntoMiDK WOI3r4. Ob- 
ained by passing Br vapour over a lio.itcd 
nixture of equal parts of WO, and W, and 
autiously distilling from less volatile WOjBr.,^ 
Roscoe, C. N. 25, 73). Also formed by passing Br 
aixed with some O over heated W, or by heating a 
aixture of WO, and C in Br vapour (Blomstrand, 

\ pr. 82, 430). Brownish black, lustrous, 
rystalline needles ; melts at 277 ’ and boils at 
27°. Heated in moist air gives WO., and lIBr, 
,nd is decomposed to the same products by water. 

Tungsten, oxychlorides of. Two oxy- 
hlorides, WOjOlj and WOCI4, are formed by 
leating W in Cl mixed with some O, and in other 
eactions. 

Tungsten dioxydichloriue WO...C12. Ob- 
ained by heating WO, in a stream of Cl, and 
ubliming (Roscoe, C. N, 25, 6.-3) ; also by pas- 
ing CO, over a mixture of WO, and CaCl.^ heated 
0 redness (Schultze, J. pr. [2^ 21, 439). .tflso 
ormed, along with WOCl,, by heating W in Cl 
aixed with O ; by heating WO, and C in Cl ; by 
leating WO, in CCI4 (Watts a. Bell, G. J. 33, 
42) ; and by hating WO, with PCI, (Schilf, A, 
97, 186; cf. Tungsten tiuoxide, Reactions^ 
lo. 10, p. 801). Yellow, four-sided tablets; 
ublimes without melting at c. 266°, with ptH-tial 
ecomposition to WO, and WOCl,. Not decom- 
tosed in moist air, nor by cold water (R., l.c.). 
leated in dry NH, gives off NH4CI and leaves 
VO, (RMeal, C. J. 55, 43); in this reaction 
VO,Cl, behaves like CrO.Cl, (R., C, J. 49, 367^ 
LCcordiDg to Smith a. Shinn [Zeit, f. anorg. 
Ihernie, 4, 381), a black compound W4O4N4H, is 
ormed by heating WO,Cl, in dry AH,. 

Tungsten oxytetb^hlorzdb W 6 CI 4 . Mol. 
r. 841*04. Formed by heating W in CUoon- 
aimng a little O ; flso by passing Cl over a hc 4 i 
aixture of WO, and 0; by heating tVO, in CCI4 
Watts a. Bell, C. J. 33, 442) ; by heating 
Vd, or WCl, inO and Cl ; by heating WCl, with 
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HjOjO, ; and by heating WO, Cl,. Prepared hy 
passing vapour of WCL over heated WO, in a 
current of Cl (Roscoe, U. N. 25, 63). Also by 
heating WO, and PCI,, in the ratio W0,:P01, or 
W0,:2PC1„ distilling oflf POCl, and the small 
quantities of WCl, and WCl, that are fdlrmed, 
washing the reddish residue with a little cold 
CS., (to remove WCl,), then dissolving in a 
larger quantity of warm C3„ evaporating, and 
carefully heating the residue in a stream of CO- 
whereby the more volatile WOCI, is separated 
from WO., Cl. (Sehiff, A. 197, 185). 

WOCI4 forms »iby.red, trans^parent needles; 
melts at 210*4°, and volatilises at 227*6°, forming 
a yellow vapour (RtfU.). V.D. 170*2 to 176*8 at 
3.>0°, 171*5 at 110° ^R., l.c. ; c/. Dobray, C. R. 
CO, 820). Exposure to nir produces a crust of 
yellow WO., Cl.,, ftoated in NH, probably gives 
W.,N, (Rideal, C. J. 55, 43). Decor^posed by 
water, with a hissing sound, to WO, and HClAq 
(Roscoe, l.c.). 0 

Tungsten, oxyilnoridos 01 ! No compound 
of W with O and E ha^ been isolated, but com- 
pounds^ are known winch may bo regarded as 
containing WO_F.,. These compounds, 
W0.,P'2.*2.MF and WO.,F.,.ME, nnd also a com- 
pound WO,F.,.2IvF, are described under Tunost- 
OXYFLUORIDES (p. 799). • 

Tungsten, phosphides of. By heating W in 
vapour of P, a dark-grey powder was opined 
by Wohler a. Wright (/I. 79, 214), to which they 
gave the compo.sition W.,!^. By heating a mix- 
ture of WO.J an<l P,,0, in a graphite crucible, 
W. a. W. (l.c.) obtained largo, dark-grey, lustrous, 
six-sided prisms ; S.G. 5-207 ; insoluble in acids, 
including aqua regia, soluble in a molteh mix- 
ture 04 Na,COj and NaNO;, ; unchanged by 
healing in flir, but burns brilliantly in 0. From 
an estimation of the P, W. a. W. gave the 
formula W,,P. 

Tungsten, salts of. No salts have been 
isolated by replacing the H of oxyacidlk by W. 
Except the halides, the only salts of W that arse 
known are those wherein W forms part of the 
negative radicle. 

Tungsten, selenides of. By saturating a 
solution of Na,W40,, with H.,Se, and then add- 
ing dilute HjSO^Aq, Uelsinann (A. 116, 125) ob- 
tained a black pp., to which be gave the formula 
WSe, (ejae estimation of W is given) ; by heat- 
ing this in a tube a grey solid was at)tained, 
8ui<i^ by U. to bo WSe., (no analyses). WSo, is 
said to be easily soluble in solutions of alkalis, 
alkali sulphides, or alkali selenides. 

Tungsten, sulphides of. Two ^ompo^mds of 
W^nd S ar^ known, WS, and WS, ; the latter 
is acidic, forming sult^ M.WS,. The V,D. of 
ifeither has been determined. 

Tunobte.j disulphide WS,,. Obtained by 
(heating WO, to whiteness in vapotyr of S or in ^ 
ILS ^erzelius) ; also bji Bbating W and 8 ; also ' 
by heating WO, with G pts. HgS^out of contact 
with air (Borck, J. pr. 54, 254). According to 
Carnot (Bl. [2] 32, 164), WS, is ueually formed 
when a compound of W is heated ia» a stream of 
dry HjS (v. also von Uslar, A. 94, 256; Ccvjgis, 
M. 232, 262). A dark-grey, graphite-like, lostrous, 

' crystalline powder (v. Riche, 4. Ch. [3] 50, 26), 
Is |aid to decompose steam at a full red heat ; 
reduced to W by very long sontintied heating 
inH. 
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Tunosten nuBULPHZDB W8g. Obtained by 
tuaing powdered wolfrawUa with ‘2 pts. O, 3 pis. 
8, end 3 pts. NA2CO3, dissolving in water, de- 
composing the Na^WS^Aq thus produced by 
HGlAq, washing the pp. completely out of con- 
tact i^ith 0, and drying at 100^ (von Uslar, A» 
94, 256 ; Corleis, A. 232, 264). black powder ; 
slightly soluble in water, more soluble on boiling, 
probably with partial decomposition. Soluble in 
alkali sulphide solutions, formiifg tk io- salts (v. 
Tungsten, thio- acids Isd salts op, infra). 
By adding to Na^WS^Aq a little more HGlAq 
than was neede\l to combine with the Na, Wins- 
singer (Bl. [2] 49, 452) obtained a colloidal form 
of WS,. s, 

Tungsten, sulpho- acldv and salts of, v. next 
article. 

Tungsten, thio. acids and salts of. By 
saturating (NH,)^WOM and K,WO,Aq with 
HaS, Berzelius obtained (NH,).WS, and K^WS, 
(P. 8, 267) ; those salts were* more fully ex* 
aimned by Corleis (A. 232, 258), who also ob- 
tained Na^WS,, and alaj some thm-oxy-tung- 
states. All the thio-tungstates that liairc been 
isolated are ortho- salts, i.e. salts of HjWS,!* 
Very dilute solutions of thiotungstates can bo 
titrated with lAq in presence of KliCO:, (C., lx.). 

^ Ammonixhn ihiotnntjslatd (N11,)..WS,. Ob- 
tained by passing H.S for four or five hours into 
a solution of 10 g. WO.,.n.p in 100 o.c. NH^Aq 
< S.G. ‘94, -♦-20 c.c. water, allowing to stand for 
some hours in a closed vessel, and washing the 
crystals that separate with alcohol and ether. 
Forma orange-yellow prisms, isomorphous with 
(NHJ-MoS^; very easily decomposed ’ in mois^ 
air ; easily^soluble in water, slightly soluble in 
alcohol. Heated in CO.^ gives Wl?, (B., lx,\ 

0., Z.C.). 

A mmoniutn dithio^onj -lungs tatc 
(NHJ.^WS..,Oa. Obtained by passing H^S into a 
solution of 10 g. WOa.H.O in 40 o.c, NH^Aq 
^ S.G. ‘90, + 10 c.c. water, until the liquid becomes 
*iiurbid, and washing the crystals that form with 
alcohol and ether. Forms yellow, prismatic 
crystals. When dry, the salt is unchanged in 
air. Decomposed by re-crystallising from water, 
giving paratungatate (Nn,)„W,024.6H,0 (C., l.c.). 

Potassium thiotungstate K.WS,. Obtained 
by warming (NHJjWS, with KIISAq, adding 
alcohol, and crystallising from cone. lillSAq. 
Forms yellow, prismatic needles ; easily soluble 
in water. ..By continued boiling with KBfdAq 
paratungstate is formed, K„W,Oj,.6Hj,0 (Q , U.). 
Forms a double salt with KNO3, with the compo- 
sition K.,WS^.KNO, (B., I.C.). 

Potassium trithio-oxy-tungstate * 

K,WS,0.H30. Obtaineh in citron-yellow, quad- 
ratic tablets, by passing H.jS for three or four 
hours into a solution of 10 g. KjWO^-In 10 c.o. 
water, and evaporating tn t’act^o, or precipitating ’ 
by alcohol (0., Z.c,). t' a 

Potassium fnonothio-oxy- tungstate 

Obtained, in almost colourlesS, 
very hygros^npic, crystalline masses, by passing 
HjSi into a solution of 10 g. KjWO^ in 6 c.c. 
waCw until the liquid is turbid, filtering, adding 
4 to 6 vols. alooh(\\ separating *iihe under layer' 
of liquid, allowing to crystallise, and washing 
with alcohol and ether (0., l.e.). 

Sodium thiotungstate Na^WS^ Obtained, 


xmcvAcms. 

bat not pare, byOorleia (U), by Jeeompo-^h, 
(NH,),W3,b/NaH3Aq. 

Tungsten, thioohloride of. By beating W ta 
redness with SjCJ,, Smith a. Oberholtzer (Zei\ 
f. anorg. Chemiet 5, 63) obtained a rei crystui. 
line sublimate, unstable in air, probably W^SX!^ 

P. M. 

TUNOSTFK BROlfZES u. nnder Tungsten 
OXTACIDS, p. 806. « 

^ ♦ TUNGSTIC ACIDS v. Tungsten oxyacids, 
p. 802 ; also Tungsten thzo-acids, supra. 

TUNGSTOXTFLUORIDES v, under Tung- 
sten FLUORIDES, p. 799. 

TUNGSTEN, OEOANIC COMPOUNDS </F. 
Tungsten, heated with Mel at 240°, forms 
WMeJj [110°], which crystallises in tables, and 
is converted by AgX into WMe40, which dis- 
solves in acids'llliche, C. B. 42, 203 ; Cahours, 
A. 122, 70). 

TUNICIN V. Animal cellulose, vol. i. p. 718. 

TURMERIC. The root oiAmomum Curcutna. 
It contains curcumin {q. v.) and turmerol. 

TURMERIC ACID C^H.^O,. [36°]. A pro- 
duct of oxidation of turmerol by cold KMnO, 
(.Jackson a. Mcnke, Am. 6, 77). Needles, si. sol. 
water, v. sol. alcohol.— CaA'^ 3aq. S. (of CaA'.d 
1-28 at 16°. White needles.— AgA'. 

TURMEROL C,^.^0(?). (193°-198° at 60 
mm.). S.G. il‘902. =33‘5° An oil oc- 

curring in turmefic. Distils -^Vith decomposition 
at 28.5°-290° (Jackson'* a. Menke, Am. 4, 368 ; 
6, 77). Dextrorotatory. Does not combine 
with NaHSO;,. KMnO^ oxidises it to acetic, 
torophthalic, tunneric, and apoturmerio acids. 
PCI5 forms C,.,n.,Cl, which is also got by heating 
turmerol with cone. HCiAq at 150°. Sodium 
forms C,„Ho,ONa, whence isobiityl iodide forms 
oily C„H.,,0C4H3. 

Apoturm^ric acid C3 Hh(CO.JI) 3(?). [221°]. 
Woolly mass, sol. boiling w-atcr. 

TURPENTINE. Semi-fluid resins exuding 
from coniferous trees. They consist of resin 
dissolved in oil of turpentine. On distillation 
oil of turpentine passes over and colophony re- 
mains behind. The various oils of turpentine 
are described under Tebpenes. The chief con- 
,8tituent of colophony is abietio anhydride (r. 
Aijietio acid and Sylvio acid). On oxidation 
by dilute HNO, colophony yields isophthalic, 
triiliellitic, and tbrebio acids (Schreder, A. 172, 
93). On the products of distillation of colophony 
V. Kesins. 

TURPETHIN [0. 183°]. Occura 

in the root of Convolvulus Turw>.thum {Ipoirusa 
Turpethum) (Boutron-Oharlard, J. Ph. 8, 131 ; 
Spirgatis, J. pr. 92, 97 ; A. 139, 4l). Purgative 
yellC wish -brown resin, v. sol. alcohol, insol. 
ether (difference from jalapin). Oono. H2SO4 
forms a red solution. Boiling alkalis convert it 
into turpethio acid. Boiling dilute mineral acida 
yield glucose (3 mols.) and turpetholi^ acid (1 
dxol.). ' 

Turpethio acid O^H^O,,. Amorphoua 
yellowish mass, v. sol. water. Split up by 
boiling HOlAq into glucose and turpotholio 
acid.— BaA".— BaH^",c(dried at 100°). 

TirpethoUo acid O^H^O,. [0.88°]. Mlpute 
peedles (from dilute ^oohcA), si. sol. ether.— 
NaA' (dried at 100°).— BaAV Amorphous. •- 
AgA'. Amorphous pp. 

Ethyl ether EtA'. [78^. PUtM. 
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TTLOFHOBm. An alkaloid in Tylophora 
Mthmatica (Hooper, Ph. [8] 21, 617). Crystal* 
line, at aol. water, soL alcohol and ether. 

TTf B METAL. An aUoy of 15-20 parts Sb 
with 0 . 70 parts Pb, and 10 to 15 parts Sn; v. 
Lsad allots, yol. iii. p. 124. 

TYPES. The object of classification is to 
pat together like things, and to put apart things 
that are unlike. A perfect system of chemical 
classification would place side by side tdoge 
elements and compounds that are chemically 
similar, and it would also indicate the relations 
|hat exist between all the elements and all the 
compounds. Inasmuch as the object of chemistry 
is the study of the connections between compos!* 
tion and properties, and between changes of 
composition and changes of^opertics, a com* 
plete scheme of chemical mssification must 
indicate the relations of the substances class!* 
fled, both as regards composition and also as 
regards properties. To connect composition 
with properties necessitates a thorough know- 
ledge of both, and this knowledge can be gained 
only by comparing one substance with other 
substances. But, because of the large amount 
of detailed investigation that is required before 
the chemical properties of an element or a com- 
pound are known, chemists have often forgotten 
the larger issijps of their Jabours, and have 
busied themselves racier with the examination 
of individual bodies than with the comparative 
study of many bodies. And, because of the im- 
perfection of chemical knowledge at any time, 
those who have attempted tlie classification of 
chemical substances have generally paid chiof^ 
attention either to the composition or to the 
properties of the substances to bo classified. 
Hence systems of classification have sometimes 
prevailed that were founded chiefly on similari- 
ties of composition, and at other times classifica- 
tory schemes have been in vogue that rested 
mainly on similaritios of properties. But there 
has always been a desire, and generally an oilort, 
to classify on the bases of composition and pro- 
perties. To classify satisfactorily demands the 
recognition of a simple class-mark, which shall 
also be clear, definable, and invariably applicable. 
It is probably correct to say that none of the 
larger classes of chemical^ compounds ^las a 
oloss-mark of this description. Hence the main 
difficulty in chemical classification. Take, for 
instance, the great class of acids. Wliat is the 
class-mark? What must bo known about the 
composition ef a compound before it is pulfinto 
the class of acids ? There is no single and suf- 
ficient class-mark to be gained by studying the 
compositions of acids. What, then, about the 
properties of acids ? Here, too, no simple, de- 
finable, and applicable property has been found 
whic^ serves to distinguish acids from all other 
compounds. Acids, it is usually said, are com- 
pounds containing replacmhU hydrogen. But 
the expression replaceable hydrogen has not 
been, and cannot be, exactly de^ed. Hence, all 
that can be done is to set up an ideal or typical 
acid, and to place in^he class acids those com- 
pounds which f^rly closely approach tflia type 
AS regards both properties an<L compositfon. 
And as with acids so with other classes of com- 
pounds. A classification by means of types 
inevi^^le in such a science as chemistry, 


but a typical classification cannot be fltial la any 
exact science. 

Lavoisier’s system of classification rested on 
oxygen ; compounds were regarded as fonned by 
the union of oxygen with other elements or groups 
of elements ;^the non-oxygonated part of a com- 
pound was called by Lavoisier the rest or radicle ; 
compounds of oxygon with certain radicles were 
bases, compounds wii h other radicles were acids, 
and salts%ere formed by the union of bases with 
acids. Lavoisier used the term radicle to in- 
clude elements and groups of elements. 

•J*ai (lijA fait^observt r, (lun lifma lo risgna mineral 
presquu tuus lc3 radiciius oxiil.iblns et nclditliiblns ctaiout 
Kimpl«-3 ; quo tiiu* n' jyin; i4U ooubrairti, ft sur- 

t^ut dims lo ri!:)i:uo aiymiil, il u'oii oxistsiit pri'sqno pa4 
qiii no fu.sscnt oompbsi's uu moliis do doux substanocai, 
dMiyilrojfi'iio et do ttirbono ; quo Bouvoub ot lo 

phosphuro s*y rouflissaiout, ot qu'il cn ri-sultait dos 
ratlioaux it quatio biwea.’— eUmi'nluirc dn t'himie, 
[17113], p. 251. • 

About tw’e^ity-four years after Lavoisier mode 
this statement Berzelius repAited it. 

‘Naclidom wir don Iliitnrsohled zwUcIien den Pro- 
ductcii do. organ isclioii^ mid dor imorgimltiuhen Natur, 
nnd dC) vorsohiodoiiu Art uiid Weiso wiu ilira eritforntoruii 
iJestiuulthoile unteroinaiidcr vi rbniidrii Hind, iiliher konuon 
gulerut. habon wir gi'riiudoi), diw.s dieser Unterseliioil 
eigcntlioh ilarin b-stolit, dasH in dor iinorKuiiIsoIion 
Natur alle oxydirton Kdrpor nn ehifttfh'S Radical habt-n, 
wiibrend Uagogen ii!li: orgiuiiM’lion SiilA.mzcn aU's Orydi-n 
init ruxatnnu‘wjt'Si’(!f*'m luidicid bo tolion,’ — Lfhrbuch der 
(Jhrmif, 2 AuU. [Stookhnlm, IS17], Vid. 1. p. 644.^ 

Why do uciils and bases unite to form salts^ 
What is the cause of the fonnation of compounds 
by the union of radicles, eitlier simple or com- 
pound? Those <juestions were answered by 
Berzelftis by appealing to the fact that the 
electric current very often rcsolv^jp colnpounds 
iiilo'two parts, and in many cases also effects 
the comTjination of oleineiita or groups of elo- 
nionts. Itadicles combine, said Berzelius, because 
the negative electricity on one is thereby neutral- 
ised by the positive electricity on the other. 
Thus arose the elcctro-chetnical conception of 
dualism (u. Dualism, vol. ii. p. 415; c/. ItAincaB,* 
vol. iv. p. iT.Kl). 

In lHd2 Liebig and Wohler made an exhaus- 
tive study of compounds obtained from bitter- 
almond oil ; they sliowed that the relations of 
composition and properties of these compounds 
were brought togetlier, and expressed in a con- 
sistewt conception by suppoaing that all the 
compounds contained a radicle having the com- 
iJfcsition C,HiO(G = 12, O =« 10) ; this group of ele- 
ments, common to all the dorivauves of bitter- 
almond oil, they called benzoyl^ The work of 
Liebig and WOhler marked a great advance in 
chemical classification ; it was the actual work- 
ing out of the connections between composition 
and properties of a number of compounds, and 
the exjjrefipion of these connections in clear and 
dcjjuite language. The term aadkle beoatne 
henceforth the exprc4liiou of a vivifyirtg oonoep- 
tipn. ^he compounds derw^ed from bitter- 
almond oil had certain common properties, and 
they bad also a common composition; they 
belonged to the same typo. ThF compounds of 
benzoyl examined by Liebig and WdBlpr in- 
cluded such compounds as these ; O^H^O.OH, 
C,H 50 .H, C,lf,0.01, 0,H,0.€N, CjHsaNO- The 
Bodicle C,H,0 is common to all ; this radicle is 
united with H, Cl,* NO^, CN, or some other 
radicle, in the different compounds; nererthe* 
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less, the properties of the compounds are so 
similar that all are said to l^long to one type. 
To what extent, then, it was asked, may the pro- 
perties of one radicle differ from ^bose of another 
before the replacement of one of these by the 
other tfarrioB with it a change of type? The 
answer generally given to this question was : If 
the replacing radicle is chemically similar to the 
radicle replaced the type will not be destroyed. 
In 1834 Dumas, from the study of th6» action of 
chlorine on various orgaAic compounds, an- 
nounced the empirical laws of substitution as 
follows : (1) WhJn a compound- cuntainiug hy- 
drogen is subjected to the dehydrogenating action 
of chlorine, bromine, iodineV oxygen, &c., one 
atom of chlorine, bromine, i.'idino, or oxygen, is 
taken up for each atom of hydrogen lost by tlio 
compound. (2) The same rule* applies, without 
modifications, when the compound contains oxy- 
gen. (3) If a hydrogenised compound contains 
water the hydrogcij^of the water is ^iven up with- 
out replacement, and then another quantity of 
hydrogen is absorbed, so^,that the final result 
is a replacement of hydrogen. A jdiai'^r so 
later Laurent propounded a theory of substitu- 
tio}i, which asserted that when equivalent sub- 
stitution of hydrogen by chlorine or bromine 
occurs the chli-rine or bromine takes the place ! 
of the hydrogen, and to a certain extent plays ! 
the sam.e u^rt as the hydrogen, and hence the j 
.chlorinated or broininatcd product must be ; 
similar to the compound from which it has been 
prepared. Laurent’s views were much opposed, : 
for a time by Durnas himself ; but they gradually‘‘j 
prevailed, and chemists became familiarised with 
the notion oy>he replacement of such a decidedly 
electro-positive element as hydrogen by ai‘i cle- 
ment so decidedly electro-negative as* chlorine, 
resulting in the production of a compound of 
the same chemical type as the original sub- 
stance. 

About* 1839 Dumas sought to distinguish 
‘ mrochanical types from chemical types. Com- 
pounds formed one from the other by the 
replacement of a certain number of equivalents 
of one radicle by the same niimberof equivalents 
of another radicle, and having their radicles 
similarly combined, and exhibiting similar pro- 
perties, were said to belong to the same chemical 
type. Compounds were said to belong io the 
same mechanical type when they wore composed 
of equal numbers of equivalents of radicles, b*tt 
differed essentially in their properties. Dumas 
at this time regarded the properties of c&m- 
pounds a# conditioned more by the arrangement 
than by the nature of their parts. He compare^'* 
compounds to planetary ^systeraa, the planets 
being represented by the atoms of the com- ‘ 
pounds. One atom, he said, might Vp replaced 
by another atom, or an atom by a group of 
atoms, without destroyin'g the system; if the 
number of replacing atoms, or radicles, iVere the 
same as the number of atoms, or radicles, re- . 
plikced, and the relative arrangement of all the 
atoms or radklies were not altered, the com- 
poun^t* belonged to the same type. By some 
such development as this the theory of types 
came to include theV}ldor theory o*f radicles. 

It is evident that the terms used by Duman 
and others to express the conceptions of the 
thcoiy of types are vague and incapable of 


exact definition. The expression ‘equivalent 
radicles * cannot be defined, nor can an exact 
and invariable connotation be given to Ithe ex- 
pressions ‘radicles similarly combined’ and 
* dompounds having similar properties.’ But if 
it had been possible to classify ohej^ical sub- 
stances in an ideally perfect way the*^ theory of 
types would not have arisen. If there is to be 
a typical classifioatiox the language whereby 
thdu classification is expressed must be more or 
less vague. Whether a compound formed from 
another by replacing equivalents of one kind by 
an equal number of equivalents of another kin|J 
docs or do<fe not belong to the same type as the 
parent compound can be determined only by a 
careful study of the properties of both com- 
pounds and by i^eomparison of the compounds 
one with another. The application of the 
theory of typos was possible only when the pro- 
perties and the compositions of compounds were 
exhaustively compared. The theory of types 
produced much fiuit, because it suggested and 
demanded much inquiry into the fundamental 
problem of chemistry. 

' In 1819 Wurtz prepared two compounds 
which resembled ammonia in their prominent 
characters. These compounds wore found to 
have the compositions C3H5N and O^H^N re- 
spectively (C = 6). The similarities between the 
properties of these compqunds and ammonia led 
Wurtz to regard them as substituted ammo7iias, 
and to express this conception by the formulae 
C^Hj.NlIa and One method by which 

these compounds were prepared consisted in 
, treating methyl and ethyl b/-omides (C^HjBr and 
C,IIj,Br ; C = C) with ammonia, and then decom- 
posing the products by potash. These reactions 
j suggested the view that the new compounds 
j wore derived from methylic and ethylic etliers 
j (CaH-jO and C^n,0, according to the notation 
I then used) by substituting NHg for O. Both 
j views agreed in representing the new com- 
1 pounds as and respectively. 

: But the properties of the compounds resembled 
those of ammonia; hence the view thatWurtz’s 
' compounds were derived from ammonia pre- 
vailed. This view was expressed by saying that 
I these compounds belonged to the ammonia type, 

! and by comparing^ the formula of the typical 
, comp6und with the* formula) of the compounds 
: formed after that exehiplar ; thus : 

Type : Derivatives : 

Ammonia NHj.H. Methylamine NHj.OjjH,. 

Ethylamine*’ 

Very soon after Wurtz’s preparation of methyl- 
, amine’hnd ethylamine Hofmann argued that it 
' should be possible to substitute each of the 
I three atoms of hydrogen in NH, by the radicles 
CHa and C^Hj, and so to obtain the compdunds 
NH(C,H,)2, N(C,H,)„ NH(C,H,),, and 
(C*L 6), all which compounds ought to re- 
semble ammonia in their properties. Hof- 
mann fulfilled ^is own prophecy by preparing 
di- and tri-meth'ylamine and di- and tri-ethyl- 
amine ; and, basing his mttbods on the oonoep- 
’ Von of *^he ammonia type, he prepared a large 
soires of ammpnia-like compounds derived from 
KH„ 2NH„ &o.t by substituting for H various 
radicles composed of carbon and hvdrogen. The 
ammonia type was thus establish^ 
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About the jear 1850 WiUiamBon studied the 
relations of ether to alcohol. The formula of 
ether was then written C4H5O (C * 6, 0 = 8), and 
that of alcohol O^HaOj,. Williamson heated 
potassium alooholate (O^H^KOJ with ethylio 
iodide expecting to obtain ethylated 

alcohol (dtH5(Cl4H5)02) j but he obtained common 
ether. Williamson suggested that the formula 
then accepted for ether should be doubled, and 
written (C4Hs)302. He alsi found that by hea^ng 
common alconol with sulphuric acid, and addiiTg 
methylio alcohol to the hot mixture, an ether- 
like compound was obtained, tho simplest for- 
mula of which was C,H40 (C = G, 0 ,= tl). Wil- 
Uamson argued that if common other is CJI^O, 
then the ether of methylio alcohol must be 
OjHjO, and that, in the reaction of sulphuric 
acid with ethylic and methylia alcohols simul- 
taneously, a mixture of these two ethers might 
be expected to bo produced. To account for tho 
facts he had observed Williamson proposed to 
double the formula) of the two ethers and to 
write them (G4lls).20a and (C^H ; and for the 
formula of tho ether formed by the action of 
sulphuric acid on tho two alcohols simul- 
taneously he proposed the formula C4Hj(C.iIs)02 
[ = 2C3H40]. Williamson compared tho rela- 
tions between the alcohols and ethers with tho 
relations between water, potash, and potassium 
oxide. Those relations are aiade clearer if tho 
formuliD are expressed in tenns of tho atomic 
weights 0 =» 12 and O = IG ; th us : 

Type : Derivatives : 

Water H.H.O Alcohol C ,H,.H.O 

Ether C,H\.CJ 40 , 

Potash K.ll.O 
Potassium oxide K.K.O. 


Thus arose the water type. To this wen. re- 
ferred such compounds as acetic acid C.JJ;,<).lI.O, 
anhydrous acetic acid C._jH,0.C2H30.0, and many 
others. 

Gradually the greater number of compounds, 
both organic and inorganic, came to bo referred 
to four fundamental types— tho hydrochlorio 
acid type HCl, the water type IIIIO, tho ammonia 
type NHHH, and tho niursh gas type CHHUH. 
To these were added so-called comiensed types 
and mixed types ; sulphuric acid, for instance, 
SO.^.OH.OH, was said to beioiig to tho dtfuble 
water type. 


Thus: 
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Oxamio acid CO.NH.,.CO.OH was regarded by 
Wurtz as derived from the water-ammoni% type. 
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The great danger attending the development 
of the theory of types was, that careful investi- 
gations into the reactions of covipoundB might 
easily be abandoned in favour of a superficial 
examination of a compound, followed by^ rele- 
gation of it to or that type. The theory* 
began by being very vague and •elastic ; l!he 
adoption of a few definite types rendered it more 
exact ; bat the ^temptation to manipulate for- 


mulas on paper, and to invent condensed types 
and mixed types, gradually led chemists to see 
that the theory had done its work, and that it 
must give place to wider views, which should 
also be more a8curatc, regarding the conneotj,pni 
between composition and properties. • 

The conc^tion of types carried with it, from 
the first, more or less vague notions regarding 
tho arraugomoiits of the atoms in those colloca- 
tions of aionts that form the reacting units of 
compouQU.s : at an^* rate, this conception was 
bound up with tho general conception of atomic 
arrangement. The reacting ujpits of compounds 
that showed si^iilar properties were thought of 
as composed of utj^ns similarly arranged. More- 
over, the type was^iaid to bo maintained when 
an atom, or a grou]) of atoms, in tho parent 
compound was raplaced by an equivalent num- 
ber of atoms, or groups of atoms. These two 
conceptions, that of ciiuivaU noy, tfnd that of 
atomic arrangement, led gradually to tho repre- 
sentation of the reacting uif<t, or molecule, of 
a compound as a definitely arranged group of 
atoms lu^ld togethei^by actions and reactions 
l)Ctw(tm individual atoms ; these conceptions led 
to the wider conception of valency, and to a 
system of clussilioation based on the notion that 
each kind of atom is capable 0^ directly com- 
I bining with a limited, and determinable, number 
of other atoms. The formula given to ohloro- 
sulphonicacid, with the object of cortfiedling the 
composition with the properties of this compound,* 
and of Buggesting relations between this and 
,other compounds, may bo taken as an example of 
the inejging of tho notion of types into that of 
valency. Tliis acid was ri'garded as* derived 
both Jrom water and liydroohloric^tioid ; it was 
8upposed*to belong to the mixed vnitcr-hydro- 
chloric acid type. Hence tho formula, CIBO^H, 
was written tlius : — 


Type nCl Chlorosulphonic acid Cl 

II 

HO no 



The radicle 80 , was n gaided as equivalent to^ 
2 H ; and it was said that tlie residues of the two 
parts of tho mixed type, i.e. Cl and OH, wore 
bound together by tho radicle BO^. Again, 
monochlorhydrin, C., 11 ;C 10 „ was regarded as a 
derivative of the triple typo HilO.HCJ.HHO, 
and w&H said to be forrrieil by tho bjndiug to- 
gether of tlio three residues Oil, Ci, Oil by the 
rt^icle CjII , regarded as equivalent t# .'ill. Thus: — 
Type HO Monochlorhydrin HO j 
‘Cl 


H 

IfCl 

H 

HO 


110 

» Gli 0 ,H. 
UOj 


Tho mciuoat the concejitions underlying those 
forismlas andforinuiic lilys these, 4 iere expressed 
in the ^inguago of a^oins and molecules, the 
notion of atomic valencies wms gained. The 
•group of atoms SO.^ roplaocs two atoms of lydro- 
g<*n, one atom in the molecule HCl and one 
atom in the molecule UIIO ; an(r**as the atomie 
^roup SO3 is capable of directly combiniffjf with 
two atoms of* hydrogen, or such a number of 
atoms as is equivalent to twft atoms of hydrogen, 
tlfis group binds together the atom 01 and the 
atomic group OH, and so the new moleoole 
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80r0H.CIl if prcdaced. Ihif ftatement con- 
tains the fundamental conception of atomic 
valency ; it also contains the conception of typeB» 
and that of radicles. 

The radicles 'were compared tl3 regards their 
equivalpncy, generally in terms of hydrogen; 
then the elementary atoms were compared, 
and arranged in classes, such that all in one 
class were exchangeable, any number of one 
kind for the same number of another kind. 

When the atoms had ty^en olaBBiued in ac- 
cordance with the number of atoms of hydrogen, 
or atoms equiva^nt thereto, with which each 
was capable of combining, the foundations had 
been laid of a system of class^ication which was 
more accurate than that based on the notion of 
types, and which at the samS^ time included the 
essential characters of the typi?al system. The 
article Classipication in the first edition of this 
Z)icfio»kirpcepresent3 the stage which had then 
(1803) been reached in the process of fusion of 
the theories of radvdes, types, antTvalency. The 
system of clasaitication developed in that article 
is based (1) on the corapCiitiona of compounds 
interpreted by help of the theory of vafency, 
and (2) on the properties of the compounds in- 
terpreted by the help of the theory of types ; the 
study of the properties of a compound is used to 
determine the Radicles that the compound con- 
tains, ancf a knowledge of the valencies of these 
radicleff do^ormines the form of the compound, 
'and, taken along with the reactions of the com- 
pound, the type to which it is to be referred. 

Although the introduction of the principle of^ 
atomic equivalency widened the conception of 
chemical types, it also tended towards a method 
of olassidcat^ju which was based on too slif;ht a 
study of the bodies to be classified. super- 
ficial examination of a compound generally 
^iheed to bring out some similarities between 
it and a well-known typical substance ; the new 
compound was at once referred to its type ; the 
form of the type determined the form of the 
cdhipound under examination ; it was then only ^ 
necessary to manipulate the empirical formula j 
by arranging the elements in groups, or radicles, I 
and to assign to each radicle such a valency as | 
satisfied tlie general rules that had been deduced ; 
from the study of a few typical compounds. The 
conception of types became very mechanical in its 
applications, so mechanical indeed that it Vas in 
danger of becoming metaphysical. New radicles 
were easily invented, and their valencies wdte 
deduced by a priori arguments. Kekul6 recalled 
chemists to the, study of properties by insisting 
that the ]|[fj:oporties of a compound are/'onditioned 
by the properties of the atoms which composL* 
the molecule of the compound ; and at a later , 
date Mendel4e£f made the same demand by as- 
serting that the properties and the cermpbsitioas 
of all compouhds are periodic functions of «the 
atomic weights of the elements. ,, 

The notion of^types plays an important part 
In the dassifioation of elements and compounds* 
that has arisen from the practical examination of 
the meaning or Mendel^eff’s periodic law. The 
periotHc dassifioation of the elements lays con- 4 
siderable stress on the study o! the typical 
oxides, hydrides, hydroxides, &o., of each group 
of elements ; for instance, the highest salt-fornS- 
Ing oxide of Orouf L bdongs to the type Bj,0, 


that of Group H. to the tyi>e B,0„ and so on. 
But word type is not used here with quite 
the same connotation as was given to it Jby the 
theory of types. All that is implied in state- 
ments such as those just made is, that the 
elements of Group 1. combine with oxygen in the 
ratio of two atoms of element to a single atom 
of oxygen, that these oxides are salt-forming, 
and that they are characteristic of the elements 
of ^is group. The tj^ioal oxide-form of each 
g'lToup expresses the composition of that oxide 
which contains the greatest number of 
atoms of oxygen relatively to one atom of the 
group-elempnt, and which oxide reacts eithet 
with acids*'or with alkalis to form corresponding 
salts. The oxides that belong to the typical 
oxide-form of a group may be acidic or basic, or 
some of themma%>be acidic and some basic; all 
that is asserted of their properties is that they 
are salt-forming. The properties of the typical 
oxide of any individual element are conditioned 
by the general character of the group, and the 
general character of the series, wherein the 
element is placed; by the special character of 
the element itself ; and by the position of the 

* element in the whole periodic system of classifi- 
cation. The terra type is used in the nomencla- 
ture arising from the comparative study of the 
elements and compounds based on the periodic 
law with a wider, and at the same time a more 
exact, moaning than thatrwhich was given to it 
when the notion of typos was made the basis of 
chemical classification. In the older classifica- 
tion the conception of types was the basis of 

; the system ; the conception was of necessity 

• vague, and hence it was necessary sometimes 
1 to widen, and sometimes to narrow, the applica- 
! tion of the conception. The modern system 

of classification is based on the relative weights 
of the atoms of the elements, and the conception 
of typos plays a subsidiary part ; the form of the 
typical oxide, or hydroxide, or other compound, 
is determined, as the compositions of all the com- 
pounds are determined, by the relative masses of 
the atoms of the elements ; and the general cha- 
racter of the typical oxide, hydroxide, <S:c., of each 
group is determined, as the special character of 
ot*ch compound of each element is determined, also 
by the relative masses of the atoms of the elements. 

The poriodio classification of the elements 
and compounds makqs use of the notion of types 
in anotner way, by applying the conception to 
certain elements. The elements placed in series 
1 a^d 2, viz. H, Li, Be, B, 0, N, 0, and F, 
exhibit almost the whole range of* properties of 
all the elements. The properties of the suo- 
oeedir^ elements may almost be said to be but 
variations on the theme announced in the 
change from hydrogen to fluorine. These eight 
elements are types of all the others. In a r ome- 
What narrower sense the element lithiuoi sum- 
ni^rises the range of properties shown in 
Group I.; beryllium summarises the range of 
properties shown in Group II. ; boron, the pro- 
perties of Grovp IlL; carbon, the properties 
of Group IV.; nitrogem the properties of 
Group ,y. ; oxygen, the properties of Group VI.; 
Cmd fluorine, the properties of Oroqp VIL Eabli 
of ^he seven elements is the typical element of 
its group. Objections have be^ raised to this 
use of the term typical, on the grpimd tibat each 
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ol the element! in question differs more from 
any member of its group than any other two 
members of the group differ from one another. 


phenyl-alanine and HKO, (Friedlinder a. 
jB. 16, 854 ; Erlenmeyer a. Lipp, A. 219, 161). 
Prc^Wies.—Stellate groups of slender silky 


But if an element is to summarise the properties I needles (from water), insm. alcohol and ether, m. 
of some ten or ^ven other elements, it must i sol. NH,Aq and KOHAq. L»vorotatory. Its solo* 
differ considerably from each of these, while at lion is not ppd. by lead acetate or subacetate until 
the tifce it resembles them all. The ques- . NU,Aq is adde^. Boiling Hgt^NO,), oont&ining 
tion of typi^l elements, and also that of typical j HNO, turns its solution red, forminga brownish- 
oxide-forms, Ac., are discussed in the article ! red pp. (U. Hoffmann, A. 87, 123; L. Meyer, A, 
Pebiodio lAW (vol. iii. p. 808) ; that article should ; 132, 156). jV^er wanning with cone. U^SO,, 
be consulted. ^ > 1 diluting vJith water^ and neutralising with 

The older classification by types prepared the BaCO,, the solution xs turiu.d violet by Fed,, 
way for the wider conception of valency, which ' Tyrosine gives off less N.^ when its solutions are 
tqok up and utilised the permanent features of decomposed by ^aOH and 11/ in presence of 
the typical arrangements of elements and com- : NH, than .when tlxe NH, is absent, 
pounds. The study of valency led chemists to ; IieacHons. — 1. Rt 270‘^ it splits up into CO* 

see the importance of examining the properties and C„H^{Oll).Cll .CTI.„Nn„ (Schmitt a. Nasse, 
of the atoms of the element^and thus made ; A, 133, 211).— 2. Potanh-fusum forms p-oxy- 
them ready to accept the more elastic, and moi-o benzoic and acetic acids (Ihirth, A. 136, 110; 
exact, generalisation of the periodic law. The , Ost, J. pr. [2J 12, 151) ; Biunminn, If. 4, 304). 
theory of types developed into the theory of ; 3. KCIO, and llClAq form ti;tra-chloro- 
valency, and the theory of valency has been in- quinone. — 4. % putrofin tivc icrnuiLUUum it is 
eluded in the theory of the periodicity of the converlcd into* hydro-ju-couinaric acid, and 
connection between the atomic weights of the finally into p-cresol >yid phenol (Weyl, B. 12, 
elements and the compositions and properties 1450).^5.'‘TnA(i and P at 150'* from NH, and 
of the ooiiipounds of the elements. The general ’p-oxy-phenyl-propionio acid (Iliifner, Z. [2] 
conception of types remains ; we are still obliged 4, 31)1; 6, 113). Cone. IIClAq and IIBrAq at 
to picture to ourselves a typical acid, a typical 240^ have no action. — 6. Cone. (4 pts.) 

base, a typical salt, a typical alcohol, a typical at 100‘" forms crystalline CJf,o(S»,li)NO,. v. si. 
amide, and so on. But this conception is no sol. cold water, which also occurs in a hydrated 
longer the bas(^ of chemical dassification. We amorphous form (containing 2nq). yields 
have gone deeper down, and laid the foun- ; (NH,)lfA''aq, Ba(lIA").^ lacp and Ca(HA^^),6aq 
dations of our system on the firmer basis of the j (Stiidoler, A. 116, 57). BaC„IJBNOg 3aq is ob- 
atomic weights of the elements. M. M. P. M. | taineil from the product of the action of H^SO, 
TYPHOTOXINE C;H,,NO... An alkaloid : flO pts.) on tyrosine (1 pt.).— 7. 


obtained from pure, cultures of the typbogen ,and Mei yield crystalline C,.,H„NIO^K, sol. 
bacillus (Gautier, BL [2] 48, 13). ■ water, decomposed by warm KOHAfl into NMe, 

TTBOSINE 0 HmNO, i.e. ! and the methyl derivative of p-ooumario acid 



cold. H.F. 166,400. H.C.v. 1,070,800. H.C.p. lising from water in needles, insol. ether (Jaff6, 

I, 071,200 (Berlholot a. Andr^, Bl. [3] 4, 227). | H. 7, 310). This body begins to melt at 165», 

[a]i,» -8° in HClAq at 16° ; -9° in KOHAq at ! being decomposed above 170°. It gives a red 
20‘^ (Mauthner, M. 3, 343). j colour and pp. on wanning wiBi Millon’s reagent. 

Occurrence, — Occurs abnormally in the liver ' It forms KA'aq, crystallising from alcohol- 
and urine ie.g. in cases of poisoning by pho-v- ; benzene.— 9. Tyrosine administered to a dog 
phorus (Freriebs a. Stiideler, J. 1855,720; 1850, j appears in the urine as tyrosine-hydantoln 
702; Blendermann, H. 6, 242Jj^in the cutaijeous . o H,(QlI).CrL.CJI<2i^^S f276°-280°], which 

scales in pellagra (Schraetzer, X)i.56'erf., hrlungen, “ « ^CO.NH ^ 

1862), in cochineal (De la* Hue, A. G4, 35), in | crystallises from water in noodles, and is do- 
sprouting pumpkin seeds (Schulze a. Barbieri, ! co^iposed by beating in sealed tubo^with baryta- 

J. pr. [2] 20, 401; 32, 457), in the* roots of : water into 00^, ammonia and tyrosine. Other 

Stachye tuhedfera (Planta, B. 23, 1699), • in products found in the urine of a^rabbit after a 
dahlia bulbs (Leitgeb, G. O. 1888, 1397), in dose of tyjpsine are hydro-p-coumari* and p- 
alcoholic extract of wood leaves (Schunck, C. N. c^y-phcnyl-acctio acids and phenols (Blender- 
37, 223). and in beetroot molasses (Lippfcann, mann, H. 6, 251). • ^ ^ 

JB. 17, 2836). Salts. — Na,C,H„lHO,. — CaC„IIvlSO^ — 

FqrmaU(m.^l. By potash fusion from casein j BaC,H,^0;^2aq. Prisms, more sol. cold than 
(LiebiiL A. 67, 127 ; 62, 269), globulin, feathers,* i hot jrater.— Cu(CJH„N04. 8. ^8 m the cold ; 


hairs (Leyer a. E6ller, A. 83, 332), and albuxqei> 
(Nencki, J.pr. [2] 17, 97).~-2. By the action W 
boiling dilute H^SO^ on ox-hom (Hinterberger, 
A. 71, 72), on fibrin (Stadeler, A, 111, 12 ; 116, 
67). and on silk (Weyl, B. 21, 1629).-8. By 
poteefaotion of yeast 5[A. Muller, J. 67, 162 ; 
Bichamp, C. JB.^74, 116, 184), albummi and* 
gelatin (JeamierCT, J. pr. [2] 16, 868).— 4. €n 
•mail quantity by heating conglutin with HClAq 
(Siegfried, B. 24, 419).— 5. From 7-amido- 


•4 at 100®. Got by adding Cu(OH), to % boiling 
Bolution*of tyrosine (Hofmeist^, A. 189, 6). In- 
^1. alcohol. Deposits black cupric oxide 
on boiling with water. — C,H„NO,(HgO), 2aq.— 
! Cjl.,NO,(ngO),aq. — C^ffNO.(HgO),!q 
(Vintschgau, J. 1869, 986).— Ag.OAl!^ <“1 S 

* «« knn.Tt vn loif ATvatiiltinik 


amorphous pp. — AgC.H.oNO.iaq; oryitidline 
powder. — B']aC12aq; needtes, decomposed by 
water.-B'^JPtCl, (Gintl, Z. [2] 6, 704).— 
B'HjSOt. Slender needles, not oolonredbjrFeCV 



wo 

Di-bromo-tyroiina C»H,Br,NO,2aq. 8. *46 Imon-yellow needlea.---B' 2 H^ 04 . Yellow 
at 16*^ ; 4 at 100**. Formed from dry tyro* needles or granules. 

sine and Br Tapour (Gorup-Besanez, A. 125, Di-nitro-tyrosine 0,H,(N0j)jN0,. [116®], 

281). Needles or tables (fi;:om water), si. sol. Formed by warming nitro-tyrosine wit^ dilute 
alcohol. Ag30pH,Br3N0a2aq.-T' B'HCl l^aq. — HNO,. Golden plates (from water). — Salts: 
B'HBr. — B'aHsSOa. Prisms, sol. water and CaC,H,N,0, 3aq. Golden six-sided tables.— 
alcohol. BaCaHjNaO, 2aq. Ruby-red prisms Yfith yellow 

Kitro-tyroslne CbH,oN,Pj C 9H,o(N02)NO,. reflex, exploding when heated. 

Formed from tyrosine (1 pt.), water (4pts.), and Reference. — Amioo-tybosinb. 

nitric acid (4 pts. of S.G. 1*3) in the cold TTBOTOXICON. A poisonous substance 

(Streoker, A. 73,70; Stadeler, A. IIC, 77). Palo- formed in milk, containing the butyric acid fer- 
yellow needles, si. sol. (?old water. — Salts: mont, which has stood for some days. Occurs 
Ba(CBHBN20j)a (dried at 100®). Blood-r^d amor- also sometimes in cheese (Vaughan, Ph. [3] 18, 
phous mass.— ‘VgaOBH^NjOj an : orange pp. 479 ; JET. 10, 146). When its alcoholic soluticyi 
changing to a red powder.— B'lICl ^p.q. Tufts is mixed with PtCl^ and evaporated violent ex- 
of lemon-yellow needles.— ^'IINOj. S. 20. plosion takes place. 


U 


ULEXINECANA- [15! °]. An alkaloid 
in the seeds of common /urze {Ulex europceua) 
(Gerrard a. Symons, PA.’ [3J 17, lOi*, 2;^9; 19, 
1029; 20, 978, 1017). Deliquescent crystals, v. 
sol. chloroform, insol. ether. Poison, paralysing 
respiration (Bradford, J. Physiol. 8,79). Possibly 
identical with^^ytisine. — B'HCl. Deliquescent. — 
B'H,PtCl..-B'2HAuCl,. 

ULTRAMARINE. The blue-coloured mate- 
rial contained in lapis-lazuli. Until 1828 ultra- 
marine was obtained by powdering and washing 
lapis-lazuli; but since that year it has been 
manufactured by heating to bright redness mix- 
tures of A1 silicate {china clay), Na^CO/ {carbon- 
ated soda ash), 8, and charcoal, and washing, 
powdering, '’drying, and sifting the pfbduct. 
(For details of the manufacture v. Dictionauyof 
Applieu Chkmistuy, vol. iii. p. 891.) The con- 
stituent elements of ultramarine are Al, Na, Si, S, 
and O. Treated with IIClAq, ultramarine gives 
off H^S ; the solution contains NaCl. AICI3, and 
PiO^, and the residue consists of SiO., S, and 
some A4O, ; these reactions point to ultramarine 
being a compound of silicates and polysulphides. 
Much work has been done on the constitution of 
ultramarine, but the results obtained have not 
Anally settled the question. From analyses and 
investigations made in 1891, Bnigger a. Btick- 
Btrdm (IF. J. 1891. 464) conclude that thi com- 
position ‘tif the essential colouring compound in 
natural ultramarine is represented by the f.)r- 
mula Na,[A!i(S3Na)]AL(SiO,),. They also con- 
clude that artifleial ultramarines may bb ex- 
pressed .by thb* following formula3 ; — 

NayAlgSigOi^ssN v 

Na-^^Si^Oia" A ' 

Na^CAHSNa)] Al.,Si,0, J - U(S,) 

■ Na,[Al S.,Na)]Al.Si,0,3«U(S..)r .> 
Na4[Al{s.Na)]At;Si30,3 = UCS,'). 

The main oonstij^uents of the different varieties 
of blue ultramarine are N, A, and U(S,) ; * o| 
green ultramarine U(S.d and N ; and U(S,) is 
the main courtituent of white ultramarine, &c- 
oord^ to B. a. B. Formulss more or less ap- 
proaching those given above have been assigned 
to ultramarine by v)ther observers ; thus Silber 
in 1880 represented blue ultramarine /is 
BicAl^Na^SiOa, (B. 13, 1854). On the other hand, 


j some chemists have regarded the essential con- 
1 stituent of ultramarino as a sodium thiosilicate ; 
J for instance, Bickmann {B. H, 2013 [1878]) gives 
I S.Si(ONa).^ as the composition of ‘ideal ultra- 
marine blue ’ ; and he regards artificial ultra- 
marine as a mixture, the only essential part of 
I which is sodium thiosilicate. Clarke {Am. 10, 
126) suggested a formula for uj^tramarine which 
should indicate tne relations o| this body to 
various natural silicates ; in this respect Clarke’s 
formula is important {v. this vol. p. 451). 

White ultramarine is obtained by completely 
cutting off air during the roasting of the mate- 
rials; it is changed to blpe by heating in O, 
SO.^, or Cl (v. Ritter, TF. J. i 160. 226 ; c/. Philipp, 
B. 9, 1109 ; 10, 1227 ; Bottinger, A. 182, 311 ; 
R. Hoffmann, A. 194, 1). 

Red ultramarine was observed by Scheffer, 
in 1873, to bo formed in preparing the ordinary 
substance in a muffle furnace very strongly 
heated and freely exposed to the air ; it contains 
less Na and more Al than the blue variety {B. 
6 , 1150; V. also Biichner, D. P. J. 231, 446; 
Zettner, B. 8, 259, 353). 

Yelloiu ullranuirine is formed by beating the 
red variety in the air a little above 360®, for a 
short time (R. Hoffmann, A. 194, 1). According 
to Buchner {B. 7, 990), both the yellow and red 
formas are produced by heating blue ultramarine 
to 300°-400° in 0 oF SO, ; the colour changes to 
red and then to yellow. If Cl is passed over 
ultramarine before the formation of the blue 
varl’ety is completed, at 410®, th3 colour goes 
green, and then reddish-yellow (Zettner, B. 8, 
259, 353) ; by heating the product with alkali, 
all C^ is removed and a violet uUramaHne is 
produced. This variety goes to the red form 
when heated in vapour of HNO,orHCl at lAO®- 
aSO® (Zettner, l.c.). 

Qreen ultramarine is formed when & littlo 
Slids used in the roasting process ; it is converted 
into the blue substance by. roasting with S. 
This form seems to be intermediate between 
white and blue ultramarine. According to 
Philipp {B. 9, 1109), S ir not taken up in the 
, change' jhom green to blue; by heating Uiegre«n 
foim in sealed tubes with wat^r, at 100®, he ob- 
tained the blue, the water removing a very smiJl 
quantity of sodium compounds. 
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iaWtitiittA ultrABUiriiiM. Bloe to green, 
end roddish-my, subBtanoee have been formed 
by heating mtramarine with AgNO^^, and by 
treating the prodaot of this reaction with RI, 
Lil, BaL^, Znl^ <S:o. These substances, known as 
silver ultramarine, potassium ultramarine, t&o., 
probably ipontain Ag, E, Li, Ba, t^c., in place of 
Na (r. Unger, D. P. J. 212, 224, 301 ; Philipp, 

B. 10, 1227 ; Heumann, A. 109, 263 ; 201,202 ; 
Forcrarid a. Ballin, Pf?[2j 30, 112). By heat- 
ing silver ultramarine with various alcoffciio 
iodides, Forcrand (C. li. 88, 30) obtained ultra- 
marines containing alcoholic radicres, such as 

•ethyl ultramarine, amyl ultramarine, &e. 
Selenion and tellurium ullramarinis have also 
been produced, wherein S is substituted by Se 
or Te (v. Leykauf, W. J. 1870. 555 ; Guiinet, 
A. Ch. [5] 13, 102; Plicqu*. Ph [2] 2H, 518; 
Morel, Bl. [2] 28, 622). Various substituted 
ultramarines have been examined by Wuiulcr 
{Chem. Zeit. 1890. 1119). M. M. P. M. 

ULMIC ACID. C. C6-4-63-9 ; 11. 4 G-1-5 ; 
O. 29-31*6. C,«n,,0, or Ci«U„0;. H.C. 

1983, 200. H.F. 200,200. Formed by action of 
HCl on cane sugar. Is an anhydride or mixture 
of anhydrides G,JI,^Oa (humic anhydride) (Ber^ 
thelot a. Andr6, Bl. [3J 7, 441, 451). Turns 
yellow in air and sunlight, giving off CO.^. The 
same thing happens with the humic acid ex- 
tracted from v#g(!table mo’^ld by KOIIAq and 
ppd. by IIClj Dilute! alkalis cause it to swell 
up, forming insoluble salts and a small quantity 
of a soluble basic salt. When cone. KOlIAq is 
used a salt is formed, from which two-thirds of 
the alkali can bo removed by washing, leaving 
KC,.,H,jO, aq, and is reconverted into the acid# 

C, *U,„0, by lICJA(i. Ammonia converts humic 
anhydride (ulmic acid) into an amido- acid 
C 44 H 4 ,NO„NIJy, whence IlCl sets freoC.i,Il 4 .NO,„. 

Salts. — KC,J1,,,0, aq. Hard, black, iu- 
roluble mass, yielding a brown powder. The 
' ulmin * of Malaguti. Formed by shaking the 
anhydride with KOH (1 pt.) and water (120 pts.). 
— NaC,„H,jO, aq. — Na-,C,hH,;,0, ccaq. 

iie/crc7M5ca.— H umic, Sacchabumio, and Sac- 

CULMIO ACIDS. 

UMBELLIC ACID i.e, 

[4:2:11 0,H,(OH),^Cn:CH.CO,H. Mol. w. 132. 
Di-oxy-cinmamic acid. Formed by warming its 
lactone, umbclliferone with KOHAq (Tiftnann 
a. Beimer, B. 12, 994 ; JL’osen, B. 14, 274.5). 
Yellowish powder. Turns brown at 240'^, and 
decomposes below 260^. Sol. alcoliol and warm 
water, insol. ether. Kesiuified by its 

aqueous solution. Deduces warm ammoniacal 
AgNO^, forming a mirror. FeCl^ gives a brown pp. 

Methyl derivative [180^-185'^]. 

Got by heating herniarin with alcoholic potash 
at 1G0° (Barth a. Heizig, M. 10, 166). Needles 
(fw water). 

‘Di-methyl derivative * 

C,H,(OMe) 2 .CH:CH.CO,H. [138°]. Formed by 
,the action of Mel and KOH in MeOH on ihe 
methyl derivative of umbelliferone in the cold 
(W.Wm, B. 16, 2116; 19, 1V7). Needles, v. 
aol. alcohol and ether. Converted into the 
^)'i8omeride by boning alone or with^HClAq.| 
Mth isomerideMre reduced by sodium-amalKaai 
to the Bame'G„H,(OMe)j,.CHy.GH/GO|H, ancrare 
OKidised by KMn 04 to the same C,H 4 (OMe).^.GO,H. 
^-CaA « ^ i^ryatalf.— BaA's 2aq : needle*. 


{fi)-Di-fnethpt derivative, P84% 
Formed as above, and also by saponiBoation of 
its methyl ether G,H 3 (OMe),.OH:CH.GO.Me {91% 
whioh is got evaporating methyl-umbel* 
liferone (1 mci.) with NaOH (2 mols.l nearly to 
dryness, and digesting tlie residue with Mol and 
MeOH (Tion^pn a. \Vill, B. 16, 2079). Needles, 
sol. alcohol and ether. SI. sol. cold water. 

{a)-Di-ethyl derivative 
[4:2:1] C H,(OEt),.C,H,.CO,II. Di-ethyl-umbel- 
lic acuiy [l07°J. ‘ Formed by mixing ethvl- 
umbellifcrone (5g.)*\vitli Eli (10 g.) and a solu- 
tion of KOH (4 g.) in alcohol (Will a. Book, J9, 
19, 1780). SiMull plates, v.jfol. alcohol, ether, 
and bcnr.ene. 

[&)-Di‘ethy\ derivative. [200°]. Formed 
by boiling the (a) .^onnuidc for some time, end 
ako by hoating^otUyl-uinbi llifcrone (10 g.) with 
Ell (9 g.) and a solution of Na (2.\ g.) in alcohol 
for six houns at 160°. Crystals, ui.,sol. altohol, 
b 1. sol. water. 

UMBELMFERONE 0,Hp, i.«. 

Mol. w. 102. [224"]. B. 

1 at*100°. Formed by the dry distillation of 
various resins, chielly those derived from umbel- 
liferous plants, e.(j. galbanum, sagapenum, and 
nsaftftida (Sommer a. Zwengor, A. 116, 16 ; 
Mossmer, A. 119, 2G0; HlusiweTk a. Qrabowski, 
A. 139, 100; IlirBclisolin, C. C. 1877, 
Formed by heating malic acud (Wiiful.) witli 
resorcin (1 mol.) and H.Sl.), (Pecliinann, B. 17f 
932). Prepared by distilling the alcoholic ex- 
tract of gum galbanum (Tieiminn a. Boiraer, B. 
12, 99.‘p. Needles, si. sol. cold water and ether, 
V. sol. alcohol. Dissolves in acids, without 
cliu’^gc. Alkalis above 60° fortnsiinbollic acid. 
Its solution ill dilute alkalis shows blue fluor- 
c'Hcenco. H.SO, forms a solution with green 
fluorescence. Jteduces AgNOj on boiling. YielAs 
(4,2,1) -di-oxy-beiizoic acid on oxidation (Tiemann 
a. Parrisius, B. 13, 2354). Fuming «HNO, and 
IPSO, form C,H,(NO,)A [210°] (Posen, B. 14,. 
2744). • 

Acetyl derivative C,,HgO,. [140°]. 
Formed by acetylation, and also by boiling 
di-oxy-benzoic aldeliydo with AOjjO and KaOAo 
(Tiemann, B. 10, 221C ; 12, 995). Needles, si. 
sol. water. 

Z^cthyl derivative 0„1IhO, t.#. 
CJI,(OMe)<^^^'^^/. [114°]. ForipCd by heat- 

ing umbelliferone with KOMo andPMeI{T. a. K.). 
LeUfb'ts, nearly insol. water. Appears to be 
identical with lierniarin [118''^, whjph is ex* 
Iractod alcohol from llemiaria Mrsuta 
•(Barth a. Iler/.ig, IGl). 

Ethyl derivative C,,H,oO,. [88°j. 

PIatcs.v.|ol. alcohol (Will a. Beck, B. 19, *1779). 
Oxim of the methyl def\vative 

[4:2:1]C.H,(OMc)<^^.“q^. Formed 

from the methyl derivative of thio-umbelliferone 
%nd hydroxylamine (Aldringem B. 24, 8466). 
Needles, v. sol. hot water and^lcohoL FeOlt 
colours its solution brownish-red. 

Phenyl jiydrazide of the methyl de- 

fivative 

Yellow needles, giving a blue oolrar with HgSO^ 
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Thio-umbelliferone. Methyl derivative 
OA(OMe)<g®=g^. [1W°]. Fonnodbyheat- 

ing the methyl derivative of umbelliferone with 
PjSj (Aldringen, B. 24, 8465).*' Needles, sol. 
alcoholnV. b1. sol. water. 

References, — Bbomo- and Mptciyl- dmbbl* 

LXFEBONE. 

TJMBELLOL C,H,,0. (21G®), V.B. 4*29. 

Occurs in the volatile oil of tno Californian 
laurel (Stillmann, B. 13, 6?9). Oil, sol. 11^804 
with red colour, becoming black. Attacked by 
Na. . 

UMBELLTJLIC^ACID v. nKi^x>Eco‘io acid. 
UNDECANE v. HENDECANq. • 

UNDECOlC ACID v. Hkn^cojo acid. 

UN DECOLIC ACID v. Hewdecinoic acid. 
UNDECYLENE v. HENDico'ijiiENE. 

DECYLENIC ACID v. Hendecenoic acid. 
DECULIC ACID v. Hendecoic acid. 

UEAWL C0<^^ ™>CH. , Di^oxy-vur. 

imidine. Derivatives of this compound are 
formed by the action of v.cctoac< tic ,‘^thcr on 
urea, thio-uroa, and guani<linc (Behrend, .4l''229, 

1 ; 240, 6 ; List, A. 23G, 1 ; Jiigor, A. 262, 365 ; 
Warmington, J. pr. [2] 47, 201). 

Amido-uraoU C4njN80a. Formed, together 
with oxyuracil C4n,N.408, by reducing nitro- 
uracil (Behrend), and by boiling di-bromo-pyr- 
uvuramfdcf*./ith baryta- water (Fischer, A. 239, 
*193). Yellow needles, sol. water. Converted by 
cyanic acid into oxyxanthino 0aH„N4Oa, which 
crystallises in needles, si. sol. water, sol. alkalis, ^ 
givea with 01 the muroxido reaction, j^iay bo 
oxidised to alloxantin, and gives some alloxan 
with bromind‘''\vatcr. ^ 

Acetyl derivative Prisms. 

Nitro-uraoil v. Nitbo-di-oxy-pyuimidine. 

* Bromo-nitro-oxy-uracil. Bihydride 

C4H,N.O.Br U. CO<^g;ggi^>CBr(NO,). 

, Formed by adding Br to nitro-uracil suspended 
in“ water (Behrend, A. 240, 11). Crystalline 
mass, si. sol. cold water and alcohol. Boiling 
with water produces brominalcd nitro-methanea 
and a crystalline compound C^H,NjOj„ formed 
by the action of urea upon nitro-uracil. Tin 
and HCl reduce it to amido-uracil. 

Methyl-uracil v. Di-oxv-.methyl-ptrimidine. 
Nitro-znethyl-uracil C5IISN3O4. Prepared by 
nitrating methyl-uracil with HNO, (S.G. 1-5) 
mixed with ob. equal volume of H.SO, (S.G. 1’8*) 
(Behrend, A. 240, 3). Prisms or tables (£'*om 
water), si. sol. Lot alcohol. 

Isomelide v. NiTno-Di-oxY-MEinYL-pyiiiM- 
miNE. * 

Nitro-di-methyl-uracil v. Nitro-di-oxt-di- 

IfXTHYL-PYRIMIDINE. 

Di-ohlorc-oxy-methyl-uracil. *Di»iydride 

O.H.Cl,NiO, "u. 

Formed by the Action of chlorine on methyl- 
uracil suspended in water (Behrend, A. 236, 59). <. 
Tables (from ,water) ; slowly decomposed ky 
boiliujguwater. M. sol. alcohol ; not decomposed 
by bdmng alcohol. . M. sol. ether. A solution of 
SnCl, in HClAq uL 100® reducea It to chloro- 
methyl-uracil OjHjClNaO, which crystallises 
from water in needles. Fuming HNO* gives dt- 
ohloro-barbiturio acid. 


Di-bromo-oxy-methyl-uracil i.e. 

From me&yl-nraoil (or 

bromo-methyl- uracil), and bromine- water (Beh- 
rend, A, 229, 18 ; 236, 67). Cubes (from hot 
water). Boiling alcohol converts it into bromo- 
methyl-uracil C^H^N gBrOj. Fuming ILN O, forms 
di-bromo-barbituric acid. 

Di-chloro-oxy-tri-methyl-uracil. Dihydride 

CKNMe;cSol5ii>°“r Formed 

by passing Cl into an aqueous solution of tri- 
mothyl-uracil (Hagen, A. 244, 14). Crystals, si. 
sol. hot water, lieducod by boiling with SnCl^ 
to chloro-tfi-mothy 1-uracil, which crystallises in 
prisms, m. sol. hot water. 

Nitro-e thy 1-uracil v. Nttro-di-oxy-ethtl- 

PYRI^rrDINE. I V 

Methyl-ethyl-uracil v. Di-oxy-metuyl-ethyl- 

PYRIMIDINE. 

Nitro-methyl-ethyl-uracil v. Nitro-di-oxt- 

METnYL-ETlIYL-PYRlMIDINE. 

Amido-uracil carboxylic acid v. Di-oxy- 

AMIDO-PYRIMIDINE CAUBOXYDIC ACID. 

References. — Tiiio-METnYL-uuAciL and Uu- 

AMIDO-CHOTONIG ACID. 

UBAMIDO - ACETIC ACID v. Hydantoio 

ACID. 

p-URAMIDO-BENZENE SULPHONIC ACID 

NH2.CO.Nn.C,iH4.SP;,H. Formed by evaporating 
a solution of p-amido-berizene sr.lphonic acid 
and potassium cyanate (Pellizzari, A. 248, 156), 
and also by boating dry p-amido-benzene sul- 
phonic acid (1 mol.) with urea (1§ mols.) 
(Friedol, G, R. 112, 868). Pearly plates (from 
Mdilute alcohol), v. sol. water. -^-BaA'^Saq ; mono- 
clinic prisjus, sol. Aq. 

o-URAMIDO-BENZOIC ACID ChIIsN^O, i.e, 
NHa.CO.NH.O^Hj.COaH. Formed from potas- 
sium cyanate and the hydrochloride of o-amido- 
ben/.oic acid (Griess, J. pr. [2] 6, 371; B. 11, 
1730). HNO., yields only one di-nitro- derivative. 

wt-Uramido-benzoic acid OsHhN^O,. S. 1 at 
100®. S. (96 p.c. alcohol) *72 at 16°. S. 
(ether) *127 at 16®. Occurs in urine after a 
dose of w-amido-benzoio acid (E. Salkowski, H. 
7, 113). 

' Formation. — 1. By adding potassium cyanate 
to a boiling saturated solution of the sulphate of 
m-anvdo-benzoic ac.’d (Menschutkin, A. 153, 84 ; 
Z. [2] 4, 275). — 2. By fusing w-amido-benzoio 
acid with urea (Griess, Z. [2] 6, 312 ; B. 2, 47). 
3. By boiling ?«-cyanaraido-benzoio acid with 
nClAq (l%ube, B. 15, 2122). 

Properties. — Small prisms (oohtaining aq), 
V. si. sol. hot water. At 200° it yields 
CO(Ny.CeH,.COaH)8. On distilling w-uramido- 
benzoio acid (4 pts.) with PjO, (1 pt.) 7»-amidj- 
benzoic nitrile [54°] is formed (Griess, B. 8, 
224). Boiling KOHAq splits it up into w-aviido- 
fienzoic acid, COj, and NH,. 1 

^.Salts. — NHjA'aq. — KA'. — CaA'a4aq. — 
PbA'j2aq.— AgA' : curdy pp., becoming crys- 
talline. 

Ethyl ether [176°]. Formed from 

m-amido-benzoic ether and KCyO (Griess, J. pr. 
Cl [2] 4, 21,93). Plates, si. sol: hot water. 

'* Awide CKHaNaOj. Formei^ from w-amid6- 
beiSzamide airi KGNO (Menschtitkin). Scales 
(from water), decomposed by fusion, iL toL 
alcohol. 4 
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^Vriunld^-benioio aoid 0„HgN.^0.v Formed 
In fike manner (Griess, J. pr. [2J 6, 309). Plates, 
almost Insol. cold water, v. si. sol. hot water, m. 
sol. hot alcohol. Yields some ^-amido-benzo- 
nitrile [86°] on distilling with PaO,.— BaA',. 
Plates, V. e. sol. cold water. 

Di-urtmido-benzoio acid C„H,oN^O^ i.c. 
^NHa.CO.NH),_.O^Ha.COjH. Formed by fusing di- 
amido-benzoio acid wiCl^ urea (Grioss, 7J. 2, 47). 
Small granules, v. si. sol. hot water. - IJaA', 
(dried at 130®). Nodules, v. sol. hot water. * 

Befcrmces.—AmDO; Nmio-, and Oxv- ua- 

AUIDO-BKNZOIO ACIDS. 

• UAAMIDO-BENZOYL v. Oxy-qu’nazolixk. 

«.UEAMIDO-BENZYL-UREA Cjl,..N,0. i.c. 
NIL,.CO.NILOaH,.CH,.NH.CO.NH,. [197®]. 
Di’Uramido-toluene, Formed by heating toge- 
ther i^-amido-benzyl-ammf' hydrochloride (1 i 
mol.), and KCNO (2 mols.) in aiiueous solution 
(Amsel a. Hofmann, B. 19, 1289). Small needles. 
Bol. hot water. 

TJRAMIDO-ISOBUTYRIC ACID v. Aceton- 

DllAMIO ACID. 

0-URAMIDO-CINNAMIC ACID C,oII,„N..O, i.e. 
NH,.CO.NH.O,H,.CH:ClI.CO,n. Formed from I 
o-amido-cinnamio acid and aqueous KUNO 
(llothschild, B. 23, 3341). Sol. NlljAq and hot 
HClAq. 

(/3).URAMIDO-CROTONIC ACID C,H,NA 
U. CHa.C(NlL«O.NH.);Cll.«0,n. The ether is | 
converted by*NaOUA(J into the salt NaA', which i 
crystallises in needles, v. sol. water ; but on 
adding acids to this salt di-oxy-mcthyl-pyr- 
imidine is produced. Methyl-uracil is^ 

reconverted by NaOHAq into sodium uramido- 
crotonato (Belirend* A. 229, 5). * 

Ethyl ether JCtA'. [100^]. Formed from ■ 
acetoacetio ether and urea. Noodles, v. sol. | 
ether, m. sol. alcohol. Decomposed by warm j 
HClAq into urea, acetone, CO.,, and alcohol, i 
Alcohol forms CH,.C(NH.C6,Kt):Cll.CO.,Et 
[29®1 (Meister, A. 244, 2H1). 

Amide CH.,.C{NII.CO.Nll,);CELCO.NII,. 
[131®]. Crystals (containing EtOJl) (Meister). 

Amido-uramido-crotonic acid. Lactam. 

0,H,(NH.JN,0,<.e. CO<^“;™“>C.NH, (?). 

Aviido-nicthyl-nracil. Methyl- uracil (v. Di-oxv- 
METUYL-PYiiiMrmxE) is converted by Br in CH^ 
into crystalline bromo-methyl-uraoil C^H.Ift N._,0.j, 
whence cone. NII^Aq at loO® ft)rm3 amido- 
methyl-uracil (Behrend, A. 231, 2“»0). Satiny 
plates (from water), m Iting near 250^, Sol. alco- 
hol. The hydrochloride is converted by 
sium cyamue into oxy -methyl- xanthine 
CaH«N <03 2aq, crystallising, from water in 
prisms. — B'HCl aq. I^Ionuclinic crystal.#; a:b:c 
= 1-629:1:2*345 ; fi 52® 57'.— B'.JJ.htCl, 2aq ;• 
needles, v. sol. water. 

Acetyl derivative C 5 H 4 (NHAo)N.p.^^ag. 
ForiAed from oxy-methyl-xanthino and Ac^O 
170®. Thick trimetric prisms (froni w*^r). 
Decomposes near 210® without melting, Sol. 
alkalis and reppd. by acids. * 

URAMIDO-ETHANE SDLFfiONIC ACID 
NHj.CO.NH.CH,.C%SOaH. Taurocarbav^ic 
acid. Occurs in small quantity in urina after a# 
dose of tatt(ine^E. Salkowski, B, 6, 744, 11^ 
Formed by evaporating a solutfon of taurine 
with ECyO. Formed* also by the action of 
biromhac-wat(a on ethylene-^-thio-urea (Gabriel, 


B. 22, 1142). Dimetrio pUtof, T. iol. water, al. iol. 
alcohol, insol. ether. Decomposed by baryta- water 
at 140® into CO,, taurine, and NHj. — BaA',: tables 
(from alcohol). — Ag.V. Badiating tufts of crys- 
tals. 


DRAMIDO - HEXOIC ACID 0,H,«li,0, i.e. 

NH.,.CO.NU.t«(C,H,).CO.,H. [200®]. Formed 
by boiling isobutyl-hyduntoin With baryta-water 
(Pinner a. Spilker, B. 22, 09()). Needles, v. sol. 
alcohol lyid hot water.— BaA'.^ ; nodular groups 
of prisms. • 

Ethyl ether Ft A'. [135®]. Formed by 

heating isobutyl-hydantoin \^h KOH and EtBr. 
Needles, v. sol.^ alcohol and ifot water. 

Nitrile. Njr..CO.N I1.C11(C,1J„).CN. 
Formed by hcatin;^ the cyauhydriu of isovaleric 
aldehyde with urea (riiiner a. Ijifschutz, B. 20, 
23.71). Oil, 6ol.»alcohi)l and ether. On warming 
with HClAq it yit ld.s isubulyl-liydantoin 

;oo 

[L.CO.NIl.CH^.,ir„).CO.Nn.^ 
[170®]. Formed from tho nitrile (I pt.) and cone. 
1FS0< pt.s.) in file cold. Crystals, v. sol. 
watt^* and alcohol. 




A mide 


URAMIDO HIPPURIC ACID 0,oH„N,0,. 

Forme<l by fusing 7a-amido-hippurio acid with 
urea (Griess, J. pr. [2] 1, 235).^ Nodules, v. e. 
sol. hot water. Decomposed uy boiling cone. 
HClAq into glycocoll and m-iiramid^-benzoio 
acid.— AgA'. Crystalline pp. ** 

URAMIDO-NITRO-AMIDO-PHENOL * 


C,H„N,0, i.e. C,H,(NO,,)(NH,)(NH.CO.NH,).OH. 
Formed by rcsluciiig di-nitro-oxy-phcnyl-urea 
with asimonium suli>hide (Griess, J.pr. [2] 5, 1). 
Heddish-brown needles, si. sol. hot \witor and 
aicciioh - -B'HCl ; white scalesT-BaA', 3^aq : 
steel-blufe needles, v. sol. l)ot. water. Boiling 
HClAq converts it into amid ocar boxamidp- 
nitrophciiol C lI^N^O,, wliichyields BaA'garaq 
and B'HCl aq. and is ro<iuced by tin and HClAq 
to d i a 111 i d o c a r b o x a m i d o p b e n o !• CiH^NgOg, 
which yields B'HCl, crystallising in plates. ^ • 
DRAMIDO-DI-NITRO-PHENOL v. Di-niteo. 


OXY-rilENYE-UHEA. 

p-URAMlDO-PHENYL- ACETIC ACID 

NH,,.CO.NH.C,H,.CH,.(;0,li. [171°]. Formed 

by boiling p-cyanamido-plu*nyl-acctio acid with 
jicl/Vq (Traube, B. 15, 2122). Small crystals 
(confining l.laq), sol. water, alcohol, and ether, 
o^raniido-phenyl-acetic acid. • Ethyl 
NH,.CO.NlI.CHPh.CO,Et. [139®]. Formed 
by the action of a<iueou3 KCyO%n the bydro- 
chh)ride of a-amido-phenyl-acetio ether (Kossel, 
B. 21, 41.50). V. sol. alcohol aifl boLwater. 

Nitrne NII,.CO.NH.CHPh.CN. [170®] 
formed by healing Uie cyauliydrin of benzoic 
al<lehydc willi urea (Pinner a. Lifschiitz, B. 20, 
2351)., Converted by acids into C„H„N;jO, [182®], 
crystaBisftig in scales, v. sol. is^cohol and hot 
water. • • • 

a-XmAMlDO-PHENYL-CROTONIO ACID. 
Nitrile CHPh:CH.CH{NH.db.NH,).CN. 

[100®]. Formed by heating urea with the cyan- 
J!y drin of cinnamic aldeJiyde fPinwor a. Lifschiitz, 
B. 20, 2351). Needles, v. sol. hot alcohoi^ Boil- 
ing HClAq converts it into di-oxy-styryl-pyrazol# 
(g. r.). • • 

A mide CHPh:CH.CH(NH.CO.NHJ.CO.NH^ 
Formed from the nitrile and cold oono. H>90« 
(Pinner a. Spilker, B. 22, 692). Microorystailiii# 
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|wwd«r, decomposing at 210^-220" with evoln- 
kion of NH,. Sol. alcohol, si. soL hot water. 

o-UEAMIDO-PROPIOMIO ACID O.HgN.O, 
i*e. OH,.CH(NH.CX).NH.^.COjH. Lacturamio 
acid. [166®]. Formed by evaporating a solution 
of alanine sulphate mixed with KCyO (Urech, 
A. 166, 99). Formed also by boiKng laotyl>urea 
with baryta-water (Heintz, A. 169, 128). Prisms, 
si. sol. cold water and alcohol, insol. ether. — 
BaA'^aq (dried at 100®).— PbA'2aq —AgA': 
needles, m. sol. water. 

Nitrile CH3.CH(NH.CO.NH,).CO.^H. 

[lOG®] (Franchimant a. Klobbie, T. C.’7, 16). 

Amide OHa.CFi(NH.CO.NH,fcO.Nf/y 
[196°]. Small needles (from aVohol), sol. water. 

URAMID0-8UCCIN1C ACID. Am ic acid 
Na,.CO.CH,.CH(NH.CO.NH,)':’CO,H. [138®] 
(G.) ; [167°] (P.). Succinurdmide. Amido- 
succiiVuric acid. S. 6*4 at 23®. Formed by 
evaporating*the mixed solutions of asparagine 
KCyO (Guareschi, G. 7, 401; 10, 1747). 

Doxtro-asparagino •'gives a I10V9- compound, 
while leevo-aspuragine gives a dextro- compound 
(Piutti, B. 19, 1693). PrisiAs, nearly in.>ol. alco- 
hol and ether. According to Piutti, the dextro- 
and Iffivo- compounds both melt at 157°. 

Iteactions. — 1. Decomposed by fusion, with 
formation of nj.alyl-uroide C.,HjNjO, [230®- 
236®], which is also formed by heating urea with 
asparagine at 125® (Grimaux, A. Ch. [5] 11, 
400) ana tt'ystallisea from water in pointed 
yiiombohedra. — 2. Boiling HClAq (S.G. 1’12) 
forms malyl-ureidio acid which is 

also got by heating aspartic acid with urea at 
130®. Malyl-ureidic acid crystallises in prisms 
[216®-220^], S. 25 at 100®, which yields BaA',aq 
and is converltsd by heating with bromine-w.iter 
into C,H„Br,N,0«, S. 3 at 100®, S. 

•^6 at 100°, C„U^13r..N^Oj, which is v. sol. water, 
C,H,BrN,0„ S. 0. 6 at 100®, and C.H.Br^N.Oa, 
S. 10 in the cold and 0. 22 at 100®. 

UBAMIDO-THIO-FOBMIC ACID v. Thio- 

liL^UPIIANIO ACID. 

Dl-CBAMIDO-TOLUENE v. Ubamido-bknzyii- 

URKA. 

DI-p-UBAMIDO-DI-o-TOLYL-SULPHIDE 

[2:1:4] S(CrtH,Me.NH.CO.NII,),. Thio-pdolyUli- 
urea. [161°] (when containing benzene of crys- 
tallisation). Formed by heating the hydro- 
chloride of di-p-amido-di-tolyl-sulphide -with 
KCNO (Trchlar, B. 20, 669). Crystallises from 
benzene in white silky needles (containinr, 
O.HJ. 
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C0<^^j^‘^^^CH.NH2. Dialuramidcp Amido- 

barbituric acid. Amido-ma^onyl-urea. Murexan!' 
Mol. w. 148. Formed by boiling alloxantin with 
NH4OI (Liebig a. Wohler, A. 26, 310 ; ^Grimaux, 
0. R. 87, 762) and by boiling ammoniiim^thion- 
nrate with HCflAq. Fcfrnr/ed also by reducihg 
nitro- or nitroso- barbituric acid with^HIAq 
(Baeyer, A. 127, 2Sra). It is also a product of the 
action od acids on murexide (Beilstein, A. 107, 
188). 

Silky needles, si. sol. hot water, 
insol. alcohol and ether. Sol. cone. H^SO, and 
re-ppd. on dilution. Jts alkaline shlution turns 
red in air, formii^ purpurates ; thus it is converted 
In amtnoniacal Elution into murexide by boiling 
with air or HgO. Cone. HNO, forms alloxan. 


Bromine at 85° forms orange C*H.BrN,0, 
(Mulder, B. 14. 1060). 

UBAMILIC ACID O.H,N.O, (?). S. 14 !n the 
cold ; 33 at 100°. Formed by heating uramil 
with H^SO, and water, or by evaporating, am. 
moriium thionurate with some H,,SO, /Liebig a. 
Wohler, A. 26, 314; Gregory, P*. Af. 24, 187). 
Transparent, four-sided pfisms,8l. sol. cold water. 
Converted by boiling oono. HNO, into nitro- 
bfvSIturio acid. 

UBANATES v. Ubaniou, oxyacids and saltii 
OF, p. 826. 

DBAKIUM. U. At. w. 239 (not determined* 
with very ^eat accuracy). Mol. w. unknown. 
M.P. not determined accurately ; between red 
heat and white heat. S.G. of fused U at 
= 18*685 (Zimnrtf.mann, B. 15, 861). S.H. at 
100® = *0276 (Z., I.C.). S.V.S. 12*8. 

Historical. — In 1789 Klaproth prepared some 
compounds of a now element from pitcliblende ; 
to the characteristic element of these compounds 
he gave the name uranium, from oupoi/rfy = the 
heavens, in allusion to the planet Uranus which 
had been discovered a few yearS before {CreWs 
A. 1789 [2] 400). The compounds of U were 
examined by llichter {Ochicn's A. 4, 402), Buch- 
holz {Qehlen's A. 4, 17, 131), Locanu (J. Ph. 9, 
141 ; 11, 270), Brande {S. 44, 1), Berzelius (P. 
1, 359), and Arfveuson {jp. 1, 245). In 1840, 
Peligot showed that the substance' supposed till 
then to be U was really an oxide of U {A.Ch. [3] 
5, 5) ; P. isolated the metal, and determined the 
at. w. to be 120. Mendeluell in 1872 (.■!. Suppl. 
8, 133; cf. 0. N. 41, 39 [1880]) proposed to 
double the at. w. of U, making it 240 ; this pro- 
Ijosal was completely justified by the determina- 
tion of S.H. of pure U by Zimmermann in 1882 
{B. 16, 851), and by the determination of the 
V.D. of UCl^ and UBr, (Z., A. 216, 2 [1883]). 

Occin’rencc. — Never uncombined. A few 
minerals containing compounds of U are found 
sparsely distributed and not in large quantities; 
the chief of these is pitchblcndcy which consists 
of along with SiO^ and oxides of Sb, As, 
Ca,Cu, Fe, Mg, V,(fec. Carbonate, sulphate, phos- 
phfite, niobato, tantalate, and various other com- 
pounds of U are also found in varying quantities 
in several rare minerals (u. Zimmermann, A. 232, 
300; li'iddcn a. Mackintosh, Am. S. [3] 38, 474 ; 
Hillebrand, Am. S. "[3] 38, 329; 40, 384). 
Lockyer (Pr. 27, 49) stated that some of the 
lines in tVe emission-spectrum of U coincide 
withvJark lines in the solar spectrum. Hutching 
a. Holden (P. M. [6] 24, 325) think there is no 
trustworthy evidence in favour of the existence 
of U in* the solar atmosphere. 

' Preparation. — 1. A mixture of UCl„ NaCl, 
and Na is strongly heated in a closed iron 
cylinder. Zimmermann (A. 116, 14) us6^ a 
cylinder of soft iron with walls 0. 3 cefitim. 
thicE, bored from a larger cylinder (similar to 
that employed by Nilson a. Pettersson for pre- 
paring Be ; B. iL 383) fitted with a cap which 
could be screwed on tightly. He placed a layer 
of pure fused NaCl in the <»ylinder, then small 
•pieces of Na (0. 3 to 4 pts. for 10 pts. UOIJ, thei|. 
UCI, (which xpnst be pat intd the* cylinder as 
quickly as possible, as it is hygroscopic), and 
covered the whole with 'a layer of fused NaCl. 
Z. raised the cylinder to a white kept it at 
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thal (emperMore lor somo ume, cooled, and 
washed the contents with dilate alkali solution, 
and then with water. According to Z., the metal 
as thus prepared is quite pure (v. infra).— 2. 
^Moissan {GtJR. 116, 847) obtained U, containing 
*from B toelS*5 p.c. 0, by mixing the oxide pre- 
pared by strongly heating U0..(N0j)j, with excess 
of charcoal, compressing the mixture in a carbon 
crucible, imbedding this* in MgO, and heq^iug 
for 10-12 minutes in an electric furnace, usin^a 
current of 60 volts and 450 amperes. 

UOI4 is obtained by heating the nitrate 
<702(N0 s)j in air, mixing the oxide thus ob- 
tained (chiefly UjOg) with C, and heating in a 
stream of Cl {v. Uranium TETRAcnLoniDE, p. 823). 
The nitrate is obtained from pitchblende by 
powdering the mineral, washing with water, 
drying, and washing to remove S and As, dis- 
solving in HNO^Aq, evaporating to dryness, dis- 
solving in water, filtering from TbSO,, A'c., 
evaporating a little, and allowing to crystallise. 
The crystals of UO,.(NOa)2 thus obtained are 
purified by draining in a funnel, washing with a 
little cold water, drying in the air, dissolving in 
ether in a wide-mouthed bottle, crystallising by 
spontaneous evaporation, and re-cr3’;dallising 
from hot water; the crystals of UO.^fNOJ^ are 
then dissolved in water so as to form a cone, 
solution, UOjj.CfO, is ppd. by adding IUC.U,Aq 
to this solution, the 1^). is washed with boiling 
water, and then decomposed by heat, and the 
UOj thus produced is digested with cone. IICI Aq, 
washed, d^solvcd in IlNO^Aq, and the solution 
is crystallised (Poligot. A. Ch. [3] 5, 5 ; 12, 258; 
cf. Ebclmen, A. 43,* 28(3; Wertheim, J. pr.2^^* 
209). 

The oxide UjO^ u.sed by Ziinmerrnann 
{v. supra) for the preparation of UC1„ fiom 
which pure U was obtaintid, was prepar(3d by 
him as follows. A warm solution of commorcial 
uranium hydroxide in llClAq was saturated with 
H.jS; after standing for some time the liquid 
was filtered off, NH;,Aq and (NH^).CO,Aq wore 
added in excess, the liquid was warmed and 
(NHJgSAq was added ; after standing the liquid 
was filtered, saturated with IIClAq, and boiled 
till CO.^ was removed, then mixed with NH^/vq 
and (NHJjjSAq and heated on the water-bath 
till most of the (NHJ^S was removed; theqjp. of 
UOj was colleeted, washedi and heated over the 
blowpipe ; the U,0„ thus formed was dissolved 
in HNO,Aq and the solution was crjistallised ; 
the crystals of UO.,(NOa)2 wore dissoivc'l in 
ether, the solution was poured off from insoluble 
substances, evaporated to dryness, and the 
residue was strongly heated; the U;,0*iwhich 
remained was again dissolved in IINO.,Aq, and 
the crystals that formed on evaporation were 
^ssoived in ether, and the ethereal solution wa| 
evapofated to dryness and the residue decom- 
posed by heating. 

Properties. -k Iqstrous, hard, silver-white 
metal ; S.G. 18*685 at (Zim|permann, D. 15, 

851} ; if UCI4 is rcdi^ed by Na at a red heat, U 
if ootained as a greylsh-bl^k powder. 43.H. at 
*0276 {Z., #u;.). U is somewhat malleaJJe* 
but cannot be hammered into thiit plates, ^e 
cmiasion-speotrum, obtained by the aid of eleo- 
trio spaika, slwws only a few lines, the most 
bei^ the yellow (Thal^n, A, Oh. 


m 

[4] 18, 289). For the .finorescenoo, phosphor- 
escence, and absorption -spectra of U compounds 
V. Becqderel {A. Ch. [4] 27, 689), also Morton a. 
Bolton {Ain. Ch. 8, 861, 401). tl melts towards 
a white heat ; according to Moissan {C.tB. 116, 
1429), the mttal is volatilised by heating in an 
electric furnace using a current of 350 amperes 
and 75 volts. After long standing in the air the 
surface of U becomes covered with a steel-blue 
to black film of oxye;.U that has been fused 
burns brilliantly when heated on Pt foil in the 
air; pulverulent U burns at-150‘’-170° in the 
air. U combilfes directly \mh 01 or Br, also 
with S ;^he metej^ dissolves in dilute H^SO^Aq 
or HClAq ; it is not acted on by acetic acid, nor 
by KOHAq, NaOHAq, or Nll.,Aq. 

The at. w. of.U has been determined (1) by 
determining U and Cl in IJCl, (Peligot, A, Ch, 
[3] 5, 12 [18421 ; Bammelsberg, P. iff), 318; 66, 
125 [1842]) ; (2) by analyses of U02.C..04.H,p 
(Ebelmen, A^ Ch. [3] 5, 191 [1842] ; Peligot, 
A. Ch. [3] 20,* 341 [1846]) ; (3) by analyses of 
: UO.,(C,HtO,),.2H,0 ^P61igot, l.c. ; Wertheim, 

! J. prf'l*.), 207) ; (4) by analyses of the double salt 
' UO,.Na(C,H A):. {Wertheim, f.c.); (6) by trans- 
: forming UOg into U^O^, and UO....Nn(C,H.,05j), 
i into Na-^UO, (Zimmermann, .4. 2.32, 117, 273 
I [188GJ) ; (6) by determining S.ll, of U (Zim- 
I mermann, B. 15, 851 [1882]) ; (7) by deter* 

I mining V.D.s of UBri and UCl, A. 216, 2 
: [1883]). • 

The at. w. of U was formerly taken as 0. 120 ; 
,iii 1872 Mendcleeff adduced reasons for doubling 
this vn]^ie, based on a comparative study of the 
' properties of compounds of U to whiol> ho was 
le<l by considering the i>eriodio •'arrangement 
of the ek'iiients {A. Siipi>L 8, 178; C. N. 41, 
39). Wlicn the at. w. of U was taken as 12^ 
the fonnulu! given to the chief oxides, chlorides, 
and salts of this edement wore TJO, UCl.^, USO4, 

I Ac. ; UA ; A. J^OCl, UO^iNO,), &«. ; and U 
1 was classed with the iron metals. Mendel6gff • 
! pointed out that U was very much heavier than 
the iron metals, that the oxide U^O, did not 
form salts sifnilar to those derived from FoaO,, 
that the salts of UO, i.c. UBO4, U(NO;,)2, <kc., 
wore not isomorphous with the salts of MgO, 
EoO, NiO, Ac. Mendel6off also drew attention 
to the existence of a chloride which would have 
to ho Represented as U.Cl., if U -120fand that 
tlus chloride was obtained by heating UCl, in H. 
Mendeleell proposed to double tliowalue then ac- 
cepted for the at. w. of U, and, following on this, 
to write the formula) of the chioridoB. oxides, 
and salts ens UCl,, UO,. U(HO,),, Ac.; U A 1 
HO,, UOXLi. UO,(NOJ„ <fco. ; and UCl,. It was 
» pointed out that many of those formuln are 
analogous to those of the corresponding com- 
pounds*of*Cr, Mo, and W ; and it was shown 
thtft the properties ^ uompouiRds o& U mora 
nearly sesemble those of compounds of Cr, Mo, 
and W than of any other eldhients. Especial 
^stress was laid by Mendcleeff on the acidic cha- 
racter of the highest oxide of U.^^Finally, Men- 
del6eff showed that on element with the npper- 
I ties of U, and an at. w, equal to c. 240, ftinls its 
proper place *10 Group series 13, of tha 
periodic arrangement of the elements. Menda- 
l&ff suggested that the S.H. of pure TJ abould 
be determined ; that the V.D. of the Tolatila 
chloride should be found ; that the aetion of B 
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on the chloride then taken to be UCl, should be 
studied; that smalts of the lower oxide (UO if 
U=»120, UOj if U = 240) should be examined, 
especially as regards their isomorphism with 
salts ^ ThOj, SnOj, ZrO.^ and TeO;, ; that the 
orystaUine forms of corrospond^rsg compounds 
of MoO„ WO,, and UO, (U = 240) should be 
studied, and that an especially thorough crystal- 
lographic examination should be made of the 
compounds R^UOaF^ ; and that th^ physical 
properties of compounds of Or, Mo, W, and U 
should be compi|red. Since the publication of 
Mondel6eff’s merA;oir, the S.Hi* of U, and the 
V.D.s of UBr, and UCl. havCj^bccn dci-ormincd, 
the action of H on UCl, has been examined, and 
something has been done irl- the study of tlie 
crystalline forms of comi)oun(l,s of U, including 
those of the form llaUOal'^ ; the results of all 
these invettigations fully contirm the justn<;s3 
of Mendelooff’s view that the at. w. of U is c. 2 10, 
and that this elomont must bo cl.issed with Cr, 
Mo, and W. The exact value to ho given to the 
at. w. of U has not boon j 3t dctcrmii?jed ; Zim- 
mermann’s measurements gave 238*7o from the 
ratio UOj:UsO„, and 2.38 07 from the ratio 
U0,Na(C,H,02).,:Na,U0, (0 = 15-90). The mol. 
w. of U is not knOwn. 

U is the Vast member of the even-series 
family of Group VI. ; this family also contains, 
besides 0> Iho elements Cr, Mo, — , and W. The 
chromium elements are both metallic and non- 
metallic in their clieraical relations ; they form 
oxides MO, that are acidic, and some of the^ 
lower oxides are basic. The oxide forms 
some corresponding salts; a scries of salts of 
the form UGjX is also known, where X^SO„ 
&o. Several series of uranatos M.^UO^, 

Ac., are known. The haloid compounds arc 
UX„ UX4, and UX^. (b’or a comparison of the 
metals of the Cr family v. Ciihomium ououp or 
ELKMaNTS; vol. U. p. 1G8 ; cf. CrASSIFICATION, vol. 

, ii. p. 207.) 

The* atom of U is totra valent in the gaseous 
molecules URr^ and UCl,. 

Beactions and Coinbhiations. — 1. Ilcated in 
air U is burnt to a voluminous deposit of U.^O, 
perhaps containing also UO.,,), which stops the 
further oxidation of the metal. Pulverulent U 
burns when heated in air to 150®-170’.- 2. U 
burns brilliantly when heated in c^fort’/ic,* form- 
ing UCl^ ; heated in bromine to c. 240"^ part pf 
the metal is changed to U13r,. -3. Heated in 
sulphur vapour US.j is produced. — 4. It is gene- 
rally said that U does not react wdth water ; but, 
according to Moissan (C. li. 116, 347'. the metal 
obtained by him by reducing the oxide by chai 
coal in an electric furnace decomposed water at 
the ordinary temperaturo ; this specimen of U 
contained from 6 to 13-5 p.o. C.— 6. U Assolves 
in dilute sulphuric acid^^ rapidly on warming, 
forming USO^, and giving off H ; pulveeulent U 
dissolves in hot ojno. II.SO,, giving off SO, ; the 
compact metal is scarcely acted on by cono.' 
HgSOf. — 6. y dissolves in hydrochloric acidt 
dilute^r cono., rapidly on warming, forming a 
hyadmth-red solution of UCl,, which goes green j 
on shaking in air, and then contains UCl,. — 
7 . Cono. nitric acia^ even when hot, scarcely 
acts on U that has been fused ; the pulverulent 
metal is quickly oxidised by hot cono. HNO^q 
Several metallic salts in solution 


are reduced by IT, with ppn. of the metals, 
HgNOa, AgNO„ OuSO„ SnCl„ PtCI., AuCU,. 

Detection and Estimation. — Uranyl salts 
(UOjj.SO,, &c.) are formed by heating uranates 
with acids, also by the reactions of acids witlv. 
UO3, and also by oxidising uranous raltS (salts 
I of UO). K,FeCy„Aq gives a brownish-red pp. 
with uranyl salts, soluble in HClAq or in 
(N|I,)XO;,Aq ; this re'Action is said to be ex- 
treihely delicate; rLOjAq and alcohol give a 
brown pp. (Fairley, C. 'N. 62, 227) ; carbonates 
give 3'ollow pps., soluble in excess, forming 
yellow liquids; NaOflAq or KOHAq form* 
yellow pi^., NHjClAq does not interfere with 
the ppn., but in presence of sugar or tartaric 
acid pps. are not produced, Uranous salts are 
produced by rcducl,.." uranyl salts in solution by 
Zn and HClAq. After reduction the solutions 
give green pps. with KOHAq or NaOHAq, the 
pps. becoming brown and then yellow in the 
air; witli (NH,),,SAq green pps. are formed, 
quickly becoming dark green, and black on boil- 
ing; KiFeCygAq produces yellow-green pps. 
becoming red in the air (v. Zimmermann, A. 
213, 285). 

U is generally estimated as UO.^ or U^Og (v. 
Zimmermann, il. 232, 209). Solutions may dc 
reduced by Zn and ILSO,Aq, and then titrated 
with KMnO,Aq, tb3 quantity cf 0 used corre- 
sponding witli the change of UO^ to UO3 (Z., 
l.c . ; V. al.so Bidohoiibek, J. pr. 99, 231), 

Uranium, arsenates of. A compound, pro- 
bably UOo.As.U.,. 4aq, is described by Raminols- 
borg (P. *59,” 26). Werther (/, 43, 321) 

describes UO.^U .AsO,. 3aq, and various double 
salts of this compound with arsenates of Ca, Cu, 
and Xa. 

Uranium, bromides of. UBr, is formed by 
heating U.,Oh mixed with C in Br vapour ; and 
UBr., by heating UBr^ in H. Zimmermann (.4. 
216, 5) failed to obtain a compound with more 
Br by heating UBr^ with Br to 230^ in a sealed 
tube. 

Uranium TKTiunnoMioK UBr^. {Uranotia 
bromide.) Mol. w. 558. Prepared by strongdy 
heating a mixture of UjOg and sugar, mixing 
^vltll sugar charcoal that has been heated to red- 
ne.ss, placing the mixture in a tube, and heating 
it firfjt in a stream ''f thoroughly dried COo, and 
then in Br vapour, aqd allowing to cool in CO3 ; 
the Lr ii.sed must bo perfectly freed from Cl, 
HBr, and H.U by distillation from KBr, MnOj, 
an^P.^Oj (Zimmermann, A. 216, 2; Alibegoff, 
A. 232, 132 ; cf. Hermann, J. 1861, 260). UBr^ 
forms black, fusible leaflets ; volatile at red heat, 
giving, a vapour with V.D. 281 (Z., l.c,) ; very 
hygroscopic ; dissolves in water, with a hissing 
sound, forming a green liquid. 

By evaporating a solution of UOa.ajH^O in 
jIBrAq, Rammolsborg (P. 59, 12) obtainedigreea 
crystals of hydrated UBr^, probably UBr4.8H.jO. 

Uranoxy bromides. [Biwnoxy -uranates.) 
UO.jBrj.2MBr or M,jUO_Br,.’ By the reaction of 
HBrAq with K/'O, and (NH4).4U04 respectively, 
Sendtner (^, 195, 325) obtained yellowish, 
''Vgrosgopio tablets 01 the composition 
IiI. pO.jBr4.2HjO, where M = NF44 and K. 

UlUNIUM <iCBXBROMI£iE UBr,. Mol. W. HOt 
determined. Obtained by Alibegoff (A. 233, 119 : 
cf. Zimmermann, A. 216, 6) by passing dry H 
over molten UBr^. Dark-browp needles ; easilj 
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toiatitise^ ; not clianged by continued boating in 
H ; vefjr hygroscopic ; warmed in II^S, in com- 
plete absence of air, forms UjSs. 

Uraniuin^ chlorides of. By heating U in Cl 
both UCL^d UCl, are produced ; and by heat- 
ing UC1^ in H, XJCla is formed. 

UiUNiuM pENTAciiLoaiDK UCl,. Mol. w. not 
determined; formula prcJbably molecular, from 
analogy of MoCl, and WCl^. • • 

Preparation. — 1. By heating U in excess of 
Cl. -2. A slow stream of dry Cl is i)iissed over a 
fnixture of charcoal and any oxid^ of U, or 
UO.Clj, heated to dull redness in a ^ass tube ; 
dark-green octahedral crystals of UCl, are 
formed near the heated part of the tube, and in 
front of these needlo-shapedcaystals of UCl^ are 
deposited, mixed with a loose brown i^owder, 
which is also UClj. If the stream of Cl is rapid, 
most of the UCl^ is produced as a light-brown, 
mobile powder (Itoscoe, C. J. [2] 12, 933). 

Properties and Reactions. — UClj crystallises 
In long, dark, needle-shaped forms; the crystals 
are lustrous, and reflect greenish light, in trans- 
mitted light they are dark ruby red. Both the 
crystals and the brown powder are very hygro- 
scopic. Dissolves in water, with a hissi>ig sound, 
forming a yellow-green liquid and giving off 
HCl. Decompefeed to UCl^ iftid Cl when heated, 
either alone orimCOy oP Cl ; decomposition begins 
at 120^^ in COo, and is complete at 235 \ Heat- 
ing in NHj probably produces a nitride (lloscoc, 
he. ; no ttBalyses given). 

Combination. —A compound UCl;,.PCI.i, is de- 
scribed by Cronandcr {J. 1873. 222) as an* 
amorphous, yellow solid ; formed by heating 
UOj with excess of PCl^ in a sealed tube for a 
long time. 

UuANiOM TETUAcnLOKiDB UCl,. {Uraiwus 
chloride.) Mol. w. 3S0- 18. 

Preparation. ~1. U is heated in Cl. - 2. A 
mixture of charcoal and an oxide «»f U,or UO.Clo, 
is heated in a slow stream of dry Cl (Poligot, /I. 
43, 258; cf. Boscoe, C. J. [2] 12, 933). The 
crystals that form nearest to the heated part of 
the tube are again heated in a stream of dry 
CO-i, whereby traces of UClj are volatilised and 
removed (Zimmennann, A. 21G, 8).— 3. A solu- 
tion of ammonium uranateln IIClAq is rfduced 
by Zn, and the solution i? evaporated and crys- 
tallised. Arendt a. Knop (0. C. 1857. IGl) re- 
duced, by boiling the solution for lAmifl. with 


bines with several met^Ilie ehlorides to form 
double salts. 

Uranoxy chlorides. {Chloroxyuranates.) 
UO,Cl,.2MC1.2a*q, or M,UO,Cl,.2aq. Salts of 
this composition, M = NH, and K, are pi^duced 
by the reactiitn*of largo excess of HClAq with 
uranates of NJI^ and K (Pidigot, A. 43, 279). 
The K compound is also formed by acting on 
UOCl, w^tli <;xces3 of KClAq, and separating 
the KCl that crystalfciscs with the K.^UO.Ul^ mo- 
ch.anically (Berzelius, 1,31)0). The K com- 
pound 'forms thick plates - (for crystalline 
measurements %. do la Provostayo, yi. Ch. [3] 6, 
105); easily loscyP water ; gives off ITCl at a 
little above 100°; ^nelts at red heat, giving off 
Cl, and leaving U6;. and KCl. The ammonium 
compound forinswery deliquescent rhomhohedra. 

UiiANiuM TRicnLoiiiDK UCl.,. Mol. w. not 
determined. Obtained by P.digot (l.%.) by heat- 
ing UCl, in d^y II as long as II Cl was given off. 
Also formed iu solution by*long-continuod re- 
duction of urariyl salts by Zn and lIClAq (Zim- 
mermanlT, yl. 213, 3(7lj). A brownish-red solid ; 
dissolves very readily in wafer, forming a red 
solution, which gives off II and becomes green 
(v. P., l.c . ; Z., l.c . ; also yl. 210, 12). 

Uranium, ferrocyanides of.# Various com- 
pounds are described by WyrubolT (yl. Ch. [5] 8, 
411) and Attorberg {Bl. [2j 2t, 355Lg^4)btained 
by ppg. K,PeCyjAq by solutions oTBalts of U* 
The following formuhe arc givcm : 

1(1) U..FcCy,.10aq ; (2) U,K,FeCy,. 6aq ; 

^(3) (UO.)3K,(KoCv„),.0aq; 

(1) (UCr),K,.(i''eC>.)..12ivq. 

IJranium, fluorides of. Only «io compound, 
UF^, has*been isolated witli eerlainty. 

UuANIUM TETllAKLUOUTDU UP,. {UrailOUS 
jliioride.) Mol. w. not dcierujincd ; formula 
probably molecular, from analogy of UBr^ and 
UCl,. Pri pared by adding IlPAcj todJ^On, boil- 
ing, pouring off the yellow solution (which con-» 
tains UO.F„), washing the green powder tnat 
remains, tiist on a filler and tlion by decantation, 
until free from llPAq, and drying at 100° 
(.Smithells, G. J. 43, 125 ; cf. Bolton, Z, [2] 2, 
353). The process of washing is very tedious, 
and occupies many days. UF^ is a green 
poTAd^r; iiisol. in water and dilute acids; slowly 
dissolved by cone, acids; boiling NaDlIAq pro- 
duces UO.3. Heated in a Pt crucible with the* 
lid on, a small quantity of a wMte, bulky sub 


Cu and a litie p"tCl,Aq ; they then filtered, Statu- I linftite is obtained; this sublimate is UO^P, 
rated with H.,S, filtered, boiled off li^S.and crys- j (Smithells, l.c.) ; the residue ii^ the crucible if 
tallised. jxhietly Heated on Pt foil, UP 4 leavefl 

Properties and Beaeftons. — Dark*- green, (S., i.c.). . 

lustrous, regular octahedral crystals ; volatilise’s^ Dozcble salts. — Bolton [l.c.) obtained the 

’ ' ’ * — — J- TT 1.1 Tz-iP UF,.NaP — as green 

1 dilute acids, 

^ wUen heated 

fumes much in air, giving off HCl ; dissolA^f in to redfiess, in closed vcssels—by the action of 
water, with a hissing sound, forming a green ; formic or oxalic . acid oft UO 3 P 2 . 3KP or 
solution that is unchanged in Jiir ; gives green, 1 UO...F. 3 .NaF (v. infra) in sunlight. Th^ corn- 
amorphous UCI4 by evaporation in vacuo, but is ■ jiounds maybe called ttranq/i 7 /oiijd«s, and written 
decomposed by evS^oration in the air. When j KUFj and NaUFj, * 1 # .j • 

4JCLAq is drooped into -boiling water til the If; Uranium hexafluoride was Aid by 

if ppd. as UO,.^oO. Solution of UCI 4 rednees Ditte [O. Bf 91. 116) to formed by heating 
salts of An and Ag to. the metals, and FeCl, to ,U,0, with HFAq, evaporating the yellow liquid, 
FeClt, Ac. ^ heating* in dry H one-fourth of and heating the crystals of UF 4 . 8 HF thus ob- 
khe 01 if renJTved and XJCl, remains (P 6 ligot, A. j tained ; but Smithells [G. J. 43, 125) has sho^ 
0, 806). to P61igot {lx.), DCI 4 com- '• that the fubstance obtained by evaporating tlm 
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BoUiuon fonned by heating UgOg with HFAq ia 

VO . JF.J ( v . Uraniitm oxtfluoridb, p. 828J. 

Uranoxy fluorides, {Fluoxij-uranates.) 

These compounds may be regtJtded either as 
double .salts of UO51F2 with alkali fluorides, or as 
salts derived from hypothetical tidids 
The compounds are formed by adding alkali 
fluorides to solutions of uranous nitrate, and 
crystallising under different Conditions (u. 
Bolton, Z. [2] 2, 353 ; Baker, O. J. 35,763). The 
compounds that have been isolated belong to 
several series : (l)y^IF.U02P2.a:aq = MUO lVxaq. 
where M^^Na and x = 2 ana 4 (Boiton); 
(2) SMF.UO^Fa^MjUO^F,, Swhere M = NII, 
and K (Bolton; Baker); 8KF.‘2UO..F... 2aq 
-K,U20.F,.2aq (Baker) ; (4) 5KF.2UO.J'2 

«K,U20,F, (Baker) ; (5) 3QaF,,.5UO,:F,.2aq 

(Bolton). Two other senes wore described by 
Ditte (G, B. 91, 166), 4MF.UO,F, and 

4MF.UOF4.xaq; but the experiments of 
Smithells (C. J. 43f 131) have shpwn that these 
compounds do not exist. 

Uranium, haloid compofinds of. U combines 
directly with Br and Cl, but not with T; no 
iodide, indeed, has been isolated. The haloid 
compounds of U belong to the form TJX.,, where 
X = Br or Cl ; ^JX^, where X - Br, Cl or F ; and 
UXj, where X =» Cl. The compounds UBr , and 
UCl, have been gasified, and the (ormulro are 
molecular From the analogy of WClj and 
IvfoCla the formula UClj is probably molecular; 
this compound decomposes to UCl, and Cl when 
heated, either alone or in CO.^ or Cl. From the 
analogy of CrClj it may bo supposed tlv.t UCl, 
and UBr, are molecular formuhe. No haloid 
compounds ol^U have been isolated correspond- 
ing with the chlorides of Cr, Mo, '• and W, 
lyfxCljj*. No haloid compounds of U are known 
containing each more than one halogen. Various 
ozyhaloid compounds, chiefly UOX.^, and com- 
pounds of iiheso with alkali haloids, are known. 

, Uraxdum, hydroxides of, v. Uuaniuiu, oxides 
AND HYDRATED OXIDES OF (infra) ; also UlUNIDM 
OXYACIDB, AND SALTS OP (p. 820). 

Uranium, iodides ofi No compound of U 
and I has been isolated. Hermann (J. 1861. 
260) and Sendter (Vcrbiiul. des Uraniums^ 
Erlangen, 1877) failed to obtain an iodide by 
heating a mixture of UO, and C in I vapcyir or 
JnHI. ^ 

Uranium, nitride of, UgN,. A ^eyish-blao": 
powder ; obtalhed by heating UCl, in Nil,, then 
mixing with NII,Cl and heating for a long time 
in a streqm of‘'NH., (Uhrlaub, Verhind, einiger 
MetaUe mit Stic.ksloff, Gottingen, 185^;. Boscoe 
(0, J. [2] 12, 933) states that a nitride is formed 
by heating UCl, in Nil,, but no analyses are 
given. 

Uranium, ojcides and hydrated dxicies of. 
When U is burnt in rfir', he product is U,(5g; 
by heating this oxide with reducers, or fof^a long 
time in a stream '‘of N or CO2, UO, is formed; 
UOais produced by fusing U,Og with KCIO,, also 
by heating Ura(NOa).; by adding HAAq tb 
U0g((X13,0j)jAq or tjb,(NOa).Aq a hydrate of 
UO4 IS obtained. Besides these four oxides, 
others, intermediate between UO„ and UO,, 
perhaps exist. No definite hydrate of UO., ha? 
been isolated; the pp. formed by adding 
NH,Aq to UCl. Aq, or to solution of a uranous 
iAlt {U(SOJ^ ^0.), if either a hydrate, or a 


mixf nre 0 / hydrates, 0 / VO^ A bexahydrate oi 
XJgOg probably exists. Uranic acid is the Vnono- 
hydrate of IJO,. UO, dissolves in some aoi^g 
to form corresponding salts; UjO, is said to 
react with cone. H,.SO, or HGlAq tq form both 
uranous salts UX^, and uranyl salfc UO.,X, 
where X= a divalent acidic radicle. UO, inter- 
acts with several aoi(Js‘ to form uranyl salts 
UpjX“; UO3 also reacts as an acidic oxide with 
strong bases, forming uranates, di*uranates, iSrc., 
M*,UO„ MijU.,©,, &c. 

According to Guyard (Bl. [2] 1, 89), two oxides 
having thg compositions UO and U3O, exist;* 
; but the more accurate investigations of Ziinmer- 
mann (A. 213, .SOI) showed that the substances 
examined by Guyard were not definite compounds. 
PiSligot described a%lack oxide U^O, ; Zimmer- 
mann (A. 232, 273) has shown that the substance 
I is a mixture, in variable proportions, of UO. 
and U.,0,. 

Uranium dioxide UO.,. (I7ra?i07is oxide.) 
Mol. w. not known. This oxide was supposed 
to be the clement U until 1840, when Peligot 
proved the presence of 0 in the substance 
(A. Ch. [3] 5, 5). 

Formation. — 1. By heating U3O8 with such 
reducing agents as H (Arfvedson, P. 1, 245), 
NH,C1 and S (Hermann, J. 1801. 258), a little 
C (Buchlmlz, QehWn's Ann. 4, T7, 134), oxalic 
acid (Wertheim, J, pr. 'llO, 211), &c. — 2. By 
heating U-Oh for a long time in a stream of N 
or CO2 (Zimmermanu, A. 232, 283).— 3. By 
<1 strongly heating UO.^.C.p^ in absci>-,e of air 
(Berzelius, P. 1, 359), or in a stream of H (P61i- 
■got, A. Ch. [3] 5,5; Ebelmerf, A. Ch. [3] 6, 180). 

Preparation. — A mixture of UOOl, and 
excess of NaCl and NH^Cl is strongly heated in 
absence of air ; and the product is washed 
thoroughly with water, and dried (Wohler, A. 
41, 345 ; cf. Hillebinnd, Zeit. f. aiwrg. Chernie^ 
3, 243). If air is not excluded during heating, 
some UO3 is obtained (H.,. l.c.). This process 
gives UO2 as a black crystalline powder. In 
place of using UO-jCl.^, a solution of ammonium 
uranato in HClAq may be mixed with excess of 
N^Cl and NH^Cl, and evaporated to dryness, 
and the residue liealed. By fusing any oxide 
of U with borax for 24 hours, and wa.shing with 
water^and theu withMilute acetic acid, or dilute 
HClAq, Hillebrand (f.c. p. 249) obtained jet- 
black ootahedra of UO., isomorphous with ThO,. 

Proper ‘ics.—Prepared by heating 
U03iC)204, UO.2 is a dark-brown, pyrophoric 
powder ; if the temperature has been kept high 
the oxide is lustrous, reddish-black, and not 
pyrophirio; prepared by heating UOaCl, with 
NaCl and NH4CI, UO, forms black, non-pyro- 
phorio, octahedr^ crystals. P61igot gave S.G. 
19T5; according to Hillebrand (Z.c.), the S.Cl. is 
nearly 11. UO., is insoluble in water, H^lAq, 
am' ’'dilute HjSO.Aq; it dissolves in HNO^Aq, 
and in cone. H.^SO^ in presence of a little water. 
UO2 is oxidised to U3O,, by heating in air. 

BeactUms. — Heated in air or oatygen 
UjO* is produced; UO^ burrs brilliantly in the 
' ^-H fiafhe (Clarke, O. A. 62, 853).*— 2. Heating 
in sZiloi'inc prqduoes UOaCl^ ; v^aen mixed' with 
carbon and heated in chlorine^ UCl^ and UCI 4 
are formed. UBr 4 is produced by heating UO, 
mixed with carbon in brotnine va|)our.— 8 - U,0, 
is formed by heating UOa water vajy^ 
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(BegnAolt, A, Oh, [2] 63, 868 ).— 4. Heating in 
vapour ol carbon disulphide produces U^O.^S^ 
(Hermann, J. 1861. 258 ; H. Hose, G, A. 73, 
1 . 39 ). tJO.^ is said to be unchanged by heating 
in hydrogen sulphide (Arfvedson, P. 1, 246). — 

5 . A solution of UO, in cone, sulphuric acid 
gives green crystals of U(SOJj on evaporation. 

HYPiUTas OF DBA.NIUM DIOXIDE. No deliiiite 
hydrate of UO^ has been isolated ; NH.,A(upro- 
duces a reddish-brown pp. when afhletl to UulfAq 
or solution of a uranous salt, this pp. becomes 
black on boiling; when washed with air-free water 
• and dried in vacuo it forms blafk, coherent 
lumps. A black pp. is also produced by dropping 
UCl 4 Aq into boiling water. These black pps. 
contain UO, ; they are probably hydrates , of 
this oxide. The name imanomt hi/droxidc is 
often given to the pp. obtained by oitlier of tlio 
processes described ; the pp. disstdvos in dilute 
H.SO.Aq, HNO.A.i, and HClAq. 

UbanosO'Itranic oxinn {Olivi'-grccn 

oxide of uranium. Uranyl urayuitc UO 2 . 2 UO 3 .) 
Mol. w. not known. . 

Occurrence.— In combination with SiO.,,, .and 
oxides of Sb, As, Ca, Cu, Fe, Mg, Ac., in pitch- 
blende. 

Preparation.— V, or a decomposable U com- , 
pound, e.g. U()i;(NOj.j, is heated in the air and | 
then in a stroifhi of (5, and^is allowed to cool in ; 
O (y. ZimmeTmnnn, A. 232,283). For a method * 
of preparing U;,Og from pitchblende v. Uitvsiusi, ' 
Preparation of (p. 821 ). i 

Properties. — A dark olive -green powder,*' 
sometimes almost black, but always .showing a 
green streak when tubbed on ungla/.ed porcelairt 
(Z., f.c.). S.G. 7-2 (Karsten, 66, 391); 7-31 
(Ebclmen, J. pr. 27, 385). S.H. *07970 (Donath, 
D. 12, 742). Insoluble in water; slightly 
soluble in dilute IIClAq or lLSO,Aq ; soluble 
in UNOjAq, also in IFSO, with a little water. j 
Reactions. -1. Gives off 0 when heated in j 
air or in an indifferent gas ; the final product of 1 
heating in N or'CO. is' UO,^ {Ziinmcrmann, .1. | 
232, 283).— 2. Heducod to UO. by heating with ; 
hydrogen, carbon, sulphur, potassiuyn, or sodium. ' 
3. Heated in vapour of carbon disylpliido ! 
UjOaS^ is formed.— 4. Heated with cone, .std- ; 
phuric acid, or with hydrochloric acid to 180^- ‘ 
200®, gives both uranous find uranyl sulphates, 
or chlorides; reacting as 110.^.2X10;, (Z., A, 232, 
237).— 6. Silver nitrate solution is slowly re- 
duced to Ag (Isambert, G. i?. 80, 1081^). * 

Hydbatsi of ubanoso-ubanic oxide,* By 
adding NHgAq to IJCl^Aq and allowijig the pp. 
to oxidise in the air, and drying in vacuo over 
H 3 SO 4 , Rammclsberg (P. 55, 319) obtained a 
greenish-black solid which may have been a 
hy^ate of U«Og; one determinaticyi of water, 
onl^is given which agrees fairly with UiO,. CJq. 

UnANroii TBioxiDE UO,. {Uranic 
Uranic anhydride. Uranyl oxide { GO moL 
w. not known. This oxide is obtained by care-* 
fully heating the hydrate UO»H.,0 (v. infra) to 
800^ (Bbelmcn, A.j^ [2] 6, 199) ; to 250®, tem- 
perature being gikdually raised (^^uolin* 
YA. C, 184o. 183). The'oxide is also formed hy 
heating U0,.0O,.2(NHJ,CO, to *800® (E.,7.c.). 
The preparation of UO, may be conducted by 
heating UO,({lO,), in a Pt basin until deoompo- 
I o^ginJ, tjfea transferring to glass tubes 


and heating these in an oil-bath to 350® so long 
as acid fumes are gived off. 

UO/ is a chamois-yellow powder. S.Q. 6*08 
to 6*26 (Brautier a. Watts, P. M. [6] 11, 60). 
Kbelmen H.c.) described UO, obtained ^by heat- 
ing UO.i.CO,^(NH,) GO, as a sealingwax-red 
powder. When UO, is heated to redness it gives 
off O and U,0, remains (E., l.c. ; cf. Head, C. J. 
65, 313 [I89y) ; the oxide seems to be somewhat 
vol.atile %.t the tenuierature of a porcelain ov^n 
(Eisner, J. 1866. 3.T). 

UO., reacts with many acids as a basic oxide, 
but the salts formed are ni^ays liusitr s ilts of 
the forms UXa.*2yO;,. where the radicle of a 
monobasic acid, *aiui UXj.L’UOj where X » the 
radicle of a diix.lio acid. It is customary to 
write the formu^io of these basic salts as UO,.X*, 
and UO.^.X”, and to call them uranyl salta 

(UO,- uranyl) ; thus *- UO,(NOJ„ 

and ?(®^“-?i^2! = UO,(SO,). 

¥0, behaves towards strong bases as an 
acidic oxide, forming uranates M.^UO|, and di- 
urunates INUU.U,, itc. ; these salts are generally 
formed by fusing U coui])ouiul8 with bases and O, 
and by ppg. uranyl salt .solutioiil by strong bases. 
When KOHAq, NaDMAq, NII,,Aq, BaOAq, or 
CaOAq is add(‘(i to a solution of a a aK inyl suit, 
e.g. to UO,,{NO..,)aAq, tbo pp. consists of ^ 
nranato of the metal of the base. Alkali 
carbonates ppt. alkali uranates, but the pps, 
contaih also CO^; the pps. dissolve in excess 
of th(f alkali carbonates forming dcpible car- 
bonates of uranyl and t)i(3 allvli metal, e.g, 
U 0*00^2 (Nll,)UO.,. Addition of alkali or alkali 
carbonate to solutions of uranyl salts containing 
other metallic salts eauses ppn. of a uranat^of 
the metal of the salt present, generally mixed 
with alkali nranato {cf. Ubanidm* oxyacids, 

AND SAJiTS TIIKUKOF, p. 826). ^ 

By adding KOIlAq to a cold solution of WCl, 
or UO;,{NOa)^, and dialysing, Graham (T. 1861, 
213) obtaiue<l a solution, free from acid and 
alkali, which iiu regarded as a loose compound 
of sugar and UO;„ and which he called sucrate 
of peroxide of uran ium. 

Hydrates of uranium trioxidb. Pure hy- 
drates of UO, are not obtained by ppg, uranyl salt 
solutions by alkalis (v. supra) ; but accordipg td 
^^bolmeri (A. Ch. f3J 5, 199) Up,.a:fi,0 is pro- 
duced by boiling an aqueous soiution of 
UO.„CO:,.2(NH^)Ub, until ayeUpwpp. is formed, 
and allo^ng this pp. to stand for a* long time. 
\ By the continued action of sunlight on U 0 .^(C, 04 ) 
in presence of watftr, UO,.3;II;,0 is said to bo 
formed ; after washing and drying in the air, the 
solid tiateihe composition U(3,.2U,0 ; and after 
drying in vacuo ilu) eoinposiMon ie U0,.H,0 
(E., 4^.). Berzelius (B. J. 24, llo) obtained 
U0,.H,0 by heating UO.(N(A), on a sand-bath 
until acid fumes ceSsed to be given off, washing 
•the residue with boiling wat^ and drying ii^ 
air. The same hydrate is saic^o be formed by 
heating U,0, with KCIO, until fusioff^tMJgini, 
boiling out ^ith Water, and drying in air (Hreilk* 
mann, J. 1861. 250). Tht best method of pr#- 
•paring UO,.H.,0 soi.-ms to bo that given by Mal#- 
guti (A. Ch. [8] 9, 463), vie. boiling # solution 
of UO,{NO,), in absolute alcohol as Jong as i 
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reaction proceeds, washing the yellow solid that 
separates with water, and drying in air or in 
vacuo \ ElNOg, N.^,, C^H^O, and H.CO.^H are 
formed in the reaction. * 

UO,.H.p is described as a yellow powder; 
8.G. 6*‘J3 at 16° (Malaguti, Lc.) ; leddens litmus 
paper ; when hot it absorbs GO.^ from the air ; 
heated to 260°-300° water is given off and tJO, 
remains (Ebelnqen, Z.c. ; Jacquelin,^vl. Ch. [3] 5, 
109) ; heated to redness givpa off O and leaves 
UaG^. UOg.KjO is generally called uranic acid ; 
V. Uranium oxyacids, and salts tiierkof {infra). 

Uranium pkroxVe. By adding U0;,(N03) Aq 
to a mixture of H.O.Aq and t|i, large excess of 
HBO^Aq, and allowing to stand for a consider- 
able time, Fairley {G.J. 31, 1^.: [1877]) obtained 
a small quantity of a heavy, crystalline, almost 
white pp., which when dried (? in air, or at 
100°) had ttie composition UO^. By adding 
dilute II.p.Aq to solution of UO.(NO.,)._. or 
UO.^(C.JI^O.J.^, free from acids, Fa'irlcy (lx. p. 
127) obtained a yellowish-white pi?., which when 
dried by pressure between ftlter paper Jiad the 
composition U0^.411U, and when dried atAOO'^ 
the composition UO,. 211,0. 

Zimmermann {A. 232, 273 [1880]) failed to 
obtain the tetrahydrate UO4.4II.U; according to 
him the dihydrale UO, .2 1 1.^0 is very hygroscopic, 
and begins to decompose at 115°. Alibegoff 
also obtahre^ only U0^.21IX); he failed to pre- 
pare the anhydrous oxido UO4 (d. 233, 123 
[188C]). 

Hydrated uranium peroxide, dried at 100°, 
is a yellowish-white powder ; decomposed by 
heat, giving off 0 and leaving much U.,0„ ; re- 
acts with alkal: solutions to give UOa.x*IUO,,and 
a solution from which alkali pemiranatc 
2M,p.UO„. 8aq, crystallises (Faiil\v, Z.c.; v. Per- 
uf‘'anates under Uiunium oyyacids, and salts 
lUBRKOF, p. 827). 

XJraniun oxyacids, and salts thereof. 
= H.JUO4 reacts with strong base*- as an 
aoi&, forming uranates M'.jUO^ ; di-uranales 
are also known, and a f(iW tri- and 
hexa-uranates. A few i)erurannh’s are derived 
from hydrated uranium peroxide UO,..tI1..,0. 
The compounds of UChX.^ with MX (X-Br, Cl, 
or F) may be regarded as bromoxy-, chloroxy-, 
and fluoxy-uranates. The substance known as 
uranium red is perhaps UG.-ONH^-SNll,* ix. 
the ammonium salt of an oxytliio-uranic aci(][. 
(r. Uranium oavBULriiiDKs, p. 828). 

Uranio acid ILUG^. Tin’s compound is o-b- 
tained as a ycllov powder, which reddens litmus 
paper, and is decomposed to UG^ ani.l Hp at 
260°-300°, and to UgG^ and G at a higher tern- ' 
perature, by boiling a solution of UG.(NGa).^ in 
absolute alcohol, washing the solid that ^sepa- 
rates with water, and drying in air or \n lacuo. 
(For other ^metMods of preparation, and mo£e 
details v. Hydrates of uranium triox»>e, p. 
826.) The salts 6f HgU04^are prepared indi-i 
reotly. 

Uranates, ij^tUranates, (&o. Salts derived^ 
from ; salts derived from the hypotheti- 
cal aoftis HaU,G|g, HjU.G,, are also 

known. , • 

UBANATES. Suts of the composition 
M*,U 04 and M^UO*. These salts are prepared* 
by pps- solutions of uranyl salts by bases in 
f^uuonf or by adding alkali solution to a mix* 


tare of a nranyl salt and a metallic oxide in 
solution ; also, in many cases, by oxidising; U^G, 
or UG,^ in presence of a base or a salt of a base. 
The uranates are insoluble in water, and are 
not readily decomposed by heat except the am- 
monium salt. Carson a. Norton 219) 

have pointed out that analyses of uranates al- 
ways show considerable differences between the 
percentages of U found’ and calculated ; they 
hale found the same anomaly in analyses of 
uranates of ammonium and several ammonium 
derivatives, such as NEtH„ NEt^Ho, drc. 

Ammoniqm uranates. The pure salt does not • 
seem to ha Vo been isolated. An impure uranate 
containing c. 90 p.c. UG, ((NH,),^UG4 requires 
84-G() p.c. UO3) is obtained by adding NH^Aq to 
a solution of a nraiiff salt (Pcligot) ; it is a yel- 
low powder, which loses H^G and NH, above 
100 \ very slightly soluble in water, and insol. 
NHjAq (Arfvedson, P. 1, 245). An impure salt is 
also obtained by adding NH,ClAq or (NH4).S04A(j 
to boiling Na_.IJO,Aq, as long as NHj and CG^ 
are given off, wasliing the pp., and drying at a 
^w iteTni>erature (Anthon, D. P. J. 156, 211). 
Heated to redness gives U;,G* ; many of the com- 
pounds of U are prepared from ammonium 
uranate. 

Potassium uranate KUG,. Prepared by 
heating C g. UaG^ witcJ IIClAq andJINGaAq, add- 
ing 4g. KCl and 16 g. NM,C1, evaporating to 
dryness, heating very strongly until tlio fused 
mass is orange-yellow, and washing with water 
^(Ziniinermann, A. 21.3, 290). The sal,^ is said 
to be formed also by strongly heating IJG.JIPG4 
^obtained by ppg. a uranyl salt by a phosphate) 
witli K.SO, (Grundoaii, A. Ch. [0] 8, 223). 
Grange-yellow, rliombic tablets ; iusol. water, 
cold or hot; easily sol. acids (Zimmermann, 
lx.). 

Sodium uranate NaUG^. Prepared by fusing 
U:,G8 \vith NaCl and NaUG,, or with NaCl 
Avith gradual addition of NaClO,, and washing 
Avith water; resembles K..UG4 (Zimmermann, 
Z.C.). 

Lithium uranate Li3UG4 has been prepared 
similarly to KJJO, ; it is said to be decomposed 
: by Hot water (Z., Z.c.). Uranates of Ba, Ca, and 
Sr — MUG4-— are said by Ditto {C. R. 95, 988) to 
bo forii.ed by heating the chlorides of these 
metals with U3G«. 

DI-UilANATES. Salts of the composition 
Mj‘U„0», and M'JUaG,. The formulm may also 
be wrj^tten M‘.jUG4.U03 and M^^UG^.UGg. 

Barium di-uranate BaU.,G,. Formed by 
ppg. UG,(C,HAMq by BaOAq (Berzelius, P. 1, 

■ 359) ; ali.o by heating to redness UG3.Ba(G.,H3GM)4 
(Weitheim, J. inr. 29, 207). A yellowish-rod 
poAA'der. 

Calcium di-uranate CaUjG,* Formed, sac- 
cording to Ditto ( G. R. 95, 988), by strongly 
heat^rg UaG^ with Ca(ClG3)3 ; a yellowish-green 
solid. 

* Copper di-uranate CuUsO,. Thii salt ii 
said to be formed,(lis a green crystalb’ne powder, 
by fusing Cu(UG3.PG4)3. 8aq.-with NogCO,, and 
Trashing jvith water (Dejbray, A. CA.X8] 61, 461). 

* I^ad di-uranate PbU^O,. Tormed by di-*^ 
gesting with freshly ppd. PbCO, 

(Wertheim, J. pr. 29, 207); also by adding 
NH,Aq to a mixture of U03(K04)3Aq and 
Pb(NOMq(Arf7ed8on4P.l,26^. AyeUowiab- 
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red powder, becoming green when heated ; | are used, or ppg. by a little alcohol it dilute 
strongly heated in H, gives a pyrophoric mixture | solutions are used, an'd drying by pressure in 
of Fb and UO,. j liltcr paper. Poleck (B. 27, 1051 [1891]) obtained 

PotaBsium di-uranate EjU^O,. Formed by ' this salt by aeWing sodium superoxido to solution 
melting together UOj and KjCO, and washing j of a salt of U. The salt is golden -yejilow and 
withwatgr; also by strongly heating U02.K.(C0a)a lustrous; it^sl^wly absorbs CO,, from the air, and 
or U0 o.K(C.,H 30 .j )3 (Berzelius, P. 1, 959). A 1 gives oO' O. When heated, alone or in CO..., it 

yellowish-red powder. • gives off 90 ; it also loso.s 90 in contact with 

Silver di-uranate Vg.,,UoO.. Obtained by I acidiUed KVnO,.\(| or other ijnstable O com- 
adding amorphous KjU04 to molten AgNO.* and i pounds.* The ratio of U to ‘ peroxide oxygen’ is 

washing with ice-cold water (Alibegoff, A. 232, ! U:90 as measured by the (piajitity of ICMnO^ 

129; 233, 117, 143). Also by strongly heating j decolaurised by a solution of the salt. 

► U03.Ag(C2H,0«)a (Wertheim, J. pr. 29,221; c/. j Sodium-uranyl per-urar^o 
Bamraelsberg, P. 69, 10). An amorplftjus, yellow- I Na..{lJO...)UO„. (5^. The foi nuila may also bo 
red solid; easily sol. acids; deconiposod by hot written Na.^O.TJ.T).,. tuiq or Nii^O.UO.,.UO^. Oaq ; 
water (Alibegoff, /.c.). ^ ! or, regarding the ‘joinpoimd as a double peroxide 

Sodium di-uranate Na^%0,. Oaq. Obtained ' of IJ and Na, ij.s 2UL>,.Na.p.,. (Jjiq. The salt is 
by ppg. uranyl salts by NaOlIAq (Patera, J. pr. prepared similarly to Na,lJb^,Ma(i, but using only 
61, 125; c/. Stolba, I&. 3, 74). Loses water of the minimum quantity of N aC) I LAcf required for 
crystallisation over ILSO^. A light-^'cllow to solution, and adding alcohol, when it separates 
darkish-yellow powder. Known commercially as a red oif wljicii slowly crystallises to a rod 
as uranium yellow (v. Dictio.nauy ov Applied solid. The qhantity of KMnO^ in solution do- 
CnEMisTUY, vol. iii. p. 893). colonrisipd by a soliAion of the salt showed that 

Di-uranate of strontium SrU.Oj is said al.so . the%atio of U to * peroxide oxygen ’ i3U:30. 
to exist (Ditto, C. P. 95, 988). * * ! Uranium, oxybromide of, UD.dlr.j, {Uranyl 

Till-UliANATKS. The only salt that has hromUle.) In preparing U15r„ by heating n mix- 
been isolated is sodium tri-uranate Na^U.,0,o ; , ture of U.,Oh and 0 in Br \apour, llermann (/. 
it is prepared by fusing U0,.{S04) with NuCl, and Ibtll. 200) obtained a yello\^^ easily volatile 
boiling out with water. TWs salt forms yellow . sublimate, whicdi was piobably an oxybromide. 
leaflets rosefuh'ing mosaic gold; S.G-. 0*912; j B,y heating IJO.., \Nith 15r and also by 

hygroscopic; insol. water, sol. acids (Drenk- j di.ssolving in JlBrAq, a colourless liquid fa 
inunn, J. 1801. 255). • j obliained, which on e.vaiimation gives yellow 

HEXA'UllANATES. The ))oiassium saU,J needles of the In/ilra/rd o.riihromidc lJOJiir.,.7(Lq 
KjUaOin.^Gaq, is described as a yellow micro- ' (Sendyier, A. 195, 325). Tliis compound com- 
scopically orystallkio powder, which lo.ses alt bine.s with NIf,Br and ICBr (o form UO/Br.2.2MBr 
water at 300'^-400® ; prepared by melting (r. yuANOxvinioMinKS, p. H22). • 

00.2(80,) with KOI (Drcnkmann, J. 1801. 255). ' Uraikium, oxychloride of, UO.Cl.^. {Uranyl 
PhUl-UKANATES. By adding exce.'.s of cMoridc.) Formed by strongly heating UO^ iu 
alkali and II^O.Aq to solution.^ of uranyl .salts, Cl ; a yellow, crystalline solid, (easily fused, nut 
Fairley {C,J. 3i, 134) obtained salts winch may volatilised only a.t a high teiriperaturo ; heated 
be formulated as Oh. a;aqandM'Jl"UOH. a*aq witli K forms CO^ and KCl (I'eligoS A. Oh. [3] 

where M=iNIl4, K, or Na, and 11 -UOj. ! ft. n)* •By dissolving UOs.Il.O in HClAq, al.sq 

Ammonium-uranyl peruraiiate j by oxidising UCI4 by HNOjAq, and cvaporatliug, 

(Nn4),2(UO,JUOH. 8aq. The formula may also bo ! ycdlowish-grcon cry.stal3 of lJ().Cl.;.:rll,0 are ob- 
written (NHJD.UjOg. 8aq, or tained (Klaproth, Crclt's A. 1789 [‘^J. 387). 

(NlI,)20.U03.U0a. 8aq, or, regarding the com- By <lis.solvingUO.;Cl2 in ether and evaporating, 

pound as a double peroxide of U and Nil, ^ as Rcgelsberger (.1. 227, 119) obtained yellow 

2U04.(NH4),20.2.8aq. The salt is prepared by needles of the compound UO^CI ,.2J'lLO. 
adding excess of NH3Aq a'xd ll^O^Ai] to jk solu- UO.^CI.^form.s compounds willi Nil, Cl and KCl 
tiou of a uranyl salt an(l pi’g- by alcohol ; it is of tife form 2MCi.UO.2Cl3 {v. UiiANOxjfOJiLoianiis, 
an orange-yellow solid, readily soluble in wati r. ; n. 823). 

The quantity of KMn04 in solution ^col^urised i combines with VH, to form 

shows that the ratio of U to ‘ peroxide oxyg|p ’ in j UO.Cl Ja-N 1I.„ where ® 2, 3, and 4. The first of 
the salt is Ut30. these compounds, U0.2Cl2.2.\Jl|^ is formed by 

Potassium per-urauate K4UO«. lOaq. This passing dry NH., into UO.CI^ dissolvftl in ether, 
salt may also be looked on as a double peroxide Isdrying the volumiimus yellow pp. tliat forms, 
of UandK(U04.K404.10aq),oras2K.20.UO„.10aq,, and then placing \v in vacuo over H2HO4 until 
It is prepared by adding alcohol to a solution all cUier is removed ; the second compound, 
obt^ned by treating U0.2(N03)2Aq wUh KOHAq* UO^Cji.aWH,, is formed by Die action of NH, on 
andtsxcess of HaOjAq, and rapidly drying tAe UO.2CI2.2NH,; and § mixture ftf UpaClj.SNH, 
orange-yellow pp. by pressure in filter ps^er. and liO.2Cl2.4NH, is produced bypassing NH, 
The salt rapidly absorbs CO2 from the air and over solid UOgCl,. ^When atif)ngly heated in air 
loses 0 ; it is easily decomposed by heat, giving* Miese compounds give off all NH, and 01 and 
off H-0 and O. Experiraentaashowed that the leave U,0, ; heated out of con^ct with air they 
ratio of U to ‘ perc^de oxygen * is U:80. • give UO, (Regolsberger, A. 227, 119). three 

Sodium ^ peruxunate Na4UO,. 8a<> Thes compounds are called by R. uranylammomum 
formula may atoo bo wntteu U04.Na404. br chlorides, and their formula are written 
2Na,O.UO,.‘8aq. The salt is ptepared by^dis- U0.2(NH.C1)2, U02(NH3(5l)(NH,.NH,01), and 

Bolving ' ordinary uranto hydrate,* or UO4. a;aq, *D0.2(NH,.NH,C1)2. Water reacts thni#— • 

In excess oUKaOHAq along with excess* of (1) 3U02(NH,C1)2 + BH,© =» 

^,0^, allom^ to oiystallise if oono. solations (NH4),U202 -i- U0,01, + 4NH,G1 1 
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(8) TO,(NH,01), + 2H,0 - TO, (OH), + 2NH,Ol ; 
the second reaction takes place qniekly with 
warm water. 

Uranium, oxy fluoride of, UO,F,. {Uranyl 
fluoride.) This compound is produced by boU> 
ing U,t), with HFAq, filtering ‘off UF4 (v. 
Ubakium tetbafluokide, p. 823), and evaporating 
the filtrate ; it is also formed, in small quan- 
tities, by heating in a closed Pt crucible. 
The compound differs according to the method 
of pmparation (Smithells, C. J. 43, 125). 

a-Oxyfluoride. About 1 gram UF^ is heated 
in'a Pt crucible Wth the lid on, temperature 
being raised as quickly as passible ; after five 
minutes the crucible is allowed to cool, the light, 
bulky sublimate is removed, did the crucible is 
again heated for five minutes, and these pro- 
cesses are repeated several times (S., l.c. p. 129). 
This form of UO^F, is a very bulky, light, white, 
crystalline solid ; it is very soluble in water, 
forming a yellow liquid; heated 'in air it is 
gradually changed to U3O*. ‘ 

fi’OxyJluoride. is^treatod with boiling 

HFAq in a leaden vesscd, the yellow solution is 
poured off from green UF,, heated until the 
excess of HF is driven off, and allowed to 
evaporate ; evaporation may bo completed over 
H3SO4 and Ciu) in vacuo ; the residue is 
dried at 100° fS., l.c. p. 130). This form of 
UO.jF, iST^’/ellow saponUccous mass; in one 
instance the preparation had a semi-crystalline 
appearance, forming yellow, lustrous scales ; iE is 
▼ery soluble in water or alcohol ; heated on Pt 
foil UjOg is formed ; heated in a closed crucible 
it is slowly decomposed, giving UOj. /S-UO^F, 
probably forif.s a compound with HF;^. by 
evaporating a solution of UgOg in HKAq over 
and CaO until the weight was constant, 
Smitliells {l.c. p. 131) obtained a substance 
which gave results on analyses agreeing fairly 
with the fwmula UO3F2.HF.H2O. 

A solution in water of either form of< UOgF, 
miked with KFAq and KHF Aq, and evaporated, 
gives the quadratic liuoxy-uranate KjTJO^Fj (S., 
ho. p. 130--1). For the compounds of UO.^l^j 
with MF V. UiiANoxYi Luouimss (p. 824). 

Ditto (C. 2^. 91, 115) gave the iormula UOF, 
to the Bublinittto obtained by hcnting.in a closed 
Pt crucible, the solid that remained when U^Og 
was treated, with boiling HFAq. Ditto sai(f that 
this solid was UO.F^; Smithells (l.c.) has, how,, 
ever, shown that the solid obtained by the method 
used by Ditte is UF,, and that the sublimate 
formed by hcatiixg this is a-UO.Fj. 

Uraniifm, oxy sulphides of. Two cemx^ounds 
probably exist. ^ 

Uraexuu oxysulphidb U.OjS,. This com- 
position was given by Hermann {J. 1861. ^68) to 
a dark, greyish-black solid, obtained by beating 
UCL D,Og,.or N'H, uranotoio redness in vapolir 
of OSf Dissolves in cone. HClAq ; burny when 
heated in air {cf. II. Bose, O. A. 73, 139). 

Ubantl 8ULPHXDB (UO,JS. A brown solid, 
obtained by pp^ an ammoniacal solution of a* 
uranyl by cold (NH4)2SAq, and quickly wash- 

ing wifn cono. alcohol. Probably not obtained 
pure, as it quicUy dejcomposes ; water produces 
UOrOJl^O; at 40°-50^ it is changed to UO, and 
8 (Bemelf, P. 124, 114; Zimmermann, A. 204, 
204 ). (U02)S is somewhat sol. water or dilute 
jjccwol i di^lved by obno. HClAq, giving UCI4 


and S ; dissolved by (NH4)2SAq, only in presenda 
of (NH4)2CO,Aq (Zimmermann, Z.o.), fomiLing a 
brown liquid. 

Uranium Black. By allowing (UO,)S to 
stand in contact with freshly prepared (NH4)2SAq, 
in absence of air, a dull black amorphous powder 
is obtained. This solid dissolves in mineral 
acids, giving off traces of'H^S ; it dissolves partly 
in ,warm (NH4)2C03Aq, but not in warm 
(NTi,)„SAq, nor in caustic alkali solutions; 
heated in a tube to c. 270° it gives off a very 
little NH, and H.O. Zimmermann {A. 204, 
204) gives the formula U,0,o to uranium black, • 
neglecting );as impurities) the traces of NH, and 
S which the substance contains. 

, Uranium red. By allowing (U02)S to 
stand for 24-48 hours in contact with cold 
(NH,)3SAq, exposed to air, a deep-red solid is 
obtained ; soluble in dilute mineral acids, with 
separation of S and evolution of H.B ; gives off 
•NH,, S, and 11,0 when heated to 150° and, at 
above 200°, leaves UaO, (Zimmermann, l.c.). 
According to Z., the formation of this red 
fubstance takes jdace only when is 

present in the (NHj)3SAq used; (NH4)3S203 is 
formed by the action of the air. Z. gives to 
uranium red the composition U6S(NH,)20p«» 
UO.3.ONH4.SNH4.2U2O, {cf. Patera, J. pr. 61, 
122; Bemel6, P. 15M, 168; Herthann, J. 1861. 
14). - • 

Uranium, salts of. Two classes of salts are 
formed by treating oxides of U with acids ; UO, 
forms corresponding salts, UX, wheij X- the 
radicle of a dibasic acid, and UX4 when X = the 
Radicle of a monobasic acid ; UO, forms salts 
(U02)X when X«=tho radicle of a dibasic acid, 
and (UOo)X2whcn X = tho radicle of a mono- 
J)asio acid. The salts UX*, and UX“., are called 
uranous salts ; and (UOJX*, and (UOjj)X” are 
called uranyl salts. (For reactions of the two 
classes of salts v. Uranium, Detection and esfi- 
mation of, p. 822.) Besides the normal salts, a 
largo number of basic salts of both classes is 
known, and also many double salts. 

The chief uranous salts are arsenates^ 
phosphates^ and sulphites. The chief uranyl 
salts are arsenates, brofnate, double carbonates, 
chromates, hypophosphite, iodate, nitrates, oxal- 
ate, pieosphates, phe^phite, selenates, selenitcs, 
sulphates, and sulph'tes {v. Nitrates, Sul- 
rUATES, Ac.). 

Ursniuju, sulphides of. When U is burnt 
in vapour of S, the disulphide US.^ is formed ; 
by jmssing ILS over heated UBr, the sesqui- 
suli)hide U.S, is produced ; and by heating U.jS, 
in H the monosulpbide US is obtained. The 
cmol. w. of none of these is known. 

Uranium disulphide US,. Prepared by 
heating U 'in vapour of S (P61igot, P. 64, 922 ; 
eff Zimmermann, A. 216, 18) ; also by heating 
UCJ-,tlo redness in H2S (Hermann, J. 1861. 258). 
A dark greyish-black powder ; becomes crystal- 
* line when fused with borax ; oxidises slowly in 
air, rapidly on h4hting. Easily soluble in oono. 
HClAq (Hermann, i.c.). ^ 

V Urancuu sBSQUisuLpmDB U,S,. A stream o^ 
perfectly free from air^'is passed over 
heated UBr| aeTong as HBr is given off. Grey- 
black solid, forming p^udomoxphs of UBr,} 
decomposes in air, giving off H,^ bums whw 
healed in air ; scaroeiy acted 4 ;a by HdAq of 
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dflttta HNO,Aq ; decomposed violently by cono. 
HNO, (AUbegofT. A. 283. 117). 

Ubamium uoMosoLPinDB IJS. A black, amor- 
phoos powder ; obtained by passing dry H over 
UyS,, kept at a red heat, for o. 40 hours, until 
11.^ is no longer given off. Similar in properties 
to U,S, (Mibegoff. A. 233, 135). 

Uranium thio-acids, salts of. No thio- acid, 
nor salt of a thio- aoid,*^ U has been definitely 
isolated. Uranium red (u. supra^ p. 828) ||iay 
perhaps be an ammonium oxythionate of U. ' 

M. M. P. M. 

UBAKOXTBBOMIDES v, p. 822, under 

fjBANIUH TBTRABROMIDB. . 

URANOXTCHXOBIDES v. p. under 
Ubanium tetbachlobide. 

UBANOXYFLUOEIDE8 i>. p. 821, undar 
Uranium tetrafluobidb. • 

UBANTL COMPOUNDS, compounds of the 
radicle UOa; v. Ubanyl ammonium ciilouides 
( p. 827), Ubanyl bromide (p. H‘27), Ubanyl 
CHLORIDB (p. 827), Ubanyl eluoiude (p. 82rt), 
Ubanyl salts (p. 828), Ubanyl bULPiiiDE (p. 
828). 

UBAZOLE. A name given by rinner (7i. 20, , 
2368) to di-oxy-triazolo, which may be repre- 

* , NH.C(OH)^t^ NH.COn.vtu 
sented as NII.CO^^^^' 

UBEA CH*N,0, le. C0(NH,),. Carbamide, 
Mol. w. 00. [loU '] (Lubavint Ji, 3, 305). S.G. 
1-823 (SchrOddr,^. 12? 502). S. (alcohol) 20 in 
the cold; 100 at 78®. II.C.v. 152,500. H.C.p. 
152,200 (Stohmann a. Langbein, /.* pr. [2j 41, 
387) ; 10(^000 (Berthclot a. Petit, C, li, 100, 
769 ; 110, 887). H.P. 80,800. 

Occurrence. — In 'the urine of mammalia,' 
especially in that of flesh-eaters (Fourcroy a. 
Vauquelin, A, D. 1700). Occurs in small quantity 
in blood, muscle, chyle, and lymph of mam- 
malia (WurtZjO. E. 40, 52; Poisseuille a. Gobley, 
J. 1850, 612 ; Verdeil a. Dollfua, A. 71, 211 ; 
Munk, P/. 11, 100 ; Pickard, 0. E. 83, 1170 ; h7, 
633 ; Gr6hant a. Quinquahd, C. E. 108, 1002 ; 
Garrod, Pr. 63, 478). Constitutes about 30 p.c. 
of the solid substance of the vitreous humour 
of the eye (MiUon, C. E. 26, 110 ; A. 66, 128). 
Occurs also in saliva (Rabuteau, /. 1873, 877), in 
cow’s milk (Lefort, Z, 1866, 100 ; Vogel, J. 186V, 
932), and in other animal secretions. 

Formation. — 1. By evaporating a Bo]utJl>ri of 
ammonium oyanate (Liebig a. Wohler [1828j, 
E. J. 12, 260 ; P. 12, 253 ; 15, CIO ; A. 38, 108). 
2. By adding a little NHO^ to an tthe^calwolu- 
tion of cyanamide (Cannizzaro a, Cloez, AmlS, 
230) or by the action of dilute (50 p.e.) 
on cyanamide (Baumann, IS. G, 1373). — 3. From 
COClj and dry NH, (Regnault, A. Ch. JB] 60, 
180; Natanson, A. 98, 287), gf^anidine and 
NH4CI being formed at the same time (Fenton, 
C. Jii36, 793).— 4. By heating carbohic ethei^ 
with ]fH,Aq at 180®.— 5. By heating ammoniun^ 
carbamate at 140° (Basaroff , J. pr. [2] 1, 283^«— 
6. By passing an alternating electric current 
through a solution of ammonium carbamate 
(Drechsel, J.pr. [2] 22, 481). — 7? By electrolysis 
of ammonia solutie^ using carbon electrodes 
(MiUot, Bl. [2] 46, 243).— 8. By passing « mix-, 
ture of NH,.and»CO.^ through a red-hot lijbe 
(Bextar, Am. 4, 85).— 9. Formed 6y passing air 
ahaiged with NH, and vflpour of benzene over a 
red-hot beUx ff platinum wire (Herroun, C. /. 


89, 471). Acetylene, but not ethylene, may be 
substituted for benzene.-r-lO. By heating ammo- 
nium thiocarbamate NH^.CO.SNH„ or by shak- 
ing it witli water and PbCOj.— 11. By the action 
of aqueous K^^nO^ on thio-urea (Maly, M. 11, 
277). — 12. By the action of KMnO^ on dtCy in 
acid solution »(Baudrimont, J. 1880, 393). — 
13. By the action of NH.,Aq and ll.^S on coj)per 
fulminate (Gladstone, A 66, 2).— 14. By heating 
oxamidc HgO (Williamson, M^mircs du 
Congr^s scientif. dc*yeniiie, a.d. 1847). - l^By 
oxidation of uric acid.— 16. By tlie action of 
KCIO3 and llUl on guanine (^Irecker, A. 118, 
159).— 1][. By Sidling gnaiftdine with baryts 
(Baumann,P. 6,1*76). — 18. By boiling bigimnide 
sulphate or phcnyl-biguanide sulphate with 
baryta (Emich, ill. 12, 11). -19. By the action 
of baryta on argi»in (Schulzo a.Likiernik, P.24, 
2701).— 20. By boiling croatin with baryta. — 
21. A product of oxidation of if»‘<Ucid8 by 
KMnO, (BOchamp, A. Ch. [3] 48, 348; C. E. 
70, 866 ; Bilh ijj, iJl. [2] 16, 32^. Stacdeler (J. pr. 
72, 251) and Luew {J.pr. [2J 2, 289) failed to 
obtain ufca in tliis ^nanner. Dreschel (77. 23, 
3097)V)blaincd urea from albumen by electrolysis, 
but not by oxidation. 

Preparation. - - 1. Urine, concentrated by 
evaporation, is treated with nitri^^or oxalic acid, 
and the ppd. nitrate or oxal.iteof urea is decom- 
posed by CaCOa." 2. solution of potassium 
cyauato mixed with ammonium siilimate is eva-^ 
porated on a walcr-baih to «lryness, and the 
re.sidue extracted with alcohol.-- 3. A mixture of 
♦dry K,FeCya (28 j)ts.) and MnO.^ (14 pts.) is 
heated ^ill slieky on an iron plate. A cold 
’ aqueous exlraet of the luass is mixed with 
(NlI,^..SO, (20*5 pts.), evaporated nf dryness, and 
extracted Vith alcolud (Lichig).- -4. l)ryK,FoCyg 
(8 pts.) is fas<>d with K./10., (3 pts.) and PbO 
(15 ])ts.) added to the melted mass. Tho cooled 
inixtun; is dissolved in water, mixed with 
(NH,),.Js()^ (8 pts.) evaporated, and •extracted 
with alcAhol (Clemm, /1.6t), 382). Any K,FeCj?B • 
left can bo removed by FeSO^. — 5. Leadcyanate 
is digested with (N11,).^S(), (J. Williams, C. /. 
21, 64). — C. From Nll.^At], COS, and lead car- 
bonate (Schmidt, Ji. 10, 193). — 7. By the action 
of (NH,).^S04 KCyO obtained by heating dry 
K.FeCyj with* KUr.O, ; tho yield being 25 p.c. 
of tlnv weight of ferrocyanide (0. A. Bell, C, N. 
32, 99;. — 8. A stream of dry N II3 gaa*ia passed 
though phenyl-carbonate (from nlienol-sodium 
and COCIJ, melted in a wutcr-llith, and the 
inelf is then poured into hot water ; tho aqueous 
solution after separation from the j^ienol is 
evaporated* to crystallisation (Hcntschol, B. 17, 

AbO). * 

• Properties. — Bimelric crystals, v. e. sol. 

water, sol. cold alcohol, insol. CllCla, nearly 
*insol. efhof. Sublimes at 130 '. In vacuo it 
dis^ls at 135® (Bourg^ofb, Bl. [3J 7, 46). ^ Urqa 
is no# attacked by pure HNOj (Franebimont, 
E: T. C. 6, 217). • • 

* Eeactions. — 1. When heated alone at 160®- 

ITO® it yields NH3, cyanuric a«id and biuret: 
at 140® it yields ammelido. — 2. DecomgOBed 

•into CO2 and NH, by heating with water in 
sealed tubes above 100®, by foiling with potaah» 
lime, or magnesia, )}y warming with oono. 
H2SO4, by evaporating with lead acetate, and ^ 
the action of ozone (Gorup-Besanez, A. 126, 207) 
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in presence of free alkali. OaO produces cyan- 
amide (Emich, M. 10, ^30). A 8 p.o. HCl solu- 
tion decomposes 4 p.o. of the urea in 24 hours. 
NaOHAq of the same strength has less effect. 
Cold water does not decompose 'urea (Borthelot 

а. Andr6, Bl. [2] 47, 840).— 3. Alcoholic potash 
forms, on heating in sealed tulAid’, cyanic acid, 
NH„ and water (Haller, BL [2] 45, 705).— 

4. Urea hydrochloride at 145° yields NH^Cl and 
cyanuric acid (De Vry, A. 61, 249)»— 6, Chlorine 
passed over melted urea frrms HGl, nitrogen, 
NHJcI, and cyanuric acid (Wurtz, A. 64, 307).— 

б. Ilypochlorous ^acid^ hypochlorites, chlorine- 
water, and hypo^omitcs, set fAo nitrogen, c.g. 
CON-II* + 3HOC1-CO, + 3III?1 + 2H,(t + N.,.— 

7. Nitrous acid added tp a hot solution 
forma CO.^ and nitrogen : ’* CON.II^ + == 

COa + 2H.p 4- 2N2. Nitrous acil (2 niola.) when 
added to a cold solution of urea (1 mol.) reacts as 
follows: 2CON.,H, + N,0, = (Nil ,) CO, + 2N2 + CO, 
(Claus, J3. 4, 140). — 8. Neutral KMgO, has no ac- 
tion in the cold, arfd acts but slo\y^ at 100°. In 
acid solutions KMriO, gives off nitrogen (1 vol.) 
and CO.^ (2 vola.) (Bechaihp, J. 1856>» 606 ; cf. 
Wanklyn a. Garagee, J. 21, 25).™ 9. Bromine 
added gradually to an alcoholic solution of urea 
forms NIl,Br, cyanuric acid, and nitrogen. In 
sealed tubes J}r gives NH,Br and cyaTnelido 
(Smolka, M. 8, 64).~ 10. Heating with B.O, forma 
cyanic and cyanuric acids, ainnudidc, cyumelide, 
and Nl^NVcltzien, A. 107, 219). - 11. Yields 

‘cyanamide on warming with Na (Fenton, 
C. J. 41, 202). — 12. Cone. UNO., reacts thus: 
CON,H, + 2I1NO, = CO., + N.,0 + Nil, NO, + ILO. 
(Franchimont, R. T. C. 2, 96; 3, 219). -,13. ll.Sj 
forms crystalline C.,TI„N ,rS..O.., which yields 
C,H,AgN,rS.!0., and C.,H,Ag,N,FS.,0.,, andfgives 
off ni, on warming (Kutsehig, M. 9, 406). — 
J4. Zinc-dust at a rod heat forms ZnCy.^, am- 
monia, and hydrogen (Aufscblager, M. 13, 272). 
16. CS.J at 100 ' forms CUS and ammonium sul- 
phocyanido. With alcohol and CS. the products 
r afe mercaptan, CO.^, and ammonium* sulpho- 
oyanide (Ladenburg, Z. [2] 6,253; B. 1,273; 
2, 271; Floury, .1. 123, 144).— 16. Alcohols in 
sealed tubes form carbamic etliers and alkyl allo- 
phanatos (Cahours, 0. It. 76, 1387). — 17. Boiling 
Ao.O forms acetamide and diacctamide (Hof- 
mann, ij^.l4, 2733). —18. ZnHL f.irilis CON.dJ.^Zn, 
which is reconverted into urea by watey (Gal, 
BL [2J 39, 648). — 19. Oxalic ether at 135'^-170° 
forms oxamide, allophanic ether, and alcolv;d 
(Grabowski, A. 134, 116). Oxamic ether forms, 
on fusion, oxaluramide (Carstanjen, /. j|>^. [2] 9, 
143).— 2(^. Mahylaniido-acetic acid (sarcosino) 
forms nielhyl-hydantoin on fusion (Huppert, B. 
C, 1278).— 21. Anilme at, 150°-170° gives NI^ 
and di-pheiiyl-urea (Baeyer, A. 131, 251). — * 

22. Aniline sulphonic acid at 120° gives 
NH.,.CO.NH.C.H,.SO,H (Villo, BL [8j 6, 6).—' 

23. Bigwinide sulphati £#^rms, on heating, ahi- 
meline, NH, and (NH,).,S04 (Smolka 4.4''ricd- 
reich, M. 10, 96) .^24. Heg-ted with acetone ahd 
ZnOlj or PgO, at 110°-140° it gives s-tri-mothyl- 
pyridine andj,<«. base O^HigN [119°J; (320^) 
(Bie^, A, 238, 22). This base forms hard 
mon^linio crystals, with metallic ring; its solu-* 
tions fluortsoe. It ^ives B'^H^PtCl, : [225°].— 
26. Heated with acetyl-acetoTie (1 mol.), urea' 
(2 mole.) forms OHai(CMe:N.CO.NH.i).,., which 
srystaUi^ from alcohol [200°] (Combes, BL [3] 


7f 790). The same body is formed, together 
with CH,<^®:J5>C0 [198% by adding pClAq 

of H.^S 04 to an alcoholic solution of urea and 
acetyl-acetone (Evans, J. pr, [2] 40, 852 ; 48, 
499). — 26. Be7ieo7jl-acetone forms, in like 
manner, Bz.CH3.CMe;N.CO.NH2 [Jdl°] and 

CH.<cph!N>‘^° 46, 

35^- 48, 509). — 27. Acetoacetic ether (2 mols.) and 
NhOEt (2 mols.) form in the cold C,:,H,j^N.jO,Na, 
[c. 165°J (Eruert, A. 268, 361). Acetoacetic ether 
in alcoholic solution forms uramido-crotonio 
acid {q. t’.).w-28. Urea reacts with aldehydes iif 
the cold.* In aqueous solution a diureide 
It.CH(NlI.CO.NHJi is usually formed, while 
solid urea forms triureides. On warming with 
exces.s of aldehyde,1vi- and tri-ureides yield tetra- 
and hexa-iireides (U. Schiff*, A. 151, 186). These 
uroidos arc sparingly soluble neutral solids, and 
arc split up by warming with acids into the 
parent substances. Benzoic aldehyde forms 
benzylidciic-di-urca (2-*^-)* while o-oxy-benzoio 
aldehyde forms C,H,(OH).CdI(NH.CO.NH,),aq, 
, which is converted by acetoacetic ether in alco- 
hol into C«H,(OH).CH:N.CO.N:CMe.CII,.CO.,Et 
[200°], 0„n,(OII).CH:N.CO.NH.C4Me:Cri.CO.,Et 

[201»], and w)uoh da- 

composes between •260° and 27b^ (Biginclli, H. 
24, 2963). Acrolein fofms (C0'N2H,)y3C3n,0, 
which chars at 250° (Ijiidy, M. 10, 295). o-Nitro- 
benzoio aldehyde forms nitro-benzylidene-di- 
uroa C..U,(NO,).CH(NII.CO.NH,), aq ^200°]. In 
like manner cuminic aldehyde in alcohol forms 
tlie di-ureide C3lI,.C,iI,.CH(NH.CO.NIL), [176°] 
(Biginolli, B. 24, 2964), and cinnamio alde- 
hyde forms Ph.CII:Cli.Cli(NH.CO.Nig,[172°J, 
and compounds melting at 116° and 212°. — 

29. Chloral added to cone, aqueous solutions of 
urea forms (C.dJCl^OlCON.il, [150°], v. e. sol. 
hot water, and (G.^lIOlaO) CONall, [190°] nearly 
insol. hot water, both compounds being crys- 
talline (Jacobsen, A. 157, 246). Chloral cyan- 
hydrin at 105° forms the very stable crystalline 
C.,ll^CloN.,0 (Pinner a. Fuchs, B. 10, 1069).— 

30. Benzene sulphonic chloride at 100° forma 
colourless crystals of ChHjSON^HjC.Gj aq (Blan- 
der, BL [2] 34, 207). Naphthalene (o) -sulphonic 
chloA'de acts similarly. — 31. Cinnanioyl chloride 
forms C ,H3(NH.C0.NiI.03H„.NH.C0.NH,),[184°] 
(Biginelli, B. 24, 2965).-32. ClCH,.OH forma 
metlv/lcn/a-urca, which is split up by hot dilute 
H.liO,, into formic aldehyde and urea (Von Hem- 
melmayr, M. 12, 89).— 33. Trichlorolactic acid 
and a little water form, on heating, acetylene- 
urea O^H^N^O., (Pinner, B. 17, 1997).— 34. Hexa- 
chloro-accton^. (2 mols.) heated with urea (1 mol.) 
at 150° forms C0:N3H,(C3Cl30).^ crystallising 

rom alc(9hol in hexagonal plates (Clodz, Ji. Gh» 

6] 9, 145). 

n^Detection. — Urea gives, in cone. 8olution» 
crystalline pps. with nitric and oxalic acids. 
Urea dissolved in amyl alcohol is completely 
ppd. by an etliereal solution of oxalic acid 
(Briicke, M. 8. 195). Mu|r-lu9 (C. R. 78, 182] 
filters vutrid urine, dries the Alter at 35°, aim 
eniploys it as a test for urea, <which it convena 
into ammoniflm carbonate. A cone, aqueous 
solution of furfuraldehyde followed by a drop of 
HClAq (S.G. 1*10) col^ura a it^stal of urea 
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violet (Schiff, B. 10, 774). o-Nitro-benzoIo 
aldehyde added to an ^coholio solution of urea 
forms, • on warming, a white pp. of o-nitro- 
benzylidene-di-urea [200°]. Whon present in 
small quantities this compound may bo detected 
by resolving into the parent substances by boil- 
ing with 4fery dilute H2SO4, and then adding a 
little phenylhydrazino solution, which produces 
a red colour (Liidy, ifl^ 10, 205). Mercuric 
nitrate gives a white pp. with solutions of uiea. 
The various methods of estimating urea may 
also be employed for its detection. 

Estimation. — Hypobromite method. 
Urea is mixed with NaOH (100 g. 250 c.o. 

water) to which bromine (25 g.) has been added, 
and the nitrogen collected and measured (Knop, 
Fr. 9, 22c ; Hiifner, J. pr. [2] 3, 1; Dupr^k 
C. J. 31, 534; Simpson a. ^’Koefe, G. J. 31, i 
838 ; Russell a. West, G. J. 27, 749 ; Kykinan, 
R. T. C. 3, 125 ; Schleich, J. pr. [2] 10, 203 ; 
Colquhoun, C. N. 67, 123 ; Camcror, Zeit. Biol. 
29, 239). Whon this metliod is applied to urine 
it must bo remembered that uric acid gives oil 
48 p.c. and creatiniji 37 p.c. of its nitrogen in 
this way (Falck, Fr. 21, 300). Nevertheless, tlio 1 
quantity of nitrogen evolved is 8 p.c. less than 
the calculated amount (R. a. W.). Using Knop’s . 
solution, ammonia, urea, and oxamide give oil 
93, 92*3, and 75 p.c. of their nitrogen as gas 
(Foster, G. J. 33* 470 ; 35, lE)). In the case of 
urea and oxaiAifk) the' suppressed ’ nitrogen is 
present as cyanate and as nitrate (Fauci«nior ; 
Luther, H. 13, 500). The amount of ‘ sup- 
pressed * i>itrogen is less in dilute than in con- 
centrated solutions (Hufnor, II. 1, 350; cf. 
Pliiiger a. Bohland.’P/. 38, 325; 39. 1, 143), ' 
and is greatly diminished by the addition of 
1 to 6 p.c. acetoacetio. ether (Jaoohy, Fr. 24, 
318). According to Duggan {Am. 4, 47), if 
bromine is added to a solution of ur«.a in 
NaOHAq the yield of nitrogen is 99’4 p.c. of the 
theoretical amount. In' estimating urea in 
urine Pliiiger {Fr. 20, 117) add.s IlClAq (1 c.c.) 
to urine (10 c.o.), ppts. various nitrogenou.s bodies 
by phosphotungstio acid, neutralises the filtrate 
with lime and then adds an equal volume of 
cone. NaOHAq and, after allowing to stand for 
some time, decomposes with Knop’s hypo- 
bromite. Frothing of albuminous urine can bo 
avoided by first shaking wftli a pilule of fat 
(M6hu, J. Ph. [6] 15, 607). «amburgcr {R. T. G. 
2, 181) introduced a volumetric method of em- 
ploying hypobromite, but Pliiiger a.*Selfcnck 
(P/. 37, 399) consider the method to be untrast- 
worthy. E. Salkowski adds two drops of IICI to 
urine (2*5 c.c.) diluted %vith 5 or 10 volumes of 
water until tlie air is expelled from tbe*llask, 
then adds the hypobromite,* contftjues boiling, 
and collects the nitrogen. Fentoa (0. J. 33, 
300) i%commends the use of sodiunf hypo-, 
chlortte, which was first proposed by E. W, 
Davy (A.D. 1864). In this case free Na€)JQ[ 
must not be present, though excess of NaUO, 
may be present. 

Mercuric nitrate metirod. Urea^ is 
completely ppd. by ablution of Hg(N0s)2. The 
wlute pp. is not decomposed, and therefiire not^ 
turned yellow bf Na_jCO,. Urine (2 vols.'^i^is 
mixed with a solution (1 vol.) prepared from 
saturated solutioxiB of * baryta (2 vols.) and 
Ba(NO^, (I volt); filtered through a dry filter 


from the ppd. sulphate and phosphate and 15 o.e. 
(equivalent to 10 c.o. urine) of the filtrate are 
titrated with standard mercurio nitrate till a 
drop taken out^gives a yellow pp. with Na^OO, 
(Liebig, A. 85, 370). Assuming the compound 
CON.^H/iHgO to bo formed, 1 pt. urea»8hould 
ppt. 7-2 pts.'lfgO, but in practice 7*72 pta. of 
the latter are required. A solution of 71*48 g. 
mercury in llNOj diluted to 1 litre is equivalent 
to *01 g. *irei/ per c.c. If the urine contains 
more than 2 p.c. urea the titration gives too low 
results ; in this case the urine must be dil^d. 
When mercuric nitrate is adih/l to a solution of 
urea nitric acid^s set free. Llf big recommended 
the addition of from lime to time to 

keep the liquid neutral, rtliiger {Fr. 19, 376) 
proceeds as follow.f : niiring the titration, after 
each addition of» llg(Nt),),. a drop is placed in 
contact with a little pa^ty Na 11(10,,. Long before 
the titration is ended, a ytdlow colfiur is seen 
between the tyo drops, but disappears on mixing 
them together.. Wlien the yr^losv colour is per- 
manent, the titration is near its end; at this 
point tho^feolution is Neutralised by Na^CO.;, and 
the titration continued till a permanent yellow 
colour is got on mixing the drops. Should the 
entire liquid become yellow on ad<ling Na.[CO„a 
fresh quantity of urea solution mii.s't be taken 
and the operation borepeahal with greater speed. 
The presence of over 1 p.c. NaUl ht ui^e inter- 
feres with the titration when NaXd^ is used as^ 
indicator, the final reaction not being sharp. 
Since NallCO;, does not i)]>t. ITgO.j, when the bi- 
xsarbonate is used as indicator the titration may 
proceodvis if NaCI were absent, suhtracting the 
^amount of Hg(N(),). tliat is converted into 
HgUlfby the chloride (ll:uil..'nluir/*, A. 133, 55; 
PfeilTer, Fr. 21, 475; J’lliiger, Fr. 27, 120). It 
is, however, better to pfit. the chlorjdos by 
AgNO., and titrate in the usual way. 

Barium carbonate method. The solu- 
tion is h(*atcd with Biit’l.^ and NH;,Aq*in scaled 
tubes at«20°-240 ’ and the ppd. BaCOs weighed • 
(Bunsen, A. 05, 375). Before applying this 
metliod to urine other suhsiaiiccs which might 
form BaCO;, must he ppd. by phosphotungstio 
acid (Pliiiger a. Bleibtrcu, Fr. 28, 377). 

KjeldahTs method. Nitrogen in urea 
may be estimated by Kjeldahl’a method. 6 o.o* 
urine y.re heated with II., SO, (10 c.c.), and Nord- 
hausen Il.SO, (10 0.0.) until no morc^ water or 
gV come.s ofT, and the liquid is dear yellow. 
After cooling, water (200 c.c.) and HiOH are added 
and di.stillod olT. In the case of urine it 
must be remembered that about *13 pj). of the 
nitrogen id? on an average, combinou in sub- 
E^lances other than ivea (Pliiiger, Pf. 35,454; 
t40, 533 ; Camerer, Z.B. 24, 300). 

Otb,iBr methods. Urea m^y also be esti- 
*mated By •fermentation and determination of 
amihonia set free (Mir^el, C. H. fll, 501). 

Cait^iani {O. 17, 137) proposes to decompose 
urfea by nitrous acid, and pasf the CO, into a 
•solution of lime-water of known strength, and 
titrate with oxalic acid. ^ 

Cazeneuve and Hugouneng {Dl. [2] 82) 

*hoat urea with a large excess of water and 
titrate the rctfulting ammoDjum carbonate. 

• Kiegler {F. 33, 49) decornposoa urea with 
Sfillon’s reagent and measures the miztore of tV 
and COg evolved. 
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Mdiiier «. SjOqTist {Fr. 80, 888) add 8 e.o. 
of a Batarated eolution* of BaCl, oontainioff 
6 p.o. baryta to 5 o.o. urine and then add 
100 C.O. of a mixture of 97 p.o'. alcohol (2 pta.) 
and ether (1 pt.). After 24 hours the liquid is 
filtered, the pp. washed with 60 o.o. alcohol* 
ether, and the pirate and washkigs evaporated 
at 60° to 26 O.C., MgO and some water added, 
and the evaporation continued as long as KH, 
cornea off. The urea is then deter/nined by 
Ihinsen or Kjeldahra motbjod (Bodlker, if. 17, 
140)'. 

baits. — B'HCl. Very deliquescent brystal- 
line mass, formedVom urea anK dry I|C1. De- 
composed by water into urea Vrd HGl. At 140° 
it yields NH^Cl and cyanupc acid. — B'HNOa. 
bmull plates, si. sol. water ^nd alcohol, v. si. 
sol. S. 4-4 at 15°. S. 

(alcohol of S.G. ‘83d) 105. Monoclinic tables; 
a:b:c - 1: -504: -491 ; a = 82° 10' (Loschmidt, Sitz. 
W, 61, ii. 7, 384). V. sol. hot^ water. Ppd. : 
from its aqueoufi solution by, oxalic acid.— I 
— lVHaC.p<aq (Lubavin, A. Sttppl. 8, 83). — i 
B'HAuGi4aq ; orange-red *’prisin3 or* needles, ' 
V. sol. water, alcohol, and ether. — B'.^H auCI, : . 
yellow needles, v. sol. hot water (Heintz, A. 202, 
264). — B'..H,PtCl/2aq. Yellow, deliquescent 

tables, V. sol.,. water and alcohol, insol. other 
(Heintz, A. 198, 91).— B'H;,P04. Large crystals, 

V. sol. water and alcohol, si. sol. ether (Lehmann, 
Buchn,^.fi’. 15,224; Schineltzer a. Birnbaum, 

* Z. [2] 6, 200). Its solution does not ppt. MgbO,. 
— B'g2H3p04. Its aqueous solution gives a crys- 
talline pp. of cyanuric acid on heating. 

Tri*ohloro-acctate 13'CjjlIOl.,0...^ Plates j 
(from Slloohol) (De Clornioiit, J. 1873, 530). — * 
The f umardd;e B'.G^H^O,, m aleatesB'G^-I^O^, 
and B.;C4H404, inalate B'C^UA*' gallate 
and su chin ate B'^C^H^O, [145°], 
all cry.stalliKe in monoclinic forms (Loschmidt, 
8itz, W. 62, ii. 238). The parabanate 
B'CsR^NjOg and tartrate B'AHA are tri- 
< njetric.— The citrate B'.^C„H„0, is' triclinic 
(L.). An acid tartrate B'2C4H,iOj and an 
acid citrate B'C„H„0, have been prepared 
(Hlasiwetz, J. 1850, 698). — Gy an urate 

B'OjNaHjO,. Monoclinic crystals. — Pi crate 
B'O^HjN.O, [142°] (Srnolka, M. 6, 920). S. 1‘9 
at 18‘5°. S. (95 p.c. alcohol) 0 atT8°. Slender 
yellow needles (from alcohol). Tri-clyloro 
methano sulphinate B'CClj.SO.^H. [96°- 
100°], Thin prisms (McGowan, J. pr, [2] 3/5, 
220 ). * 

Compounds with metallic oxidefs. — 
Formed by adding moist 
Ag.p to a solution of urea. Grey pUwder com- 
posed of slender needles. According to Miildd.- 
(B. 6, 1019), the yellow pp. got by adding NaOH 
to a solution of urea mixed with ApNO, is^ 
GON^tHsAg^ Jt combines with iodiA’e, wnaing 
CONaH>g.I, a greeiiisll mass, darkened by 
light (Tafel a. Enoch, B. 23, 1.554).— 'B'-^gO. 
Gut by adding iig(NO,)j to a solution of urea, 
mixed with KOH. White pp.-F^HgO. White 
pp. formed by- adding HgOL^ to a solution bf 
urea. and HgCl^, changes to a yellow granular 
powoer on boiling with water.— B'HgO. Formed' 
by adding Hg(NO,)^to a warm solution of urea 
(Dessaignes, i. 82, 232 ; Liebig, A, 85, 289). . 

Compounds with metallio salts. — 
B'AgNO,. Fkisma. Yields silver eyanate on 


boiling with water.— B'lPdOU^ ^7 adding 

a solution of PdOl, to one of urea (Drechsel, 
J. pr. [2] 20, 469).— B'NaOlaq. {60«>-70°]. 
F&rmed by evaporation of a solution of urea and 
KaOl. Deliquescent prisms. Alcohol extracts 
urea from the compound. — B^aNO, aq. Prisma 
(from water). — B'NH^Cl. Deliquosceift crystals. 
— B's(NH 401 )jjHC 1. Formed by dissolving urea 
in bleaching-powder s<^btion (Beokmann, A, 91, 
36'i^. Large plates, sol. alcohol mixed with 
ether.— B'4Mg(N08), (Werther, J. pr. 35, 6).— 
B'„Ca(NO,).^.— B'jZnOL^ Very deliquescent 
crystals (Neubauer a. Kemer, A. 101, 337).— 
B'CdCl^. Needles.— B'.,Hg(NO,)23HgO. Granu-® 
lar powder formed by mixing warm dilute solu- 
tions of urea and mercuric nitrate. At the 
moment of formation the pp. is flocoulent. — 
B'ilg(NOJ.2HgO.*' Formed by pouring mer- 
curic nitrate into a solution of urea as long as a 
pp. is produced, and keeping the whole at 40° 
to 50° for some time (Liebig). Six-sided lamina. 
— B'.^Hg(NOJ._jHgO. Formed by adding an acid 
solution of mercuric nitrate to a solution of tiroa 
nitrate. Crusts of small tabular crystals (Lie- 
big, A. 85, 296).— B'HgClj. Flat crystals, v. si. 
sol. cold water (W.). — B',.CraO.;, 3aq. Formed 
by the action of water on the product of the ac- 
tion of CrO.Cl., on urea (W. J. Sell, Pr. 33, 267 ; 
45, 321). Olive-green needles (from hot water). 
PtCl, added to its*’ solution in ‘hot water ppts. 
silky green needles of' B',.Gr.^Glo(PtOl4)j 2aq. 
The chromate treated with PbCl^ forms lead 
chromate and a liquid from which gaseous HCl 
ppts. green prisms of B'joCr.p, 6aq,tb’e aqueous 
solution of which- heated with AgjSOi gives 
dark-green prisms of B',.^Cr.^(S04)a iOaq. In a 
similar way green prisms of B',2Cr.^(NOj)9 may 
be got.— B',.,CreCl.p,, 2aq. Green monoclinic 
crystals, got from the product of the action of 
CrOGl.^ on ufea by crystallising from oono. 
HClAq (1 vol.) diluted with water (9 vols.). By 
treatment with water ft is split up into S'l^OrgOa, 
and B',.jCr.,Clg. By treatment with cone. HClAq 
(1 vol.) and water (6 vols.) it is converted into 
the salts B',.,Cra01,O,.4 3aq. — B',2Crj,0,,4aq. 
— B'.aCrjBra 6aq. — B',,Cr,Cl, eHgClj. — 

B',,Cr,(aO.).la<l--B'„CrJ,.- — B',,Or,(SO,),Ir 

— BViCr,(COj) B B^uOr^Bri,. 

Bronze-yellow tables, giving off bromine In 
air.-^B'.^CuCla. Sni'all blue crystals. 

Formyl derixf^tive NH..CO.NH.OHO. 
[169°]. H.F. 13,400 (Matignon, G. B. 112, 
1367). Formed by boiling urea with cone. 
forf!:Aio acid (Geuther, Z. [2] 4, 3^). Crystals, 
V. sol. water, being decomposed into urea and 
formic acid. 

Atetyl derivative CaH^NjO, As. 
NH..CO,NH>o. Acetureide. Mol. w. 102. 
[214°]. H.P. -200 (M.). S. (alcohol) 1 In 
/he cold f 10 at 78°. Formed by boilintf urea 
, with AcCl or Ac,0 (Zinin, A. 92, 406% Q. ; 
i Zrfide, B. T. C. 8, 236). Got also by the action 
of KMnO, on methyl-uracil (Behrend, A. 229, 
29). Four-sided needles (from alcohol). Slowly 
hut completely ^leoomposed by pure HNO, with 
evolution of CO., (1 vol/*-/'and N^O (2 vols.) 
/Frano&imout, B. T. C. 6, 216). It if not pp^ 
b»Mg(NO,)^ 

Di-acet^l derivative OO^HAo),* 
[163°]. A product of the action of OOCHi« on 
acetamide at 50° (Schmidt, y. [2] 8f 68)* 
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Formed also from meronrio falminate and AoCl 
(SohoU, B. .23, 8516). Needles (from alcohol), 
si. Bol.*oold water. ^ 

Ohloro^aeetyl derivative 
NH2.00.NH.G0.0^01. Formed from chloro- 
aoetyl chloride and area (Jazukovitoh, Z, 1863, 
234 ; Tonftnasi, C. B, 76, 640). Thin needles 
(from iJoohol). Begins to melt at lOO^’. 

Tri’Chloro^acety^derivative 
NH,.OO.NH.OO.CCV [160®]. Crystals (fmm 
alcohol) (De Clermont, J, 1874, 798 ; Meldola a. 
Tommasi, C. J. 1874, 404 ; Clooz, A. Ch. [6] 9, 
219). Nearly insol. hot water. 

• Bromo-acetyl derivative » 
NHj.CO.NH.CO.ClIjBr. Needles (from dilate 
alcohol) (Baeyer, A. 130, 156). Pure UNO, 
gives off CO3 (1 vol.) and N^O (2 vols.) (Franchi* 
mont, JB. T, O. 6, 218). • 

Tri-hromo-acetyl derivative 
NHj.CO.NH.CO.OBr3. [148®]. Formed by the 
action of Br on an aqueous solution of di-bromo- 
barbiturio acid (Baeyer). Crystals, v. sol. hot 
alcohol. Yields crystalline B^^a(OH). laq, v. e. 
sol. water. , 

Oyano-acetyl derivative 
NH3.CO.NH.CO.CH2Cy. [200®-210®] (Mulder, 
B. 12, 466). Crystalline. 

Butyryl derivative NH.C0.NHC,1I,0. 
ri76®]. Formed from urea and butyryl chloride 
(Moldenhauer, A?94, 101). Ratos. 

Isovaler^ * derivative CaHiN^O^. 
[191®]. Minute prisms, v. si. sol. water. 

Oarbonyl derivative CO(NH.CO.NrL)2. 
Formed by, heating urea with COClj at 100® 
(E. Schmidt, J. pr. [2] 6, 39 ; Eraich, M. 10, 
347). Powder compdfeed of minute crystals, v. 
si. sol. cold water and alcohol. Decomposed by 
heat into NH^ and cyanurio acid. Boiling KOH 
also produces cyanuric acid. — B'HgO ; crysial- 
lino powder, insol. water. 

Succinyl derivative 
CjH^ 02(NH.00.NHJ2. Formed by heating urea 
2 mols.) with succinyl chloride (1 mol.) at 65® 
Conrad, J, pr, [2] 9, 301). Colourless i>owder, 
y. si. sol. hot water. 

Methyl-malonyl derivative 
pHMe;CA‘-NaH2CO. [192®]. Formed by heat; 
ing methyl-malonic acid with urea and POOl, 
(Franohimont a. Klobbie, i?. T, C. 7, 22). 
Pointed plates, v. sol. water ahd alcohol. 

Benzoyl derivative KH2.CO.NHB/!. [0. 
200®]. S. (alcohol) 1 in the cold; 4 at 78®. 
Formed by heating urea with BzCl ^r 
at 160® (Zinin, A. 92,404; Geuthor, iT. [2]*4, 
299). Four-sided plates (from alcohol), insol. 
ether). 

Di-benzoyl derivative CO(NE3Bz)2. 
[210®] (8.) ; [197®] (H.). A product M the action 
of COGI3 on benzamide at 165° (E. Schmidt, 
J, jprA[2] 6, 68). Formed also by treating 
guanidine carbonate with BzjO at 100® (Creath, , 
B. 7, 1739), and by treating mercuric fulmineft^ 
with BzCl (HoUemann, R. T. C, 10. 72 ; B, 23, 
2998, 8742). Needles (from alcohol), si. sol. 
water. Aniline at 180® gives NB„ benzamide, 
benzanilide, and s-dh||henyl-urea. * 

u-Di-benzoyl derivajtive NH^.COlJBz- 
[0, i97®]. Form^ by heating sodium benzoy^ 
eyanamide Na^zN.CN with BzCl,*followed by 
boUing alcohol (Buddhas; /. pr. [2] 42, 97). 
White needles, t 
Vol. IV. 


m-Nitro-benzoyl derivative 
NH3.CO.NH.CO.O,H4.NOi [1:8J. Plates (Griess, ' 
B. 8, 222). 

m-Amido- benzoylderivative OfHfNjOj. 
Formed by boiling the preceding body with 
aqueous ammonium sulphide (G.). Needles (from 
water), decomposing at 200*^. — B'HOl aq : 
needles.— B'sH^PtCl,,. 

{0)‘Naphthoyl derivative 
NH.CO.N«.Ct).C,„H,. [215®]. Formed from 

naphthoyl chloride Tind urea (Vieth, A. 180, 
319). ,^inute needles, ra. sol. alcohol, v. si. sol. 
benzene. * 

Di-{0^naphthoyl wrsa [286®) (Ekstrand, 

B. 20, 1853). Ncallos. 

Dactyl derivative v. Lactyl-urka. 

Qly colly I derivative v. llYUANToiN. 
Reference. — O.tY-niKA. 

UKEA CARBOXYLIC ACID v. ^ulophanio 

ACID. 

UREA Ciy/ORIDES. A ^namo sometimes 
used to denote alkyl -cavbamio chlorides 
X.NH.CO.CI. 

U^CAITIN Ojlj.O,. Occurs, together 

• with urcohitoxiti, in the leaves of Urechites 
stcberccta, growing in JainaiiMi (Bowroy, C. J. 

33, 252). Crystallises from alcohol in needles 
(containing araq), tastes bitter.# It is very 
poisonous (Pr. 27, 399). Nearly insol. water, 
in. sol. ether. Appears to be a glueoi|^ 8a» Cone. 
ILSO, forms a yellow liquid, turning rod, and • 
finally puride, especially in presence of an 
oxidising agent. 

» Urechitoxin C,jIIaoOj. Bitler poison, split 
np by acids into sugar and urechitoxetin. 

• UREIDES. Compounds obtainec^ by otimina- 
tion oS water between urea and an acid or an 
aldehyde. * Many of them may bo represented as 
amides in which NII.^ is replaced by NH.CO.NH..* 

BIURET V. vol. i. p. 617. 

URETHANE v. CAunAMio Ernnii. 

ISURETINE V . Foumamidoxim. * 
URIC»ACID CJljN^O* i.e. > • 

CO<nh^’o.NH>'^^ (Medicus, A. 176. 243 ; 
Fischer, B. 17, *329, 1776). Mol. w. 168. S.O. 
1-87. H.C.p. 461,400 (Berthelot, O. B. 110, 887 ; 
Matignotr, C. R. 110, 1267) ; 402,500 (Stohmann, 
/.pr. [2J 44, 390). H.C.v. 462,700 (M.). H.F. 
148,100. (M.). 8. *002 at 0® ; *006 at 20® ; *0626 
at 100°(Blarez a. Denig^s, C. li. 104, 1847; cf. 
Ourrod, Pr. 35, 63). 

Occurrence. — In urine and in uftnary calculi 
(Schdble, A.D. 1776 ; Lieing a. Wohler, A. 26, 

241 ; Horbaezowski, M, 12, 221).* Alq^ut *6 g. 
is daily excreted in human urine. Uric acid 
odburs in urine of cargivora, herbivora (Mittel- 
bach, H. 12, 463), and of birds. Serpent’s urine 
is chiefly coinposed of acid ammonium urate. 

A considft’a^le quantity occurs in^tbe blood of 
gouf^ subjects, and sOtiidm urate is (^posited 
as * challk^ftoneB.’ Very small quanUties are 
norinally present in the liver, ihngs, brain, and 
olood. It occufb in the green gland of the 
fresh- water crayfish (Griffiths, Pr. flW, 187). Urea, 
glycocoll, leucine, and aspartic acid givsa to 
^wls appear in the urine as uric acid (Jan4 a. 
JMeyer, B. 10, 11)30; Knierim^B. 10, 1930). 

• ^Synthesis. — 1. By rapidly heating glycocoll 
(1 pt.) with urea (10 pis.) to 280° (Horbaozewski, 

B. 16, 2678; M. 8,796 ; 6,856).— 2. By heating 

8H 





ore* with tri>oh1oro -lactic acid or its amide 
(Horbaozewski, Jkf.d, 201, 584|.— 8. By preparing 
methyl'Uracil from acetoacetic ether apd orea; 
converting methyl-uracil into ni^ro-uracil carb- 
oxylic acid by treatment with faming HNO,; 
boiling the carboxylic acid with v^ater, and re- 
ducing the resnlting nitro-uraoilfo omido-uraoil, 
and finally to isobarbiturio acid by means of tin 
and HClAq ; oxidising the isobarbiturio acid to 
isodialuric acid ; and heating the idbdialurio acid 
(1 pt.) with urea (1 pt.) and^IjSO^ (6 pts.) (Beh- 
rend a.Boosen.A. 251, 235).— 4. Bv fusing urea 
(4 g.) with oyanoracetio acid (1 g.) (Form&nek, 
k 24, 8419). ‘ 

Pre^ration. — 1. Serpent^mrine is dissolved 
in boiling KOHAq, filtered, and the uric acid 
ppd. by HOI or dilute H,^S04. * If the uric acid is 
much coloured a little KMnO^ er K^Cr.p, (Gibbs, 
Am. S. [2] 48, 215) should bo added to the boil- 
ing alkalixfe solution before ppn. — 2. Guano is 
boiled with borax (1 pt.) and wa^er (120 pts.), 
and the solution of sodium urat^ thus obtained 
ppd. by HOI. — 3. Guano is extracted with dilute 
HClAq, and the residue dissolved in cdac. H,^S04 
and ppd. by water. 

Properties. — White anhydrous scales (by 
ppn.). When slowly deposited from dilute solu- 
tions {e.g. urinf ) it separates as large crystals 
(containing 2aq). Nearly insol. water, insol. 
alcohol n j^nd ether. Sol. cone. H2SO4 and 
^reppd. by ^water. Its solution in hot HBO4 
deposits on cooling a deliquescent compound of 
uric acid with H2SO4. Uric acid is m. sol. 
glycerin, hot NaOAc, and sodium phosphate^, 
Lithium carbonate (1 pt.) dissolved in water 
(90 pts.^ can dissolve uric acid (4 pts.). Aqueous* 
ligOO, also dCilssolves uric acid. n 

IteCLCtiom. — 1. Decomposed by heat, without 
jlusion, yielding HCy and a sublimate of cyanuric 
acid, ammonium cyanato, urea, and ammonium 
carbonate, and leaving a carbonaceous residue. 
2. Water^at 180° forms mycomclic acid (Hlasi* 

♦ yffiiz, A. 103, 211). — 3. Potash-fmuni yields 
NH, and potassium oxalate, carbonate, and 
cyanate.— 4. Chlorine and bromine in presence 
of water yield alloxan, urea, and parabanic acid 
(Hardy, ii. Ch. [4] 2, 372). Alloxan is also pro- 
duced by iodine, by HNO,, and by MnOj and 
HBO4.— Boiling with water asid PbOj yields 
allantoin. Allantoin is also produced by ozone 
(Gorup-Besanez, A. 110, 94), alkaline K^gFeCyg, 
EMn04 (Claus, B. 7, 226), and MnO, and wat^r. 

6. Pure HNQj decomposes uric acid in the cold, 
with evolution of GO, (14 vols.),N,0 (24 volsj*), and 
nitrogen (4 v«ls.) (Franohimout, B. 2*. 0.6, 222). 

7. KNO^ and HO Ac yield urinilio acid (Sokoloff, 

Z. [2] 5, 78) and Btryphmo acid (Gibbs, Am. *3, 
[2] 48, 215).— 8. HIAq at 165° forms glycocolU 
NH4I, and CO, (Streoker, Z. [2] 4, 216).~9. Ex- 
pose to the air in alkaline BolutiOa<St yieldU 
oxonio apd uroxanic aosd^.— 10. A dilute sol&tion 
of Bodio tjrate absorbs oxygen from tlu^Mr at 85° 
according to the equation C»H4N40/'4 O -i- 211,0 
*■ (uroxanic aci^. TMc acid in dilute 

KaOH Bolutiq^ is completely decomposed by«.85 
days' digestion at 85° (Nencki a. Sieber, «7'. pr. 
[2] tiO, 18). 6 g. uric acid dissolved in 200 0.0. 
water and SM) g. potash disappeared in 5 days. 
However, if no oxygen be present ^e uric acid* 
ii not affected.— 11. Xn f^enting nrine drio 


acid is completely split up into 00, and NH. 
(Sestini, a. 20, 188). 

^ De^fion.— Uric acid may be recognised by 
its insolubility in water and HClAq, by its crys- 
talline character under the microscope, and 
especially by the murexide reaction. When 
evaporated with HNO, on a water-bath it leaves 
an orange residue, wMch is coloured violet-red 
by. ammonia and viole^iblue by potash. A solu- 
tios' of uric acid in aqueous NojCO, produces a 
dark-brown spot of reduced silver when added 
I to paper moistened with AgNO, (Sohiff, A, 109, 
65). Uric acid (1 mol.) reduces boiling Fehling’s 
solution, forming a pp. of Gu,0 (1 mol.) (W.* 
Muller, J.'Th. 1881, 78). In presence of KOH 
uric acid dissolves CuO, forming a blue solution, 
which slowly deposits white cuprous urate. The 
compound 05H4N4(y3Cu,0 is ppd. when an alka- 
line solution of uric acid is treated with Fehling's 
solution and hydroxylamine hydrochloride 
(Balke, J. pr. [2] 47, 546). Uric acid evaporated 
with a little dilute HNO, gives a blue colour on 
shaking with H^SO, and benzene containing 
thiophene (Denig^s, J. Ph. [5] 18, 161). 

, Estimation in urine. — 1. Urine (500 c.c.) is 
concentrated, HCl is added, and after twenty -four 
hours the pp. is collected and weighed. Uric 
acid may be separated from xanthine by ppn. 
with cone. HjS04 (Horbaezewski, R. 18, 341 ; 
j cf. Wulff, H. 17, «334).— 2. Urine (200 c.c.) is 
j mixed with cone. Na,CO,Aq (10 Nj.c.), and after 
; an hour cone. NH^ClAq (20 c.c.) added. After 
1 forty-eight hours the pp. is collected, washed 
I with HCl (1 pt. of S.G. 1*1231, diluted^ith water 
j (10 pts.), the washings allowed six hours to 
I deposit any dissolved uric* acid, the combined 
pps. washed with alcohol and dried at 110° 
(Salkowski, Fr. 16, 373). Uric acid may also 
be ppd. ns ammonium urate by saturating urine 
with solid NH4CI (30 g. to 100 c.c.) (Hopkins, 
Pr. 52, 93).— 3. Fresh urine is mixed with very 
dilute (*15 p.c.) NaOHAq, filtered from phos- 
I phates, and-dilutod to S.G. 1*010. To 300 c.c. of 
this solution is added 50 c.c. of magnesia mix- 
ture [MgS04 7aq (1 pt.), NH4CI (2 pts.), NH^q 
(4 pts. of S.G. *924), and water (8 pts.)]. The 
pp. is filtered off, and 175 c.c. of the filtrate 
riiixed with *5 g. CaCO., and 5 0.0. of a 8 p.c! 
solution of AgNOy. The pp. is washed and 
drie<l, and a nitrogen estimation made by Ejel- 
dahl’s method (Camerer, Z, B. 26, 84; cf. 
Salkowski, Pf. 6, 819),— 4. Urine (25 c.o.) is 
mixed wj(th NaHCO, (1 g.), and NH,Aq (2 to 3 0.0.), 
ani^ ammoniacal AgNO, (1 to 2 c.c. of a solution 
of 5 g. AgNO, in 100 0.0. water, t6 which NH,Aq 
is added till the ppd. Ag,0 is just re-dissolved). 
The ^>p. is collected, washed, dissolved in' HNO,, 
and the silver determined volumetrioally by the 
eulphooyan((dle method (Haycraft, Fr. 25,167 ; 80, 

. 648). This method is liable, according Sal* 
^kowski (H. 14, 31) and Gossage 44, $84), tc 
error which may amount to 60 p.c. The erroi 
is partly due to variations in composition of the 
silver orate, and partly to presence of bodies oi 
the xanthine ^Toop (Deroide, Bl. [8] 7, 863) 
*V. also Herrmann, Ja. 12^(496 ; Czap^, H. 12 
502).-n--5. In a solution c<»tainingnot more thar 
’01£5 p.0. of nrio acid 1 cto. of deoinorffia 
permanganate is reduced by *0074 g. nrio aoic 
(Blarez a. Denig^s, C.*B. 104, 789).-^ By treat 
0 
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ment with a ftandord iodine eolation in preeenoe 
ot alkaU (Ereidl, M, 14. 109). 

Sa4ti.--(NHJHA" S. *06 at 16®. Slender 
needles. -(NH*),HA'V~-(NH^)4 HjA", (Maly, % 
1863, 621).— K^A". S. 8 at 16®. Small needles.— 
EHA". S. ‘18 at 20®. Amorphous. — Na.A" aq. 
S. 1*6. Nodules. — NaHA"^aq (dried at’ 100°). 
Crystalline powder. S. *09 at 16® ; *8 at 100®. 
Occurs as an amorplnws urinary deposit. — 
LIHA". S. -27 at 20; \ at 40®; 2-5 at 1^0® 
(Schilling, A. 122, 241). — BaA"aq (dried at 100**). 
Granular pp. S. *013 in the cold.~BaHaA"j 2aq 
(dried at 100®). Amorphous, insoluble powder 
fBehrend a. Boosen, A. 251, 250) .-^Ga A''. S. 
•066 in the cold; *07 at 100®. — Cafi^A", 2aq. 
S. '16 in the cold; *37 at 100®. More sol. 
KClAq. — SrA"2aq. Minute stellate groups <A 
needles. S. *023 in the ccid ; *055 at 100®. — 
SrH2A"2 2aq. — MgR^A";, 6aq. S. *03 in the cold ; 
'6 at 100®.-PbHaA"j (dried at 100°). Insol. 
water. — PbA" (dried at 100°). — COpA" aq.— 
Cu,A",(OH), 4aq : green pp. 

Be/erencs . — Methtl-dmc acid. 

Iso-urio acid C^^N^O,. Formed by boiling 
cyanamide (1 pt.) with an aqueous solution of 
alloxantin (2 pts.) (Mulder, 23. 6, 1236 ; 7, 1633). 
Powder, almost insol. water. Oxidised by boiling 
with I and water. Its solution in K.CO, reduces 
AgNOa. 

Pseudo-urio acid i.e. 

CO<^^;^^>*CH.NH.'fco.Nny Formed by the 

action of KCyO on uramil (Baeyer, A. 127, 3), 
and by heating uramil with urea at® 180® 
(Grimaux, jBZ. [2] 31, 535). White crystalline 
powder composed ci small prisms, v. si. sol. 
water. HNO, yields alloxan. Boiled with 
water and PbOj it yields oxalic acid, but no 
allantoin. H^SOf at 150® forms zanthinino. — 
(NHJHA" aq. -KHA"aq: scales.— NaHA" 2aq : 
groups of prisms, v. sol. hot water. — ^BoA" 6aq ; 
groups of slender needles. 

UEINILIC ACID C,H,N,0^ Foamed by the 
action of KNO^and HOAc on uric acid (SokololT, 
Z. 1869, 78). Prisms (from water). — K.jHA'". 
Prisms, v. e, sol. water. Ca^A'^j. Crystalline 
pp.insoL water and HOAc. — Sr^'"y — Ba^A" V — 
TdHA'"8aq — CuHA'"4aq. Slender red needle*. 
— Ag^HA"'. Pp.— Ag,A'". Gelatinous pp. quickly 
blackening in light. * 

UBOBILIN. 

Occurrence. — Often in urine (Jal!4 ; Disqu5, 
JET. 2 . 271 ; O. C. 1878, 711 ; Eikholz, J.PJvjsiol, 
14, 826). In bile, especially of the mouse. ^ 
Preparation. — Urine containing urobilin is 
ppd. by lead acetate and sub-acetate until the 
absorption band at F is removed. The yp. is 
extracted with alcohol, acidified with HCl or 
£[^64, filtered, dilated with water, 4!{id extracted 
with ^oroform. • 

P^perftM. — ^A red amorphous, shiny sub** 
stance. Prepared as above it contains HCl^qr* 
H 2 SO 4 , as the case may be. Its spectrum ex- 
hibits a dark band at F, destroyed by NH,, but 
..on adding NaOH another band ^lear the red is 
formed (MacMunn, ,«Fr. 80, 260; 81, 26, 206,* 
O. also Htobobzubub^ this vol. p. 273. ^ 
e( Detection on^eeHmaPidn in urine: Jolles,'* 
if. 18, 646 ; Stndensl^, 0. C. 1898^ u. 668 . ** 

imooAVurio Aoib [^is^- Oo- 

ears in dog’s i^ina (Jaflfl, B, 7, 1669 ; 8 , 811). 


Prisms (containing 4aq), ▼. sol. l;ol water, insol. 
alcohol and ether. Decomposed by fasi<m info 
CO, and nrooanine C,)H, 4 N 40 , an azno^hout 
base yielding B^,PtCl,.— BiA'2HCl ; needles, ▼. 
e. sol. water. — HA'2HNO, : crystalline pp. insoh 
dilute HNO„ v. sol. water.— HAH^SO*. Minute 
needles and plaftes. 

UEOCHLORALIO ACID C,H„C1,0, (?) [142®]. 

S. (ether) *4. Found in the urine after adminis- 
tration ohchlhral (Von Mering a. Musoulus, B. 

8. 662 ; H. 6, 483 f Kiilz, C. O. 1881, 486). 
Silky ^eedles, v. e. sol. water and alcohol. De- 
composed by boiling dilute ll^SO^ into tri-chloro- 
elhyl alcohol jfiid glycuronl^ acid ObH„ 0,. — 
NaA'. — KA'.~BaA, : satiny plates (from ether- 
alcohol). ' 

UROFUSCOHjAaTIN r. this vol. p. 274. 

UROLEUCIC XCID CJI,„0,. [133-5®]. An 
acid occurring in human urine whicliftlarkons on 
addition of alkalis (Kirk, lirit. Med. Joum, 
[1888] 2, 232)s Crystals. Itg solution is ppd. 
by Pb(OAc), and gives a transient green oolour 
with very^diluto FeC^. FcCl, colours the crys- 
tals rml. 

UROMELANIN C,«H„N,0,„. A black sub- 
stance which separates 011 treating urine with 
ll;jS04 or IIClAq in prestmeo in air ('i'hudichum, 

J. 104, 257 ; C. B. 106, IBOif; Plosz, iaf. 8, 

89 ; Udranski, H. 11, 537 ; 12, 32 ; this vol. p. 
274). It yields C^H^AgN^O^ (Thua^/lfBm). 

URONITROTOLUOLIC ACID O^Hj^NOp. Oc-* 
curs in urine of dogs after a dose of o-nitro- 
^olucne (JalT6, I£. 2, 47). Very deliquescent. 
A.sl)cstos^-liko mass, v. 0. sol. water and alcohol. 
•Decomposed by dilute II^HO^ into o-nitro^benzyl 
alcohol and a syrupy aeicl. HaHs. — BaA',} 
crystallino pow<ier, v. e. sol. water, insol. alcohol. 

— CO(NH2),HA'2iaq. [149®]. Needles, y. e. sol^ 
water, si. sol. cold alcohol. 

UROROSEiN V. this vol. p. 274. 

UR08ULPHINIC ACID C^U^N^SO.,.* Formed 
by heati’»g thio-urarnido-barbituric acid (1 pL) » 
with HjSO, (2 pis.) at ICO® (Nenoki, B. 4, 724; 

5, 45). Nodules (from hot HClAq). Its E salt 
crystallises in needles, m. sol. cold water. 

DROXANIC ACID CjHpN^Op. Formed by 
leaving a solution of uric acid (5 g.) in water 
(200 C.C.) containing KOH (20 g.) to stand for 
6 days at 36®, neutralising by HOAc, filtering, 
and evAporating (Nencki a. Sioher, J. pr. [2] 24, 
504 ; cf. Stiideler, A, 78. 286 ; 80, 119 ; Btrooker, 

A. 155, 177 ; Mulder, B. 8, 1291).* Tetrahedra, 
si. sol. cold water, insol. alcohol. Decomposed 
by boiling water into CO,, urea, md allanturio 
acid. — K,A'43aq. Four-sided pearly plates, y. 
s-^ hot water. — CaA" 4aq. - BaA" 5aq. — 

JPbA" Aaq. Insol. watw. — Ag,A" ; flocculent pp., 
turnea red by light. 

• urbane C„H„0, 2aq. [2C5°] (Gintl, M. 14, 
256^ Occurs in the leaves of the led b^ar-berry 
{Arctosttphyloe Uva-ursi) (Trommsdord, Ar. PK 
[2] >80, 273; Hlasiwetz, 68,123). Needles, 
fcisol. water, acids, aifd alkalis, si. soL alcohol 
and ether. Cono. H2SO4 added fp its solution 
in Ac,0 gives a red oolour, changing tb^roagh 
blue to green. Does not react with hydroxylammo 
or phenyl-hydsazine. Reduced by HI mid, P at 
860® to O.A, (256®-267®). 

* Acetyl derivative [264°]. 

Beneoyl derivative [214®]. 
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VBVSHIO AOID C,4H„0^ S.O. ^ *985. 
Occurs in nnuhi or Japanese lacquer (Yoshida, 
C. J*. 48, 472). Dark, pasty mass, v. sol. benzene 
and. ether, insol. water. Br in GS^ forms 
C^HixBraOs. HNO, forms 0,4H,I(NO2)aO2, which 
forms JE'eA'a. Chromic acid mistnre forms oxy- 
urnshio acid C,4H,gOa.'-PbA'a ^Hed at 100°). 
[110°-116°]. Flocculent pp.— FeHaA'j2 2aq. — 
FeHaAV Deep-black pp. 

DSHETIC ACID OaH.oO,. [178°]. .Occurs in 
small quantity, together wi^h usnic acid, in the 
lichen Usnea barbata (Hesse, B. 10, 1326\. Flat 
prisms (from alcohol), v. sol. ether. FeCl, 
colours its alcoholic solution, bluish-violet. 
Bleaching-powder does not*^olour it# alkaline 
solution. Is perhaps identical with decarb- 
usnin. 4 . 

USNIC ACID (Sa^iowski ; Patcrno) 

or CigHjnOa (Hesse), or 0,8H,i,0, (Stenhouse a. 
Qroves, C.^. 39, 234). Carbusnic acid. [196’4° 
cor.]. S. (ether) *3 at 20°. Occurs in the lichens 
Usnea barbata^ Usnea florida^ iJeora sof dida 
(Knop, A. 49, 103 ; llochleder d. Heldt, A. 48, 
12 ; Thomson, A. 63, 259i> Stenhoiisf., Pr. 18, 
222; A. 68, 97, 114; 155, 51; Hesse, A. 117, 
843 ; Paterno, G. 8, 225 ; Balkowski, B. 8, 1459). 
Sulphur-yellow monoclinic cr3'stals, si. sol. alco- 
hol, V. sol. hot ether and benzene. Does not 
yield betorcin Vfhen heated. Cone. H2SO4 forms 
usnolio acid Cj,H2,Oio [213°] crystallising in 
small ^^ftlsvish prisms (Stenhouse a. Qroves, 

• C. J* 39, 236). When it is heated with an alco- 
holic solution of aniline it yields the anilide 
0,gH,408(NHPh), crystallising from alcohol ii\, 
pale-yellow plates [171°J, and forming in^KOIIAq 
a yellow solution from which HCl ppts. CajHaaNO^ ’ 
[171®]. 

Salts.— NaC,HH„08 2aq (Spica, a 12,432). 
Pale-yellow, silky needles. — KOmHjjOjSaq or 
KG,8H„0,8aq. Pale-yellow plates (from 60p.o. 
alcohol) (Hesse, B. 10, 1325). — KCipHjjOg aq or 
KO„H„(\ aq. Yellow prisms (from 93 p.c. alco- 
hol). — CuA'a : green pp. » 

Deoarbuane'in O^HisOg. [176°]. Formed by 
heating usnic acid (1 pt.) with alcohol (3.^- pts.) 
at 160° (Paterno, Q. 12, 234). Yellow, silky 
needles, sol. hot alcohol, si. sol. water and ether. 
Not coloured by FeClj. Not attacked by AcCl. 
Beduces warm ammoniacal AgNO,. Boiling 
EOHAq in absence of air splits it up into HOAo 
and dec^rbusnic acid G,.^H|g08, which crys- 
tallises from alcohol in lemon-yellow ^prisqj^s 
[199°] and jjelds, when boiled with AoD, two 
acetyl derivatives 0,jH,jAc05 [148°] (isomeric 
with decarbu^pein) and Oi^HnACjOj [131°]. 

Pyrouanio acid O.aH.aO* (P.) ; CiHgOg (Sal- 
kowski, J3. 8, 1461). [197°]. Formed, together 
with pyrousnetic acid, by*' boiling usnic acid (2, 
pts.) with KOH (5 pts.) and water (6 pts.) in an 
atmosphere of hydrogen (Paterno, Q.«3, Al3 ; 12,« 


242). Shining scales (from ether), v. sol. alco- 
hol, si. sol. ether. Its alkaline solution absorbs 
oxygen from the air, turning green and uUi- 
nfhtely brown. Beduces » ammoniacal AgNO, 
readily. Aap yields an acetyl derivative [206°]. 
Alcohol and HCl form an ether [147°]. Pyro- 
usnic acid is split up on dry distillfttion in a 
current of H into CO.^ and usneole Oi,H)nO„ 
which crystallises fromi^alcohol in yellow pris- 
ma||io tablets [176°] and is converted by AcCl 
iifto a di-acetyl derivative [142°], 

Pyrousnetio acid Gi^Hi^Ogt.e. 

C,8H,304(C02H). [186°]. Formed by boiling 

usnic .acid. (10 pts.) with KOH (26 pts.) an<f 
water (25 *^ts.) for 15 minutes (Paterno, (?. 12, 
238). Colourless plates or needles (from alco- 
hol). ACgO yields Cj^HijAcOg [168^. When 
heated in a current* of H, pyrousnetio acid is 
split up into CO2 and usnetole CjjHj^O*, which 
crystallises from dilute alcohol in yellowish 
needles [179°]. 

(3) -Usnic acid v. Cladonio acid. 

UVIC ACID V. PyROTmTARio acid. 

UVINONE C,4H,.Ai.c. , 

'°<CMo:c:cac;CM^>0 <’) Formed, 

to the extent of 2 p.c., by distilling pyrotritario 
acid (Dietrich a. Paal, B. 20, 1086). Yellow 
1 needles (by sublimation), sol. HOAc, v. si. sol. 
alcohol. Cone. forms ci solution with 

green fluorescence, Br ht 100° forms crystal- 
line OiJl^BrnO,. 

UViTIC AICD C^H^O^ U. 

0„H3]^e(CO..II),. [1:3:5]. Mcsidic acid^ Mol. w. 
180. [288°]. 'H.C.v. and p. 928,900. H.F. 
193,100 (Stohmann, J.pr. [2] 40, 128). Formed, 
together with uvitonic acid, by boiling pyruvio 
acid with baryta-water (Finck, A. 122, 184). 
Formed also by oxidation of mesitylcne or mesi- 
tylenio acid (Fittig a. Von Furtenbach, Z. [2] 
4, 1 ; A. 147, 295), by oxidation of di-methyl- 
ethyl-benzene (Wroblewsky, A. 192, 217), and 
by heating 4)eH.^Me{SO.,NHJ(COj,H)2 with cone. 
HGlAq at 230° (Hall a. Bemsen, Am. 2, 136). 
Slender needles (from water), v. si. sol. hot 
water, m. sol. alcohol and ether. Yields toluene 
on heating with soda-lime (Baoyer, Z. [2] 4,^ 
119). The Ca salt heated with lime yields m- 
toluic acid (BOttinger a. Bamsay, A. 168, 256). 
Chromic acid mixture oxidises it to trimesio 
acid. » 

Salts. — KA" : plates (fiom alcohol), v. sol. 
watey. — BaA" aq. — CaA" aq. — Ag^A". Nearly 
insph colcl water. 

Fjthyl ether'Ei:A!\ [36°]. 'CrystaKine, 

Beferemes. — Amido-, Bromo-, Nitro-, and 

OXY-UlfITIO ACID. 

Isouvitic acid v. Carboxv-phenyl-aoetio acid. 

Uvitonic ^ acid v. Mbthyl-pyxudins-dicarb- 

OXYLIO ACID. 


HUELEBAL V . Valerio aldehyde. ^ 

VALERAL-DI-A^£T0NAH1N2 v. Pentyl- 

idtne di-ACBTONAMINB. , 

YALSBALDINSCuH„NSa. Thiovaleralditte. 


[41°]. Formed by the actid^f HjS on isovalerio 
uld^yae ammonia suspended m water (Beissdh- 
hfitz, A. 90«i 109 ; Parkinson, A. 90, 119). 
Formed also from ^ioibovalerio aldehyde and 
dtj NH. (Schroder, B. 4, 468).^ Plates (front 
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ether) t with powerful smell, sol. alcohol, insoL 
water.Y'B'HCl. Needles, sol. water. 

VALSBCBSATINIH v. MBiBYL-auANzi^ 

eiJiBRlO AOID. 

VALEBIAN OIL. An essential oil obtained 
from tlre^ootof Valeriana officinalis. It con- 
tains a terpene C,oH,- (160°) [o]u--21°, a 
oamphene, borneol Gj^,gO, di-bornyl oxide 
(C,oH,j)jO (285°-290°), formyl-, acetyl-, fcpd 
valeryl-borneol, and a little valeric acid (Ger- 
hardt, A. Ch. [3] 7, 276 ; Pierlot, A. Gh. [3] 66, 
291 ; Bruylants, J, Ph. [4] 27, 349; 11, 452 ; 

Waller, O. B. 103, 161; Oliviero, B, 117, 
1096). 

n-FALERIC ACID CjH.gO.. U, 
CHg.CHLpCa,.CH.,.CO.^. Mpl. w. 102. (18d° 

cor.). S.G. g -9662 (Zander. A. 224, 66) ; 
•9446; If *9376 (Perkin); -9298 (Bruhl). 
C.E. (0°-10°) -00098 (Z.). S. 3*5 at 16^ S.V. 
130 0 (Z.). M.M. 6-613 at 13-6°. M/j- 1-4003. 
Boo “43-16 (Briihl). H.F. 137,800 (Stohmann, 
J. pr. [2] 49, 99). Occurs in crude wood vinegar 
(Grodzki a. Erameri B. 11, 1368). 

Formation, — 1. By saponifying its nitrile (n- 
butyl cyanide) (Lieben a. Ilossi, A. 169, 68 ; Q, 
1, 239). — 2. By oxidation of n-ainyl alcohol (L. 
a. B.). — 8. By the action of metallic silver on a 
mixture of EtI %nd iS-iodoprQpionic acid (W. von 
Schneider, .Z.g[21 6,34^).— 4. By oxidising a-oxy- 
n-caproic acid (Erlenmeyer, B. 9, 1840). — 6. By 
heating /3-acetyi-propionic acid with HI and P at 
200° (Kehrer a. Tollens, A. 206, 233). — 6. By re- 
ducing /9%cetyl-propionic acid with sodium- 
amalgam (Wolff, il, 208, 110).— 7. By heating 
n-propyl-malonic acid at 180° (Juslin, B, 17, 
2604; Furth, M. 9, 308). — 8. By fermentation 
of calcium lactate (Fitz, B, 18, 1309 ; 14, 1US4). 
9. By heating the lactone of 7-oxy-n-valcrio 
acid with HIAq and P at 240° (Fittig, A. 226, 
346). — 10. A product of oxidation of castor oil 
by dilute HNO, (Wahlforss, B. 22 lief., 438). 

Properties, — ^Liquid, smelling like butyric 
acid. 

Salts. — K&J, Plates (from alcohol). — 

CaA', aq. S. 10*267 at 0° ; 8-144 at 60°. Least 
•soluble at 60°-70° (F.); — CaA', l.^aq (SchOr- 
lemmer, A. 161, 270).— BaA'^. S. 21*693 at 0° ; 
23*076 at 80°. — MnA'^aq. — QuA',: minute jgreen 
needles. More sol. cold tb^n hot water, — ZnA'j. 
S. 2-6 at 26°.— AgA'. S. -229 at *3° ; -641 at 
70*6°. 

Methyl ether MeA'. (127*3°).* S.a g 
•9097 4G.) ; -8795. C.E. (0°-10°) -00106. S.V. 

149-1 (Gartenmeister, A, 233, 273). “ 1*3997. 

Boo *60*7.. • 

Ethyl ether EtA. Mol. w.dao. (144*7° 
«or.). S.G. g -8939 (G.) ; -871$ (Lieben a. 

^ . ... -'"); =5° -8661 (BruW). S.V. 


BossL A, 1«6, 117); 
174 ““ 




W). 

- 1*402. 


CJE. (0°-10°) *00111. -1*402. Boa 

AS-OS^B.). 

n-Propyl ether PrA. (167-5°). S.G.' § 
•8888. O.E. (0°-10°) -00106 (G.). S.V. 197-8. 
n^Butyl ether CiHgA'. 


•8847. O.E. (0°-l<^J) *00101. S.V. 222-1, 


S.G. g 


n-Amyl ether ^OaH„A'. Mol. w. 172. 


<f08-7°). S.G. &-8812 (G.). 
C.B. (0°-10°) •MW7. S.V. 
Boo 80-48. 

n-Hexyl ^her OoH,aA\ 
•6797. OJ. -00096. 


; T -8668 (Brthl)? 
246*8. l-Al, 

(223*8°). I^.G. g 
S.V. 272*0. 


n-Heptyl ether 03, *A'. (248-6°). S.Gi 

g -8786. C.B. (0»-10°) -00690. S.V. 297*4. 

n-Oetyl ether 0«H„A. (260*2°). S»G. g 
•8784. C.E. (0*-10°) *00088. S.V. 822*6. 

Amide C^Hb.CO.NH,. Mol. w. lui. .(IW®}. 
Pearly plates (Weidel a. Ciamician, B, 18, 69). 
V. sol. water, alcohol, and ether. 

JiTifrtZe C,H„.CN. n- Butyl cyanide, (140°). 
S.G. a *^16 -^Lieben a. Bossi, A, 168, 171). 
Formed, togotlier vith amylamine, by allowing 
a mix^re of hexoio amide (1 mol.) and bromine 
(2 moffl.) to run into a 10 p.o. solution of NaOH 
(ilofinanD, B. VI, 1410). # 

iBoviflerio aci(Vl[CH3),CH.CH.,.CO,H. Tsopro- 
pyl-acctic acid. (176° cor.). S.G. *9336 ; W 
•9261 (Perkin) ; |)it^931 (E. a. U.). k.M. 6-m 
at 16°. S. 4-24 at 20°. 

Vapour tension : llichardson, C. J, 49, 767. 
Heat of neutralisation : Gal a. Werner, Bl, 
[2] 46, 801. 

Ocours irf the fat of DAphinum Phoccena 
(Chovrcul [18f7], Corps gras, pp. 99, 209), in 
valerian woot (Grotef B. J, 11, 226; Tromms- 
, dorff'h. Ettling, A. 4, 229 ; 6, 176), in the root of 
Angelica Archangelica (Moyor a. Zenner, A. 55, 
828), in the root of Athanianta Oreoselinum, in 
the bark of the alder tree, in the l^erries and bark 
of the Guelder rose ( ViburniiviOpulus) (Moro, A, 
65, 330), in the root of Viburtiumvrunifolium 
(Allen, Ph. [8] 11, 413), and in oil m 'geranium 
(O. Jacobsen, A. 157, 232). A valerio aoid oocnnf 
in rosin oil (Lwoff, B. 20, 1017) and in yolk 
,of wool (suint) (Buisino, Bl. [2] 4S, 639). 

Formatioji. -l. By oxitlation of inactive for* 

1 mentation amyl alcohol (Duinaa a. Stas, A. 38, 
156 ;^35, 143 ; Erlenineyer a. Jielil^ A. 160, 257 ; 
Pedler, C* J, 21, 74).— 2. By boiling its nitrile 
with alcoholic potash (E. a. 11. ; Bobmidt a. 
j Sachtlebcn, A. 193, 87). — 3. Together with the 
! active acid by oxidation of leucine (amido-hexoio 
acid) (E. a. H., cf. Noubauer, A. 106, 60).— 4. By 
heating^isopropyl-malonio aoid at 180° {B. !^1, i 
596). — 6. By oxidising di-methyl-allyl-carbinol, 
treating the resulting CMe.^(011).CH,^OOyH with 
HI, and reducing the ^dodo-valeno acid so 
formed by means of 3 p.c. sodium-amalgam ap- 
plied in an acid solution (SebirokofF, J.pr. [2J 
23, 286).— 6. ^y the action of KOH or HOlAqon 
Athamantin (Schnedermann a. Winckler, A, 61, 
324).-A7. liy putrefactive fermentatien of pro- 
tei'ds (tljenko, A. 63, 269).— 8. By the action of 
(TrO| on gelatin and albumen (Sfdblieper, A. 59, 

7 ; Guckelberger, A. 64, 71). — 9. From isopropyl- 
aceto-acetic ether (Frankland a. Duppa, A, 146, 
84). — 10. By distilling isopropyl-ma/onio aoid 
'jponrad a. Bisohoi!,^. 204, 161).— 11. A pro- 
, duct of distillation of colophony (Benard, A. Ch, 
[0] 1, 25Z). 

• Prepai^ition.—l. Isoamyl alcohol is oxidised 
by^less than the calc^ltfled quadtity qf KMaO^ 
in thevcold. Some acetic aoid is filmed, but 
this can be got rid o^ by distilling a dilute sola- 
*tion of the acids, for valerio acid passes over in 
the first quarter of the distil^tte, the aoetio 
acid remaining behind (Duolaux, 0, .^106, 
»171). — 2. By oxidising isoamyl alcohol (1,000 
C.C.) with (1000 g.] dissolved in water 

(8,600 0.0.) by lading in the cold H^SO^ (1,400 
^) mixed with water (800 g.). The resulting 
isoamyl isovalerate is saponified by potash 
(Pierre a. Puchot, A. Ch, [4] 29, 229)«->8. 
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cliBtilling Talerian root with dilate phosphorio 
Aoid» neatralifling the distillate with^Na^COg^ 
aad • decomposing the resalting Na'* salt by 
H1SO4. In parilying valeric acid use may be 
made of the fact that the acid forms crystalline 
acid salts with K and Na (Lesceaiirt BU [2] 27* 
104). 

Prop^fiiUs , — Liquidi inactive to light. Its 
f yrn g)! is powerful and unpleasant. • SI. jK>l. water. 
Separated from aqueous solution by CaC4* 
Volatile with steam. Mixes with alcohol and 
ether. It is set free from its salts by mineral 
acids, by HO Ac, liy oxalic, tartiric, citric, and 
malic acids, but not by bui^ric acid* When 
cone, valeric acid is added to a solution of cupric 
acetate, anhydrous cupric vat rate separates in 
oily drops, which soon change to a greenish-blue 
crystalline powder of the hydrated salt ; butyric 
acid would* at once give a crystalline pp. (La- 
roeque a. Huraut, J, Ph. [3] 9, 430). 

Reactions.^!, ^Oxidised by 'chromic acid 
mixture at 20° to acetic acid ana CO.^. — 2. Boil* 
ing dilute HNO^ former nitro-vale*yc acid, 
methyl*malio acid, and a little di-nitro-pil»pane 
(when prepared from valerian) or di-nitro- 
butane (when prepared from isoamyl alcohol) 
(Bredt, B. 14, 1782 ; 15, 2319 ; cf. Dessaignes, 
A. 79, 874).— ft’. Dilute alkaline KMnO* forms 
CMea(O^.CHj.CO^.— 4. Electrolysis of the K 
salt in ^116. solution yields octane CaH^Br, 
tKolbe, A, 69, 259).— 6. Passed through a red- 
hot tube it yields ethylene, propylene, butylene, 
and other hydrocarbons (Hofmann, I2p., 

6. The Oa salt yields di-isobutyl ketone^ on dis* 
tillation by itself, valeric aldehyde on distilla- 
tion with caltium formate, and methyl isqbutyl 
ketone on distillation with calcium aentate. 

Salts.— NH^A'. V. sol. water and alcohol. 
— (NHJHA'a.— KA'. Deliquescent crystalline 
mass. S. (alcohol) 26 at 20°. [140°].— 

LiA'iaq.. Nodules.— TIA'. V. sol. water.— 
CaA'.Saq; needles (Barone, A. 165, 120; 

' S^jhmidt a. Saohtleben, A, 193, 87 ; Schirokoff, 
J.pr. [2] 23, 286). S. 18-4 at 0° (Sedlitzky, M. 
8, 663).— CaA',4aq.-OaA'a6aq.— BaAV Tri- 

olinic plates. S. 94 at 18°. S. (alcohol) 3'3 at 
20°.— BaA',aq.— BaA', 2aq.— SrA',.— MnA% 2aq. 
— ZnA'2 2aq. Crystalline. — ZnA'j* S. 1 in the 
cold. S. (80 p.c. alcohol) 1*7 in the cold ; S. 
(ether) *2 in the cold ; -6 at 35° (Wit«3tein, 
J, 1847, 657). — ZnA'2l2aq. — ZnAV«aq. — 
ZnA\2NH, (I.utschak, B. 6, 30).— CuA',. Green 
crystalline pp. — OuA'^aq. — Bi4A/(OH)^, 
(Schucht, At. Ph. [3] 2, 97).-FeAV— FeA'2(OH). 
— FeA\(pH)y— PbA'a : easily fusible laminss. 
— PbA'-iO-. Groups of needles, al. sol. water.-r 
AgA': S. ‘mat 0° (SdiUitzky) ; *185 at 20°, 

M.A'. (116o>, 

•9007. O.E. (0°-10°; , 001174. S.V. 149*6 
(ElsfisserV A. 218, 816) ; 148-3 (R. SchiflfrA. 220, 
884). SJa. (21°y 46°) *491 (Kopp). Smells like 

Ethyl ether 

Ra-i^) 'm.M. 7-616 at 1^. Oil, 

jwl. alconol. SmeLa like rennet apples and 
water-mint (Pierre a. Puohot, A, Ch. [4] 20, 
284). Converted by sodium into oxy-deooio 
ethyl ethoxy-decoatq (Hantzsoh, A* 249, 


Acm 

64), an add [0. 127^ (296^, and other 

bodies (Greiner, Z, [2] 2, 460 ; Wanklyni 0. /. 
X7, 871 ; Geather a. Greiner, J. 1866, did). 

n-Propyl ether PrA'. (166°). S.G. ? 
•8809. O.E. (0°-10°) -000997. S.V. 197-6 (El- 
s&sser) t 196-8 (SchifQ. . 

Isopropyl ether PrA'. (142°). B.G. ^ 
•870; W *864 (Silva, A/L58, 136). 

I>i‘ChlorO‘propyl ether 0,HjCLA'. 
(2W5°) at 737 mm. S.G. H 1-149. Formed 
from epichlorhydrin and isovaleryl chloride 
(Truchot, A. 138, 298). 

Ispbutyl ether (169°) (Elsasserf 

A. 218, 328) ; (173°) (P. a. P.). S.G. S -8736 
(E.). 2 -8884 (P. a. P.). O.E. (0°-10°) -001027. 
S>V. 223-4 (E.). 

Isoamyl ethm' CjH,,A'. (188°) (Kopp; 

R. Schiff, A. 234, 344); (196°) (Balard) ; (190°) 
(Balbiano, J. 1876, 348); (194°) (Kahlbaum). 

S. G. 2 -870 (Balbiano). S.V. 244-6. V.D. 
6-1. Smells, when dissolved in alcohol (7 pts.), 
like apples. 

Octyl ether C,H„A'. (250°). S.G. 

•862 (Zincke, A, 16‘2, 6). 

' Cetyl ether [25°]. (280°-290°) 

at 202 mm. S.G. ^ *852 (Dollfus, A. 131, 
283). 

Ally I ether (154°J. Oil (Cahours 

a. Hofmann, A. 108, 296). ♦ 

Glyceryl derivative v., Glycerin. 
Chloride Pr.CH^COCl. (114°) at 726 
mm. S.G. -9887. 1-4213. Boo 4914. 

Liquid, easily decomposed by water (B6champ, 
C. i2. 42, 224 ; Briihl, A. 203, 24). 

Bromide O^H,OBr. (143°). Liquid. 
Iodide CAOI. (168°) (Cahours, O. B. 
44, 1252). 

Anhydride {C,B,0)fl. Mol. w. 186. 
(216°) (Chiozza, A. 84, 106). Converted by 
hydrated BaO, into the o.ily peroxide (C4H,0),0, 
(Brodie, Pr. 12, 665). ^ 

Aceto-valeric anhydride (C5HgO).OAoi 
(147°-160°) (Autenrieth, B. 20, 3187). 

Amide C*H„.CONH,. [128°] (Letts, B. 6^ 
669 ; Hofmann, B. 16, 982) ; [135°] (Schmidt a. 
Sachtloben, A. 193, 102). (231°). Silky plates,^ 
v.'-Sol. water and alcohol. ’ 

Anilide C,H,.CO.NHPh. [116°] (Chiozza, 
A. Gh. [3] 39, 201 ; Kelbe, B. 16, 1200 ; cjf. 
Dumas, O. B. 26, 475, 658 ; Dessaignes, A. 681 
333). SL sol. hot water, v. sol. alcohol and 
ether- 


l^;^erEtA^ (184°). (E.1; (135° 
n). S.G. 5 -8861 (E.) ; ^ *8714 ; 
P.). O.E. (0°-10°) -001034. S.V.,, 


^Nitrile Pr.CHj.CN. Isobutyl cyanide^ 
Moh w. 83. (129°) (R. Schiff,' B. ISi 667). 

S.G. 2 -823. V.D. 2-89. Formed by heating 
ammonium valerate or valeramide with PjO, 
(Dumas, MalAguti a. Leblanc, O. B.^ 26,^ 668). 
Occurs amdng the products of oxidation oi 
gelatin i^nd casein by chromic acid njixture 
'.Schlieper, A. 69, 16; Guckelberger, A, 6^, 72), 
of the action of chlorine on leucine (Schwianert, 
A 102, 228), and of the action of oonc. HNOjOn 
castor oU (Hell a. Kitrosky, B.24, 980j. Formed 
also, togetner with valeramide, by heating valeric 
Loid with potassium sulphjjryamde (Letts, B. 6, 
669). It is also got by t&e action of cold Aa^O 
S5n the' oxim of valerib aldehyde (Dollfus, B. t6| 
ll?i6), Prei^jed by digesting iaobutyl iodide 
with KCy and alcohol (Erlenmeyer a. Hell, A 
160,266). Liquid, smelling lilw almonds, dia- 
solving in about foot times i(s volume of water 



VALERIO|^ALDEHy0B. 


830 


Bodiam eonverts it, on heating, into cjan* 
butine oryatallising in stellate groups 

of needles, ^ioh yield B'HCl and 
and isoonverted by nitrous acid into 0 , 5 H 2 j( 0 HjNf 
[89®] (E. Yon Meyer, /. pr. [2] 37, 407). 

Active ▼alerio acid CHMeEt.CO;tH. Methyl- 
ethyl-acetic add. EydroHglic acid. (177® i.V.). 
8.G. ^ *988 (Saar). S^. 129*1 (Lessen, A. 254, 
60). Ooours in the esratial oil from the fruit 
of Angelica Archangelica (B. Milllor, Bf *14, 
2476). 

Formation, — 1. By oxidation of isoamyl 
• alcohol. — 2, By reducing tiglio acid with HI and 
P (Schmidt a. Berendes, A. 191, li7|.~3. By 
heating methyl-ethyl-malonio acid (Bisohoff a. 
Conrad, A. 204, 151). — 4. From methyl-ethvl- 
acotoaoetio ether (Saur, if .^88, 267).— 5. By re- 
ducing angelic acid (Schmidt, A. 208, 261). — 

6. By reducing bromo-hydro-tiglic acid (Pagen- 
stecher, A. 196, 121). — 7. By the action of 
KaOEt and EtI on propionyl-propionic acid 
(Israel, A. 231, 219).— 8. By oxidation of the 
corresponding aldehyde (Lieben a. Zeisel, M. 

7, 66). 

Properties. — The acid obtained by synthetic 
methods is inactive, but when obtained by oxi- 
dation of active amyl alcohol it is dextro- 
rotatory, but is mixed with inactive isovaleric 
acid. By oxi(\p,tion of an, amyl alcohol [a]i>" 

— 4*4® Guyeiand Chavanne {G. It. 116, 1454) , 
obtained a vaferic acid (174®), [a]D=» + 13*6®, 
S.O. If ‘938. By oxidation of an amyl alcohol 
[o]d« -6*2® at 22® Rogers (C. J. 63, 1130) got 
a valerio^acid (175®), S.G. |!| *936, [a]o= -f 13*9®* 
at 22®. Methyl-etjiyl-acetio acid can be sepai 
rated from isopropyl-acetic acid through the 
greater solubility of its silver salt. Dilute 
KMnO^ oxidises methyl-ethyl-acotio ac»d to 
CMeBt(OH).CO,U. 

Salts.— CaA'^Caq: needles. S. (of CaA'«) 

I. — *BaA' 2 : gummy mass. — ZnAV Needles, 
ore sol. cold than hot water. — CuA'j : bluish- 
•een, crystalline pp.— AgA' : groups of needles. 

1*13 at 20° (0. a. B.) ; 1*11 at 1® (Sedlitzky, 

r. 8, 668). 

Ethyl ether EtA'. (133-5® i.V.). S.G. 

\ -8696. 

Nitrile 0,H.,N. (125®). S.G. ^ *8061. 

ormed by adding Na and»EtI to a sol'ftion of 
jetonitrile in benzene ^anriot a. Bouveault, 
IZ. [2] 61, 173). Liquid. 

Valeric acid CMeg.CO.H. Tri-methiji-acetic 
iid, [36®]. (163*6® i.V.). S.G. ^ *1)05. J. 2*2 
; 20P. jBcAZ of neutralisation : Gal a. Werner, 
(Z. [2] 46, 801. Formed by heating its nitrile 
ith alcoholic potash or cone. HQIIAq at i 
90® (Butleroff, A. 165, 322 ; 170yl61 ; 173, 3.55 ; 

). 6, 478). Formed also by act 4 )n of CrO, on 
iny-o Bn (Friedel a. Silva, B. 6, 144), 820) 

Q %i-methyl.pyruvio acid (Glttcksmann, M. TO, 
77). Monometric crystals. Does not yvi« a 
romo- derivative on heating with Br, efther 
lone or in presence of P (Reformatzky, B, 23,* 
696). • 

Salts.— NaA'^M. Prisms, t. sol. wateft— 
Needles, ft. sol. water.— Caj|.',6aq.-e 
^',4aq. S. ^ at l®.-^SrA',* 6aq.— Bai/^63q. 

. 34 at 2® (Landau, M. 14. 767).-M^',*^q. 
-ZnA',aq. S. (of ZnA',) 1*7 a4.20®. The cold 
itnrated solution becomes filled on winning 


with a solid salt, which dissolves np again on 
cooling.— PbA'j.--PbH4'i : /leedles. — CuA' aq : 
greenish pp.— AgA\ S. 1*1 at 1® ; 1*27 at 27® 
(Stiassny, M, 12, 699). 

Methyl eiher MeA^ (101®) (Butleroff). 
Ethyl ether EtA'. (118*6® i.Vi). S.G. 
» *875. 

Tert-butyl ether O^H,A'. (135® i.V.). 
Amyl ether CMe,.CHgA'. (1C6®) (Tisaier, 
BL [2] 618). 

C/iZortdsCMe,.COCl. (106®). 

Agihydride (CMe3.CO)..0. (190®). 

Jlnide CMe,.CO.NU,. , [154®]. (212®). 

d^ormed by heating the ammonium salt in sealed 
tubes (ft 230® (Fi&nchimont a. Klobbio, B. T. C. 
6, 238). Long needles. Decomposed by pure 
HNOs (S.G. l-dS^Vith evolution of N.,0. 

Methylaimde CMe^.CO.N IIMe. [91®]. 
(204®). 

Dimethylamiilo CM(v,.OO.NMej. (186°). 
Bf/t.vZami(ZijCMo,.CO.NIlI-:t. [49®]. (204‘=). 
Diethylamide CMoJ.CO.NEtj. (203°). 
S.G. *891. 


Nitfile CMef.CN. Tcrt-hutyl cyanide. 
[16*-^. (106°). Formed, together with a poly- 

mer ide (160°), by the action of tort-butyl iodide 
on dry potassio-morcurio oyaiiido below 6® (But- 
leroff, A. 170, 151 ; Freund a. Lenze, B. 23. 
2866 ; 24, 2161). Crystalline mass with pun- 
gent smell. On heating with aniline hydro- 
chloride it yields phenyl -valeralflidthe, which 
forms an oxalate [192®]. llydroxylamine forfta 
the amidojchn CMe,.C(NH,):NOII [116®]. 

Be/ere7iccs. — Amiih)-, Buomo-, Gnxono-, loDO-, 
Nrnu)^, Nithoko-, and Oxy- v^iiicuio acids. 

n-VALERIC ALDEHYDE 
CII^CH,.CH,.CII..CnO. (103®)i4 S.O. LI .819. 
FormetU by distilling calcium n-valerate witli 
calcium formate (Lieben a. Rossi, A. 169, 70 ; 
Zander, A. 224, 81). 

Isovaleric aldehyde (CIly);jGH.OH 2 .CHO. 
VaUral. Mol. w. 86. (92 6®). S.G. *8041 ; 

'7931 (Perkin, C, J. 46, 477). 

40*66 (Briihl). V.D. 43*06 (calc. *43) 
(Schrader, B. 4, 400, 468). S.V. 118*6. Formed 
by oxidation of isoainyl alcohol (Dumas a. Stas, 
A. Ch. [2] 73, 145 ; Parkinson, A. 90, 114 ; 
Kolbe a. Guthrie, A. 109, 296). Formed also by 
distilling milcium iso-valerato with o^cium 
formate (Lirnpriebt, ^.97, 370), by the distilla- 
liorf of isovalerates (Chancel, >4. 60,^18; Ebers- 
bachfil. 106, 202 ; Schmidt, B. 6, 600), by oxi- 
dation of gluten (Keller, A. 72# 84) and castor 
oik (Arzbacher, A. 73, 202), and by the action of 
SO, on leucine (Schwanert, A. 102, 226). 

ProjwrZics.— Neutrak oil, with pifhgent fruity 
odour. Polymerises on keeping. Mixes with 
alcohol and ether. •On heating with ammonium 
Bulpbooyanide it yields a dark-red liquid, sol. 
alcohol, •ether, and HOAo (Brodsky, M. 8, 87). 
Alkaline sodium nitjoprusside ^ives a violet-red 
colour, destroyed by HOAo (Von Bilto, A. 267, 
676). Combines with sodium bisulphite, form- 
ing (0,H,oO)NaHSC),. , 

• JReactions.—l. Readily o^j^dised to valeric 
acid.— 2. Chlorine forms mono- and ohloro- 
valeric aldehydes, and, at 140®, oily 
(204°), which is converted by alcoholic ioda 
into 0 ,;H,o 01,0 (209®).-ff. PCI, fo^ 0^,01,, 
'4, Potgeh-fueion gives valeric acid.— o« Heat- 
ing with lime forms isoamyl alcohol, o a l ci nia 
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valerate and other bodies (Fittig, A, 117» 68).^ 

C. Sodium-amalgam and water slowly form 
isoamyl alcohol (Wurtz,il.l34,201). — 7. Sodium 
forms isoamyl alcohol, sodiam valerate, decyl 
alcohol (208°), an oU (C^H,.0)* (260°- 

290°), the compound O^oHmO,, (,and the acid 
O.oH.gO; (Borodin, JJ. 1864, 853w.J5. 6, 480).— 
8. KOH at 0° produces an oily polymeride, 
lighter than water, not capable of combining 
with NaHSO,, and yielding iaovalgdc aldehyde 
and the compounds 0 ,oH,hQ and on 

distillation (Borodin, jB, 6, 982). This poly- 
meride, left in contact with NagGOgAq.^isften 
forms needles of*^^!!.,©, [70°L — 9. Heating^ 
with EOH forms tne aldehyde G|gH,gO and a 
compound G.^,gOg (260°-29(r'). S.G. ‘90. — 
10. Heating with nine at 18(V° forma decenoic 
aldehyde G.oH.gO (190°), S.G. « -862 (Riban, 
0. B. 76, 96 ; Kekul4, A, 162, 77) and other pro- 
ducts.— 11. ^jnEtj produces the oil (G,oH,gO)« in 
large quantity (Beilstein a. Rieth, A. 126, 242). 
ZnMeg, followed by wMer, forms metiiyl-isobutyl- 
carbinol (Kuvsinoff, J, JR. 1887, 204). — 12. Dry 
EgGO, at 60° forms an oily polymeride, jphich is 
reconverted at 180° into the aldehyde. Boiling 
with EjGO, yields G,oH,gO (o. iupra)^ G^.„Ot 
(265°-270°), and G„H.^Og (2.S5°-240°) (Gass a. 
Hell, B. 8, 369). — 13. Dry K^GO, added to moist 
isovaleric aldehyde forms, after some days, 
crystals of a polymeride [84°], which is re- 
converted«i«atiT 108° into the original aldehyde* 
(Bruylants, B. 8, 414). — 14. PH^I forms a com- 
pound (OgH,gO) 4 PH 4 l, crystallising from ether 
in plates [119°], converted by cold potash into 
(G 4 H,gO)aPH,.OH, crystallising in prisms [126°], 
insol. water (De Girard, A. Ch. [6] 2, 33 r O. B. 
94, 216).— 16. Qn heating with hypophospJiorous 
acid in an atmosphere of liydrogen t^e Com- 
pound (G4H,p0)aHgP02 [160°] is formed. It 
yields BaA'gOq (Ville, C. R. 109, 71). — 16. AcCl 
at 100° combines, forming chloro-amyl acetate 
G^Hg.GHGl^OAc (Maxwell Simpson, Pr. 27, 120). 
17. m-AmidO’benzoic acid forms GuPisNOj 
Vc.«130°].— 18..Dry HCl forms (C,H,,GHC1)..0 
(180°) (Bruylants, B. 8, 414).— 19. Cone. NH^Aq 
forms isovaleric aldehyde • ammonia 
C.H,.CH(NHg)OH 7aq [68°] (Erdmann, A. 130, 
811 ; Petersen, A. 132, 158 ; Ljubavin, B. 6, 
1460), which yields, on allowing its alcoholic 
solution to stand, or on boiling with potash, the 
oily * trioxyamylamino ’ CijHgaNO,, foruing 
B'HCl [113°] and B'gH,PtClp. AgNO, seacts 
with isovaleric aldehyde-ammonia, forming^ 
(C.H„N),AgNO, and (C 4 H„N),AgNO, (Gqld- 
schmidt, B. 11, 1200; Mixter, / 1878, 438).— 
20. Alcoholio RH, at. 150° forms v^eritrine, 
hydrovaleritrine, and other bodies. Valeri-^ 
trine G.gH^N is a very un% table liquid (250°- 
260°)^ yielding B'HHgCl, [88°], B',HaPtCi„ and 
B'CgHgNgOy [ 130°]. Hydrovaleritrine 
CigHggN or Oj^g.N is a liquid, yielding crystal- 
line B'HCl.V S. 2-87 at 22^, not melted a^. 180° 
(Ljubavin, B. 6, 5^).— 21. H,S passed into an 
aqueous solution forms thiovalerio aldehyde 
CgH|gS [69°]. An isomeride (116°) is got, to-, 
gether mth a ;^blymeride [94*6°], by heating 
isovalesit aldehyde with sulphur at 250° (Bar- 
ba^ B. 18, 1674; 17, 2654; G. 11, 95; 16, 
426).— 22. OS, and NH,Aq form carbovale- 
raldine OnHsiNgSa (Sohrdder, B. 4, 469 ;» 
Mulder, A. 168, 237), which melts di 109° 


(Guaresohi, A. 228, 811).— 28. NH«,OS.OEt and 
HGl form OgH,g(NH.GS.O£t). [108°] (Bischofif, 
B. 7, 1078). — 24. ]^3e passed mto an aqueous 
soKition of valeric aldehyde forms CgH,oSe 
[56*5°].— 25. Acetone and dilute NaOH yield 
Pr.CHg.CH:CH.CO.CH, (180°) (Barbier a. Bou- 
veault, O. B. 118, 198). . 

0®iw C,H,.CH:NOH. Mol. w. 101. (163°). 
B.G. ‘8934 (in vacuok Md 1*437 (Fetraezek, 

B. 16, 829 ; Trapesonzjunz, B. 26, 1428). It is 
a spn- oxim, because it yields valeronitrile when 
mixed with AOgO and ether (tfollfus, B. 25, 1915). 

Isovaleric orthaldehyde. Amylidene glycol. 
Acqtyl derivativeO^B^.Cli{Okc)i. (195°). • 
Formed by^ieating isovaleric aldehyde with Ac^O 
at 200°. 

Beneoyl derivative C4H,.CH(0nBz)2. 
[lll°]. (264°). Forned by heating the alde- 
hyde with BzgO at 260° (Guthrie a. Eolbe, A. 
109, 298). 

Di-methyl sfher C,H..CH(OMe)g. (124°>. 
S.G. ^ *862. Formed from isovaleric aldehyde 
(2 vols.), MeOH (5 vols.), and HOAc (1 vol.) 
(Alsberg, J. 1864, 486). 

Di-ethyl ether C 4 H,,.CH(OEt) 2 . (168°). 

fe.G. ‘835. Formed in like manner. 

Di- isoamyl ether C,Hg.GH(OGgHi,) 2 . 
(c.248°). S.G. J -849. 

Ethyl isoamyl ether 

C, H,.CH(OEt)(OC 4 H;,). (c.205°). S.G. *875. 
Formed by the action ofr Na pm an ethereal 
solution of isovaleric ether (Greiner, Z. 1866, 
465). 

Valerio aldehyde CHMeEt.CHO, (91°). 
“Formed by reducing tiglic aldehyde With iron 
end HOAc (Herzig, M. 8, 123'; Lieben a. Zeisel, 
ilf. 7, 66), and by warming CH,;CH.CHEt.OH 
with dilute (1 p.c.) H^SO, (Kondakoff, J, B. 20, 
154). 

Valeric aldehyde CMea.CHO. [8°]. (75°). 
S.G. AS *7927 (Tissier, Bl. [2] 24, 558). 

Di - isovaleric aldehyde v, Ducemoio alde- 

HTDE. 

Reference. — Di-bbomo-, Chlobo-, Iodo-, and 

OXY- VALEBIO ALDEHYDE. 

VALEBOQUANAMINE G,H„Ns t.c. 

Pr(^.0:N.C(NH|>j,g Bulylgwituimine. 

[173°]. Formed by heating guanidine isovalerate 
(Bandgpwski, B. 9, 2f0 ; Haaf, J.pr. [2] 43, 76). 
Flat plates (from wat^r). Weak base. — B'HCl: 
needles, v. sol. water. — B'HjSO,. — ^B'AgNO,. 
VALEBOLACTIDE v. Oxy-valsbxo Acn>. 
V^EH^)LACTONE v. Oxy-valebio acid. 
VaLERONE r. Di-zsobutyl kbvone. i 
VALERONITRILE v. NitHle of Valebio 

ACID. ^ 

VALEROVALERIC ACID v. Valero.. 
Valebio acid. 

„ DIVAL^t L G,oH„0, i.e. GA.GO.CO.q^H^ 
(270°-280°). Formed by the action of Na on 
vrfieryl chloride (BrOhl. B. 12, 816). Oil. 

'I'aLERTL - ACETOPHENONE v. Pbemte. 

(BUTYL UETHYLEME KETONE. 

VALERYL CHLORIDE v. Chloride of Valebio 

ACID. ^ 

VALERYL-CTANAKIDI v. Otahxo acids. 

. (' YALERYLENE v. ‘ PBETiE^tms and alscf 

BboAo- and Dl-eHLORO-VALEBYLlfNE. ‘ 

VALSRYLSNE TSTEABROMIDS «. Tetba- 

BBOWO-PBNTANE.' 
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▼ALSBYLBVS STDBATE v. PSNTBNTL 

ALOOHOL. 

TASBBTLXn EYBBOOHLOBIDE p 

CHTiOBO'AMTLIKB. 

VALEBTL.VALEBIO ACID. eZ/iar 

OH,Pr.CO.CHPr.CO,Et. (206«) at 
722 mm.* formed by the action of aodium on 
isovaleric ether (Greinen 1806, 461 ; Wohl- 
bruck, B, 20, 2335). ^1, sol. alcohol and 

ether. ^ • 

VALTLBNB 0*H,. Mol. w. C6. (50'’). A pro- 
duct of the action of alcoholic potash on valoryl- 
^e dibromide (Reboul, A. 135, 372). Liquid, 
with odour of garlic and prussic ahid. ‘ Ara- 
moniacal Ou,CL ppts. yellow CjIIjCu, which 
yields the pure hydrocarbon on treatment with 
dilute HOlAq. Bromine at forms crystallini 
CjHgBre. Ammoniacal AgNO, yields a white pp. 
of 0,H,Ag. 

VANADATES v. Vanadio&i oxyaczds, and 

SALTS AND DBRIVATIVEa THEREOF, p. 851. 

VANADIC ACIDS v. Vanadium oztacids, 
p. 851. 

VANADIUM. V. At. w. 51*2. Mol. w. not 
known. Melts at a very high temperature; 
probably higher than m.p. of Mo, which does not 
melt at 1700®-1800® (Moissan, C. B. 110, 1225). 
S.G. 6-5 at 15® (Roscoo, T. 1869. 679). For 
emission-spoctruln, obtained ‘by using electric 
sparks, v. ThalSn JA. C/t. [4] 18, 213) 

Historical . — In 1801 Del Rio announced the 
discovery of a new metal in a lead ore from 
Zimapan i^ Mexico (O. A. 71, 7) ; to this metal 
he gave the name erythronium, but at a later 
time ho thought thef metal was only impure 
chromium. In 1830 Sefstrom found a new ele- 
ment in the bar-iron and. refinery slags where 


really chiefly VgO,, that the compound supposed 
by Berzelius to m VOl, vas V001«i and that V 
must be classed with P and* As. 

Occurrence.— SmaU quantities of compounds 
of V are *found fairly widely distributed; &o 
element does not occur unoombined. fhe chief 
minerals thaC dontain V 9 ompounds are mot- 
tramite (Ou-Pb vanadate), descUnMU (Pb-Zn 
vanadate), declicnite (Pb-Zn-Ou vanadate), 
roscoeite vanadate with K silicate), vono- 
dinite (vanadate of Itad with lead chloride), and 
some other minerals, which generally contain 
vanadsnes of Gu, Pb, Zn, or Bmall quanti- 
ties of oompounis of V are fcjimd in all piaolitie 
Zimonifcs* (Bottgors* O. G. 1873. 514), m some 
pitchblendes^ clays^ and basalts^ and in a few 
other rooks. Comi^ounds of V have also been 
found, in small quantities, in the slag from cop- 
per extraction works (Karsten, P. 62, 629; 
Witz a. Osmond, Bl. [2] 88, 49); in iflany speci- 
mens of pig-iron (u. Riley, C. J. 17, 21 ; c/. 
Hodges, G. 238 ; Walz* Am. Gk. 0, 463) ; 

in some meteorites {v. Apjohn, G. J. 27, 104) ; 
in cauatic*8oda and sfldium phosphate (Schdne 
, a. Ratnmelsberg, B. B. 1864. 681 ; Donath, 
D. P. J. 240, 318) ; and, according to Lockyer 
(Pr. 27, 279), probably in the sun. 

Preparation. — 1. From the Mfinery slag 
of the Taberg iron-ore. l^e finely-pow- 
dered slag is heated with KNO, and Nt^O„ the 
fused substance is digested with bollmg water, 
and solution of a salt of Ba or Pb is added to* 
the filtered liquid ; the ppd. Ba or Pb vanadate Is 
decomposed by boiling with a slight excess of 
lIjSO^Aq, and the solution is filtered from BaSO« 
•orPbSO, ; the filtrate is neutralisod byNH,Aq 
*and epneentrated, and pieces of* NH^Cl are 
placed in Hhe liquid until some NH.Cl remains 


ment in the bar-iron ana.rennery stags wnero t piaceu in •me uijum ujitu bwiuu 
iron-ore from Taberg in Sweden was smelted j undissolvcd ; theKH,VO, which is thus ppd. aq 
(P. 21, 43) ; this element he called vanadium | a white crystalline powder is washed with cone, 
(from a Scandinavian deity Va 7 iadis). In the : NH,ClAq, and then with alcohol, and is then 
same year IP. 21, 49) Wdhler found that the , decomposed by heating strongly in mn open 
lead ore examined in 1801 by Del Rio contained ■ vessel, 'uJiereby V^Oj is produced (Berzelius, P. 
lead vanadate ; and ho showed that the metal j 22, 1). Wohler {A. 78, 125) employed a vefy 
which Del Rio had called erythronium, and had , similar process for preparing V,0, from Wmon- 
thensupposedtobe impure chromium, was really ' tfc.— 2. Prom vanadinite. L’Hbte (O. B, 
vanadium. In 1831 Berzelius supposed he had 101, 1151) recommends to mix finely-powdered 
prepared vanadium by heating an oxychloride ih vanadinite (approximately 3Pb,VjO,.PbClj) 
NH-,and also by heating the highest oxide with | with four timis its weight of lampblack and a 
K (P. 22, 1) ; but in 1867 Rescoe (T. 18631 1 ; • little oil, to heat strongly in a closed vessel, and 
18o9. 679 • V. also 1870. 317) showed that one of then to heat to 300® in a stream of dry 01, 
the substances which until then had been taken i wbereb^ VOCl, is formed, and distilled over into 
to be the element V was a nitride, qnd 4hat ! a cooled U-tube; other compou^sds of V are 
e.nother substance, taken to be V, was an oriio j readiiy prepared from VOCI,.--3. From the 
of thirelemefit. Roscoe obtained pure V by ; cobalt- ore of Mottram ir# Cheshire, 
heatinu VCL to redness for many hours in dry This sourc^of V compounds was disedvered by 
H. Roscoe was led to doubt the accuracy of Poscoe (v. C. J. [2^ 6, 326). The Cheslure 
the itatement of the properties aix^ at. w. of V j ifeuper sandstone contains carbonates of Ou, 
that had been accepted on the authority of carbonate of Pb and galena, black c^lt-<Kwe, 
Berzelios, because he found that sevofal com- 1 fron oxilef, and sajts of As, Ag^^, and Ba. 
pound# of V and Pb were isomorphous, but that,, Th# compound of V faf probably 

ft was Impossible to assign comparable foriMiB , The 8a»d8tone was crushed, and thrf met^ 

to these compounds if the at. w. given by Ber- ; compounds were disi^lved by fiOlAq , btea^- 
aelius forV were accepted (v. T. 1868. 1 et aeq.). I fag-powder and milk of lime were added till 
•Berzelius gave the value 68*5 t# the atJ w. of ' the reaction was alkaline ; an^ it was from 
V; he assigned the •«onnul» VO, VO^ and VO,*: the pp. thus obtained that Roscoe 
40j-8) to the three oiides, end classed V with ' 4^ and its compounds. The lime PP* «<«- 
CrrMo, and W.# Roscoe’s researches shoW^ ; t4ined chiefly* As, Cu, Fe, Pb, V, and Oa m 
that the at w. of the metal is 61*2, that the j combination with SO« and PO, ; it was beam 
ezides ate best represented as V^O,* and . in a furnace with ground coal J<> 

V/)g, thai the tubstance thought to be V«was ' then roasted with a quarter weight of V^QQt 
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•nd lixiviated with water; the eolation was 
iatorated with R^S and filtered, and H^S was 
boiled off ; orude oxide of V was thfn ppd. by 
NH^Aq ; the oxide was dried ^nd heated with 
oono. HNOjAq to oxidise it to vanadio 
acid, rwhioh was then boiled' with saturated 
(NHt),GO,Aq, and somewhat soluble KH4 
vanadate was crystallised from water, and then 
strongly heated in an open vessel; the 
thus obtained was suspended in Waten^to which 
NH, was passed ; the solut’on of NH, vanadate 
was filtered from silica, phosphates, &c^evapo- 
rated to dryness^ and heated in an open vessel 
until V,0, remained. e ^ ♦ 

The metal vanadium is ^spared by reducing 
VCl, in H (for preparation of VCl, v. Vanadium 
nxoHLORiDB, p. 844). The process is conducted 
in perfectly pure and dry H; every trace of 
moisture and air must be excluded. The pure 
and dry H is passed for 12 hours through a 
porcelain tube, connected (by specially arranged 
paraffin* joints) bjT a glass tube to the H appa- 
ratus ; the VCH, is then placed in the porcelain tube 
(a special arrangement forMoing this ii& described 
by ^scoe), and H is passed through the appa- 
ratus for 6 hours. The porcelain tube is then 
gradually heated to full redness, and the passage 
of H is Gontipued so long as HCl is given olf, 
after which the tube is allowed to cool for several 
hours iq^the stream of H. The process occu- 
pies from 40 to 80 hours according as from 1 to 
''4 g. of VCl, are used. The V thus obtained con- 
tains traces of H and 0. Beduction proceeds 
more quickly at a white heat, but the product ia 
not so pure ; it generally contains 0, 9,5 to 90 
p.c. V.’ (For details, and figures of the appa-*‘ 
ratus, V. Boacoe, T. 1809. G79; 1870. aL17; or* 
O. J. [2J 8, 344 ; 9, 23.) 

Moissan (C. R. 116, 1226) obtained V con- 
taining from 17 5 to 25’7 p.c. C, by heating a 
mixture of 0 and one of the oxides of V in an 
electric furnace, using a current of 70 volts and 
. l.pOO amperes ; with a current of 70 volts and 
8‘i>0 amperes reduction proceeded very slowly. 

Vanadium, mixed with VjOa, was obtained 
by Boscoe U.c.) by strongly heating a mixture of 
one of the chlorides of V with N a in an atmosphere 
of H, and lixiviating with water ; the admixed 
black, powdery V^O, can be removed from the 
heavier, grey, lustrous, metallic powder, by re- 
peated washings with water, and a si^ostance 
containing c. 91 p.c. V can be obtained. .i 

The substance supposed by Berzelius (P. 22, 
1) to be V, and obtained by heating VjOj wiih K, 
was shown by Boscoe to consist chiefly of VgOj. 
The blacic powder which XJhrlaub (P. 103, 134) 
prepared by heating V oxTOhloride in ar 1 
whi(^ he supposed to be V, was found by Soha- 
farik (TV. A. B, 88, 6) to be VN, (c/. Bosqoe, l.c.). 

Prqp&fUhs . — A light-^ey, lustrofis powder; 
under the microscope it '.3 seen to be composed 
of orystaiiine, silver-white particles. Does not 
become coherenVand denra when strongly com- 
pressed. S.C1. 6*5 at 15°, Not magnetic. Is 
not oxidised ix\iair at the ordinary temperature, 
nor \2y qmisteniug and then drying in vacuo, 
Ras'not Men melted, except perhaps when re-- 
duced from the oxides by O in an electric fur- 
naoe (o. Moissan, C. B, 116, 1225). When pow- 
dered V is thrown into a Bunsen flams it burns 
brilliantly ; when strongly heated in 0 it forms 


V,0«; and when slowly heated in air it perhapi 
forms V,0, then V-Og, VgO^, and finally VjO ,. 
^.ums in Cl, forming VCI4 ; combines ^ith N 
to form VN ; also combines with S. V la 
insoluble in HClAq; it dissolves in hot cone. 
H,S(X and in HNO,Aq. V dissolves in molten 
KaOH, giving off H, and forming sF vanadate. 

V acts on glass vessels in which it is heated, 
forming a compound /ith Si ; it also alloys witli 

g., I.C.). ^ 

The at. w. of V has been determined (1) by 
reducing VjOj to V^O, by heating in H (Berze- 
lius, P. 22, 16 [1831] ; Boscoe, T. 1868. 8) ; (2) bv 
oxidising, V2O, to VjOj by HNO3 (B., l.c. [1831])*; 
(3) by analysing (V202)(S04)3.4Hg0 g., Z.O., p. 18 
[1831]); (4) by ppg. VOOl, by AgNOjAq, remov- 
ing excess of Ag from the filtrate, evaporating to 
dryness, heating, afid weighing the VgOj produced 
(B., Ic. [1831]) ; (5) by determining the weight of 
Ag required to ppt. the Cl from VOCl, ; also by 
weighing the AgGl ppd. ; also by filtering from 
AgCl, evaporating, and weighing the ob- 
tained (Boscoe, jP. 1868. 23) ; ( 6) by determining 
V.D.s of, and analysing, V^l* and VOCl, (q.v.). 
The results obtained by Berzelius fwith tlio 
necessary corrections on account of the wrong 
formulcD used by him ; v, Boscoe, l.c.) gave values 
for at. w. of V varying from 49’3 to 52'5 ; 
Roscoe’s values from the reduction of VjO, to 
VPs varied from '*61*13 to 61*b5, and from the 
analyses of VOCl, from 60*32 to 61*877. The 
S.n. of V has not been determined. 

Vanadium is both metallic and non-metallic 
in its reactions. interacts with r.trong acids 
to form divanadyl salts, VjjO.^SO,),, Ac. ; hypo- 
vanadates V40,(0M)2 are' also derived from a 
hydrate of V2O4; VgO, interacts with cone. 
H2SO4 to form V2O4.3SO, and V205.2S03.a;H.20 ; 
VoOj also forms V^OyHaO (=»HVO,) and 
V20y2H20 (^H^Vp,), which react as acids, 
and salts of the acid H3VO4 are also known; 
VjO, also combines with various acidic oxides 
(P3O,, M0O3, &c.) and basic oxides, to form com- 
plex, salt-like compounds. The sulphides of 

V dissolve in alkali sulphide solutions ; several 
thiovanadates have been isolated, e.g. (NH4),VS4 ; 
and also thio-oxyvanadates, e.g, NajVSaO. Th% 
haloid compounds of V are generally decomposed 
by water to oxyhaloid compounds. 

T anadium is placed in Group V., with N, P, 
As, Fb, Sb, Di, Er, Ta and Bi. V is the second 
member of the even series family of this group, 
the famjly consisting of N, V, Nb, Ta and 
am -unknown element with an at. w. between 
those of Th (<>232) and U (b 2^9). Group V 
does not show a marked division into famiHes ; 
the gradation of properties from N to Bi is 
fairly reguki, nevertheless the families (1) K 
and P, (2) 'Si, Nb and Ta, (3) As, Sb and Bi are 
,, distinctly indicated. No hydrides of m'^mbers 
pt the vanadium family have been isolated with 
ccyrtainty. The highest oxides, M,0„ are salt- 
forming; all of them interact with alkalis to 
form salts containing th& elements M in the 
Mi^o_ radicles; V,0, also forms basic salts* 
, with strong acii^e; normal salts have 


pot be»m obtained by. the reactions of M^, wi^ 
aqids. Oxyaoids of V, vis. KVO, and ^V,0,, 
have been isolated, but definite oxyaoids of Nb 
and Ta are unknown. Both Nb and Ta fortn 
bhlo''ides, corresponding with their bighe^k 
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oiidei M,Og ; bat the t^hesi haloid compound 
«| V i| V& 4 ,Qorra^nding with ; oxyhaloid 
compounds of V of the form of VX^ e^t 
(VOGl^t YOBr,) (o. Nitsooxm onouv os sle- 
mjom, voL iii. p. 671). 

In ooQsidering the relations between vana« 
dium add Ihe elements of Group the position 
of Y in series 4 must ^e taken into account : 
as compared with the er^ments that form series 
8, in which series P is placed, the elemen4S,of 
the vanadium series are metallic (V is preceded 
by Ti, So, Ca and E, aifd is followed by Gr, Mn, 

•and the iron elements); the elements of the 
vana^um series are nearly as metallk:, and also 
as uon-metallio, as Bb, Sr, Y, Nb, Mo, — , and 
the Bu metals, which elements form series 6, i.e. 
the niobium series. Henc^Y would be expected 
to be distinctly more like a metal, in its chemi- 
cal relations, than P, and about equal to Nb in 
its metallic and non-metallio tendencies. As V 
is the second member of the even series family 
of Group V., it might be expected to resemble 
N, which is the first of the even series elements 
of this group ; bul^it is to be remembered that 
the differences between the first and second eveif 
series members of the groups (i.e. the differences 
between Li and K, Be and Ca, B and Sc, C and 
Ti, N and V, O and Cr, F and Mn), become more 
marked in pas^^ng from Grqup I. to Group VII., 
and it is alsckto be refnembered that the resem- 
blances betweeif the first even series members 
and the succeeding odd series members, become 
more marked as the atomic weights increase ; . . . 

F is morf like Cl and Br than 0 is like y, Se,»! Vj,0.,. Dissolves in walur, without giving off any 
and Te ; but 0 resembles S, So, and Te more , Br, forming a brown liquid which goes green on 
than N resembles P, As, yb, (fee. ; and C is morej : addition of a few drops of HClAq ; this reaction 
like Si, Ge, Snr<feo., than B is like Al, Ga, In, I is svd by 11. to bo oharactorialic m a salt of Vap,. 
&o. ; but C less resembles Si, <feo., than N re- i 
sembles P, (fee. 


When an acidified solution of a vanadato ia 
shaken with an ethereal solution of l^Os, the 
latter solution becomes ddrk red (Werther* j,pr. 
88, 196). , 

Vanadium is generally estimated by convert* 
ing it into ai} dmmoniam salt, strongjy Jreating 
ibis in air, an^ either w^ghing the VaO, thus 
produced or heating in H and weighing the 
VjOj that remains. For a volumetric method of 
estimatiag V*v. Gerlach (B. 10, 1216). 

Vanadium, acids of, v. Vanadium oxyaclds, and 

SALTSIAND DBRIVATIVKS TIIEUKOK, p,861. 

Vanadium, bromides of. ^iily one bromide 
6f V been^btg.iued. » 

Vanadium TrsniioMiDE YBr^. Mol. w. not 
known ; from analogy of PBrj, AsBr,, Ac., the 
formula VBr, iS 'probably molecular. Formed 
by heating V or*VN to redness in vapour of Br. 
Also by passing Br vapour over a mixture of 
VjOj and C kept at a rod heat ; VOBr, is formed, 
then VOBrjj^nd then VBr, sublimes (Boscoe, T. 
1870. 317). VoBCoo (l.c.) Acommonds to pre- 
pare VBr, by placing pure VN in a porcelain 
boayn ft tube of hift-d glass, driving out all air 
by dry CO^, then passing vapour of Br through 
tho tube while that part where the boat is 
placed is heated to redness, when brown vapours 
are given off and condense on the cooler parts of 
the tube, and finally driving out all traces of Br 
by a stream of dry COy. YBr^ is q^^ish black, 
opaque, amorphous, very dcliques^nt solid ; 
loses Br even in a sealed tube ; lieatcd gently fh 
air gives V^O^, and at a higher temperature 


lieactiom attd Combinations. — {Uoscoe, T. 
1869. 679 ; 1870. 317.) 1. Heated in air, V 
burns to V^Oj ; lower oxides are first formed if 
the temperature is low. -2. Does not decompose 
water at 100°. — 8. Heated to redness in chlorine 
burns to VCI4 ; heated in bromine produces 
VBr, ; does not combine with todme.— 4. Heated 
with excess of sulphur, V forms V.Bj {v. ^ay, 
C. J. 37, 728).— 6. Heating in a stream of pure 
nitrogen produces VN. — 6. V combines directly 
with silicon and also with platinum. — 7. Molten 
potash or soda dissolved V, forming an alkali 
vanadate and giving off H. — 8. V dissolves in 
cone, sulphuric acid {? forming a va»ad>l salt) ; 


Vauitdium, chlorides of. Three chlorides 
have been isolated : VCl.^, VCl^, and VCI4. V 
burns when heated in Cl, forming YClj, and tbo 
other chlorides arc formed by reducing VCI4 by 
H. The V.D. of VCl, has been detewninod, and 
the fofmula VCl, is molecular; the formula 
VCI3 is probably molecular, from tho analog of 
AsClj, PCI3, Bid,, &c. ; VCl,, AsL, Pl^and BiCl, 
are the only haloid compounds of tho form MX^ 
that have been isolated in Group Y. ; the mol. 
w.B of these compounds have not been deter- 
mined. * 

Vanadium tktraculoridis VCl,. Mol. w. 
192-6^. Prepared by Boscoe {T. 1869. 691). 

► formation. — 1. V or VN is heated in OL — 
2. Tho vapour of YOGI,, mixed# with excess, of 


alsoein nitMC acid, probably forming a ftjasic 1 Cl^ is passed slowly over a long layer of sugar- 
nitrate; also, slowly, in hydrofluoric oewf charcoal heated to redness. • 

(? forming VF,). I rreflhration.—'WH itf heated to redness in a 

, Befeefionand jBsftTnafiore.— Smallqilantitios • tube of hard glaBS,Jn a current of pure, dry Cl, 
of oomponnds of V give a colo’Aless borax 0/ | which must be free from air. Tho first few 
* " ■ dropA^of distillate are rejected, as they contain 


miqrooosmio {Salt bead in the outer flame, be- 
coimng green in the reducing flame ;*i£ much* v 
compimnd is present the bead is yellow in the 
outer flame. Solutions of YjO, in acids afu uot 
ppd. by but are reduced to solutions ol^ 
VaO, which are lavender-blue; if reduction is 
effected by Zn, Cd, or Na-amalgam the liquid 
becomes green, tfi^ea blue, and finally lavender- 
*blue; after inaction 'the solution ^bleacl^ 
indigo very rapidly, and soon aysorbt 0. * Solu- 
tions of vanadates, either neutral or acidified by 


acetic aoid,|pve finely -divided black pps. with 
tinetore of nlla. and the liquids appear Mks 


link. 


YOCI3 termed from trases of oxide in 
the nitride used, ffife (iark-fbd l^uid that ia 
formftd is saturated with dry Cl, thdn heated fsf 
borne hours in a current of dry CO, in a vessel 
connected with an upright condenser, and then 
|•£ractionated. • . , . 

Properties and Reactions . — A tl^ok, dark» 
brownish-red liquid ; boils at 164° underV^ mm. 
pressure. *8.0. 1-8584 at 0°. 1-8868 at 8®, 
L 1*8169 at 30°. VJ>. 9S i at c. 200®. Does not 
^ solidify at any temperature above — 18®, Slowly 
decomposes to YCl. and Cl at ordinary tempera- 
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tares, more quickly when exposed to light, and in HFAq, and orystallising. These salts are 
rapidlj when heated. XJives off white fumes in generally greenish coloured, > snd oryst^dline ; 
the Dissolves ih water, forming a blue most of them are soluble in water, but not in 
solution, which does not bleach ; this solution is EFAq ; they lose water of orystalliMtion from 
oxidised by KMn04Aq to HClAq and V^O^Aq, 100® to 200°. The vanadofluorides may be 
2VCI4 .taking up 0. Reacts ‘^violently with regarded as salts of hypothetical acrfds HVF^, 
alcohol and ether, foiTnmg deep‘bolouredliquidi. H^VF,, and HgVF,; they may also be* formu* 
When heated with Br in a sealed tube, VOl* is lated as double salts aupm). The following 
formed. VOl4 does not combine with Cl to form salts are described by v^etersen (Z.c.) : 
a higher chloride. HjS reacts with VGft4 to form $ Ammonium vanadqfluoridsa NH4VF4.2aq, 
VCl,, HCl, and S (Kay, C. /i 38. 736). (NH,)2VF4. aq, and (NHJ.VF,. 

VAMAnruu TuiGHLoiuoE VCl,. Mol. iv. not Cadmium vanadojluoride OdVF*. 7aq 
determined, but t^rmula is probably mmecular (Ficcini a. Giorgis, O, 22 [1] 65). • 

from^ analogy of FGl,, AsClu dA. Pr^ared tfy Cdbalt Vanadojluoride O0VF5. 7aq. 

heating VCI4 in a retort as TiWig as Cl is given Nickel vanadojluoride NiVFj. 7aq. 

off, and heating the residual solid to 160° in a Potassium vanadojluoride E^VF^. aq. 
stream of dry CO, Gloscoe, TJ ^1869. 691). Also “ Sodium varuidoj]fforide^d,^.^^^»wi 
by heating pure V,S, in a stream of dry, air-free - 2VFs.6NaF. aq (? NsjVFj. aq). 

Cl, separating S,C1, by repeatedly distilling the Zinc vanadojluoride ZnVF,. 7aq (P. a. O., 
liquid prodfict, and heating the residue at 140° Z.c.). 

in dry CO- to remove the last ti^ces of S^Cl, Vanadoxyjluorides* (Fluoxyvanadates.) 
(Halberstadt, B. iTd, 1619). Lustrous, peach- Those salts are generally produced by dissolving 
blossom coloured tablets, resembling CrCl, ; S.O. V^O, in HFAq, adding metallic fluorides, and 
8'0atl8°. ^ Deliquesces vefy rapidly id aif to a crystallising; also by disserving V2O4 in solu- 
brown liquid, which goes green on addition of a *tions of metallic fluorides, and orystallising; 
drop or two of HClAq ; this solution is oxidised some of them are obtained by treating solutions 
by KMa04Aq, 2VClj taking up 20, to HClAq of V.^Oj in metallic fluoride solutions with re- 
and V-OjAq. ^luble in alcohol and in ether, ducing agents, and then crystallising. The 
Heated in air forms V3O5. Heated in H is re- van.adoxyfiuorides lyive been examined by Baker 
ducedto JCl^.and then, gradually, to V. (C. J. 33, 388 [1878]), D;tto (C. 106, 1067; 

Vanadium* DicHiiOniDE VClj. Mol. w. not 106, 270 [1888]), Piccini a. Giorgis (G. 18, 186 
known. Formula possibly VjCl,. Prepared by [1889] ; O. 22 [1] 65 [1892]), and Petersen (B. 
passing vapour of VCl,, mixed with a large 21, 8257 [1888] ; more fully in /. pr. [2] 40, 193, 
excess of pure, dry H, through a glass tube 271 [1890]). There are still considdrable dis- 
heated to dull redness. The distillation cf VCl., ^^crepancies between the results obtained by the 
should bo slow, and the mixture of vapour of , different observers. For a criticism of Baker’s 
VCI4 and H should bo brought at once inter- the results v. Petersen {J. pr. [2] 40, 289-92). The 
heated part of the tube. Forms apiile-green, vanadoxyfluorides belong to two main classes : 
irpcaoeous, hexagonal plates ; S.G. 8*23 at 18° ; (1) those obtained by dissolving VgOj in HFAq, 

very hygroscopic. Dissolves in water, forming adding a fluoride (or carbonate), and crystal- 
a violet solution, which bleaches indigo and Using : many of these salts are also formed by 
litmus, and reacts as a solution of a salt of V^O^. dissolving in solutions of fluorides, and 
.Dissolves in alcohol and in ether. The Solution crystallising; (2) those obtained by partially 
in water is oxidised by KMn04Aq to HClAq and reducing solutions of VgO* in HFAq, then adding 
VjOjAq, 2VC1« taking up 30. Heated in H, is fluorides, and crystallising. The first class of 
slowly reduced to V ; heating to whiteness in salts may be divided into (i.) those wherein one 
NH|^produces VN (Boscoe, Z.c.). atom of 0 in VjOj is substituted by 2F, and 

Yanadium, ferrooyanide of, v. vol. ii. p. 337. which, therefore, are represented as xMF.yVO^ 
Vanadium, fluorides of. Only bne fluoride, (VjOj gives V^Q.F., = 2VO2F) ; and (ii.) those 
VFj, has been isolated ; there are indications of wherdm 30 in V^Oj jis substituted by 6F, and 
the existenee of a higher fluoride in solutipns in which, therefore, are represented as a;MF.yVOF, 
cone. HFAq. 1 (VA gives V202F4 = 2V0F,). Salts of the 

Vanadium •shiFLUoaiDE VF,.8HA Mol. w. second claus are regarded as compounds of MF 
not known; formula probably molecular, from with* VOFj, and VOF, is looked on as obtuined 
analogy triLalides of other elements of by* substituting 20 in VjO, by 4F (V2O4 gives 
Group V. Prepared bj^ evaporating a* solution VgO^F,^ 2VOF2). The salts derived from V-O4. 
of V A li^^Aq at 100°, an^ crystallising from i.e. ajMt’.yVO^p and aMF.j/VOF,, are of^n 
water containing a little HFAq. A white crys- 'balled JluoxymnadateSt and those derived from 
talline crust, consisting of rhombohedra. Fasily .V^O,, i.e. aMP.yVOF,, are often called Jliwxy~ 
soluble in water ^ solution reacts acid. Insoluble hrpovanaaates \ the former class of salts^wil] 
in cone, alcohol. EffloreSc^ in air ; loses some here be called vanadoxyjluori^^ and the lattev 
%ater at 10<)°, and all at 130°, with absorption hypr^anadoxyjiuorides. 

of 0 ; V^O, is fonAbd on heating to redness in , Ammonium vanadoxyfluorides. Three salts 
air. An aqueous solution reduces Ag salts to are described by Baker (C. J. 88, 888 [1878] ), 
Ag, Hg and Cu salts to mercurous and cuprous* anfl also by Piccini a. GiOrjps (G. 22 [1] 66, 
salts ; ^alis or alkali carbonates ppt.V20,.s;!B]2*^ 11892] ; the formuhe given eby the Afferent ex* 
from VFgAq (E. Petersen, [2] 40, 44). 'jicrin^enftrB do not agree. g • 

Vanadojluorid^s* (PluovarHadites.) A lamellar ^monium varusdoxwfluonde, 
number of compounds of the forms This salt was <mtained by Bi^er by mssolving 

and VF,.*M“F, were obtained by Petersfin {lo,) VgO, in NH4HF2Aq, and then Mding more 
by adding various fluorides to solutions of VA- NH4H1%; it separates in smaQ yc^ow, pearly. 
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liexagonal platas. a. G. obtained tho salt by 
dissolving V,Og iii a slight excess of HFAq, 
adding NH4F iji ; the ratio 3NHj?;2V,04, 
and evaporating. B. gives the lormuia 
6NH4F.V-O4.2VOF,. 2aq ; P.a G. give the formula 
dNH4F.2VO,F. If both formulas areiBxpressed 
as 8NH J^VOjcF, then x •» If in Baker’s formula 
and -2 in the formula o) P. a. G. A salt ob- 
tained by Petersen (J^pr, [2] 40, 193, 271 
[1890]), by a similar process to those used by B. 
and by P. a. G., was formulated by bin# as 
7NH4F.4V0,F.HF. 

Pyramidal ammonium vanadoxyjiuoride, 
/)btained by Baker by adding NH^HF, to a solu- 
tion of the lamellar salt ; P. a. G. pi^ar6d tho 
salt by dissolving V,0, in excess of HFAq, and 
exactly neutralising the hot solution by NHgAq. 
This salt crystallises in yelli^w, simple pyramic!^ 
(Baker). The formula assigned by B. is 
12NH4F.V,05.2V0F„ while that given by P. a. 
G. is 3NH4F.V0.^; Petersen gives tlie same 
formula as P. a. G. If Baker’s formula is ex- 
pressed as 3NH4F.VOXF1', X must be put « 1^, 
andy«li. 

Adcular amtkonium vanadoxyfiuoride* 
Baker obtained this salt by dissolving the pyra- *j 
midal salt in warm HFAq and allowing to 
cool ; P. a. G. prepared it by a similar reaction. 
This salt crystallises in pale-yellow acicular 
prisms ; when dry it has tl^p odour of HP ; it 
acts on glass. • The fcymula given by P. a. G. is 
8NH4F.2VOF,. a4 ; Baker assigned to this salt 
the formula 3NH4lIF,.2VOF, , but his analyses 
were, admittedly, not very trustworthy. 

AdoptAg the formulae) given by P. a. G. for 
the three ammoniupi vanadoxyfluorides, these 
salts are represented as 

(1) 3NH4F.2V0,F « (NH4),V,0,F, 

(2 8NH4F.V0,F - (NHJ,V0..F4 
(3) 3NH4F.2VOF, =(NH,),V,6,1'V 

A few of the other vanadoxyiluoridcs seem to 
belong to one or other of these types ; P. a.G. and 
also Petersen, describe a potassium vanadoxy> 
fluoride 8KF.2VO3F - K,Va04Fj, belonging to the 
same form as the lamellar ammonium salt. But 
most of the van adoxy fluorides described belong 
to forms which are not represented by the 
* ammonium salts. The following are tho principal 
salts : — 

Ammonium salts. QNH^F.OVOF^^HF ; 
TNH4F.4V0F,.HF (Petorsenl. ** 

Potassium salts 2ltF.VO,^F; 21vF.VOF,; 
8KF.2VOF,.HP; 4KF.VF4.VOF3 (P.). 

Sodium salt 8NaF.YOF3.YUjF. aej ^ (P. 
a.G.)« « • 

Zine salts. ZnF-.VO^F. 7aq (P. a. G.^; 
ZnF,.Zn0.2V0F,.14aq (B.). ^ , 

^n none of these compounds does the atomic J 
ratio of V to 0 exceed 1:2. Aocoi^ing to Ditto t 
(C. ii. 106, 1067; 106, 270 [188fcf]), many com- 
pouzilUi of alkali fluorides with V^Oj are formed 
by hating the constituents together, digesting 
with water, and crystallising ; the atomic fatio 
of V to 0 in these compounds, as given by Ditto, 
is 2:6. The formulse assigned^ the compounds 
may ^ generalised gs xV,Ot.yftF ; M = K or I^, 
c«-l, 8, and4, and2/<>1^2 >d,and 8. “ 

m,y% that crysl 

tained by disso] ^ ^ ... 

and that this compound is formed, along with 
Vp,.8NH^. when*V^4 is dissolved in cold 

9 * 
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cone. NH^FAq; but the experiments of Baker, 
Piccini a. Giorgis, and Petersen, all agree in 
assigning to the compounds formed in .these 
reactions, formulsa wherein the atomic ratio of 
V to 0 does nobexoeed 1:2. 

Hypovanadoxy fluorides. {Fluoxyhypo* 
vanadates.) •Tpese compounds are formed by 
partially reducing mixtures of V^O, and fluorides, 
or carbonates, dissolved in HFAq. If sufficient 
^F is assigned to the metal present to form the 
normal lllioriSe, then tho atomic ratio of V to 
the remaining F in these compounds is 1:2, and 
that olV to 0 is 1:1 ; the fonnulie are written 
a;MF.yYOF,. All the salts daeoribed by Baker 
and Picfiini a. Aioigis, exoeiA one, belong to the 
form 2M»F.VOF3t)r M»F.,.YOF.,; these formal® 
may evidently be written M>3(orM")VOF4. 

Ammonium hfpoi'anadoxyjl uoride 
2NH4F.VOF2. aq(*^-- (NH^jjVOF,. aq) was prepared 
by Baker (C. J. 88, 395) by passing H,S into a 
solution of VjOj in HFAq, concentrating, filter- 
ing, and adding NH4F. Tlie same salt was pre- 
pared by Piccini a. Giorgis (0.22 [1] 55) by olcotro- 
lytically reducing a ^lution of NH, VO, in HFAq, 
after ^doing NH^F ; also by reducing NH4VO, in 
HFAq by SO^Aq, neutralising by NH,Aq, and 
adding NH^F ; and in each case dissolving the 
crystals that wore formed (said by P. a. G. to be 
3Nn4F.VOFj,) in liot HFAq, aqid crystallising. 
Petersen {J. pr. [2] *10, 195) also obtained this 
salt. The salt crystallises in cle(^; l^pc mono- 
clinio forms; <1:6 = *9053:1 (Baker, l.c.). , 

Petersen (J. [2] 40, 197) described two 

other ammonium hypovanadoxylluorides, 
l•7NH4F.4VOF3.5aq and SNH^F.VOF.^. 

Thc^ other hypovanadoxylluorides described 
by P. a. G. {l.c.) are 2ICF.VOF3 and MbVVOFj.2aq 
wheie M = Cd, Co, Ni and Zn. The K salt was 
prcpared*by reducing VjO, in HFAq by BO^Aq 
and adding KF ; tho other salts by dissolving 
MO, or MCOj,, along with V/lj in HFAq, and 
reducing elcctrolytically. According to Peter- 
sen (Z.C. pp. 199, 200), the salts 7KF.3VOFj, and 
8NaF.3'VOF.^ 2uq also exist. « • 

P. a. G. (l.c.) remark that the tendency to 
form highly fluorinated compounds increases In 
the family V, Nb, Ta as tho atomic weight in- 
creases ; thus, YO3F is not afTocted by a little 
HFAq, whil^ Nb^OF forms NbOF,, and TaOF, 
is converted into TaF^. They also point out 
that.-tlio three coinpounds, ZnF.j.YOaF. 7aq, 
ZnF.^VOFj.Taq, and ZnF3.VF,.7aq, alt crystallise 
#ith the same number of molecules of water, all 
contain tho same number of atomd^have the same 
crystalline form, and are geometrically iso- ' 
morphou^ • , 

VANAnruM PENTAFLuonfon VI\. According to 
f*eter8en (J. pr, [2> 40, 271), this compound 
exists in a solution of VjjO, in cone. HFAq. No 
compe^nj was isolated, nor is any trustworthy 
enidence given of *the ^xi^tonco^of VF, in sola- 
tion. ^ * S 

Vanadium, haloid compounds of. When V 
is heated in excess of Cl the tetrachloride VOI4. 
is produced; heitting in Br produces the tri- 
Bromide VBr,. V does not sorabine with 1. 


is molecular; the other formal® are probably 
molecuUtr. VCl« BiOl^, Asl^ iuad PX« are tto 
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only dihalidei known ol members of Group Y; 
Attempts to prepare halides higher than VX. 
have -tailed. Solutions in water of the haloid 
compounds of V behave like solutions of the 
corresponding oxides in haloid aor ds ; VGl4Aq like 
a solution of in HClAq, Vl^q like a solu- 
tion of*V^O, in HXAq, and VOl^^q like a solu- 
tion of V3O- in HClAq. VOI4 is decomposed by 
heat to VCl, and Cl, and heating YOl, with H 
produces VGl,. VF, combines with metallic 
fluorides to form vanadofltuyndes, many of which 
belong to the form M^aVFj d** M^VF* (v, p. 844). 
Several oxychlorides and oxybromidest of V 
have been isolated : VOXa and VOXj, where 
X-Cl or Br; alscf YOGI, Y^Oalll, and YOaCf; 
the existence of other oxyCromides also is 
probable. No oxy fluoride ^as been isolated 
with certainty. But many^*bompounds exist 
which may be regarded as cofttaining the oxy- 
fluorides YQ3F1 YOFj, and YOF3 respectively; 
the compounds YOaF.a;MF and YOFs.a;MF are 
obtained by dissolving YjOj and fluorides in 
HFAq and crystallising ; they airo described as 
vanadoxyfluorides (p. 84-D ; the ccpnpounds 
YOF^a;MF are obtained by partially reducing 
aolntions of YjOj and fluorides in HFAq, they 
are described as hypovanadoxyjluorides (p. 846). 

Vanadium, iodides of. No iodide of Y has 
been isolated. rNo reaction occurs when vapour 
of I is passed over YN heated to redness, nor do 
I and Y^j^r^eact at any temperature (lioscoe, 
p, J. [2] 9, 281, I does not react with Y3O5 
when digested tnerewith for a long time in pre- 
sence of water or alcohol (Guyard, BL [2] 25, 
361). 

Vanadium, nitrides of. Y and N Combine 
directly." Twp^ nitrides are known. 

Yanadidm 'mononitride VN. Mol, w? not 
known. Obtained by heating Y in a stream of 
pure N ; also by saturating YOGI, with dry NH,, 
and heating to full whiteness in a stream of 
NHj. Better prepared by heating NH4YO, in 
the air, arid then lieating the residue to a full 
wlfite heat in a stream of dry NH^ (Kosdbe, C. J. 
[2] 8, 844). YN may also be prepared by heat- 
ing V*0, to whiteness in NH, (B., l.cX VN is 
a greyish-brown, metal-like powder; heated in 
air it is oxidised to V^O, and then to Y^O*; 
heated with soda-lime it gives off Nil,. 

Yanadium dinitridb VNo. a black powder ; 
exposed to air gives off NU3 and is oxidised. 
Prepared by saturating YOGI, with dry- NH,, 
heating the solid so obtained in a glass tube 
long as NH4(ft sublimes, washing the residue 
* with water containing a little NH„ and dr^ng 
in vacuo ,9ver‘HjS04 [Boscoe, C. J. [2] 6, 349) ; 
•examined by Uhrlaub, who did not succeed in 
determining its compositiru (P. 103, 184; cf, 
Bohafarik, W. A, B, S3, 6). 

Vanadium, oxides and hydrated px|iSes of. 
By gently heading Y ip aii^the oxide YgOris 
possibly f.'{rmed, and, off continued heating, 
oxidation proceeds to V,0„ V^O,, Va<54, and 
Anally VaO,. ThS oxides Y3O4, V3O,, and V^O, 
are also formed by reducing* Y,0, by heating 
with H or E. Several oxides intermediate bd- 
iween^^l^O. and Y,0, seem also to exist. The 
oxides V,0„ V,0, are feebly 

basio; Y,^ and Y(P, are also 'hoidio. The 
oxides of V correspond in composition with 
Iha oxides of K ; corresponding oxides of Bi 


ore known. The names generally given to the 
oxides of V do not, unfortunately, t^y with the 
nam^B given to the corresponding oxideqof N ; 
thus, V-0- is generally called hyrovanadous 
oxide, while NO is called nitric oxide ; Y,0, i.<3 
called va&adio oxide, while the name nitrogen 
peroxide is often quite wrongly appligd to NO,. 
The mol. w. of none of the oxides ol Y is known. 

? Vanadium monoxide (? V,0). * When the 
powdered metal is . slowly heated in a 
ciiilfent of air it glows brightly, with absorption 
of oxygen, forming in the first place a brown 
oxide |Y,0 or Y^O,) ; 'and on further heating 
this oxide again glows, and passes through thew 
black trio/^ide and blue tetroxide to pentoxide * 
(Roscoe, O. J. [2] 8, 367). This statement seems 
to contain all that is known of an oxide-lower 
than VjO,. 

Vanadium dioxide YjO,. {Hypovanadovs 
oxide.) This substance was supposed by Ber- 
zelius (P. 22, 1) to be V ; Roscoe (T. 1868. 1) 
proved it to be an oxide with the atomic ratio 
V;0-1:1. The mol. w. is not known; the 
formula is generally written V^O, rather than 
VO, as the double formula' is, on the whole, 
'more in keeping with the reactions of the com- 
pound. 

Formation. — 1. By heating one of the higher 
oxides with K (Berzelius, l.c.). — 2. By passing 
vapour of YOGI,, ng^ixed with nqpch dry H, over 
red-hot charcoal (Schafaijik, A. 109, 86).-— 8. By 
strongly heating V3O3 and V^O,, mixed in the 
ratio VjOgiVjjOjj, out of contact with air (Peter- 
sen, J.pr. [2] 40, 193). 

Preparation. — A mixture of much'-dry H and 
vapour of YOGI, (g. v, p. 854) is passed through 
a hard glass tube containing powdered charcoal 
and kept red hot. Some solid oxychlorides are 
deposited on the cooler parts of the tube, while 
the YjO, remains mixed with the C. The con- 
tents of the tube are then strongly heated in a 
current of dry H to remove traces of G1 com- 
pounds ; and the grey metal-like VgO, is sepa- 
rated from the G (lioscoe, C. J. [2] 6, 334). 
When Zn, Cd, or Na-amalgam is added to a 
solution of VjO, in H.,S04Aq (prepared by ^s- 
Bolving the oxide in hot cone, acid and diluting 
with 60 pts. water), the liquid becomes blue, 
green, and finally lavender. The lavender solu- 
tion ^sorbs O very rapidly ; exposure to the air 
for a*few seconds causes the colour to change to 
deep chocolate-brown. By detennining the 
quantity of standardised EMn04Aq*deoolourised 
by thb lavender solution, Boscoe (C. J, [2] 6, 
834^ proved that this solution CQntaine4,V,0„ 
probably combined with SO,. After passing 
air into the lavender solution until it becomes 
permanently blue, the solution contains Y^.; 
if the free keid in the lavender solution is 
neutralised by zinc, and the liquid is then ex- 
posed to ihe air until permanently browi^ and 
SK little acid is then added, a green solnnon is 
forflied which contains Y^O, (B., l.c.). 

Properties and Reactions. — A light-grey, 
lustrous powder: or a lustrous, metal-like, orys- 
tslline crust, S.6. 8*64 ; vbry brittle ; fuses at 
a very high temperature. sHeated to redness in 
air, YsO, bums- to Y^O, ; heated in O, bums He 
Vg&y, Insoluble in water; dinmlves in dilute 
acids, giving a lavender igolatlon, which bleaohei 
stroni^; from these solation| EOHAq od 



ppw» » urvwu oxide, which 

rapidly oxidiiea (Brierley, 0. J, 49, 824). Ao- 
oordingjto Potersen (iT. pr. [2] 40, 194), V,0, dis- 
solveB in HFAq, and on evaporation, solution 
the residue^ in watef, and evaporation over 
H 3 S 04 » bine, miorosoopio crystals are obtained, 
which are^ perhaps, VOF 3 .a;^; no analyses 
were madb. Addition of alkali fluorides to 
in HFAq produces variqus compounds of the 
form »VOF,.yMP (v. HYpdjjiNxnoxvrLuoaiDKs, p. 
846). ♦, 

Hydbatb of vanadium dioxide. By adding 
NHjAq to a lavender-colbured solution ol , 
in H 3 S 04 Aq), Brierley {C, J. 49, 824) obtained' 
a deep-purple gelatinous pp. which he«said was 
hydrated VjO, ; the pp. rapidly oxidised in the 
air. 

Vanadium tbioxidr V^O,. {Vanadous oxuU* 
Vanadium sesquioxide.) Mol. w. not known. 
This compound was represented by Berzelius as 
VO (V- 68*6, 0-8). 

Formation. — 1. By heating VjO, to redness 
in H (Schafarik, A. 109, 85). The presence of 
traces of PjO, prevents reduction (Uoscoe, CJ. J. 
[2] C, 831). — 2. Byt heating VjO* in a carbon 
crucible (Berzelius, P. 22, 1). 

Preparation. — Pure V„0, is heated in per- 
fectly pure and dry H until the substance ceases 
to lose weight ; the tube is allowed to cool com- 
pletely in H, aryl then a stream of dry air is 
passed throu^ it (Rqpcoe, U. V". [2] 6, 331). 
When a solution hf V^O^ in cone. H..SO, is much 
diluted, and then treated with Mg until the 
liquid is green, this solution contains V.p,, com- 
bined witlf SO, (v. Vanadous ‘salts, infra). A 
similar solution is obtained from the lavender 
solution of VjO, in HjSO^Aq (prepared from 
VjOj in H3SO4, V. supra) by neutralising free acid 
by zinc, exposing to the air, and adding a little 
acid (Roscoe, C. J. [2] 6, 337). 

Properties and Reactions. — VjO, is a black 
powder, resembling graphite ; or, formed by re- 
ducing VOCl, by H, it is a black, lustrous, crys- 
dline crust. S.G. 4-72 at 18°. Does not fuse 
i the blowpipe flame. When warm V^O, is ex- 
osed to the air it glows and oxidises to VjO, ; 
ad even at the ordinary temperature it takes up 
being changed after some months to VjO, (^., 
c.). Heated in Cl gives VjO, and VOCl, (U., Z.c.). 
Eeated in NO, to 300°-400° V.p, is oxidised to 
',0, (Sabatier a. SendereiA, C. R. 115,^236). 
[eating to redness in produces V,S, (Kay, 
7. J. 87, 728). VjO, dissolves in hot cone. 
IfSO,, forming Va03.a:S0, (v, Vanadous %alt 8, 
Mt/vah VjO;, dissolves in HFAq, and VFj.iXlI,0 
las been isolated from this solution {v. Vanadium 
BIFLUOBIDB, p. 844). 

j^YDBATB OF VANADIUM TBIOXIDB. By Adding 
[(^Aq, or NH,Aq, to an aqueot% solution of 
^,0,.4S0,.9H,0 (u. infra) Brierley J. 49, 824), 
mtadied a dirty green, gelatinous ffp., whicy 
ixidned rapidly in air. According to B., thi^ 
>p. was hy^ted V,0,. *• 

VANADOUS SALTS V,0,.®X (X- acidic 
«ido) or V,B,« (Rw « acidic radicle). Only one 
lalt derived from ai^oxyacid fibs been certairUy 
isolated ; it has the of^nposition V,0j.4S0,.a;H,0, 
IT the formula joiay be wvitten V,H,(S0^4.yH,Q. < 
Vanadous tetrasnlphate, or oota vand^us 
naphoti, V,0,.4S0,4tH-0 or 

A hydrat^with 0-0 or y-2 was obtained 
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^ hj Gerland (B. 10,2111 [18773) bj • 

solution of V,0, in a large excess of oono. 
H,S04 for a long time at 120°, and treating the 
blue oryaljalline crust* thu 4 formed (consisting 
chiefly of V,04.3S0,. aaq, v. Hypovakadio balts, 
p. 848 ) with boihng water, when V, 0 ,. 4 S 0 a. 8 £^ 
remained. O., 8 if^poaed that reduction, ot 
was effected by dust in thenir. 

Brierley (C. J. 49 , 822 [1886]) prepared 
V, 0 ,. 4 S 0 j. 9 H, 0 ( - V,H,(S04)4.8H,0) by electro, 
lysing a Bcdutidn of VjO* in H,S04. The solu- 


tion was prepared Vy reducing V,0, in eono. 

dilution, by SO,. The deep-blue 
solution was placed in a Pt digh which formed 
tlfb nega^ ve eleoitro^e, and a iis>rous pot contain- 
ing dilute H^SO^Ai was arranged so that it just 
touched the surface of the liquid in the Pt dish ; 
a plate of Pt itnmdlrsed in the H,S04Aq formed 
the positive electrode. The Pt dish was warmed 
during the process, so that electrolysis and 
evaporation proceeded together. Blectrolysis 
was continued until the liquid was deep green, 
and a drop piaped in a little water showed no 
trace of blue colour. Cone. ILSO4, equal to 
twice the^ulk of tln^ green liquid, was added ; 
after 24 hours the green, sandy pp. was collected, 
washed with cone, alcohol, and dried over 
H,S04 in coal-gas. The salt di.ssolved in water, 
and alkali ppd. from this solution a dirty- 
green gelatinous substance, said by B. to be 
V,0 ,.xH., 0. This pp. dissolved in an aqueouii 
solution of V,0j.4S0g.9H,0, formin^a efiocolate- 
brown solution, giving a lustrous green solid oif 
evaporation, which dissolved in water to form a 
•brown solution. B. concluded that the brown 
solutlbi^ contained a compound of V,0, and SO, 
more basic than VjOj.dSO,. » 

Garland {R. 11, 100 [1878]) -fnentionB the 
normal vdnadous sulphate V,(S04),( - V,0,.8S0,) 
as if he had prepared it; no details are given. 

Vanadium tktuoxide V,04. {Ilypovanadto 
oxide.) Mol. w. not known, lloprosented by 
Berzelius as VO.^{V « C8‘5, 0 « 8). » 

PonMation. — 1. By allowing V,0, to absorb , 
0 from tho air [cf. Hypovanado-vanadio oxides, 
p. 851). — 2. By strongly heating a mixture of 
6 pts. V.,Os and C pts. V,Oj, in absence of air. — 
3. By the electrolysis of molten V,Oa (Buff a. 
Wohler, A. 110, 277) —4. By heating V,04Cl,.6aq 
in a stream ert CO, (Crow, C. J. [2] 16, 463). 

Preparation. — A solution of in H^SO,, 
obtained by reducing V, 0 , in cono..H,SO| by 
SO,, is ppd. by Na,CO,Aq, and the pp. is washed 
and dried by heating in vacuo (Berzelius, P. 22, 
l).-S-2. V, 0 , is exposed to, the air tor some 
months, until the colour has changed to blue 
(Roscoe, ii. J. [2] 6, 338 )*— 3 . V, 0 , id dissolved 
•n hot cone. HClAq wlien Cl ceases to be given 
off the liquid is saturated with H,S, filtered 
from £L evaporated to dryness at 100° and the 
V2P4Cnf. xtiq^ thus fprmed is heated to redness in 
a stream of dry CO, fCfo^, l.c. pp. 4 ^ 7 , 468 ). 

Properties and Reactions.— A. blue, lustroos, 
ctystaliine powder ; prepared hy heating V^OaOl, 
in CO, it forma a emrk-green, amorphous pow- 
der (Crow, I.C.). Infusible at a high temMra- 
ture. Insoluble in water. When k^t In a 
loosely-stoppered bottle V,04 gradually Sbsorbt 
O, forming V,0, fCrow, l.c.). Dissolves easily 
Jn acids, forming bright-b'Aie liquids; the tame 
Bolutioos are obtained by the Muonof jpM)derate 
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redtioers, such &b 60 ,A.q, fi,SAq, or H,0i04Aq, H^04 and heating to the boiling-point of the 
on Bolutione of ViO, in acids, also by passing air liquid for a long time. The salt separated as a 
into Yfii in H,S04A^ until the liquid becomes green-blue poirler ; insoluble in water, pold or 
permanently blue (Bosootf, lx . ; v. infra^ Hrro- hot ; insoluble HOlAq and H3SO4. (G. does not 
▼ANABio SAiiTs). Petersen (J, jpr. [ 2 ] 40 , 194 ) say how the salt was obtained pure for analysis ; 
supposed that the blue microscopic crystals he no analyses are given of the salt prepared 
obtained, by dissolving V3O4 in ^zcess of HFAq exactly as describe above.) Varioug hydrates 
and evaporating were VOFj.sraq, but he did not are described by G. obtained by diffefent pro- 
obtain enough to make an ancJysis. die- cesses. Crow (C. J. [ 2 ^ 6 , 466 [ 1876 ]), obtained 

solves readily in alkali solutions, forndng the heptahydrate by /^peatedly treating hexa- 

vanadatee, iiyXi. (q,v. under VANininiii oxv- hyltraled trisulphate (v. infra) with absolute 


ACIDS, AND SALTS AND DEIHVATZVKB THBBEOT, p. 

868). i 

Hvdbates ormTPOvANADio OXIDE. By adding 
Na,OOtAq, drop b/ drop, tcva bolutioQ of 
in HOlAq or HaS04Aq, till thrfsupernatant liquid 
was colourless, filtering rapidly in CO,, and dry- 
ing on a porous tile over Uo^4 in vactiOt Grow 
(lx.) obtained the black, anforphous heptahy- 
drate VgOy 7aq ; and on heating this in COj for 
some hours at 100° he obtained the trihydrate 
VjO^^aq. ( 

HYPOVANADIC (or vanadyl) SALTS 
Va04.a;X (X-* acidic oxide). Only a few com- 
pounds of V2O4 with aciaic oxides fiavq. been 
isolated. The sulphates have been studied more 
than any other salts; they are most simply 
represented as V,04.a;S0!,.2/Ha0. The compound 
V2O4.2SO8 may. bo called the normal sulphate ; 
the formula may bo expressed as V202.{S04).2 or 
VO.SO4., -Xhe compound VjO4.3SOj.6H2O may 
,be called acid sulphate; the formula may be 
'expressed as V30a.S04{S04H)j.6H20 or 
(V202)Ha(S04)>.6H20, or (V0.S04)a.H2S04.6Hj0, 
or it may be written V2O4.2SO3.HaSO4.5H2O.* 
When the formulco of the compounds <x)f V2O4, 
with adidio oxides are written V2O4.X the com- • 
pounds are generally called hypovanadic ’jalts ; 
when the formulae are written VaOj-icR (R = 
acidic radicle) the name divanadyl salts is 
usually given to the compounds ; and when 
these compounds are regarded as VOurB, it is 
oustomar'y to call them vanadyl salts. Hypo- 
vfma^o sulphates are obtained (1) b;f dissolv- 


alcohol. 

Hypovanadic trisulphate, or acid divanadyl 
sulphatCy V204.3S0j.fl;H20 or • 

(V302)H2(S04)3.2/H20 [1/ = aj - 1 ]. (Acid vanadyl 
sulphate (V0.S04)2.H2S04.yH20.) Hydrates 
with a : *4 and 3 (ory -3 and 2) were prepared 
by Gerland (J 5 . Ifli 2 , 109 ) ; and a hydrate 
with a; = 6 (or j/»6) by Crow (O. J, [2] 15 , 
435 ). 

By dissolving VjOj in a large excess of cone. 
H2SO4, heating for a long time at c. 120°, and 
diying the small, blue, transparent crystals that 
formed on a porous tile over H2SO4, Gerland 
obtained a substance which gave analytical re- 
• suits approaching those required by the formula 
V2O4.3SO3.4H2O. The salt was not obtained 
quite free from admixed V203.4S03.ajH20. This 
tetrahydrate was partially decomposed by cold 
water, giving lustr<;wia scales wlpch, after wash- 
ing with alcohol and other and drying over 
H2SO4, had the composition ‘ of a trihydratey 
V2O4.3SOs.3H2O. 

Crow obtained a hexahydrate 
V2O4.3SO3.GH2O, by reducing by SOj^^a solution 
of V3O5 in cone. H2SO4, heating at 100° for some 
' time, drying the light-blue crystals that sepa- 
rated on a tile, removing acid by washing with 
ether, and drying by pressure between paper. 
The crystals deliquesced in air to a blue syrup ; 
they were insoluble in ether, and scarcely 
soluble in absolute alcohol. 

The fonnulos of the various hydrated hypo- 
vanadio sulphates are as follows : — 


Hypovanadic sulphates ; or 

V,04.2S03 

V 20 *. 280 ,. 3 H 20 

V, 04 . 2 S 0 ,. 4 H ,0 

V, 04 . 2 S 0 ,. 7 H 20 

V,O 4 . 2 SOa.l 0 H 2 O 

Vj 04 . 2 S 0 ,. 13 H .20 

VjO4.3SCt.3H2O 

Vj 04 . 8 S 0 ,. 4 H ,0 

V,04.8S0,%Hj0 


Divanadyl sulphates ; 

Va 02 .(S 04)2 
V.. 02 .(S 04 ) 2 . 3 HjO 
, V 202 .(S 04 ) 2 . 4 H ..0 


V 20 ^(S 04 ) 2 . 7 H 20 

V 202 .(SO.) 2 . 10 H 20 

V 202 .(S 0 ' 4 ; 2 . 13 H .20 

fV202).H2(S04)8.2T1^20 

(V 202 )H 2 (S 04 ) 3 . 3 k 20 

,/V, 0 ,)Hj(S 04 )* 3 *. 6 H 20 


or 


Vanadyl sulphates. 

VO.SO, (Gerland). 
2 {V 0 .S 04 ). 3 H 20 (G.) 
VO.SO4.2H2O (Crow, confirming 
Berzelius). 

2(V0,S04).7H20 (G., also C.) 
VO.SO4.6H2O (G.) 

2 (V 0 .S 04 ). 13 H 20 (G.) 

2 V 0 .S 04 ).H 2 S 04 . 2 H 20 (G.) 
2 (V 0 .S 04 ).H 3 S 04 . 3 H 20 (Gc) 
2(V0.S04).H2S04.6H20 (0.) 


Ing V,04 in hot cone. HjSG. and boiUng ; ( 2 ) by Bevan (O, N.^ 38 . 294 ) obtained diva»i^yl 
dissolving V, 0 . in cone. H2S04,j:eduoing by SOj dithionate by adding BaSaO^Aq to V202(S04)2Aq, 
or H fl f)., and evaporating; (3) by ^diiaolving, filtering, and*bvaporating in vacuo: the salt was 
VjO.lnoonc. HjSOj. apd bdiling in theair 4 or not obtained pure. By dissolving 7,^4 in 
some tim^ In reaction (b) VjOj.xSO, seems to KNO,Aq Berzelius (P. 22 , 1 )^ obtained a blue 
be formea and then partially reduced, by dust liq«fid which probably contained hypovanadic 
or products of* combustbon of coal-gas, toc nitrate: but no solid could bo isolated, as on 
Vj04.a;SO.; the products are mixtures of evaporation to dryness decomposition occurred, 
VjOjUeSO, and Vj04.»SO, (Gerland, B. 11 , 98 )*. wth formation of VjOj. V,04 also dissolves in 
Hfpovanadie dUnlphate, or normal diva- H,P04Aq; on evaporatiora at 60 ° blue crystals 
nadyl sulphatSy V,04.2S0. or V202.(S04)j. are pbtkined, which deliquesce ^ a blue syrujf; 
(Vanadyl stdphaU VO.SO4.) Prepared by Ger- thtfse crystalStaro probably hypovanadic phos- 
land (B. 10, 2109 [ 1877 ] ; supplementing B. 9 . phatSy but no analyses are given (B., lx.), 
869 ) Dj dissolving VjOj in a large exce^ of oono. Berzelius obtained what were probably 00m- 
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of V|04 With S^Ojt CrOji Mo03f 

•od a |ow other aoidio oxides (t^ Lehrbuch [5th 
ed.] a, 1063). > 

Yanadium PfiMTOzqiB V3O4. {Vanadic oxide. 
Vanadie Mthydride.) Mol. w. not kntfwn. Be* 
presented^y Berzelius as VO, (V « 68*6, O = 8). 

Forrftation.--l. By strongly heating any of 
the lower oxides in air or 0.— 2. By heating 
NH4.VO, in air to duIV redness.— 3. By de- 
composing VOCl, by water.— 4. By heaHeg 
V,Oa.4SO,. 9aq to bright redness (Brierley, C. J. 
49, 824). 

, PreparaHon.~-P\iie VOOl, ia decomposed by 
water, and the ppd. VgO^is washed till^the Wash- 
ings are free from acid (HOlAq is produced) and 
heated until dry (Schafarik, J. pr. 76, 142). For 
the preparation of ^ 2 ^^ f^m va/nadinite anfl 
other sources of V compounds, v. Vanadium, Pre- 


A. 109, 85) ; traces of prevent the reduc- 
tion (i^sooe, O. /. r2j'Q, 831). — 8. Heating 
with potusiium produces V.jO, (Berzelius, P. 
22, 1), — ^ V,0^ is produced by heating VgO^ 
in a carbon orpoible (B., I.C.), For action of 
Mg, Zn, Ac. oi) solutions of VjOj, v.*Wnadic 
SALTS, (p. 860).— 6. Whe» mixed with carbon 
and heated in chlorine^ V.,Oj yields VOCl, 
moscoe, *C. J. [2] 6, 34a).-6. Electrolysis of 
molten V.^Oj produces V2O4 (Buff a. W6hlor, .d. 
110, 277).— 7. AccoiWing to Ditto (C. P. 103, 
65), fifsian with 2 ^otcissinin cyanide produces 
V.O, (N, K..O, and CO., being also formed). 
Carnot (4?. 2i. 164. i803, 180t); 105, 119) says 
that a boiling solmion of potasi^iuni cyanide pro- 
duces KVO, (CO2 and N being given off) ; and 
tliat by dropping*A^..,Oj into excess of boiling 
KCNAq there is formed K.^V^O,, (with evolution 
of N and CO.^). No analyses ar(j givep either by 
D. or C.— 8. i)itte [G. It. 103, 66) assorts that 


paration of (p. 841). 

Properties.— A pale-yellow powder, with a 

reddish tinge. When heated to full redness out j the products jof the interacy ion of Vp., and 
of contact with any reducing agents, V^Oj melts, ! potassium iodide or bromide are K.^V^O*, KVO„ 
and solidifies on cooling to a mass of yellow-red, j and I or Pr. Tho reactions are said to occur 
crystalline needles, ippeartng ruby-red by trans- i betwe'>n and molten K1 or KBr ; and KIAq 
mitted light ; should tho VjO, used contain V.O^, f is said to react in the same way as tho molten 
which is often the case when the V.^Oj is pro- j salt. — 9. When V^Oj is heated with molten 6orori 
pared by heating NH..VO„tho solid obtained by trioxide, a pale-yellow glass is formed, which is 
fusion and cooling appears violet to nearly black, I said by Ouyard (Dl. [2J 40, 364) ^ be a vanadio 
and does not seepi to be cryjjtallino (Berzelius, j borate; no analyses, composition, or methods of 
P. 22, 1). AS) molten .iV^Oj cools nearly to its ' purilication are given.— 10. V.O^ di..«ow3 in /me 
Eolidifying-point 6uch heat is given out, and the ! cone, sulphuric acid, forming VaO,,.a:SO.„ gene-* 
mass glows until solidification is complete (B.,f.c.). I rally along with more or less VaO^.xSOa (h.Vana- 

VaO, is said not to be changed at a white heat, ! " m Mtix 

provided no trace of a reducing agent is present 
(B., l.c.) ; but according to Read (0. J. 65, 313 
[1894]) molten VgOj gives off O, producing VaO,, 
which on cooling in air*" takes up 0, forming 
Bteel-blue crystals of V^O^. The crystals of V^O, 
are rhombic {v. Nordensk’jold, P. 112, 160). S.G. 

(crystalline) 3'6 at 20® (Schafarik, /.jir. 76, 142). j , . - vimroinn 

V.O. is odourless and tasteless; it reddens moist j having the composition 2(VOLl2.1 tU j. 21aq.— 

paper; 1.000 ptB. boiling rrater di i • 


1)10 SAf/rs, p. 860). — 11. VjjOj dissolves in conc» 
^hydrochloric acid ; Cl is given off on heating \ 
l^after thd passage of II^S followed by evaporation 
»at 100® the oxychloride VO.Cl.aruf; is obtained 
(Cro\VJ C. J. 30, 467 ; cf. Vanadium dioxymono- 
cuLORiDK,* p. H64)«.— 12. By dissolving V,0, in 
cone, hydrochloric acid in presence of platinie 
! chloride, Brauner {M. 3, 58) obtained largo tablets 


Bcarcely 1 "pt. VjO, (B.’, l.c.). With molten alkalis 
or alkali carbonates VjOj produces vanadates {q.v, 
p. 861). VjO., dissolves in cone. -HjSO^, HClAq, 
HNO,Aq, or EDFAq (cf. Vanadic bvlts, p. 850). 

• According to Ditto (C. P. 101, 698), V3O, 
exists in three forma ; (1) red, obtained by heat- 
ing NH4.VOS in a closed crucible, treating^ with 
HNO, and Tepeatedly heating to redness ; (2) 
yellow, obtained by heating NH,.VO, to 440® in 
i stream of air ; and (3) obtained by 1 


ing to Dltte {G. It. 102, 1310), by adding exoofS 
of hydriodic acid to a warm aqueous solution of 
rod V..O5, removing free I by shaking with silver 
powder, filtering, and evaporating in vacuo. 
(No analyses are given.) — 14. V.Dj dissolves in 
hydrofluoric acid, forming a pale-yellow solu- 
tion, the colour of which becomes deeper oil 
dilution (Piccini a. Giorgis, G. 22 [1] 65). 
Petersm (/. pr. [2] 40, 271) supporffed that a 
siflution in cone. IIFAq contained VF, ; but he 


L the ydlowiom.is very. eUghOyeol^blp. and | gt VA 


tte^stljlmeform is insoluble, in water. Ue 1ft repreeentea as 

aI«fSy8 that the red form eheoA? water from ! to 

Bol itions of -VjOj i& HFAq, and, crystalUsing, 
vanadoxyfluoridcs are termed; these oi/mpound* 
are of tno forms xMF.yVOF, andxMF.i/VOJ (v. 

... a. QilA\ X7a.najiATV« 


the air, producing hydrates with 2HJQ and ; 
and t^t addition of NHCl, KCl (and otner salts/) 
to an^ueons solution of the red variety 
ppn. of a hydrate of tho yellow form of VjWj, 
which hydrate, when dry, is a 
o having the composition V,04.^Pa9 
and is almost insolulfie in water. (No analyses 
are given by D.) » -...aw 

0 Pecutions.—^f When heated and kept moUen/ 


J^anadoxyfluobides, 844). — 15. Vanadoxy- 
fluorides are also termed by dissolving VjO* In 
aikali fluoride solutions, and dtystallising (c/. 
infra. Combinations, No. 5). — 16. If a silfitton 
of VgOj in hydrofluoric add is partieUly reduM, 
and then evaporated witb> metallio floorides* 
, hjvovanadoxy fluorides (g. i>. p. 845) are formed 
I these salt4 are of the form xMF.f/VOFw*~~*17. By 
i&ihSrik; 1 iXm^rith periu*. Elution. . 
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black liqnid was obtained that deposited a black- 
brown cmst of indefinite composition (Cammerer, 
Chem. Zeit. 19, 9^7)^— 18. By fusion with 
alkali or alkali carbonate80- vanadates are 
formed (v. Vanadates, p. 851). 

Ccnwvnaiions. — 1. With wc^t, but not di- 
rectly, to form VaQ,.H 20 and {v. 

Metavanadic acid and Pyrovanadic acid^ under 
Vanadium oxyacidb, and salts and dAuvatives 
THEBBOF, p. 861). — 2. With faricms acidi^ 
oxides ; (1) With SO, to form V 20 j.a;S 03 , formed 
by dissolving V,Oj in hot cone. (2) 

with AsaO, to •form VaOa.xASjO, ; (3) with 
PjO, to form VaOjticPjO, ; (4) v^th 1,0* to foihi 
V-jOj-aljO, ; (6) with MoO, to^'orm VaO^.ajMoOa ; 
^) with WO, to form Vj0..ccW0, ; (7) with 
PaOj and SiO, to form VjOj.JpjOa.ySiO,. Most 
of these compounds combine with the stronger 
bases M^O ^nd MO to form salt-like compounds. 
The compounds of V^O* with SO, are described 
as vanadic sulphates under Vanadi^ salts {infra) ; 
the compounds with other acidie* oxides are de- 
scribed respectively as arseno-vanadic acids and 
saltSf iodo-vanadic acids, ifiolybdo-vatuidi^ acids 
and salts, phospJio-vanadic acids and salts, 
phospho-silico-va'nadic acid, and tungsto-vanadic 
acids and salts, under Vanadium oxyacids, and 
BALTS AND DKBIA’ATIVKS THEBEOP (u. pp. 853-4). — 
8. With vanadium tetroxide to form oxides 
intermediati^' between V.^O^ and Vj.0, Hypo- 
.VANADO-vANADio OXIDES, p. 851). — 4. With vaua- 
dium trioxide to form VjO^ ; produced by heat- 
ing equivalent weights of the two oxides out of 
contact with air (Berzelius, P. 22, 1 ; Petersen,* 
J, pfk [2] 40, 193). — 6. With alkali fhiorides, 
Accordihg to Ditte (C. P. 105, 1007 ; 106, 270), [ 
several compiunds of the form xV 20 ,. 2 /IkM!’ are 
. formed by fusing V^O, with alkali lluorides, ex- 
tracting with water, and crystallising; D. gives 
formula) where a; 1, 3 and 4, ^ » 1, 2, 4 and 8, 
and M=>E and Na; but he does not give 
analyses *'of the salts (u. Vanadoxyfluobides, 

* p^844). 

Hydrates op vanadic oxide. The hydrates 
VaOs-HjO =. HVO, and Vj0,.2H20 = H^V^O, have 
been isolated; these compounds are acids {v. 
Vanadic acids, p. 861). Ditto {(7. B. 101, 698) 
asserts, without giving analyses, that a penta- 
hydrate V^Oj.SHjO is formed by ‘absorption of 
water from the air by the red form of (v. 
VANADnJM*TENTOxiDB, Properties, p. 849),, 

VANADIO SALTS yfd,,xyi (X = acidic 
oxide). A compounds of this form have 
been isolated. The sulphates have been better 
studied tb^n *the other salts. Two sulphates, 
V20,.2S0,.a:Hi0 and t ,05.8S03.®H20,‘^^have been 
isolated. If x is taken to^be 2 in the first saL 
and 8 in the second, then the Jormulse may be* 
written as (V03)jS0^.H^S04.Hj0 and ^ 
(V0,)2S04.2HaS0^.H,0 respeLtivelyj ^ ‘ 

[(V0,)2Sa.H,S04.H,0 - Vj0,.2S0,.2H-0 : 
(VOJ3SO;2H,S04.H,0 = V,0,.3S0,.8H,0}. U the 
salts are anhydrdas, as seems most probable from^ 
the analyses, then the forrauiaa may be written 
(VO,),S04.SO, end (V0,),S04.2S0, respectively, 
xTeitb^ of the salts can ^ regarded as the nor- 
mal salt. The sulphates are obtained by dis-* 
•Giving V^O, in hot cone. H3SO4. • 

Vanadio diiulphate V,Oa. 2SO,(? xYUX), 
Prepared by Berzelius (P. 22, 39) ; ^examined 
•Iso by Fritsohe (/. pr. 63, 93), GerUmd (B, 11 , 


98), and Mfinzig (C. 0 , 1889 (ii.) 908). The 
salt seems to be without water of crystallisation ; 
F« (he.) says it crystallises with HjO. V3O, ia 
dissolved in hot oono. H2SO4, and the solution is 
boiled for a considerable time, when small 
crystals separate, some of which are ^rown and 
some ruby -red, lustrous, and transpareftt. The 
crystals are heated in a^ath of molten Idad until 
SO, ceases to be give(^’ off (G., Z.c.). According 
tft kiinzig (Z.C.), the orange-coloured crystalline 
powder that separates when VjO, is added to 
boiling cone. H^S04 until the acid is saturated 
is Va05.2S0,. By keeping a solution of V5O, ii^ 
a large exifiess of cone. H2SO4 at 130°-150° for a 
long time, Gerland (Z.c.) obtained a hard, opaque, 
sealing-wax red, crystalline crust composed of 
TjO, and SO, in approximately the ratio 
V.Pa:2SO,. 

V20,.2S0, [ = (V02)2S04.S0,‘j is described by 
G. (Z.c.) as a clear red, crystalline, deliquescent 
solid ; addition of a drop or two of water ppts. 
V,0,.a:Hp. 

Vanadio trisulphate Vp,.3S03(? icH.p). This 
salt seems to have been ojr tained by Berzelius 
’ (Z.C.). Ditte {C, B. 102, 757) gave x the value 
3; Gerland’s analyses (Z.c.) were inconclusive, 
the percentage of water found varying from ‘8 
to 7‘3. G. (Z.c.) prepared this salt by long-con- 
tinued boiling of a solution o^Vp, in a large 
excess of cone. H._,^4 ; spall crystals separated, 
some of them brown and soAie ruby-red and 
transparent (probably regular octahodra). When 
tho boiling was not continued for so long a time, 
G. noticed that' fine, golden-yollov, lustrous 
needles separated. Tho jpomposition of the 
crystals in each case was very nearly that 
required by the formula VPj.SSO,. More or 
less V2O4.2SO, was always formed; G. found 
that addition of a little HCIO, prevented the 
formation of much V2O4.2SO,. 

V.pj.SSO, is very deliquescent ; soluble in 
cold water or alcohol *, a slight rise of tem- 
perature suffices to ppt. VPA-arHaO. By adding 
to a solution of this salt in cold water the 
proper quantity of K,S04, G. (Z.c.) obtained 
small, ambor-yellow crystals, which, after a few 
wJ^shing8 with cold water, pressure between < 
paper, and drying over HjSO,, had the composi- 
tion of the double salt V.PJ.2SO3.K20. 6aq. The 
same* crystals we*re obtained by using the 
diBulphate V205.2yO,. Beplaoement of 
KPO4 by (NH4)2S04 produced the double salt 
VpA‘-iSOl (NH4)20.4aq. No double salts were 
oblAined by using NujSOa or MgS04, l^^yt the 
tiisulphate (V,Oa.3SO,) crystallised unchanged.^ 

Gerland (B. 11, 102) found that when asolft- 
tion (5f VjO. in hot. cone. H2SO4 was Jarcely 
diluted and 'dialysed, HjSOAAq passed rapidly 
through the*- dialyser, along with small quan- 
llities of V compounds, until the liquid ih the 
dialyser contained VjOj and SO, in th^ ratio 
Vp,. 3 SO„ after which SOaAq passed very slowly 
through, and the composition of the aubstanca 
in the dialyser gradually approached V2OA.2SO,. 
By dialysing a ^uted sokition of VjO, in cold 
cono. H38O4, the conditioqy being the same as in 
the experiment with the hot acid, G. found that 
SQ^Xq passed^ through the d&lyser regularly, 
and that, after a time, the ratio of "VgO, to SO, 
in the dialyser was 1:1*82. G* supposed these 
resuKs to mean that a Bolat^pn m Vp« in col4 
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contains loose, easily decomposed com- 
pounds of VxO, and but that a solution 

of VsCB^n hot H2SO4 contains VjOb.SSO,, whio|} 
gradually loses SO, until Y3O5.2SO, is formed. 

Solutions of VgO, In cono. HjSO^ m|iy be re- 
duced to sulphates of lower oxides (Roscoe, G, J. 

[2] 6, 3344 Bammelsberg, B. B. 1880. 787) : — Zn, 
Cd, or Na-amalgam causes reduction to lavender 
solutions of y202.a;S0, ; Mg effects reduction to 
' green solutions of V20,.a;S9a ; and H^S, 
oxalic acid reduces only to blue solutions ox 
V20,.«S0,. % 

• By fusing V3O, with B^Og (Guyard, Bl. [2] 
25, 354) obtained a green glass, which he.took 
to be a vanadic borate ; no analyses or* descrip- 
tions a^e given. 

The compounds of V^Oj with As^j, Ij05,P.jO*#| 
MoO„ and WO, respectively*-or some of these 
compounds — may perhapsbe regarded as vanadic 
arsenates, iodates, <&c. ; v. Arbkno-vanadto acids 
AND SALTS, loOO-VANADIO AOIDS, AC., p. 853. 

Hypovanado-vanadic oxides. Several oxides 
seem to exist intermediate between VjO* and 
VjOj. Boscoo notice^}! that VgO, gradually ab- 


100*^ until the smell of NH, ceased. Mtnasse 
(A. 240, 52) obtained nVO»by decomposing cone, 
solutions of the Ca, Mg, or Sr salt by a little 
HNOgAq, *and ^^shing tho pp. with dilute 
HNOgAq, and then with hot water. Metavanadio 
acid forms go^dfti-yellow crystalline scalis; it 
is unchanged in*air ; dissolves very slightly in 
water ; insoluble in absolute alcohol ; soluble in 
NHjAq, KOllAq, or NaOHAq. By adding 
lIH^YOjAq^to C!uS04Aq, filtering from tho pp. 
that formed, and ialysing for several days, 
Gerland.(/.c. p. 874) obtained a solution in ti^ 
dialysei^f vanadic acid, whicji, remained cleak 
wlJbn heated, an^ on continue*d evaporation gave 
a pp. of red amorphous V./).,. Metavanadio acid 
forms a series of salts (r. .Metavanai>atkb, infra). 

This compouncteis used as a colour in place 
of gold bronze, usder tho namo of vanadium 
hronse. According to Guyard {Bl. [2] 25, 350), 
the substance commonly known as Vanadium 
bronze is really an ammonium vanadate. 

PyrovanadA^ acid II, V^,. {Telrabasio 
vanadic acid. Dilujdrate of va)Ladic oxide 
VjOv^IIgOf) This acid is obtained by decom- 


Borbed 0 and HjO from tho air, forming a i4)osing*a fairly cone, solution of an alkali 
greenish solid; Briorloy {C. J. 49, 30) found ! vanadate of tho form M,,V,0,, or MaV^O,* (v. 
that a pale grass-green substance was formed ! Tetiuvanadatf.r and Hkxavanaoates, p. 852) 
after some months, having the composition by HNO.,Aq, washing with cold water, and drying 
YJO4.2Y2O5. 8aq = YaO,.4aq. By dissolving this in tho air (von Hauer, J. pr. 80, Jifl). According 
solid in dilute H^SOiAq, an«t neutralising by i to Ditto {C. ii, 101, 098), tljo red (grnu)f YaO, 
KHOAq, B. obt&in^d 2Vt0.,.4V204.6K20. aq. By ; (t\p. 849) absorl)S H D from the air, Torming 
^,,.,.1 I V.P4.2H..O, and also VA4 j. 5H,,(). VvmvunnAin^ 


gently heating the compound 
2V204.3Y204.3{NH,)20. Oaq {v. Hypovanado* 
VANADATBS, D. 863), B. (Z.C.) obtained a dark- 
green solid that absorbed water from tho air, 
and then had the conJposition 3(V304.V20J. 8aq 
=s 3Y4OB. 8aq (cf, Ditte, C. Ii. 101, 161 ; also 
Manasse, A. 240, 23). 

Compounds of SOj with oxides intermediate 
between Y2O4 and Y3O, are formed by the re- 
ducing action of zinc on solutions of in 
H2SO4 («. Rammelsberg, B. B. 1880. 7H7). 

Yanadium oxyaoids, and salts and deriva- 
tives thereof. Two oxyacids have been isolated, 
HYOj and H4YaO„ corresponding with HPO, and 
H4P2O, ; salts of these, also salts of the tribasic 

« pid HaV04, and several more complex salts, are 
nown. Salts derived from the hypothetical 
hypovanadio acid Y40,(OH)2 (»2V.P4.Il20) 

have also been prepared; and several compoifbds 
are known which are most eimply regarded as 
and which may be called 
hypovanado- vanadates. YjOg also epmbinea 
with several acidic and basic oxides Bimul%- 
neousl^o fonil compounds of the general formal 
“VaOj.yXricMO ; these compounds are generally 
described as arseno-vanadates, phospho-'^%na- 
datesfifeo. •• 

YANADIO ACIDS. Two vangdio acids, 


the thM acid, H,Y04, are know^, but the acid 
itself has not certainly been prepared. 

Metavanadio aoid HYO,. {Monohasio 
vanadic add. Monohydrate of vanadic oxide 
%Ob.H, 0.) Oorland (^. 9,872 [5876]) prepared 1 
th^ acid by adding an excess of MH4GlAq to^ 

. . 1 X. -ms: 'KTTT TTr\ A 4.:il . 


with dilute H2S04Aq and SO^Aq (to zemove 
YaQJ, then wasting with water, and dryini^at 


Pyrovanadio * 
acid is described as a brown, amorphous powder, 
rgsombling FeOJI, ; dried over H2SO4, it is said 
to lose hj)^ its water. Very slightly solublp in 
traier; the solution is clear yellow; it reddens 
iitmus.. 1X4 YgO, is insol. in absolute alcohol; 
it dissolvcaereadily in NH,Aq. For salts of this 
acid V. PyuovANADATES (p. 852), 4^ 

VANADATES. The greater number of the 
vanadates belong to the scries (1) MVO„ (2) 
M4YA, (3) M,V04, (4) M2V40,„.or (5) 

MaV^O,,. # Series (1), (2), and (3) may be 
called normal salts ; the formube may bo 
written as (1) M-P-VaO,, (2) 2M2O.V.P4, and 

(3) SM-P-VgOj. Series (4) and (6) may be called 
acid salts ; tho formulas may bo written as 

(4) M.P.2V.P4, and (6) M.p.3V.p,. Acid salts 
are also knowri^ intermediate between series (1) 
and (4) : the chief of these are (6) 3M.P.4V20 b 

(MpiVaOg-l:!^), (7) 8M.,a6V,0,« 
Mi^iPwlAiP: Y2O4 = 1;] .'i), and (8) 2Mp.8 Yp, - 
M4VP,, (MP:V20, = 1:1‘). A few# salts of tho 
form iMp.VaOg^MgVaO; (MprVaO,- 1;J) may 
be called basic salts. Some sakks, especially 
those of Si* and Tl, belong to more complex 
fojpns. ^ 

• Itescoe {C. J. [2] 9, 28) has shown that the 
alkali oithovanadates, M,V04 or SMjO.YaOg, are 


HYO, (yid H4V,0„ have been isolated ;*6alt8 of I ^silv dWeffbpoBed j# aqueous solution at the 


ordinary temperature t»p'yr(fvaDa<5iteg,M4V,0„ 
and MOflAq; but that orthovanadhtes are 
formed, rather than m|ta- or pyio-vanadatef, by 
fusing YjOg with alkali carbonates ; further, that 
aqueous solutions of alkali pyrewanadatee am 
readily decomposed by CO, to alkali oarbqnatea 

Ob- 

taiW byedissolving in exceia of 

NHgAq, wanning, and allowing to ovasporate 
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Foms * wtute, eiystalline ernst. JDissolves 
slowly in cold wator^ quickly in boiling water. 
Decomposed by heat, giving V,0, when air is 
present. According to Berzelius (2*. 22, 1), 
when a solution ol YjOj-scELjO in excess of 
KHsAa is allowed to evaporate wjthout having 
been heated, NH^VQ, separates'in lemon-yellow 
crystalB (v. B., l.c.^ Boscoe, C. •!. [2] 6, 322 ^ 
Ditto, C. B. 102, 918; Norblad, ^ 8, 126; 
Wagner, D, P. J. 223, 633 ; Bdttger,^. 0. 1873 

barium meta vanadate Ba(VO,)j|^aq. A 
yellowish-white ^pp. ; obtained, along with red 
crystals, by ppg. by BaClaAq 

(Manasse, A. 240, 23). SI. Iql. m watSr. Loses 
JELjO when heated to c. 200'’ (Berzelius ; Norblad, 

Ipotasslum meta vanadate «aq. Formed 

by dissolving VjOj in KOHAq in the ratio 
VaOj'.KOH. Various hydrates have been ob- 
tained as white crystalline solids, melting to a 
clear yellow liquid, which soliJ^fics to white, 
lustrous KVO, (v. Berzelius, Lc . ; Ditto, O. B. 
104,902,1061,1168). « ^ u 

Sodium metavanadate NaVO,. Obtained by, 
Boscoe (C. J. [2] 9, 31) by fusing VA and Na.CO, 
in the ratio Va03:2NaaC0a, dissolving m water, 
crystallising Na^V.^,. 18aq, and passing CO* 
into an aqueous solution of this salt, when NaV03 
crystallised out and Na..CO, remained in solu- 
tion. ^ma'Tl yellowish-white crystals, probably 
' monoclinio prisma, melting readily and solidify- 
ing to a yellow crystalline mass (c/. Norblad, Lc.). 
Hydrates with 2, 4, and 6 HP have been ob,- 
tainpd (c/. Ditte, l.c.). ^ v 

The other metavanadates that have oeoiv 
prepared are. Cd(VOs)2 (Ditte, C. B. 104,^705) f 
Oa(VO,)a. 4aq (von Hauer, J. pr. 69, 385 ; 80, 
324; Manasse, A. 240, 23 ; cf. Boscoe, C. J. [2] 
'9, 32) ; Co(V03),. 3aq (D., Lc. ; lladau, A. 251, 
114), forma double salts with KVO3 (B., Lc.) ; 
Pb(vO.)4. (R., Lc. \ D., Lc.) ; LiVOa- 2aq (Ditte, 
C. P. 104, 1168); Mg(VO,).,. 6aq (D., he. ; 
Ifianasse, he.) ; Mn(V03)j. 4aq (Radau, he.) ; 
AgVO,.4NH,, 2aq (D., Z.c.) ; Sr(V03)*.4aq (Nor- 
blad, he. ; Manasse, l.c.) ; Zn(VOs)2.2aq (D., Lc.). 
Omthovanadateb MhjVO, or SM.p.V.pv 
Potassium orthovanadate Kg VO,. Obtained 
' by fusing VP, with KjCO,; docomposed by 
water, giving KOHAq and K^VjO, (Rammels- 
berg, B. P. 1883. 3). ' 

Sodium orthovanadate Na,V04.JcH.p! Bosepe 
(0. J, [2] 9,429) obtained the salt with leHO 
by fusing V3O, and NapO, in the - ratio 
Vp.;3NapOa, allowing to cool, dissolving in as 
little cola water as rossible, quicklji adding ex- 
cess of cone, alcohol, allowing to stand for soipe 
hours, washing the crystals ihat formed with smal) 
quantities of alcohol, and drying on^ porous 

f late over EL^SO, in vacuqAcf. CzuCrf5wicz, B. 
20,84; Bammelstterg, <p. j5. 1883. 8). Bkker 
(0. J. 863) obtained NasV04.a;HiP with 
»-8(?), 10, andil2 ; he a^so obtained the double 
9aU Na,V04.NaF.19Hp. TJie crystalline formU» 
are given by and the various hydrates.of 
Na,Vp4 are shown to be isomorphous with cor- 
resp^nmng arsenates and phosphates. NajV04A^ 
changes to Na^VjO^Aq and NaOHAq; the change 
occurs slowly at 'ordinary temperatures, and 
midly at higher temperatures (R., l4i-)- 

The other orthovanadates that have been pre- 


,)2.Ca01a(HautefeuUIe, U.B. lO.?, 
BOO; 104,601); Pb,(V 04 ),and 8Pb,(V04),.PbCi2 
(R.,J.c.); Ag,V 04 (R., lx); T^VO, (Oarnellcy, 
0./. 26, 823). 

Ptrovanadatbs M* 4VP, or 2Mp.VPj. 

Bariiun pyrovanadate Ba,Vp,. Obtained, a=j 
a white amorphous powder, by Addia^BaCljAi] 
to freshly-prepared Na,V04Aq, wa^ng, an<l 
drying at 100°. The ♦salt is slightly soluble in 
water (Boscoe, C. cT. g3] 9, 83h j j 

' 'Potassium pyrovanadate K4VgO,. Hard, de- 
liquescent monoclinic prisms, formed b^ adding 
KOHAq to KVOgAq, rapidly evaporating to a 
syrup, an^ placing over H3SO4 (Norblad, B. 
126). *' 

Sodium pyrovanadate Na4Vp,.16H.p. 
(Formed by fusing V^Oj and Na^CO, in the ratio 
V.P5:2Na.p03, dissorlving, and crystallising; also 
by exposing Na3V04Aq to air free from CO^ until 
addition of aleohol ppts. silky scales (Na4Vp.) 
(Boscoe, Z.C., p. 31). White six-sided tables ; 
e. sol. water, insol. alcohol. Na4VP2Aq is de- 
composed by COg to Na^COjAq and NaVO,Aq 
(B., Lc.). 

The other pyrovanadates that have been pre- 
pared are 2Ca,V20,. 6aq (Boscoe, l.c.; cf. Ditte, 
O. B. 104, 1705") ; Cu^VgO,. 3aq (von Hauer, Lc.) ; 
Pb^V^O, (Ditte, Lc.) ; 2Pb2V20,.rb0 (Boscoe, Lc.) ; 
Li4V20,.6aq (von H., Lc.); MngVjO, (Ditte, Lc.); 
Ag,V-0, (Boscoe, i- Z.c. ; Dittos Z.c.) ; TI4V3O, 
(Carnelley, C. J. 26, 323)^; 2n,,VjO, (D., Z.c.). 

Tetkavanadateb M/V 4OH or Mj0.2V,05 (also 
called divanadates). 

Ammonium tetravanadate (NH4j.,V40„.araq; 
a; = 3 or 4. Formed by adding a lUtle acetic 
acid to boiling NH^VOgAq and evaporating in 
vacuo; also by saturating NHgAq with VjOj in 
a closed, warmed flask, and allowing to eva- 
porate ; red prismatic crystals with a golden- 
yellow sheen (Berzelius, P. 22, 1; Rammelsberg, 
B. B. 1883. 8 ; von Hauer, Z.c. ; Ditte, C. B. 102, 
918). 

Potassium tetravanadate KaV40,i.«aq; 
(c=*3, 4, 7, and 10. Obtained by saturating 
KgCOgAq at 80° with excess of V^Oj and allowing 
to cool ; also by adding acetic acid to V,0» in 
KOHAq, concentrating at 80°, and letting cool 
(Ditte, C. B. 104, 902, 1061, 1168; cf. Norblad, 
B. 8, 126). Orange-coloured tablets (v. also 
Giblons, C. N. 804,267). 

The other tetrivvanadates are CaV40„.9aq 
(Manasse, A. 240, 23); PbV40„ (Ditte, Z.c.) ; 
],.i2V„0„.9aq (Norblad, Z.c.) ; MgV40„.9aq. (B.,Z.c.; 
voo Hauer, »tC.) ; NiV40,i. 3aq (Radau, A. 251, 
114); Na,V40„.9aq (BerzeUus, P. 22, C; von 
Hauer, Z.c. ; Norblad, Z.c.) ; SrV40,|.9aq (B.,l.c.; 
von £[., Z.C.). 


Hbxavai^ates or 

called 


M. 20 . 3 V 20 va;H .40 (also called trivanadates). 
These s;vlt8 have been described by IJorblad 
‘(B. 8, 126) and Ditte (0. B. 104, 90251, 1061. 
1168). The chief are those where M 4 -(NH 4 )|^ 
Cfil, Ca, K, and Na,. . * 

The principal vanadates belonging to oiner 
series than tho«e already mentioned are the fol- 
Xowing:-(l) 3M20.4VAT-M.“V,0„), M-^Ca 
, and % Iv. Manasse, Z.c.) r ^ 

h(2> Sa0.6V,0, (-U“,V,,OJi. M-B«, Mg,% 
' « Mimassei *li : A.' .8^ 114) , 

(8) 2M0.8V,0. (-MV.O 1 .). ^ 

iLjIa. K.. Na, (o. Ditte, le.»;al*o 0. B. W. 
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1048 I Manasse, lx, ; l^orblad, lx,) ; 
(4)^41j[^O.VA(-M*,V,0,). M-Li and Na (v, 

Seve^ other yanadates not belonging to any 
of theae series have also been described ; for Ga 
and Sr saj^ (and doable salts), v. Manasse (i.c.); 
«nd for T1 sadts v. Gamelley (C. J, 26, 323). 

HY^VANADATES.. Salts of hypothetical 
hypovanadio acid V,0,fpH), ( - 2V,0,.H,0). 
These salts belong to the form 
( = MjO.2V2O4.xH2O). The formation of the NH4 
and K salts was described by Berzelius ; a series 
of salts was prepared and examined by Grow 
{C. J, [2] 15, 458). The alkali salts afi obtained 
by treating fairly cone. VOjGlAq {v. Hywuted 

VANADIUM DI 0 XYU 0 N 00 HL 0 RIDK,p. 854 ) with eXCCSS 

of caustic alkalis, allowing^he pps. to settle ift 
closed vessels, washing with alkali solution, then 
with dilute alcohol containing a little acetic 
jicid, and finally with alcohol alone, and drying 
between paper. The salts'of Pb and Ag are ob- 
tained by ppn. from a solution of the K salt. 
The salts form brown to black crystalline pow- 
ders ; the alkali sake dissolve in water. Grow 
prepared salts with Mj =* (NHJj, Ba, Pb, K,, Agj, ‘ 
and Na,. 

HYPO VAN ADO-VAN ABATES. Salts of the 
form »tV204.wV20j.j)M20.xH20. Alkali salts of 
this series wero^obtained by Brierley (C, J. 49, 
32) by reducirkg V.jOiAg by SOj, adding V-^Oj in 
alkali, then a slfght excess of alkali, and then 
acetic acid ; pouring into alkali acetate solution, 
washing the pps. with alcohol, and drying over 
CaGlj,. Tie salts crystallise ih greenish-black, 
or black, prisms. T4be following were prepared : 

(1) 2V204.V20j.2Na20.13H20; 

h) 2V204.V.20,.2K20.0H20 ; 

(3) 2V,04.2VA.{NH.).,0.14H20; these spits are 
soluble in Wter: (4) 2V204:4V20,.6K20.H20 ; 
(5) 2V204.4V20 j. 3(NU4)20.6H20 ; these are in- 
soluble in water. 

GOMPLEX VANADIC AGIOS AND SALTS. 
Vanadio oxide VjO, combines with several an- 
hydrides, such as AS2OJ, I2O4, PjOj, &o., and many 
of the compounds thus produced combine with 
basic oxides. The compounds of V-jO,, with 
oertain anhydrides are generally regarded ^s 
acidic; and the compounds formed of VjOj, an- 
hydrides, and bases are usually classed a| salt- 
like substances. It is quite’likely that many of 
the compounds of VjO^witfi anhydrides, such as 
AS2O4, PjOj, would bo better classed as salts, 
just as the compounds of V3O, with Si5,^iro 
classqi^ as saUs. 

Abseno-vanadxc acids and salts. By boiliflg 
VjO* with excess of HsAs04Aq, and <jpncen- 
trailng the solution, Fernandez 17, 1632) 
obtained lustrous, golden-yellow crystals of 
VjO«As,0|.llaq (c/. Friedheim ‘a. Schmitz- 
Dun^nt, B. 23, 2600). Gibb* (P. A, 2\ 
50T3btained ^ probir- 

hly either 6 and 8, or 7 and 6), by decompd^ng 
a mixture of Na vanadate and arsenate by 
HNOjAq. For various compounds of the form 
mV,Ov»ASj0..nMO,%here m Ad n are 1 and^, 

and 8, 1 ana 2, 2 a«d l,<ko., and varies from 
tto 5, V. F. a. a--D. ilx,)t • • * • 

loDO-vi^jWLDXo ACIDS. Ditte (<J. R. 102, 167) 
-fays that compounds of V,Og and 1,0, are 
formed by he^^ V,0* with cone. HIO,Aq ; he 
l^ivea formule, bi^ no analytes. * 


MOLVeDO-VANADXC ACIDS AND SALTS. For d#* 
scriptions of numerous compounds of the forms * 
ajVjOi.pMpOj. raq, aVjOj.j/MoOj.pMO. raq, and 
also asVjOj.i/MqPs.wPjOj.jpMO. raq, v, Gibbs 
(P. Am. if. 18, 232). 

PnoBPno-vAjADic acids and salts, . Various 
compounds of FjOj, (^d H ,0 aro described 
by Gibbs (P. Am. A. 21 , 50) ; Ditto ( 0 . li, 102 , 
757 ) als^ assigned formulai to substances ob- 
tained by hdhting V„0^ with cone. H.,P04. 
Friedheim {B. 23, 1580) obtaincul 
by dissolving V.Oj in syrupy 11, 1*04. 

For lescriptions of a great many compounds 
of the ^orm ^aq, v, Gibbs 

(Z.c.) ; and cf. Friiellu ini (/,c.). 

F. divides tho compounds formed by reacting 
with VyOj on alkaA phospliates into two classes, 
which he calls • ZuZt’o- and purpurea- com- 
pounds. 

Luteo- compounds aro formed by |^) the inter- 
actions of p^q^phoric and vanadio acids in 
solution; (2) ffio interaetiofs of solutions of 
phosphates an " vanadates in pro-enco of small 
quantjtiet of aci<ls ; fj) tho interactions of solu- 
tions of phosph.'itcs and vanadic acid ; (1) tho 
interactions of vanadates and pliosphoric acid, 
by heating solutions nearly to boiling and eva- 
porating. Tliese eompoimds ari^yelJow, granu- 
lar, and indistinctly crystalline ; the alkali com- 
pounds aro very slightly soluble i%ws^or, solu- 
tion being accompanied by decomposition. The 
following luteo- compounds aro described by F*, 
V20,.P.A*2H 0 . 9 aq, 

•V..O, .PA.(NH,), 0 . 11 , 0 . 2 aq, 
2 VA-i^O,.(Nll 4 ), 0 . 7 afi, 

; V..6,,.P.,0^.K20.Ii,0. 2aq. and 
2V26 .!iP20,.K..0. 7 aq. • , . j- 

PurpiAeo- compounds are formed by dis- 
solving vanadic aci<l in c<»nc. solutions of alka^ 
phosphates, and by adding phosphoric^ acid to 
cone, solutions of alkali vanadates; in each 
case tho solutions should bo strorigty heated. 
The puA)urco- compounds described by F. beloj;ig • 
to tho form 12V2O5.P G,. 7 M., 0 . 20 aq ; they aro 
dark-red crystalline substances, sol. in water. 

F. regards the luteo- compound of tho form 
V-Gj-PP .2H20. 9 aq as acid pliosphate of the 
radicle \ 0 „ thus (V02)H.2P0,. 9 aq ; he com- 
pares this ^ith tho acid orthophosphates 
MH..EP,. Tlie compounds of tho form 
V.G‘.5o,.Mp.Il20. xaq aro looked oep as double 
i Jbid phosphates of alkali metal and VOj, • 
I thus NH4{V0,)HP04. Tho lut(«)- compounds 
i 2V.^6,,.p20i.M2b. xaq aro formulated by F. as 
i double compounds of alkali rn’etl^an^dates and 
(V0..)U2P64 ; thus 2V.fC),.P.P4.K20.2H20. 69x1 
•=2(KV02.(V02)H.FG4.2.^aq). The purpuroo- 
' compounds which belong to the fonn 
i 2 V. 2 OKlPA. 7 M 2 O.xaq are looked on by F. as 
’ dqpbl^wmpoundfcDof qciij vana^^ates and acid 
phosphates ; this vit^ of their constitution is 
> expressed by the statement 
, 12V.20vP 0,.7M.20. xHG = » 

Pj0,.2M2b.ia20 + KV-^OyfiMjC -!-(»-► 1)H,0. 

These views of F. are consiaeraMy modified in n 
later paper (ZeiLf. anorg. Chemie, 5, 4d2^«where 
' ^ the purpureo- compounds are looked on as di- 
vanadates with some VG^i^morphously repUo^d 
by P.p». According to F., many of the snbstanees 
; described by Gibbs and by Ditte do not exist 

Berzelius (P« 22, 1) described n oomponnd 
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^ V,0„ P,Ow and SiO*, with H^O, which may ba 

nwoiied phaspho~sUicO‘<vafuuLic acid. 

Tumosto-vamadio’aoxds AMD SALTS. , The com* 
pounds of VjO, with WO, an<^ bases that have 
been described are, very numerous, add the for- 
mulsa. given are generally ei^remely complex 
(v. Gibbs, P. Am. 18, 232^ Bosenheim, A. 
361, 197, 234 ; and especially Friedheim, B. 17, 
1606; 23, 1606; 24,1173). • 

Vanadium, oxy bromides of. Two fompoundb 
of V with O and Br have been isolated ; VOBr* 
and VOBr„ corresponding with two oMhe fivo 
oxychlorides. 4^ocording to Schafarik (?/. A. B, 
83, 14 ; 47 [11] P.61), othgr ejtybroi^ides afeo 
exist. *■ 

Vanadium oxvdidromidb VOBr,. {Vanadyl 
dibrontide.) A brown, del'quescent powder. 
Prepared by heating VOBr, (-v. infra) ; decom- 
position to VOBrj and Br occurs slowly at tem- 
peratures * below 180'^, and suddenly at 180°. 
Heated in air forms ; dissolves in water, 
forming a blue soVution (lloscoq, U. J. [2] 9, 2<>). 
Ditto (C. B. 102, 1310) says that a compound 
V0Br2.4H«0 is formed,* as dark-gfeeij, deli- 
quescent crystals, by treating red with. 
HBr. D. writes the formula V2OaBr2.2HBr.7iLO. 

Vanadium oxythiiikomidjc VOBrj. (Vanadyl 
iribromide.) Prepared by passing vapour of 
pure Br over VaO, healed to redness, condensing 
the yell^wiyh-white vapours that are foraed, 
removing excess of Br from the red liquid by 
"heating to 40°-60° at 0. 100 mm. pressure in a 
current of perfectly dry air, and then distilling 
in vacuo (Boscoe, C. J. [2J 9, 24). VOBrj is s 
red,, very hygroscopic liquid that boils, at 130°— 
136° at 100 mm. pressure ; S.G. 2-9673 at 0°^| 
2-9326 at 1V6°; decomposes slowly tt the 
ordinary temperature, and suddenly Ut 180°, to 
yOBr, and Br (B., Lc.). 

Vanadium, oxychlorides of. Five compounds 
of V with O and Cl have been isolated ; YOGI, 

■ VOClj, VOClj, VACl. and VO2CI. araq. 

Vanadium oxymonochloride VOCl. ^Vanadyl 
rkonochloride.) Obtained by the regulated re- 
duction of VOCl, by II. The mixed vapours are 
passed through a red-hot tube; VOCl is de- 
posited near the end whereat the vaimurs enter 
the tube. A brown, light, llocculent powder ; 
insol. in water ; easily dis8olve«J by HNOaAq 
(Boscoe, C. J. [2] 6, 347). ^ 

VANAmuM oxYDiciiLOKiDE VOCl,. {^auadyl 
dichUyride.) Prepared by heating a slight excer;s 
of VOCl, with zinc for some days in a sealed 
tube, at 400°, cutting off the part of the tube on 
which the suV’imate of VOCl,, has formed (V.^O, 
and ZnOl, are the Mother productf*), quickly 
placing it in a wider tube., and removing VOO!, 
by heating in a stream of ary COj at 130°. Also* 
obtain^ by passing vapour of VOCl^and H 
through a red-hot tube ; VliCljis <^ep'6^edqpaxf 
the end of thd^tube where:it the gases enter, and 
VaOjCl al5 the further end of the tube (iloscoe, 
I.C., p. 348). Lurtrous, gra.ss-green, deliquesednt 
tablets; S.G. 2-88 at 13°; riowly decomposed 
by water; soluble in dilute HNO,Aq. A cota- 
ponnd<iwith PtCl^, having the composition 
2(VoCla.PtCl4).21aq, is said by Brauner (If. 3,* 
88) to be formed by dissolving VjO* in cono. 
HGlAq in presence of PtCl^Aq. 

Vanadium oxTTBicHLOHiDB VOCl,. '{Vanadyl 
Chloride.) Mol. w. 173-27. 


Formation.— 1. By heating VA gently in 
a stream of Cl (Berzelius, P. 22, D. — 2. By heat* 
^g a mixture of V^O, and 0 in Cl. * 

Preparation, — A mixture of V^O, and sugar, 
charcoahis heated to redness in a stream of dry 

H, and allowed to cool in that gas ; % stream ol 
dry Cl is then passed over the mixturd^^ which 
heated to redness, and^he product is condensed ; 
the liquid thus obtained is heated for soino 
bcfdrs in a flask with an inverted condenser, in a 
current of dry COj, and then rectifled ovjer Na 
(Boscoe, C. J. [2] 6, 342). 

Properties and Reactions. — A clear, mobile^ 
lemoh-yeflow liquid (Berzelius, Z.c.; Boscoe, Z.c.; 
Schafarik, A. 109, 86). S.G. 1-836 at 17-6°, 
,1-828 at 24° (B.,Z.c.) ; 1-86534 at 1-63073 at 

b.p. (Thorpe, C. J‘.'37, 348). B.P. 127-19° (T., 

I. C.). S.V. 106-25. Does not solidify above 
- 15° (B., I.C.). V.D. 88-38 at 186° (B., l.c . ; cf. 
T., C. N. 24, 827 ; Schafarik, l.c.). Gives off 
thick, yellowish-red fumes in the air. Dissolves 
in a little water, forming a thick, red liquid; 
dissolves in much water, foL-ming a clear yellow 
liquid ; dissolves in absolute alcohol with a red 
colour, but the solution soon becomes blue, 
owing to reduction. Heated to 60°-70° in a 
closed tube with ether forms needles of the com- 
position VOCla-Ek^O (Bodson, Q. J. 29, 309). 

Divanadium dioxymonociiloqiide V-ACl* 
(Divanadiyl moTwchloride.) ' Yellow-bronze, 
microscopic crystals, resembling mosaic gold ; 
formed by passing VOCls and H through a red- 
hot tube. The' crystals arc deposLed on the 
part of the tube farthest from the end whereat 
the gases cuter (Boscoe, C. J. [2] 6, 348). In- 
soluble in water ; soluble in HNOj,Aq. This 
compound was thought by Schafarik (A. 109, 
85) to be V. 

Hydrated vanadium dioxymonoculoridb 
VO.Cl. a;aq. (Uypovanadic chloride 
Vyd^Cli. araq.) Formed, as a brown, deliquescent 
solid, by passing H B into a solution of VjOj in 
hot HClAq, filtering from S, and evaporating 
(Crow, C. J. 30, 457). Heated in a stream of 
dry CO2 gives off HCl andHaO, and leaves V^O*.^ 
0: (l.c.) gives the hydration as VaO^Cl^. 6aq. 

Vanadium, oxyfiuorides of. No compound 
of V<with O and F*has been isolated with cer- 
tainty. VaOj dissohes in excess of HFAq ; on 
evaporation, solution in water, and evaporation 
o.’^er^H^Sp,, Petersen (J. pr. [2] 40, 194) obtained 
bli»'., microscopic crystals which he supposed 
might be VOFj. araq, inasmuch as** a soluiion of 
these crystals in HFAq treated with fluorides 
yielded salts of the form arMF.j/VOF, (v. Hypo- 
VANADOXYPLTfORiDEs, p. 845). P. did Hot oBtain 
enough of the blue crystals for analysis. 

Vanadium, oxyiodides of. According tc Ditto 
'JC. B. 102, 1310), an oxyiodide 2VOl2.9KaO is 
fofincd, as a black, deliquescent mass, by adding 
excess of HIAq to a warm solution of red VaO*, 
removing free I by shaking with finely-divided , 
Ag, filtering, aifil evaporating tn vacuo. The 
compound is said to ,4react with NH,Aq, 

, riving* (NHJiV^O,. D. writes the formula as 
V/l,5.2HI.8HaO ; but no analjNiOS are given. 

No reaction occurs when I is heated with 
V,0, (Boscoe, C. J. [2] 9, 28) ; nor when V.O, ^ 
digerted with water, or alcohol, and 1 (Guyard» 
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Bt ra] 25, 861). V,0* and 1^0^ probably com- 
bine (V. Ditto, C. B. 102. 757, 1019). 

Yigutdiom, ozysnlphidei of. None of these 
compounds has been certainly isolated. Oay- 
sulphides may perhaps be formed by decompo- 
sing alkali thiovanadates in solutioit by dilute 
acids {V. Kay, C. 87, 728). 

Vadium, salts of. Compounds of the 
oxides v,0„ Vj04, and with acidic oxides 
have been isolated ; the formula of one or two 
of the compounds may he written as desixed 
from oxyacids by replacing H by V, but it is 
simpler, and more in kdbping with the facts that 
• are known, to ‘represent all the compounds by 
the general formula VgO*.yX, whefe X* is an 
acidic oxide. The best-studied 'compounds of 
Vj04*with acidic oxides may be represented as 
salts of the radicle VgOj (^ivanadyl), or of the 
radicle VO (vanadyl) ; and the compounds of 
VgO, with acidic oxides as acid salts of the 
radicle VOa. The sulphates have been better 
studied than the other salts ; the following 
table presents the compositions of the sul- 
phates. 

I. Vanadotts s'ltlphates {v. p. 847) : 
Va0,.4S0a.a:aq»V,,H2(S04)4.i/aq (y = a:-l) ; • 

??V,0»3S0,«V,(S04)3. 

il. JSypovanadio sulphates (v. p. 848) : 
VA. 2 SO 4 - VA.(S04),- (VO)SO. ; 

V3O ,.3S03. x&c^ V A-H,CSi>4)3- ym (y - 35 - 1) 
«(V0.S04)j.H,S04.?/'kq. 

III. Vanadic sulpluites {v. p. 850) ; 
VA-2S03= (702)^804.803; or if the salt con- 
tains oraq. then aaq = 

(V02)2S0^H2S04.2/aq (?/ = 35 -^1) ; 

VA3SO.- (V02)2«04.2S03; or if the salt con; 
tains araq, then • 

V.A.3SO3. 3;aq - (V02)2S04.2H3S04. yU-.O 
(yu.x-2). 

Alkalis probably ppt. VA. araq from solu- 
tions of vanadous sulphates (v. p. 847) ; from 
solutions of hypovanadio sulphates alkalis ppt. 
V2O4. scaq (v. p. 848). 

VA dissolves in oxyacids, forming lavender 
olutions which probably contain V^O^. xX, where 
L is an acidic oxide (u. p. 846). 

Various salts of V.p,, VaO,. and V.O^ besides 
he sulphates probably exist, but they have, not 
)een thoroughly examined (u. HvrovANAinc 
jALTS, p. 848 ; Vanadic sa^tb, p. 850 ; .Juseno- 

/ANADin ACIDS AND SALT|, p. 863 ; lODO-VANADIO 
ICIDS, p. 863 ; Moltbdo-vanadic acids and salts, 
a. 863 ; Phospho-vanadic acids and salts, p. 853 ; 
ind TuNGSTO- VANADIC acids and salt*, p.^5^). 

Yanadium, silicide of. Boscoe {O, 8, 

Bo8) says that V acts on glass or porce)ain 
vessels^hen strongly heated therein, fyming a 
B§mpound with Bi ; tubes in which V chlorides are 
reduced by heating in H get coated with a grey 
lusbrous mirror of this compound! No details o^ 
anJyses are given. . i. -t* 

Yanadium, silicofluoride of. By boilmg 
V.O.with HsSiPffAq and alcohol, Guyai:«.(Bh 
[2] 40, 352) obtained a greyish, uncrystalhsabl^ 
mass which he took to be a silicofluoride of V ; 
DO analyses or detlils of preparation are gi«en. 

Vanadium, aulphidef of. Berzelius (P. 22^ 
1 ) described two compounds oi V and 8 , <jpe #0? 
lained by* ppg. a solution oL an alkaU ^hio- 
oanadate by dUute acid, and the other by heat- 
ing VA B. gave the formulw VS, and 
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VS, to the compounds he described. The sul- 
phides of V were re-examined by Kay hi 1860 
(C. iT. 37, 728), who found that the pp. obtained' 
by adding dilute HClAq or H2S04Aq to a solu- 
tion of s^ium yanadate saturated with HjS, or 
to solutum of V-A in an alkali hydroaulphide, 
contained 0, 8ut probably had not gk definite 
composition ; Rnd that product of heating 
VjOa in H.B is the trisulphide VoSj ; Kay pre- 
! pared Ifiree sulphides, V.S., V„S, and V3S4, 
* correspoading to three of the four oxides ; the 
sulphides dissolve ii* solutions of alkali sulphides, 
proba|i)y forming thiovanadates {q. v. infra). 

Vanadium disulphide \\.S^ (Hypovanadoua 
tulphid^.) Prypaijpd by hccvtiiig VjSs to full 
redness, for a loilfe time, in H (luite free from O. 
Pornis black lustrous plates, or a brownish-black 
powder; S.G. 4*2X0 4-1, Absorbs 0 very quickly 
when heated in eir, giving VJV,, V-.O,, and then 
V-A, with evolution of SO.. Not acted on by 
boiling HClAq, dilute or cone., by boiling 
dilute JLBO.^q, or cold cone. 11.804. Dissolves 
in hot cono.* H.^SO,; dissolves in HNO^Aq. 
Slowly acted on by NaOHAq or KOHAq, hot or 
cold j dfssolves in (^U4).SAq or KUSAq, form- 
ing purple to reddish-brown solutions (Kay, l.c* 
p. 735). 

Vanadium TnisuLPiiinB V^B,. (Vanadous 
suljdiUle.) Formed by atrongljLhealing V3O, in 
a stream of H.S (Ik-rzelius, i.c. ; Kay, l.c, p. 
73(i) ; also by heating any chlurido^/f V^or VOCl,, 
to redness inllgS (K., l.c.) ; and by strongly heat- 
ing YjOj in a stream of vapour of CS, so loifg 
ns any reaction ocenrs (K., /.c.). Forma dark, 
lustrous plates, or a black amorplioua powder; 
S.G. ik7 to 4 0. Oxiilised by heating in air, 
finally to VjO^, giving oil StV Scarcely acted 
on liy dilute HClAq or IlaSO^Aq.^tot or cold, nor 
by conc.*HClAq ; readily oxidised by UNOgAq. 
Soluble in (NH4)2SAq or KIISAq, forming pur^e- 
red to golden-red solutions; also someN^at 
soluble in KOHAq, NaOHAq or NHi.OHAq 
(Kay, Ic.). * 

VaHadium pentasulphide VjS,. (Fanadiq 
sulphide.) Prepared by mixing y,B, with | its 
weight of pure powdered S, heating to fusion (0. 
400°) in a narrow tube quite filled with CO, and 
sealed, cooling, and dissolving out excess of S 
with GSg. A black powder ; S.G. 3 0. Heated 
in a gas thftt docs not react with it, V3S4 gives 
ofT S and leaves V-.S, ; heated in air gives off SO.^, 
forniirig V-A and finally V3O3. Behaves towards 
j*acids similarly to V,S;,. Dissolves in hot 

NaOHAq; also in (NHJBAq or KHSAq, forming 
yeflow to red solutions (Kay, l.c. p. 738). 

Vanadium thio-acids, thereof. No 

compound of V with H and S has b8en isolated, 
but some thiovaq|idttte8, and also some oxy- 
thiovanadates, have been prepared by Knlss a. 
Ohn^l^is (B. 23, 2547). 

, A%.m(y}\ium Ifiio-orthovanadaie (NH 4 ),VS 4 . 
Obtained, in- puJpIo * crystkls, , resembling 
KMifb., S.G. 1*62, by passing H^S^lnto a solu- 
tion of NH,VO, iutNIlaAq SsG. *898 ; the solu- 
tion w saturated in the cold, and is kept cold 
►while H.^S is passed in. A br#wn pp.is formed, 
and this dissolves after passing in mom H^S tc 
a dark -violet liquid, from which the salrorystal 
lises after come time. 

Sodium vionoxy-thiO‘Orihovanadat$ 
NayVO^r^^* Obtained by saturating 80e.C 
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17aOHAq S.G. 1*122, with H^S, adiing a solii* 
•tion ol 8 Na4V,0, in 6 c.o. water, oooling tha 

liquid by loe, and passing in for 4 hours. 
The salt was also obtained without water of 
crystallisation by Kriiss {Zeit, f^ .anorg^ Chentie, 
8 , 264) by fusing a mixture Of V^O^, Na*^CO„ and 
S, unttl excess of S was removed/- Snail crystals, 
that melt at the ordmary tompCx-ature to a red, 
oily liquid (K. a. O., tc.). 

Sodium trioxy-thio-oi'thovanadate < 

Na,VO,S. lOaq. Obtained by heating Na4V,0,Aq‘ 
to boiling, adding freshly 4>repared NaSHAq, 
cooling by ice, and adding alcohol. A red oil, 
that solidifies to {v crystalline mass which'mclta 
atl8® (K.a. 0.,l.c.). ^ ^ ^ 

Ammonium monoxy-thio-pjrovanadate 
(NHj4V80Sa. Formed by passing H^S into a 
cooled solution of NH^VOjvin NHaAq S.p-. 
greater than *898, and allowing the liquid to 
stand for some months, when crystals separate 
having S.GH-716 (K. a. O., l.c.). 

Potassium monoxy-thio pijrovav^ate 
KjVjOS*. 3aq. Obtained by pa^smg H.S into 
KVO, in KOHAq S.G. 1*472, air being excluded 
and the liquid cooled by icdf Crystals Vesfmble 
KMn04 ; S.G. 2*144 ; loses all water slowly at 
150°. By evaporating the mother-liquor from 
this salt in vacuo, large crystals of the salt 
2K4Y3OS4. 3aq aje obtained (K. a. O., lx.). 

' M. M. P. M. 

VANi^O^iTFLTJORIDES and Hypovanad- 
oxyfluondes ; v. pp. 844-6. 

VANADYL COMPOUNDS ; compounds of the 
radicle VO : v. Vanadium oxyduomides (p. 854), 
Vanadium oxTCHLoniDKs (p. 854), and Hrpo*< 
VANADJO SALTS (p. 848). « 

VANILLIC ACID v. Methyl dcHimtivc of 
pKOTOCATEOlimv; ACID. a 

VANILLIN V. Methyl derivative ‘of Pro- 
TOCATEGUUIO ALDEHYDIC. 

VANILLO-DIACETONAMINE u. Aoeton> 

AlONE. 

VAPOUR DENSITIES. The term * vapour 
.density’ is now generally employed to signify the 
specific gravity of a gas referred to hydrogen 
as unity. For descriptions of the principles of 
the methods used in determining vapour den^ 
•ities, V. Densities, relative, vol. ii. p. 374 ; 
and for an account of the application of»vapour 
densities to finding molecular weighVs, v. Atomic 
AND MOLECULAR WEIGHTS, VOl. i. p. 340. ^ 

VEGETABLE PROTElDS v. PROTEi’DSv 
VEEATRAMINE v, Jervinb. 
VERATRIC'ACID 17. Di-methyl derivative, of 

pROTOCATEOHUlO ^AflD. 

Homo-wrdiiic acid^. Di-oxy-rHEHVL-ACEXio 
AOXD. ^ ^ 

VERATBOLE v» Di-metKyl ether of Pybo< 

CATEOHIN. 

VBRATRUM ALKALOIDSli ' ^ 

Veratrl^e <j„H4Bl^lOi. *> Cevadine. [206^. 
8. *12 at P5° Occurs in the seeds of VerStrum 
Sabadilla (Meissimr, N. J. T. 5, 8 ; Pelletier a. 
Oaventou, A, Ch. [2] 14, 69 ; Gcuerbe, A, Ch. [2] 
52, 862 ; Merck, el. 95, 200 ; Ar. Ph. 231, 185 ;• 
Delondrc J. PA. [3] 27, 417 ; Weigelin, O. O. 
1872, 2S9; Schmidt, Ar. Ph. [8] 10, 611; JB. 9, 
1116 ; A. 185, 224). Occurs ^so in the root of 
Sarracenia purpurea (St. Martin, Z. [2] 2, 442 
Hdtet, C. M. 88, 186). Prepared by extracting 


seeds with roiling alcohol oontaming a little 
tartaric acid, concentrating the extract, adding 
water, filtering from resin, adding Ka,OC^, and 
sluing with ether. The ether^ soluMon is 
shaken with dilute tartaric acid solution, and 
the acid solution mixed with Naj|00, and ex- 
tracted with ether. The ethereal fpitract is 
mixed with ligroin and allowed to eVaporate 
spontaneously, when a vjscidmass first separates, 
followed by crystals ;whiGh are reorystallised 
fronr alcohol (Wright a. Luff, O. J. 83, 888). 
If commercial veratrine [144°] be dissolved in 
alcohol at 70°, water added till turbidity ensues, 
and the solution evaporated at 60° to 60°, crystal-* 
line vera^ine separates first, then a resinous 
mixture of vefatrine and veratridine, while the 
mother-liquor contains veratridine and veratroin 
vtratrate (Rosetti, Ar. Ph. [8] 21, 81). 

Properties. — Needles (from alcohol), sol. 
ether, insol. water. Inactive to light. Very 
poisonous, a small quantity producing vomiting 
and purging. Introduced into the nose it pro- 
duces sneezing. Alkaline to test papers. Cone. 
H2SO4 forms a yellow colour changing to 
crimson, 1 pt. colouring 3,090 pts. £[,864 (Vas- 
•mer, Ar. Ph. 2, 74). Cone. HOlAq forms a 
violet solution on warming. HNO, forms a red 
solution, becoming yellow. Veratrine mixed 
with sugar (3 pts.) is coloured by H^SO, dark 
green and finally d^ep blue (\Yeppen, Fr. 13, 
454). A solution of ammonium selenite (1 g.) 
in HjSO, (20 0.0.) gives a yello\V colour at 30° ; 
in 3 hours a rod pp. is formed, the liquid re- 
maining yellow (Da Silva, 0. R. 112, 1267). On 
heating with alcoholic potash or baryta it yields 
angelic acid and cevine (ly. a. L. ; Rosetti *, 
,'|Stransky,M.ll,482). ICl forms a yellow flocculent 
pp., sol. hot HClAq (Dittmar, B. 18, 1612). Cone. 
HClAq yields tiglic acid. Veratrine yields ti^ic 
acid and (8) -methyl-pyridine on distillation. Dn 
distilling veratrine with lime the products are 
(8) -methyl-pyridine and Hs hexahydride and 
isobutyric acid (Ahrens, B. 23, 2705). Vera- 
trine is not affected by boiling dilute 

Salts. — B'HCl. Amorphous. — ^B'jHjPtCl,: 
amorphous. — B'HAuCl,. Yellow needles (from 
alcohol). — B'HAuCl4 2aq (Rosetti, J. 1883, 1351). 
— B'HHgClg. Crystalline pp., v. sol. alcohol.— 
B'2H2S04 (dried at 100°).— B'HI,. Reddish- 
brown amorphous solid (Bauer, J. 1874, 861). 

Benzoyl derivative C„H4BBzNOa. [170®- 
180°]. Brown crystal! (containing IJ aq) (from 
ether).— B'HAuCl,. 

'Di^jromide C„H4„BraNO,. Formed by 
allod^ng the tetrabromide to stand in oo(itact 
wiNi dilute EOHAq. Light-yellow amorphous 
solid. 

Teirahromide G,.4H„Br4NOa. Formed^y 
•shaking veratfihe with bromine-water. Yellow 
amorphous powder, insol. water, v. soL alcohol 
'krd ether (Ahrens„.B. 23, 2701). \ 

-Cevine 0„H4,NO, (W. a. L.); 

(Bos^ti). Cev^ine. [146°] (W. a. L.) ; 

,[18^-186°] (R.). Formed by boiling veratrine 
with alcoholic NaOH (W. a. L.). Yellow resin, v. 
sol,, alcohol, si. sof! ether. Ks aqueous solution 
becomes turbid on warmings Does not attack 

mucous membrane, 'gives a crimson colour 
with>ti,S04, an^ brown colour ^th cane-sugar 
and H3SO4. Its salts are amorphou8.~-B'HHgl« 
(dried at 100°). Precipitate. 



Ttratridlii* 0„H„N0„ (W.a.L.); 
OuHJ^O. (Roaetti). YeratriiM. [180® cor.] 
(Ca.«L.) ; [160®-166®] (R.). 8. 8 at 16®. If 
the Tisoid mass which separates before Teratrifie 
when a solution of the crude base in alcohoh 
ligrofn is evaporated be shaken with ewer, ceva* 
dilline issAsains undissolved, while veratridine 
dissolves in the ether (Wright a. Luff). 
Amorphous resin, si. solJether. Decomposed by 
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NH,. and a violet pp. with baryta. Boilind 
EOELAq (S.O. 1*1) also forms divicin. When 
evaporated with HNO, (SXl. 1’2) the residue is 
edged with deep violet. Pota^-fusion forma 
KCy. .• ^ . 

Salts. — B; 4 H.,S 04 . -- B\lin01. Slender 
needles. * • * • 

Divicin By boiling vicin with 

water (iLpts.) containing H^SO^ (1 pt.) at 0® 

JP /i TT VT rv\Airil4% 


alcoholic potash into veratrio acid and verine >thero is formed crystalline (C^,dL4NyoOu)2^SOj 


[o. 96®] (W. a. L.) or veratr^fn 
C,,Hs,N„0,. [143®- 148®]* (R.), an amorphous 
base, sol. ether.. Yeratridino dissolves in boiling 
Vater, being converted into voratro'ii) veratrate 

CjjHajNaOjgCjHipO^ 2aq (Rosetti), whith melts, „ ^ 

when, anhydrous, at 165°-170°; H.SO, forms a i stone-shaped crystals, got by adding HNO, to 
yellow solution which turns crimson.— Salts. 


which yimds divicin on treatment with exactly 
the calculated qnandty of KOllAq. Flat prisms 
(from •A ater). Reduces AgNO, at once. Not 
p|)d. by baryta. A little FcCl •followed by NH, 
gives afiplendtfl bihe colourr H'SHNO,. Whet- 


B'HAuCl*. Amorphous.— I>H.jSO^ lOaq, crystal- 
line. 

Cevadilline CjtHjjNOg. Obtained as above 
(W. a. L.). Amorphous, si. sol. ether, in. sol. 
benzene. Decomposed by alcoholic potash. 
Salts. — B'HAuCl — B'HHgla. Gelatinous. 


solution of divicin. 

Convicin 2aq. Obtained from 

powdered vetch seeds by extracting with alcohol, 
allowing vicin to crystallise from 4ho extract, 
ppg. the raother-liquor with HgCl^ and potash, 
decomposingstho pp. with •aciueous ILS, and 
evaporating. The mixture of vicin and convicin 
Cevadilline is perhaps identical with the saha- , so ubiairi^d is treateiji wdth dilute ILSO,, which 
dillineC4,H«aN„0,*of Wiegelin (C.C.1872,2‘29),,' dissoRes the *vicin only. Thin plates (from 
to which Hesse (A. 192, 180) assigns the formula j water), often resembling leucine. Hardly sol. 

cold water, si. sol. alcohol. Not decomposed by 
boiling KOHAq (S.G. 1-1). Totash-fusion gives 
off NHp, but forms no KCy. llsol. cold dilute 
IICI and ILSO4. Its acineoUB solution gives a 
llocculent nn. with HirtNOJ ,. ^ • 

Tui-mkxhtlknk 




Cj,HjjNO,; while sahatrine CjiHgaND,, (W.) 
or Cj^^NOp (H.) was probably a mixture of 
decomposition-products (Wright a. Luff). 

Veratrum a'Aum. The Alkaloids in the root 
of this plant,* aud in that of V. viride, are de- 
scribed under Jeuvine. 

VEBATRUMIC ACID is VEnATniG acid. 

VERINE V. VEnATRtJM alkaloids. 

VERNIN OiaH^oNHOH 8aq. Occurs in young ] 
vetch plaqts {Vicuf saliva) ^ in young red clover « 

{TrifoUum pratense), ' in pumpkin seeds, in ' 
ergot, and in the blossom of Corylas avellaiui 
andi'Pinus sylvestris (K. Schulze, J. pr. [2] 32, 

447 ; H. 10, 80, 320). Separated from aspara- 
gin by crystallisatiou from hot water. Minute j 

silky prisms, v. sol. hot water, in sol. alcohol. | . . . , , 

Its aqueous solution is neutral, gives no pp. \ slanco might bo expected to be identical with 
with Pb(OAc)3, but is ppd. by AgNO,, by picric ' aldehyde CHj.CtlO, but Poleck a. Thilm*iel* 
acid, and by phosphotungstic acid in presence of \ {B. 22,2803) suppose it to bo present in ether 


llocculent pp. with Hg(NO,,) 

VINACONIC ACID v. 

CAltBOXYLIO ACID. 

, VINCETOXIN C,„TI, A- [«]d* -60®. 

Extracted by milk of lime from powdered 
asclepiSs root (Tanret, C. U. 100, 277 ; Til. [2] 
43, 020). Occurs in two forms, ^0 soluble and 
one insoluhlo in water. Both forms are laovo- 
rotatory, amorjOious, si. alcohol, insol. ether. 
Boiling dilute JlCl yields un amorphous, in- 
active sugar, whicli does not ferment with yeast. 
VINYL ALCOHOL Cli,:CII.OH. ;rhi8 sub 


HCl. Boiling hydrochloric acid forms guanine.— 
Ag.^C,4H,„N„0„. Gelatinous pp. 

VERNONIN C,„IL,0,. Occurs in the roof of 
Vemonia nigritiana, used on the west coast of 
Africa as a febrifuge (Heckela. Schlagdonluiuffen, 
C. R. 106,1416). White powder, si. sol. ether 


that has been exposed to air and sunlight, and 
that its presence is indicated by the formation 
of a pp. CHaOHgOIig.Ola when a solution of 
mercury oxjachloride in Na.^CO^Aq is added to 
commercial ether. This pp. is white, and is 
convAted by boiling potash into explosive 


and chloroform, soh alcohol. Cone, gives : greeniWi-block ‘acetylene mercury 

a brown colour, changing to purple. Cardiac j and by adding nitric acid to its^alkaline'solu- 
poison, 80 pts. being required to produceathe | tioi> into C.^HHgj,OCl„ wliich is not explosive, 
effect^ of 1 *i)t. of digitalin. Decomposed ]py j ILS passed into water containin^he compound 


. nc^ht 

boiling dilut^ HCl into glucose and* a resin j CjfsOjHaiClj yields (>)-fji-tliio^etfc aldehyde 
- - ’f7C®]. 

VINTL-DIA0E1B)7AHINE v. AcExoMAMiKEa. 
VINYL-AMINE CH,:CH.NHj. Formed by 
the aa#n of moist Ag^O or of KOHAq on 
b/bmo-ethylamjne n^robfomidnat 48® (Gabriel, 
D. 2M 1040, 2G65). Known only |a aqueous 
solution. Volatile with steai^. Decomposes in 
aqueoq^ solution ^v^n in the cold. SO, converts 
ij, into taurine. ^ 

Salts.— *B'HC1. Poisonous. Its Mueons 
solution is decomposed by heat. — B'jz^PiOV 
Crystals, v* sol. water. — B\2BiI.. Minnie 
scarlet hexagonal leaves.e-B'HAuCl*. Gk>lden 
«ry8talB^B'C,H,N,0,. [142®]. Slender yellow 
needles. 


C.HigOs. 

•nCIH Oj,H 4,N„9„. S. 1 at .23®. Occurs 
in the seeds of Vicia saliva^ Y’ Yaha, and 
V. F^^ba minor (Ritthausen, J. pr. [jJ] 2, 333 ; 
24, 202 ; 29, 369). Obtained Iby extracting th^ 
seeds with cold mluteELSO, (1:60), neutralising 
with lime, filtering from CaSO^, evaporating to 
dryness and crystallising from 86 p.o. alcohol. 
The yield is *26 p.o.. e 

Pr<»erto.— Tufts of small needles, neafly 
msol. alcohol. Lofies 2H2O at 160^. Sol. 
^alis and aBfiline earihs, refipd. on nentnif- 
isation. Not affected by boiling baryta-waJler. 
80I. dilute HCl and but after boiling the 

solution give#a deep-blue colour with Fe(J||and 
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VIKYL BBOMIDB v. Bromo-ethtlbkb. 

Vinyl t ribro iiiida.tf. Tbi-bboko^e^habs. 

VI KYL CHLOBIBE v. Cblobo-bthvlbns. 

VINYL ETHANE v. BoTafLEins. 

V1NTL.ETHTL.OABBIKOL, v. Psntzntl 

ALOOH 6L.- c ' 

VINYL-ETHYLKTE v. Butimemb. 

VINYL ETHYL OXIDE OBLOH.OBt. 
(36-«°i.V.). S.G. iff -7626. FojrmeyJ by heat< 
ing ohloro*acetal.GH.jGl.GH(pEt)3 with sodium at 
140° (WisliconuB, A. 192, 106). Liquid, smelling 
like ether mize^ with allyl compoundsr* Gom- 
bines with G1 and |3r, forming dyohloro^* and 
bromo- di-ethyl oxide. A smafl quantity (1 g.) of 
iodine oonverts large quantities of the oxide 
(200 g.) into a viscid liquid, dilute (1:4) "KJiOt 
forms aldehyde and EtHSO^. «, 

Reference. — GHLono-viNYL-ETnYi. ohde. 

VINYL^ETHYL-PYRIDINE 
C4H^Et.GH:GH,. (98°-102°at21mm.). Formed 
by heating G^H.NBt.GH^.CH. OH ^ith cone. HGl 
at 170° (Prausnitz, B. 25, 2394). Oil. v. sol. 
ether. — B'jH^Hg^Cl,,. Neef.les, si. sol. hot water. 

VINYL IODIDE v. Iodo-ethy1j:ne. 

VINYL-MAIONIC ACID v. Tuimetuylene 

DZOARBOrYLIC ACID. 

VINYL OXIDE (G.,H.,).,0. (39°). Formed 
by the action *of dry Ag.p on vinyl suli)liide 
(Semmler, A^.241, 90). 

Ref&fknce. — HEXA-cnLORO-w-viNYii oxide. 

* o-VINYL-PHENOL Gn2:CH.G«H,.On. 

Methyl ether CH./.CH,G„H,.OMe. o- 
Vinyhanisole. (c. 198°). S.G. 1*0096, ^ 
1*00(16. Formed from either of the methyl deri 


ethylene througn a red-not tune (^adenourg, b, 
20, 1643). Formed also by distilling ozy-ethyh 
pyridine under high pressure or in presence of 
mOH (Ladenburg, B, 22, 2685), and by the ac> 
tion of NaOHAq on jS-bromo-iB-pyridyl-propionic 
acid (Eidhom, A. 265, 229). Liquid smelling 
like oonyrine, m. sol. water, v. sol. alcOhoh Be 
composed by distillation under atmospheric 
pressure, but boils at 81^ under 29 mm. Oxidised 
by EMnOi to picolinio acid, and reduced in alco- 
hOftc solution by Na to ethyl-pyridine.— Salts; 
B'^HjPtGl,. [174°]. Crystals, m. sol. water.— 
B'HAuCl4. [144°]. Yellow nee^s. 

Tetra-vinyl.pyridine C5H(C.4H,)4N. (277°).* 

5. G. ® I'^SIS. Formed in the preparation of 
-y-ethyl-pyridine by heating pyridine ethylo- 
iodide in sealed tubes at 320° (Karan, B. 26, 
^76). SI. sol. wa1»;.r.— B'„H.,PtCl«. [176°].— 
B'HAuCl,. [148°].— B'HHgCl,. [146°]. Needles. 

VINYL-QU INCLINE v. Quinolyl-ethylene. 

VINYL SULPHIDE C^H^S i.e. S(CH;CH2),. 
(101°). S.G. *913. Constitutes the chief part 
of the essential oil of Allium ursinum (Semmler, 
.4.241, 90). Liquid, smelling like allyl sulphide, 
r Reactions. — 1. Dry Ag^O forms vinyl oxide.— 
2. Moist Ag.p gives aldehyde.— 3. Alcoholic 
HgCl, forms crystals of C8H,.^Cl4Hg.B.,,' which, 
when heated with potassium sulphocyanide, 
yields vinyl sulphocyanide. — 4. PtCl^ added to 
its alcoholic solutioh pptSj^(C,,n3]“(y8Pt2S:„ which 
is decomposed by ammonium sulphide into 
vinyl chloride and dark-brown (02Hs)2ptS3. — 

6. AgNOa forms (C.,H3)..SAgNO,.— 6. Br gives 
(CJI:,Br2).,SBr2 [-195°].— 7. OxidisU:g agents 
yield COa, oxalic acid, and H^SO, only. 


vatives of o-oxy-phenyl-acrylic acid by successive ^ VINYL-TOLUIDINE so called is Bi-p-TOLYL- 
treatment with HI and Na^COsAq (Perkin/- O. J. di-ethylene-diamine. 

83, 211 ; 39, 429). Oil. Polymerises rfeadily (at VIOLAQUEBCITRIN v. this vol. p. 373. 

Ij50°), forming a glassy mass, which, however, on VIOLANTIN C^HoNbOb 4aq. Formed by 

distillation, regenerates the original oil. It mixing hot cone, solutions of nitroso- and nitro* 
smells like high-boiling coal-tar naphtha. It i barbituric acids (violuric and dilituric acids), 
forms A 'Colourless oomnound with bromine. alar. Kir iwn ir> (Tf KxrrlnriUrt fioifl wit.ll 


forms a ‘Colourless compound with bromine, 
r Forms a red solid with H,,80,. 

*■»- Vinyl-phenol, Methyl ether 
CH,:CH.C8H,OMe. [3°]. f205°). S.G. 

1*0029 ; 'SOSG- Formed by distilling mothoxy- 
phenyl-aorylio acid (q. v.) and from the same 
acid by successive treatment with cone. HI 
(S.G. 1-94) and Na.GO,. 

Reference. — Bromo- and Nitro- ^inyl- 

PHENOD. » j 

VINYL-PIPERIDINE C3H,„(G2H,)N (?)i 
(147°). FornPed by dehydration of oxy-ethyl- 
piperidine [32°] (Ladenburg, B. 22, 2687). 

Liquid, sxm^ll^;^ like tropidine and coniine, v. sol. 
water. ^ ^ 

Reference. — BB0M0-viir;| - piperidine. ♦ 

p-VINYL-ISOPROPYL-BENZENE G^H,, i.e. 
CAPt.GHiGH,. (204°). S.G. ^*8902. 

Formed by dis^lling pumyl-rf-^rylio 210° 

or by boi-hng a-bromo-j8-hurayl-propionio acid 
with NaaGt),Aq (Perkin, C. J. 1877, ii. 660j. Oil, _ 
smelling like cunflnic aldehyde. Partially poly- i A, 130, 140) 
merises on boiling, and also o6 keeping, fbraing ' to — — 

. a glassy mass,'* reconverted into the origineU. 
hydroc^.rbon by heat. Yields G„H, ,Br, [71°]. 
«-VINYL-PYRID;NE G,H;N t.c. 


Formed by passing a mixture of pyriflino and 


Formed also by warming hydurilic acid with 
dilute HNO3 (Baeyer, A. 127, 223). Yellowish- 
white, crystalline powder, decomposed by water 
into its two component acids, but may be re- 
crystallised from HOAo or 60 p.c. alcohol. It is 
alto split up into its components by salts of the 
stronger acids. 

VJOLURIC ACIP G^HjNsO* i.e. 
CaOj'^^^^GiNOH.' Nitroso-barbituric acid. 
Mol. yf. 157. 

Formdtion. — 1. From hydurilic acid by the 
action of nitric acid (S.G. 1*2) or* nitrouC acid 
(Baeyer, A. 127, 200). — 2. By heating dilituric 
(nitro-*^arbituric) acid with glycerin.— 3. By 
warming ferf^us diliturate with KGy.-^4. efiy 
boiling an aqueous solution of alloxantin with 
hydroxyl^ine hydrochloride (Pellizzari, (^. 17, 
258).— 6. By addittg hydro xylamine to an aq^oas 
Solution of alloxan (Geresole, B. 16, 1133).— 
6. f^y adding KNO, to barbituric acid (Baeyer, 
' 130, 140). 

Prqper/tcs. —'yrimetrio crystals (containing 
aq); o:6:c- •83:1:1*92. M.^'sol. cold water, si. 
Lsol. alcohol. Its aqueous solution is ppd, br 
I rfcokol.*’ FeS04’ gives a deep in^igo-bluo colour. 
HNO, forms r.itro-barbiturio acid.* Br forma 
di-bromo-barbituric aci4 and nitrous fumes. 
Reducing agents form uranil (arnDdo-barbituric 
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aeid). Cano. HClAq forms hydroxylamine on 
heating. 

Salts.— NH 4 A\ Dark-blue prisms. — KA'2aq. 
Deep-blue crystals, v, sol. water, forming a olue 
Bolation ; turned red by excess of EOH. A 
solutioii of the E salt in cono. HClAq deposits 
(KA'^UHCl), 6aq in colourless eflloresoent 
prisms.— BaA', 4aq. Red dimetrio tables, nearly 
insol. cold water. — MgA', 6aq. Purple-red crys- 
tals. — ^PbA'j 4aq. Smdil red crystals. — Ag^. • 

• Bennyl ether ^CO<^]“;^^>C:NOC,H,. 

[226^*]. Formed by the action of benzyl chloride 
on silver violurate (Conrad a. Guthzeit, B. 16, 
2849). Silvery scales, sol. hot wate/and alcohol. 

.VIBIDIC ACID V. ClFFBTANNIC ACID. 

VIRIDINE C,*H,„N. (25^). S.G. 1^)24. 
A homologue of pyridiift occurring in coal-tar 
(Thenius, C. C. 1862, 63). Yellowish oil, with 
slight greenish iluoresceDce, si. sol. water, v. sol. 
alcohol and ether. — B^H.^PtClg. Greenish 
brown, insol. water, alcohol, and ether. The 
mercuric chloride double salt melts at 
86® and crystallines from water. 

Isomeride C,.^,oN. (230®-235®). Obtained, 
with other bases, by heating methyl-ethyl-acro- 
lein Vith alcoholic ammonia (Hoppe- Soyler, M. 
9, 651).-B'HAuCl.. [93®].-Byi,PtCl«. [Bio'll. 

VISCIN C,oU ..,04 (?). The glutinous consti- 
tuent of tye* stalky loavds, and berries of the 
mistletoe {Viscum album). E.Ktracted from the 
bark by kneading with water, washing the sticky 
mass with 90 p.c. alcohol, and extracting tho 
viscin with cold ether. ThK) residue consists yf 
viscaoutchin and woody-fibro (Reinsch, C. C. 
1861, 146). Colourless, tasteless, scmi-lljid 
mass, S.G. I’O, decomposed by distillatidii, 
yielding oily vi scone (220'’) S.G. *8.6, which 
forms a crystalline Na salt with cone. NaOlIAq. 
Viscaoutchin is very glutinous. Its S.G. is 


‘978, and it is insol. alcohol and ether, sol, oil 
of turpentine. 

VISCOSE is DsxtrXiik (q. v.). 

VITELLIN V. Proteids. 

VIltELLOSE V. PuoTHiDS. 

VOLUME!, SPECIFIC ; v. SpECirxo volumes,. 
p. 498. • * • • 

VULPIC ACID i.e, 

C Ph:(HOH).C iCPh.CO.Me 

[148°]. Occurs in Cctraria vulpina^ a lichen 
growing in Norwa;if, and used there, mixed with nux. 
vomita, as poison for wolves (Bebert, A. 2, 342 ; 
Streckcr a. Moller, A. 113, *56 ; Spiegel, B. 13, 
1629 f 14, 10feC^*>l. 219, 1^). The lichen con- 
tains 2.^ to 4 p.c. of tho acid, which may be ex- 
tracted by war^ milk of lime. Vulpio acid ia 
also formed bv dissolving piilvio anhydride in a 
solution of KOll in jMeOli. It appears to occur 
in the lichen Parmelia parietii^p, (Berzelius ; 
Stein, J. 1864, 653). 

Properties. — Yellow pkilos or needles, sol. 
alcohol and*ether, v. o. sol. chloroform, nearly 
insol. vboiling wajpr. Decomposed above 200° 
imlb MoOH and pulvic anhydride. Boiling milk 
of lime converts it into pulvic acid. Boiling 
KOHAq forms <li-beuzyl'glycollio acid andCO^. 

Salts .—Nil ,A'. Yellow cryntals, sol. water. 
— BaA',j2aq. Yellow nccdlui (from water).— 
BaA^Taq. — KA'aq. Light-yoIIow needles, si. sol, 
water. — AgA'. Pp. Blackens Itt DM)"’. * 

Acetyl derivative 0 ,pll| 3 Ac 04 . [Ifi0°]. 
Colourle.ss needles, insol. NaOlIAq, 

Methyl ether v. Di-methyl ether of PuLvio 

ACID. 

ftovulpic acid C,JI,,Mc 04 . [124°J. •Formed, 
in^small quantity, together witj^mlvio anhydride, 
by lieating vulpic acid at 20(r (Spiegel). Thin 
golden plates (from alcohol). Forms orange 
solutions in alkalis. • 


W 


WACKENKODEB'8 SOIUTION. Tlirf solii- 
ion obtained by passing H.S for a Jong time 
uto nearly saturated SOAq. The soliKiun con- 
aius HoSjOg, much HgS.Oa, 1BS;,0„, and pro- 
>ably BLS,0„, along with HBO^, dis.solve(^ 
olloidal S, and a little S in HyspoHsifyi ; v. 
CUIONIC ACIDS, p. 698. # 

W^IVIN [230°]. S.G.,1-46. 

J. ‘17 at 16° ; 8 at 100°. S. (alcohol) -63. E.<- 
racted by dilute alcohol from the po\\<le,rcd fnut 
)f Simaba waldivia (Tanretf •Jif. [2] 35, 1^4; 
0. B. 91, 886). Hexagonal pysms (containing 
}tq), V. sol. chloroform, insol. ether. Neutralito 
Itmua. Inactive to light.* Tastes bitter. * ' 

WATER. H,0. {Hydrogen monoxid^^ Mol. 
pr. 17-96. (For physical data v. Properms.) 

Occurrence.— Pxxxe water is never found •in 
aature. The pi;9pertie3 c4 different specimen^ 
[>f naturally occurring waters depend on tfle im- 
purities thOT comain, and these iir|>uritiea are 
derived, from the substances with whiptf the 
water has come into contacq; hence it*is cus- 
tomary to classify natural waters in ^cordande 
with ^eir ori^n, as rain-uater, surfpee-watert 


\ well-water, mineral spring -toater, and sea-water, 

. The com]«)Bition of the substaifbos found in these 
waters, and tho properties of the waters tliem- 
I solves— that is, of the various more or less dilute,, 
; aqdcous solutions - are discussed Tn pp. 939>960 
of vol. iv. of tlie Dici'Ionauy oi* Applied Cuemis- 
riiY. Solid water, more or less pure, is found 
as ice and snow. Water vat^qr is a constant con- 
stituoit of the atmosuhero. I^roat many mine- 
rals, and also many organic substances, contain 
water corabined^vitb other compounds. 

Historical.— la 1781 Cavendish showed ex- 
pcAifcntally that water was tho only product of 
burning H {ini^O.imxod in certain proportion!, 
and that almost the whole of the{H and O dig- 
appeared. The account of the experiments made 
by Cavendish W&8 publisned in 1784 (27. 1784* 
116). 

* Wbeu » xnlxture of inflammable and diD^giitlaated 
[l.^. in modern lanraage, hydrogen and wygen] ia ex- 
p]o<lixl in such proporuone that the burnt air u not muolt 
pldoglsticatod, the condenrad liquor oontoine a little sold, 
which is alwayi of the niwone kind . . . ; bat If the pro* 
portkme be such that the burnt air la almoet eotlrdy 
phlogiaticated, the oondeuMd liquor ia not at all aoid, bn! 
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«eins pure water, wlthoxit any addition whaterar ; and aa, 
rhtti tliey art mixed in that proportion, recy litOe air 
e n yaiw a after the explodon, almoat tbe whole being con- 
lensed, it foUowa that almoae the whole of the Inflanimable 
md dephlogietlcated idr le oonrerted into ‘pure witer* (l.e. 

>. 111 ). . 

Translated into modem lan^og^, this state- 
nent would be t'aken as asserting^that water is 
formed by exploding aSnlxture of H and O in 
proper proportions. It is, however, worthy of 
ciote that Cavendish did not himself ipterpret 
bis experimental results as we interpret them 
bo-day. He regarded ‘ depnlogisticated^ air’ 
oxygon] as ' nothing but dephlogisticated i^ter, 
Dr water deprived 'oi its phlo|ist(^n.’ He said:' 
‘ We must allow . . . tuat indamiaaDie air [hydro- 
gen] is either pure phlogiston ... or else water 
united to phlo^ston * (i.c. pp. 18^, 140). 

The formation of water by biyning H and O 
was thought of by Cavendish as the restoration 
of phlogistoncto water that had been deprived 
of this principle. ' Water,’ he said, ‘ consists of 
dephlogisticated aii*^ united to ^ fihlogiston.’ 
Cavendish evidently thought of H and O as what 
wo might now call forms of wtjter ; one of these 
was water with too little phlogiston, and ihe 
other was water with too much phlogiston ; the 
explosion restored the phlogistic balance, and 
the properties of water were apparent. When 
Lavoisier had interpreted Cavendish’s results, 
Cavendish spol^e of Lavoisier’s explanation as 
an hypothAis: ‘According to this hypothesis 
we* must suppose that water consists of in- 
flammable air united to dephlogisticated air’ 
[Z.c, p. 160). Cavendish established the fact 
that wa|.cr is the product of burning a mi2(;ture 
of H and .0 in the ratio (approximately) of 2 
vole. H to 1 vo1#aO ; but he stated this fact, in 
language that no longer carries a deflnite*^mean- 
ing with it. Lavoisier added to tho experimental 
basib whereon the fact rested, and ho expressed 
the fact in language that still is clear, definite, 
and descriptive. 

Formation . — 1, By the direct union f'f H 
and by igniting a mixture of these elements. 
2. By deoxidising metallic oxides, and many 
other compounds that contain O, by heating 
with H. — 3. By the decomposition of many 
compounds containing H and O, by heat, or by 
reactions with other substances. * 

According to Freyer a. V. Meyer {B. 25, 622), 
a mixture of , H and 0 in the ratio 2H;0 dbes 
not explode when slowly passed through a ^lass 
tube at 606°, anct the temperature of ignition of 
the wet, gaseous mixture is between 650° and 
730°. Askenas^ V. Meyer (A. 269, 49) found 
that when pdre, dry elccVolytic gas was*passed 
at a moderate rate through a .glass tube heated 
to 618°, only c. *7 to 1-7 mgms. of water were 
produced in ten hours ; and that a little pore 
water, but still only a very si^all quanlilT in 
proportion to thtf total' quart* ty of H and O, 
was formed ai! 606°. Experiments made to*de- 
termine the relatiof . betweexL the quantity of 
water formed and the time of the experiment 
abowed that no con|tant relation could arrived 
at, even ^en every precaution was taken to 
Insure e^aUty of conditions; the irregular 
action of the surfaces of the vessels was probably 
Hit eause of the irregulalities in the results. 

Bavv (7*. 1817) found that electrolytic gfis did 
not explode when the pressure was so ri^uoed 


I 

that the gas wm rarefied to A of its ordinary 
density. Thomas (0. J, 86, 21^ found that the 
gas exploded at 168 mm. pressure. L. Me^hr a. 
Seubert (C. J. 46, 686) found that the sparks 
from a Buhpakorfi coil caused the combination 
of 0 . S of a quantity of electrolytic^ gas at 
0 . 70 mm. pressure, and that the remainder 
combined when the pressure was increased until 
it became the same as before the first explosion ; 
Chis^msult is in keeping with Bunsen’s deter- 
minations of the quantity of oxygen needed to 
prevent the explosion of flH-f-0 (v. M. a. S.,t.o. 
p. 588). Dixon {T. 1884. 634) noticed that elec 
trolytic gas did not explode at a pressure under 
70 mm., but that explosion occurred under ^ 
76 mm. pressure (c/. D., Lc. p. 642). 

ikccording to the experiments of Dixon (Z.c.), 
‘the union of oxygeh ana hydrogen is not 
affected by the presence or absence of water ’ ; 
dry electrolytic gas exploded by the spark at a 
pressure between 70 mm. and 75 mm., and the 
wet gas exploded at the same pressure. 

The velocity of explosion of electrolytic gas 
was found by Berthelot and ^ieille (C. B. 95, 
151) to be 2,810 metres per second {cf. Explo- 
sion, vol. ii. p. 530). 

JPreparation.StaB (Chem. Proport. ' 110) 
prepared pure water as follows. When large 
quantities were required, spring-w^ter was very 
slowly distilled throu(^h a long copper tube, bent 
into zigzag form, completely filled with pure 
copper turnings that had been oxidised by 
strongly heating in 0, the copper tube being 
surrounded by alumKna and sand, and Boated to 
full redness ; the distillate wa^s then distilled in 
aji apparatus of platinum. * 

The second method recommended by Stas, 
especially when comparatively small quantities 
of pure water are required, is based upon de- 
stroying the organic matter in distilled water 
by the action of K manganate and permanganate. 
The process is described by Stas as follows : — 

1 prepare*! ^taasium manganate by reacting on man- 
ganese oxide witb caustic potash and potassium chlorate. 
I shook up tlie powdered product with water, just sufficient 
to dissolve tho manganate that had been formed, and 
allowed the mixture to settle in a closed vesseL I then 
added«4 or 5 p.c. of the clear, dark-green solution to the 
spring water which was to be distilled, and allowed the 
components of this mixture to react for 34 hours. I then 
poured In^ the dlstillatioi^ vessel one or two litres of the 
cone, solution of potassium manganate that had been mixed 
with an cfioal volume of cone, caustic potash solution ; 
(this solution of potash was sufficiently oono. to make the 
salt sq stable that its dilute solution could be heated for a 
long time witUbut decomposition. I then filled the die* 
tillatioif vessel to o. ^ with the water whiolv had beet in 
contort with the potassium manganate, and distilled In tho 
ordinary way. when boiling began I moderated tbe heat, 
in order to. prevent tbe liquid, which frothed much for 
f }me minute^ from passing over. When the frothing ha§ 
strpped, the water ndiy be boiled rapidly without the lean 
InooDveuienoe. When ^ of the water has distilled over, 
that which thm distils is completely free from orgwio 
snbs^icet, and also froi%mineral substaaoea, if the npWr 
part,pf the distillation vessel is furnished with dlaphra^o 
to hold .back tbe extremdy small drops that an always 
oarried*rotward when a liquid is boiled vigoronsiy. 

^ Stas says that water thus prepared is perfectly 
dree ^rom organic master. Whaa he Wished to ob- 
tain water absolutely free any form of solid 
nfayor, Stsi re-dis^illed tbe water that had been 
purifiqd'as described above, using ifi condenser a 
long tube of platinum soldered .with gold. It 
IS advisahle to distil the water just ^fore it ia 
to be nsai* 
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On one oocasion Stas used rain-water inateld I 
of weU-waier, and he found distinct quantities ! 
of aipmonia in the distilled water thus prepared. 
To remove this he recommends to re-distil irith 
•JU part of NaHS04 or KHSO4. 

Composition of water.—The grav2metrio com- 
position) of water was determined by Berzelius 
a. Dujbng {A. Ch, [2] 15, 86) and by Dumas 
(A. Ch, [8] 8, 189) by passing pure H over a 
weighed quantity of red-hot CuO, and weighinp^ 
the water produced and the copper whiJi) re- 
maned. The results gave the ratio H:0 = 1:8 
(B. a. D.) and 1:7-98 (D.). An extended series of . 
measurements by the same method, with many 
precautions, by Dittmar a. Henderslbii (C. iSr.67, I 
127, 139, 161, 164 [1898]) gave the ratio H:0- 
l;7-9327. ^ , 

Several measurementp have been maad 01 
the proportion by volume in which H and O 
combine to form water. Gay-Lussao in 1805, 
and Humboldt in 1805 {A. Ch. 63, 239). found 
the volumetric ratio of H:0 to be 2:1. Morley, 
in 1891 {Am, S, [3] 41, 220, 276), determined 
the ratio of H:0 to be 2 00023:1 by direotly 
measuring the volumes of the gases. In 1893 
Leduo (0. jB. 116, 1248) found the ratio 11:0 
2*0037:1, from determinations of the relative 
densities of H, 0, and electrolytic gas. In 1893 
Scott (r. 184, 643) completed a most carefully 
performed senies of syntheipes of water by spark- 
ing mixtures of H«and 0, and determined the 
most probable value of the volumetric ratio 
H;0 to bo 2-00245:1. 

Properties , — Water is a^ clear, transparent, 
almost dblourless> tasteless, odourless liquid. A 
column of waters appears slightly blue whe^ 
looked at lengthwise. Bunsen {A. 72, 44) 
pointed out that the slight blue colour of water 
may bo observed by looking at a shining white 
object through a column of water 2 metres long, 
contained in a tube bkackened inside. V. Meyer 
(B, 16, 297) recommends to join five wide, thm- 
walled glass tubes, c. 40 mm. internal diameter, 
and each 0. 1* metres long, by wide caoutchouc 
tubing, and thus to form a tube 0. 7^ metres 
long ; to lay the tube perfectly horizontal, and 
to close the end by smooth glass plates held m 
position by metallic clasps -, then to covex the 
tube with black cloth. On looking through the 
tube the field of view appears quite cqjourless, 
but on now filling the tpbo with pure water (by 
means of brass tubespassing through the rnetallic^ 
clasps) a deep-blue colour is seen on^ looking 
through the column of water. • / 

«rhe boiling-point of water is 100 under the 
pressure of 760 mm. Z^uner dcr 

meckanischtm Wdrmetheorie^ Tab. ly [1877J) 
^ves the following table, 8hoy{ipg the mcreas^f 
of boiling-point with increase of pressure :— 

_ — . TWiMu.in. Bolling- * 

point. 

. 179*8f 
. 176-'77 , 

. 180-31 * 

. 184-60 i 

. 188-A 

,.192-08 I 
. 196,63 

An elahorase taote w ’ 

il Mim, dt^Bursau intemat. des Potdt^ et Mes„ 


1, 46 [1881]) based on Eegnanlt’s determinations ; 
the table gives the b.p. of water for each *1 mm. 
from 680 to 800 mm. •pressure. (The table ia 
given in Landolt a. Bdmstein’s PhysikaUseh- 
Chemi^he Tesbellen [Berlin, 1888], pp. 47-49.) 

The melting-point of ice is slightly lowers 
by pressure. *J. Thomson {T, E, 16) onlculated 
that the m.p*. would bejlowered by n •0076® for 
an increase of n atmospheres ; W. Thomson 
(P, Af?[3] 37, 123') confirmed this calculation by 
dctermhiin^ the m.p. of ice at 8-1 and 16-8 atmos. 
Mousson (A. Ch. *[3] 66, 252) kept water liquid, 
at ^.5® by greatly increasing pressure, and ho 
found that ate. 13,000 atmoe* pressure ioe melted 
at -18°. ^ • • 

The specific* gravity of water is greater at 4® 
than at any other temperature. Exner gives 
the tempcratiuS of maximum density as 3*946® 
(older determinations are tabulated by Exner, 
W, A, B, 68 (ii.), 403 [1873]). The following 
table, showing the density and voTume of water 
from 0° to.^00®, is given (jy Volkmann (W. 14, 
260 [1881]) ;• it is based on the determinations 
of Ha^en, Mattbiesson, Pierre, Kopp, and Jolly : 


P|pssiire 

l^itmoa. 

Boiling- 

po^nt. 

Preasure 

Inctmos. 

1 . • 

. 100 

8 . 

2 . . 

. 120*6 

9. 

8 , . 

. 188-91 

10 . 

4 , . 

. 144» 

41 . 

6 . . 

. 162-22 

12 . 

6 . . 

. 169*22 . 

!?• 

7 . . 

.^166*84 

14 . 

# - 


Temp. 


Density (in vaeuo) 
i.e. wt. of 1 0 . 0 . 
water iu grams. 


0 

1 

2 

3 

4 

5 

^ 6 
? 

’ I 

10 

11 

12 

{I 

15 

16 

17 

18 

19 

20 

« 21 
.) 23 

23 

24 

25 

I? 

40 

46 

55 

» 60 
66 
70 

•75 

80 

86 

90 

95 

1^0 


Volume of 1 gram 
water ia OJt, 


•999878 

-999933 

•990972 

•999993 

1-000000 

•099992 

•999909 

•999933 

•999882 

•999819 

•999739 

•9990r>0 

• *990544 
•999430 
•999297 
•999154 
•999004 
•9UB839 
•998C03 
•998476 
•998272 
•998005 
•997849 
•997023 
•997380 
•997140 
•99577 
•994^7 

■»i)9236 

•99035 

•98817 

» *98684 
•68334 
•98071 
>•97789 

* *97493 
•97190 
•96876 
•96549 
•96201 
•95856 


1000122 
1*000067 
1*000028 . 
1000007 
1000000 
1 000008 
1*006031 
l*0OOO67 
1-000118 
1-000181 
1*000261» 
1000360 
1000466 
1000570 
1-0007Q;1 
1-000847 
1000997 
1001102 
1-001839 
1-001627 
1-001731 
1-001939 
*1-002166 
1-002383 
1002621 
1-002866 
^100426 
1-00586 
1-00770 
1-00974 
1-01197 
1-01436 
• 101094 
’1*01967 
1-02261 
102572 
102891 
161226 
1-03674 
1-03041 
1-04323 



m WATBiL 

Bofsetti (P. ErgUmbd. 5, 268 [1871]) gives a^urated water vapotur and the weight (in 
he densities and volumes of water for each kilos.) of 1 o. metre of the vapour, at tempera* 
legreefrom -10® to 100®, referred both to water tures from 0® to 200®, is given by Zeuner (v. 
it 0® and to water at 4® as unity. The ‘S.G. of LanGolt a. Bdrnstein’s Phyaikalisch-ch^ische 
oe is c. ‘916 at 0® (water at 0® »*!) ; according Tahellen [Berlin, 1883], p. 53 ; c/. Dieterici, 
o recent determinations by Zakr:^vsld {W, 47, W. 38, 1). ^According to Dieterici (Z.c.) water 
165 [189&])*the value is *916660. » ’ vapour saturated at 0® behaves like perfect 

The eapanaion of water for various intervals gas. • 

)f temperature has been measured by yavious The vapour pressure Of water varies from 
>bserver8 ; putting V* = Vp (1 + at + + cP), the ^,*0288 mm. at —19® to 2C926‘4 mm. at 230® ; for 

bllowing values are given by Kopp (1*. 72, 1 compKite tables calculated from Regnault’sdeter- 
1847] ; c/. Pierre, P. 86, 461 ', Wcidner, P. 123, minationsv.Landolta. Bornstein’s PkysikaZiwZt- 
100 ; Matthiessen, P. M. [4] 31, 149 ; Bossetti, chemiscJie Tahellen [Berlin, 188.S] 40-46 (the 

P. Erganzbd. 6, 258 ; Him, A. Ch. [4] 10, 32) : vapour pressure is given for each ‘1® from -19® • 

Temp. ^ a * 6 * e 

0®to25® -‘000061046 -0000077183 -‘00000003734 

26° to 60® -*000066415 *0000077687 -‘000000035408 

60® to 76® -*00005916 *0000031849 -0003000072848 

76® to 100° -‘00008645 *0000031892 -0000000024487 


For the dlpansion of water above 100° v, 
Mendel6efl (4. 119, 11. ^ 

As water freezes it exiiands by IT of its 
rolume ; one volume of water at 0® becoming 
1-09082 volumes of ice at 0®.‘" It expandif w]ien 
heated at temperatures below 0°; Zakrzevsld {W, 
47, 166) gives the co-elliciont of expansion 
■000077 (v. also Brunner, P. 64, 116 ; Struve, P. 
66, 298 ; Marchan^, J. pr. 36, 254). 

The compressibility of water is small. 
RSntgen Schneider (TV. 33, 644) give tlio 
absolute compressibility at 17‘9r)^ as *0000462 
pel? atmosphere of pressure {v. also Bamsay a. 
l?oung, T. 1892 ; and c/. Grassi, A. Ch. [3] 31, 
437 ; and Rankine, P. M. [4J 1, 648 -, also Amaury 
a. Descamps, C. li. 68, 1664 ; and CaiVetet, 
0. n. 76, 77). 

A table shelving the volume of 1 kilo.<-of 


to 101®, and for each 1° from 101® to 230°). 
Ramsay a. Young {T. 1892) give a table of the 
vapour pressures of water up to 270®. In con- 
nection with the vapour pressures of water and 
ice, V. R. a. Y. (2\ 1884. 470). For an expression 
representing the vapour pressure of water at any 
temperature up to 325°, v. Antoine (C. iZ,, 113, 
328). 

The spec, heat of water increases as tempera- 
ture rises ; the quantity of heat required to raise 
1 g. of water from t'-' lo f° -v 1 is taken as unity 
in determinations of the spec. Heats of other 
substances. The following table presents the 
data for 8.H. of water at intervals of 10° from 0® 
t) 230° (the momoiVs by the different efcservers 
are: Regnault, Acad. 21, 729,[1847]; Jamin a. 
A^aiiry, C. li. 70, 661 [1870]; Bosicha, P. 
Jubelhd. 649 [1874] ; von Miinchhausen, W, 1, 


(afr Begnault ^maary Bosscha v. Miinchhausen Hcnrlchson 

herzn.) ^ 

0 ® 1^000 1-0000 10000 1-0000 1-0000 

'10 a 1-0005 1-0111 1-0022 10043 10036 


20 1-0012 1-0225 

30 1-00-20 1-0341 

40 1-0030 10469 

60 1-0042 1-0580 

60 1-0056 1-0703 

70 1-0072 1-0829 

80 l-\)090 1-0957 

90 1-0109 . 1-1087 

100 1*0130 1-1220 

110 1-ClffS’ * 1-1356 

120 1-0177 ' 1-1493 

130 1-0204 1-1052 

140 1-0232 1-1775 

160 1-0262 1-1920 

160 1-0294' l-f067 

170 1-0328 , 1-2217 

180 1-0364 * 1-2309 

190 1-0401 1-262^ 

200 1-0440 1-2680 

e*' 

210 1*0481 1-2839 

220 1*0524 «• 1*8001 

280 1*0668 1-3166 


1-0044 1-0086 1-0079 

1-0066 1-0128 1-0131 

1-0088 1-0170 1-0191 

1*0110 • 1-0213 1-0259 

1-01.S2 I1O255 ?>-0335 

1-0C64 1-0298 1-0419 

1-C176 1-0340 1-0511 

1-0198 , li0383 1-0612 

1-0220 ,,1-0426 1*0720 

,1-0242 ‘ 1-0468 10837 

1-0264 l-t610 1-0961 

1-0286 1-0553 t.. 11094 

1-0308 1-0695 , 1-1236 

<0^,330 r 1-0639 1-1384 

« r c< 

1-Q362 1-0680 M640 

1-0374 . •107-23 1*1706 

1-0396 • 1-0766 11879 

1*^418 , 1-0808 c 1*2060 - 

1-0440 * 1-0860 1-2249^ 

1-0462 * ' l-0f93 ‘ 1-2447 

1-0484 ^1-0936 1-2652 

1-0506 ‘ 1-0978 1-2866 


Baumgartner 


1-0000 

1-0031 

1-0061 

1-0092 

1-0123 

1-0164 

1-0184 

1*0215 

1*0246 

1*0276 

1*0307 

1-0338 

1-0368 

1-0399 

1-0430 

1-0461 

1-0491 

1-0522 

1*0553 

1*0583 

1*0614 

< 1-0645 
1-0676 
1-0708 


WATER. 


805 


599; 10, 984 [1877 and 1880]; Henriobsen, T7.8, ' gram-units, according to Favre a. Silbormann 
83 [1879] ; Baumgartner, W. 8, 648 [1879]). | {A. Ch [3] 87, 461). The following values am 

Thtf following values for S.H. of water, from ’ given for the heat requited to convert 1 g. of 
0® to 86®, are given by Bartoli a. Stracciaii water at*f® completely into water vapour; 
{A. CK [6] 29, 286) ; the values in thg column ; 606-5 when <=-0**, 637 when f « lOO^’, 076*6 when 
‘ calculated ’ were obtained by using the formula: i 


8.H. - 

+ 

+ 


1*006630 

•q00593962f 

•000004338650f* 

•0(lr)00042r)520i« 

•000000002819<* 


The unit Is the quantity of heat given out by 
\ gram water at 16® in oooling^to 14®,^ • 


<• 

B.H. oaled. 

S.n. observed. 

0® 

1-006630 

1*00064 

1 

1-00G041 • 

1-00601 

* 2 

1-005463 

1-00513 

8 

1-004898 

1-004S9 

4 

1-004350 

1-00135 

5 

1-003820 

1-00383 

6 

1-003307 

1-00331 

7 

1-002824 

1-00283 

8 

l*b023G2 

1-00233 

9 

1-001927 

1-00190 

‘ lo- 

1-001522 

1-00149 

ll 

1-001110 

l-OOlll 

12 

1-00080 

1-00078 

13 

* 1-000196 ♦ 

1-00018 

14 • 

^ 1-00A224 

1-00023 

15 

0-099990 

1-00000 

16 

0-999705 

0-09983 


0-99U042 

,0-99968 

li 

0-999530 

0-09959 

A.9 

0999162 

0-99951 

20 

0-990439 

0-99947 

21 

0-909463 

0-99950 

22 

0-999.)33 

0-99955 

23 

0-990052 

0-99961 

24 

0-999821 

0-999'^.3 

25 

1-000040 

1-00005 

26 

1-000311 

1-00031 

27 

1-000033 

1-00064 

28 

1-000967 

100098 

29 

1-001438 

1-00143 

80 

1-001921 

1-00187 

31 

1-002459 

1-00241 

32 

1-003054 

— 

33 

1-00.3608., 

— 

84 

1-004408 

— 

35 

1-005170 

— 


The S.H. of ice is considerably less than tAat *of 
waterj; Regnault’s determinations gave •47^t* be- 
tween — 76® and 0®;.the determinations t)f 

Person a. Desains gave *504 between and 

0®^ Ramsay a. Young {T, 1884.^475) give the '-^how that the molcedlar weight of liquid water 
value *6 as the mean of various experiments. 4 jg greater than 18. Paterno (B. 21, 8180), from 


f»230® (Regnaylt, Acad. 21, 035); Dieteriei 
jB". 38, 1) gfv^is 696-8 when f--0® ; lte|:nault 
(f.c.) gives the formula A <• A 4- BHor the total 
heat of ^poriaation of water at different tem- 
gieratures, an^ gives the values A ^ 606-5, B « 
*305. 

According to Sakhrai (C. .L*61, 495 [1892]), 

* the t6*flporature of the steam escaping from a 
bfiling salt solution is exactly the same as that 
of the solution.’^ , * * 

The heat of fusion of ice, i.e. the quantity of 
heat required to conveit 1 g. of ice at i® into 
1 g. of water at'*f® is given as follows by 
dilTcrent obsorvorS (tho values are in gram-units 
of heat): — 79-24 and 79-06 when (L'lRognault, 

A. Ch. [3] 8, 10); 79'25 when < ^0°, 74-*2 when 
- 10®, 80-Ji2 when t varie'j from — 2° to ~ 21® 
(Person,^. CV« [3j 21, 205; 30,73); 77-85 at 
-2-8°. ':^-75 al-4-005®, 76*11 at- 6-28®, 76*0 
at~6 6® (Pettersson, J. pr. [2] 24, 120). 

Tho thermal conductivity of water, from 10° to 
18®, was determined by Winktdinann (P. 153, 481) 
to be * 1 54 ; Bottomley | Pr. 3 1 , 300) obtai n ed nearly 
tho saiuo value ; this figure rr-sans that heat 
sulficicnt to raise -154 nigm. water from 0® to 1° 
passes per second through alayer o^wa*c^ 1 Arm. 
thick and 1 sq. mm. area, wlum tho differoneg 
between the temjicraturcs of tho two surfaces of 
tho layer is maintained at 1°. For electrical 
conductivity of water v. Eeactions, No. 2. 

The^refractivc indices of water at difTcront 
temperatures, and for different Imlits of deter- 
mina7o vvave-longths, have boon measured by 
many observers. Tho following values have 
been found for 1-3.3120 at lOU®, 1*33091 
at 2.3-7®, 1-33050 at 26® (Briihl, B. 24, 644). For 
detailed tabulation of tho resiilts obtained by 
Fraiinhofer, van der Wilhngon, Bailie, Damien, 
Landol?, Wiillncr, and lluhlmann, v. Landplt» 
a. Bernstein’s Physiluilisch'Chcmische Tabellen 
[Berlin, 1883] 205; cf. also Perkin (C. J. 61, 
293), who gives values for n for the lines A G D 
and F, at 15® and 83*7®. , 

Observatipns have boon made on the absorp- 
tion spectrum of water and water-gas, but the 
inatU^ has not been thoroughly investigated (v. 
yogeh#P. 156,326; Jansen, B. A. 1860. 11). 

Water crystallises, as ice, in rbombohedral 
forms ; snow is generally found^crystallised in 
six-sided stars derived from sg^-sided prisms. 

' Molecular weight of liquidh^er. Several 
observations have been'hnado which tend to 


S.H. of water gas at 100® is giveA by Streckcr 
{W. 85) as *37 referred to equal weight 
water » 1, and 1*36 referred to an equal volume <ji 

air « 1 ; the ratio given by S. is 1*4, 

Jaeger {W, 86, 165 [1889] gave the value 1*33 to 
this ratio, and CobAi {W. 37, 628 [1889]) gave 
Bie value 1*287 foi* the temperature interval 


144° to 800°. j " ' I * ] experiments on the connection between 1 

The hedt of vaporisation of »water— i.s. 4he fusion and Solubility {Z. JP. C. 6, 194). From 


measiij^mentB of the lowering of the freezing- 
pjint of water dijlBol\;Bd , in ac;^tio acid, con- 
clude!} that the mo). Vr. might be 10, or might 
p.erhap8 be 36. From ths depression of the 
freezing-point of par2toluidine^y water dissolved 
thereim £ykinaQ*(jZ?. P. C. 4, 610) oonoloded 
that tho mol. w. of liquid watef is probably 86, 
and this conclusion was strengthened by W#J0ker’i 
experiments on the connection between heats of 


quantity of heat* required to convert 1 g. of 
water at lOOP into steam at 100°— is 636*77 


measurements of the surface tension of water 
Bamsay &nd Shields (C. /. 68, 1089 [1898]) oon^ 



864 WATER. 


dade that the mol. w. of liquid water ia pro- 
bably 72 a| the ordinary temperature. 

Reactions,— 1, In *1847 Grove (T, 1847. 1) 
showed that water was decomposed into H and 

0 by heat. Grove formed .a Kttle baU on the 
end of a Ft wire, by fusing thq Ft, heated the 
globule of Ft to whiteness by an. electric current, 
and plunged it into ctliUle air-free water, nearly 
boiling, in a small basin, with a test^ube full 
of air-free water arranged to oqllect any gas 
that might come off. Deville (O. il. 66, 195, 
322 [1803]) found that H Und 0 were given off 
in considerable quantities when moltenccFt was 
plunged under water. D. noticed no decompr- 
sition when steam' was passbcj through t. Ft tube 
heated to bright redness, but by passing a cur- 
rent of an indifferent gas, suohi^sGOo, through the 
hot tube, and thus sweeping ^ay the products 
of decomposition, H and O 'were obtained. — 
2. Water w scarcely decomposed by an electric 
current, Kohlrausch found the electrical con- 
ductivity of the purest water he co ild obtain by 
distillation in vacuo to be 2-5 ^10'“ in C.G.S. 
units, or c. 72 billionths o^ the condu.-'tivity of 
Hg (P. M, [6] 18, 642). By calculations abased 
on this result, Ostwald concluded that in a litre 
of pure water the weight of water dissociated 
into H and OH ions, expressed in gram-molecules, 
is *6 X 10“* {Z, P. C. 11, 621). By other methods 
of calculation, based on other data, Ostwald ar- 
rived at <he 'lalue *2 to *9 x 10'® for what has 
been called the dissociation constant of water 
{Z, P, C, 11, 621) ; Wijs, by calculations based 
on the hydrolysis of methyl acetate, obtained the 
values -1 X 10'^ {Z,P, 0, 11, 492), and -14 x 10"® 
{ibid,* 12, 614) ; Arrhenius obtained th^ value 
•1126 X lO-® {i^id. 11, 827) ; and Brcdig. the 
value *6 x lO'® '{ibid, 11, 829). Later experi- 
ments on the conductivity of water by Kohlrausch 
a.^Heydweiller {Z, P, C, 14, 316 [1894]) with water 
that had been distilled in vacuo ten years ago, 
had then stood in a vessel filled with water, and 
been again distilled in vacuo, gave the following 
icesjdts ’.—conductivity (Hg =. 1) *014 at 0^, *04 at 
18°, -068 at 26°, -089 at 34°, -176 ; all these to be 
multiplied by 10' '®. K. a. H. say that 1 mm. of 
this water at 0° had a resistance = that of 40 
million kilometres of Cu wire of the same area. 
E. a. H. calculate that in 1 litre o'’ the purest 
water at 18° there is *00008 mgm. H as free ions, 
and *000106 mgm. at 26°.— 3. Steam is dejom- 
posed by itectric sparks', lor conditions and, 
details of results v. Thomson (Pr. 63, 90). 

The reactions of water are so many thatian 
approximate classification of them into groups 
is all thatecdS' be attempted here.— %4. Many 
metals react with water,' at temperatures varying 
from the ordina^to a full^^red heat, forming* 
oxides or hydroxides and giving off H. The fol- 
lowing metals decompose cold water : Ba| #1, Ca, 
fCe ?), (La ?), Li K, Bb. ITa. Al, Fe, Fb, M^, 
(? Mn), Motj^i react at o. 100° ; and most of the 
other metals at temperatures from o. 100° to a 
full red heat. — 6. Many non-metals reacts gene- 
rally slowly, with water, forming acids and giving, 
elf O. F rapidl/ decomposes water at the ordi- 
tei'f^rature; 01 reacts slowly at the ordi- 
nary twnperature, and somewhat more rapidly 
at a red heat ; Br re»jts more slowly than Cl ; 

1 has probably a very slight (?any) acUon. 8* 
and P reaet slowly at 100° ; Se is said not to 


deoompoM water at 160 °. Carbon gives off H at 

a red heat. Boron acts like a xqetal, giving off 
H at a red heat. — 6. Many haloid compounds react 
wl^ water, giving oxyhalq;d compounds or 
oxides, and haloid acids. — 7. Some metallic suU 
phides react with steam to form oxides and BL^S 
8. A few of the lower oxides deoomp'dse water; 
e,g, CrO-ajH^O at the ordinary temperathre, and 
CO at 0. 600°. — 9. Water reacts with many 
oor^fes to form hydroxides which are either basic 
oiP^idio; in some cases hydrates ard formed. 
Hydrates of various salts are also prodneSd by 
combining the salts with watea (v. Hydrates. 
vol. ii. p. 703 ; cf. Hydroxides, vol. ii. p. 733).— 
10. W&ide dissolves very many compounds of 
the most different properties (v. Solutzoks, vol. 
iy. p. 484). 

Small quantities \>f water often bring about 
chemical changes that do not occur when the 
substances are perfectly dry; for instance, a 
mixture of dry CO and O is not exploded by 
sparks, but a trace of water suffices to start the 
change (t>. Baker, 0. J. 65, 611 [1894]). 

The acidic and basic characters of water are 
^so nearly balanced that the compound cannot bo 
classed among either acids or basic bodies. The 
chemical relations of water to the conipounda 
formed by reactions between it and other sub- 
stances are determined chiefly by the chemical 
characters of the srfostances thsTc react with it ; 
thus the relations of HOH to lI*(bH)p, formed 
by the interaction of water and metals, are those 
of an acid to its salts, whereas the relations of 
HOH to HX, form2d by the interactioi^s of water 
and non-metals, are those of a basic hydroxide to 
> salts derived therefrom. Tffe relations between 
^both classes of derivatives of water and the 
parent compound are sometimes expressed by 
saying that the compounds belong to the water 
type (v. Types, vol. iv. p. 811). M. M. F. M. 

WAX. A term applied to various natural 
solids more or loss resembling bees’-wax. They 
are compound ethers, but differ from fats in 
yielding monovalent alcohols and not glycerin 
on saponification. They melt below 100°, are 
insol. water, si. sol. or insol. alcohol, and sol* 
ether. They are not volatile. 

Bees’-wax. [64°]. S.G. *965. Consists of 
a portion (about 6 p.c.) soluble in alcohol (cerin) 
and apportion insoluble in alcohol (myricin). 
Myrioin is myricyl palmitate (Brodie, A, 67, 
180; 71, 144). Cerin is chiefly composed of 
ceroticbacid ; but it contains small quantities of 
meli^eio acid CgoH^Oa [90°], and an acid malting 
at ,73° (Schalfejefl, B. 9, 278, 1688 Nafzger, A, 
224, 246). There is also present one or more 
acids Whose lead salts dissolve in ether and 

f i^hose Ba salCw dissolve in alcohol, and whim 
herefore probably belong to the oleic series. 
iMyrioin may be saponified by alcoholic potosh, 
a^d the myricyl ibcohol separated from pcAlaa- 
sium joalmitate by extraction with ligroin. Crude 
myrioin yields CCI4 and C«C1, when heated with 
®I and excess of SbCl, at 400° (Hartmann, B. 
24, 1022) . Bees*- wt x oontainf two hydrocarbons, 
on4 of which [60°] (c. 276? at 11 mm.) is pro- 
4tably n-beptaicosane C,;H„%nd the other [68°]« 
(0. 340° at 11 mm.) n-hentriadontane tbiH«« 
(Schwalb, A, 236, 106). According to Schwalb, 
the myricyl alcohol of bee9*-waz haq the formula. 

oonverted bj heating witb 



io4ft*Uiiie into an aoid OaiH^O^ [89^]« whioh 
forma a methyl ether [71^] and an ethyl ether 
[70*^. Among the products of saponifioatiqp of 
bees’-wax, cery.Valcohol Oj,Hj.O or OagHs^O, and 
an alcohol C,-,H„0 or Og.HjoO occur- The last- 
mentioned alcohol when heated witn soda-lime 
gives mi acid O^HjoOa or Ca,H4„0, [76*6®]. 

Carnadba wax v. vpl. i. p. 710. 

Chinese wax, whion is produced by an insect, 
is almost entirely composed of oeryl cer<itate» 
(0pH40,,H„0, (Brodie, A. 07. 199). 

^Oork wax v. Oerin.« 

Pine wax.v. Ganopio acid. 

Sugar-cane wax v. Geiu^bin. « 

Japan wax. [42®-65®]. Obtaified in the 
East from Rhtu siK^cedanea. It appears to be 
really a fat. since palmitin is its chief com- 
ponent. It also oontaiifb the ether of a fatty 
aoid of higher melting-point than stearic acid 
(Sthamer, A. 43, 343 ; Buri, Ar. Ph. [3J 14, 
403). 

wax of Elens gummiflua of Java contains 
an alcohol G.jHaoO [73®], v. sol. ether, and a 
small quantity (5 p.o.) of isoceryl alconol 
Ga.Hj«0, si. sol. ether (Kessel, B. 11, 2112). -» 

Myrtle wax. [49°]. Got by boiling the 
berrids of Myrica cerifeta of North America 
with water (Moore, J. 1802, 600). Gonsists of 
palmitic and some lauric aoid and (20 p.c. of) 
palmitin. , * ^ 

Opium wajf. Gontains oeryl cerotate and 
oeryl palmitate (Hesse, B. 3, 037). 

Tobacco wax. Contains O-oHnoGj [63°], insol. 
cold alcdhol, sol. ether and a small quantity ol* 
C«,H,2„0.. [04-6®J, rX. sol. cold ether (Kissling, ^ 
16, 2433^ * 

Coca leaf wax (Hesse, A. 271, 214). The 
wax from Trujillo coca is palmityl-(0)-amyrin 
C„H,pOa [76®] Wo » 54‘5®. On BaponiOcation it 
yields palmitic acid and (^)-amyrin C,„Hj„0 
[196®] [o]„=>94’2®, which yields an acetyl deriva- 
tive [236®] and a benzoyl derivative [228®]. 
The wax from the broad-leaved coca of Peru 
and Bolivia melts at 70®; contains palmityl- 
(i9)-amyrin and a ketone, (/3)-cerotinone C^H,„,0 
[66®], m. sol. alcohol, ether, and ligroin. The 
wax from Java coca contains the same -sub- 
stanoes, and also some ceryl cerotate and ethers 
of myristic acid and of orycerotic acid 
[82®], which is v. e. sol. hot alcohol and ligroin, 
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EtCO-C^Hn (164®), and OH,.CO.O,H„ (164®) 
(Hartwig, J. pr. [2] 23, 449). • 

Heavy oil of wine^ which passes over when 
the tenl[perature is raised after the preparation 
of ether, consists t)f Et^tSO^ mixed with olednes 
(Glaesson, [2] 19, 269; Serullas, 4. Ch. [2] 
89. 152). • ^ * 

WINXEROBEEN Olf contains methyl 0 
izoMe. 

WINTEBENE C„H„. (2C0°-206®.) S.G. 41 
•934. [ajj 11-2° at 16®. A dextrorotatory sesqui- 
terpene obtained Dy distilling winterbark (from * 
DryHis WmUr-Forster) wi^ water (Arsta a* 
|»Ganzoneri, G* 18^527). Gpmurod green by Br 
' in CHfcl,. ' « 

WOOD V. Lionone. 

WOOD GUM^y. Xylan. 

WOOD NAPHTHA v . Mjsthyl alcohol. 
x/'WOOD OIL. GurJ mi Balsam. Flows from in- 
cisions in the stem of Dipteroempm costatiis. H 
contains an essential oil, which gives a splendid 
violet coloifr when its solution in OS,, (20 pts.) 
is treated witfe a drop of a cold mixture of HNO, 
and H]60,. The eamo reaction is exhibited by 
theiialsam itself, and also, in a more transient 
manner, by cod-liver oil and copaiba balsam 
(Flttckiger, Ph. [3j 7, 2). The essential oil con- 
sists chiefly of a terpeno (265®) (Werner, J. 
1802, 401), which composes 06 ^.o. of the balsam 
(Gnibourt, J. 1870, 1)07). The rfsin con^pins a 
neutral substance, C^„1I,„0,, which brystallises 
from light petroleum in tricHnio prisms [120®- 
130°] ; it dissolves in cono. H^SO,, and is reppd. 
from the resulting reddish solution by adding 
waterv It is not alTicted by potash-fusion 
(Fldckiger, Ar. Ph. [3J 12, 68). A substance 
GaoIfaoGi [129®] is described byidiiix (Af. 2, 616) 
as ppd.'hy adding water to an alcoholic extract 
of wood oil. It is neutral and insol. alkalii, and 
yields a diacfetyl derivative [75®] . It is perhaps 
identical with the compound G.,,H„0« Wood 
oil also contains gurjunio aoid G,fHj,,04 [220®]. 
whicbjcrystallises from alcohol, distils with de- 
composition at 200°, and forms Ag;A'\ * 
WOOD 8P1BIT V . Methyl ALCunoL. 
WOBMSEED OIL. Oleum Cina, Ob‘ 
tained by steam-distillation from wormseed, the 
flowor-buds of Artemisia Vahliana, A. Sieberit 
and A. inchlta (Trommsdorff, Tr. N, J. 8, 812 j 
VOlckel, A. 38, 110 ; 87, 312 ; Hirzel, J. 1864, 
691? 1855, 665; Kraut a. Walilf^jras, A. 128, 


V. si. sol. ether, and is converted by Ac^O at ,,^ 293 ;*^ Faust a. llomeyer, B. 7, 1429; Hell a. 


100° into cerotolio acid [70® J. 

WHEY-PBOTElD v. Milk, ' m 
mME Oil. Light oil of wine. An oil .ob- 
tained in the preparation of ether by distilling 
alcohol with HaSO,. The ether is shaken with, 
rifik of lime and fractionally dftAilled, the sucr 
oessive fractious being ether, alcohol, and wet 
alcahol. Light oU of wine j;26 to -J p.o. of the 
aldlbol etherifted) rises to tne surface when 
last fraction (90®-120®) is allowed to a)and. 
When dried over GaGl^ it has S.G. *1* *90^ 
It oontaina G.A, (167 ), EtOO*H„ (112®jf; 
* '> 


Ritter, B. 17, 2009 ; Waliach n Brass, A. 225, 
291). It consists chiefly of cineol 0 „H,kO. 
Wormseed (A. Qallica) also cn-UPipa betaine and 
choline dJ ah ns, B. 20, J49.3). 

WBIGHTINE G,,H„N. [122®]. Occurs in 
the juice of Wn^htia antidysenterica (Sten- 
hous^ Ph. [2] 6, 493 ; Warnecke, B. 10, 601. 
NeecSdP with bit*,er taste, el. sol. water, v. sol. 
alcohol and cther> jC6nd. at^lOO® gives a 

dark'green colour, turned dark bltre by adding 
-water. Wrightine, U probrbly identical with 
conessine (g.v.)^ 


VhlklV. 
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XAIITHALIITE [fi05^. OGoan 

In opium ‘(T. a. H. Smith, PK ' [8] 28, 793). 
•White erystalline powder, insol. water and 
alkalis, si. sol. hot alcohol, m. sol. benzete, y. e. 
sol. chloroform. W^ak base, forming yellow salts 
from which it is. ppd. by hot water. Oono. 

forms a deep-orange solution, from which 
water ppts. the sulphate as yellow needles'.* Hot 
does not decqmpose it, ^nc and^H{SO/ 
reduce it to hydroxanthaline which 

forms white crystals [137°], nearly insol. water, 
Y. sol. alcohol and benzene, ard forms easily 
soluble ci^talline salts. Hydroxanthaline is 
coloured deep-violet by H^SO, (even free from 
HNOJ, the (A/lour being destroyed by water, but 
reproduced by HjSO,.— -B'HaCla4aq : yellow 
n^les. Gives off s&l its acid at 1^6°. 

ZAKTHAMU)£v.J7fh2/2 stherot {ByTmo- 

OiBBAMIO ACm. < ^ 

XAHTHATE8. The salts RS.CS.OEt /nere 
B is a metal ; v. Ethyl dithiogarbonatb. 

XANTHIO ACID v. Ethyl dxthzocarbonatb. 


XANTHINE OaH^N,Oa i.e. 

Coi^io— o^‘ Mol. w. 
162. B. *(K)7 in the cold ; *08 at 100°. Occa- 
sionally found in urinary calculi (Marcet, Essay 
on Calculi^ London, 1819 ; Liebig a. Wohler, A» 
26, 840 ; Lebon, C. JR. 73, 47) and in urinary 
deposit (Bence Jones, C. J. 16, 78). Occurs in 
small quantity in the urine of man, in the 
panor^, BpleeL., and liver of oxen, in, the 
thymus gland of the calf, in muscle o- mam- 
mwa and Ashes (Scherer, A, 107, 314; 112, 
96f; Stadeler, A, 111, 28; 116, 102; Diirr,il. 
184 , 46; Eossel, H, 6, 422), in some kinds of 
guano (tlngor a. Phipson, O. N. 6, 16), and in 
Vjsast (Schindler, H. 18, 432). Occurs also in 
lupiil seeds (Salomon, J. 1881, 1012 ; Schulze 
a. Barbieri, J. pr. [2] 27, 368), in pumpkin-seeds 
ffl. Schulse, J. pr. [2] 32, 467), and in tea 
tBaginsky, J7. 8, 896). 

Formation. — 1. By the action of nitrous acid 
on guanine (Strecker, A. 108, 141 f 118, 151 ; 
181, 121 ; Balke, J.pr, [2] 47, 642).— 2. In small 
quantity by.^. heating a mixture of HOAo%nd 
aqueous HCy (Gautier, Bl, [2] 42, 141). ^ 

PreparaHon4-l. Separates as a crystalline 
powder when NaNO, (8 g.) is added slowly td a 
solution of gqap'ne (10 g.) in H,S 04 (20 g.) and 
water (160 |.) at 76^ (fischer, A. 216^809).— 

2 . The aqueous extract of sp^routing lupin seeds 
is evaporated, the residue treated with alcohol, 
and me alcoholic filtrate evaporated. ^The 
residue is dissolved in watery and AglfOf’an^ 
added. Tht gelatlndut pp. is dissolved in 
hoTHNO, (&1 :g. 1*1), which yields on coolihg a 
crystalline compouf 4 of hype^anthine and silver ' 
nitrate, and on adding KH, to the filtrate silver- 
xanthine is ppd. /S. a. B.).— 8. Urine is ppd. 
with bar;^a-water j the filtrate is evaporated to 
a smalP'Dulk and boilbd with cupric acetate. 
The pp. is dissolved in warm nitric acid and 
npd* with AgNO, ; the^p. is ctystallised from 
not diluted HNO,, tr^tra with ammoniaoal 
AgKO|, decomposed by HyS, and the solution 


evaporated. — 4. A solution containing yanthine 
is treated with Fehling’s solution and hyflroxyl- 
amine hydrochloride, an^ the ppd. ooppef com- 
pound decomposed by H^S. The xanthine may 
Oe 4^her purified by pi^parijng its lead salt and 
decomposing this with H^S (B^ke, J.pr, [2] ^47, 

Properties, — Small scales (by evaporation) 
or powder qemposefi of minute globules, nearly 
insol. cold water, insol. alcohol and ether. V. e. 
sol. KOHAq and reppd. by .CO^ and other acids. 
Weak base. Does not form an acetate. A cold 
saturated aqueous solution of xanthine gives 
white pps.with HgClgand AgNO,, and a yellowish- 
green, fiocculent pp. with hot cupric' acetate. 
An a nmoniacal solution of xanthine is ppd. by 
HgOl,, ZnCl„ GdCl„ and AgNO,. Xanthine 
reduces ammoniacal eupric chloride (Drechsed, 
B. 25, 2454). Xanthine evaporated with nitric 
acid leaves a yellow residue turned orange by 
KOH (but not by NH,), the colour bee^ming 
violet-red on warming. Solid xanthine added 
to a mixture of bleaching-powder and NaOBLAq 
on a watch-glass forms a dark-gre^n spot, chan- 
ging to brown and finwly difi(jippear^. Xanthine 
warmed with chlorine-water ohd a trace of 
HNO, as long as gases escape, and then evapo- 
rated to dryness, yields a residue which is 
ooloured rose-red by gaseous NH, (Wteidel, A, 
168, 865 ; Kossel, H. 6, 426). , 

*’ Reactions. — 1. Decomposed above i60°, giv- 
ing off HCy, NH„ cyanogen, and CO,.— 2. KCIO, 
and HClAq at 60° form urea and alloxan. — 

3. Cone. HClAq at 230° forms glycocoll, formic 
acid, NH,, and CO, (E. Schmidt, A. 217, 811). — 

4. NaOH (2 mols.) and Pb(OAc)a form a lead 
salt which, if dried and heatea with Mel at 
130°, yields theobromine (Fischer). — 6. Slowly 
attacked by pure HNO,, the gas evolved con- 
sisting of nitrogen (1 vol.), CO, (4 vols.), and 
N,0 (11 vols.) (Franchimont, B. T. C. 6, 223). 

Salts. — B'HCl. Nodular groups of silky 
needles.— B'HjjSO, aq. Scales, decomposed by 
water. — B'BaH.p,. SI. sol. water.— B',Cu,Oj- 
Formed by the action *6f Fehling’s solution and 
hydrozylamine hydroclfloride (Balke).—- B'Ag,0. 
Yellowish-white fiocculent pp., got by admng 
AgNO, to ar ammoniacal solution of xanthine. 
BlacktSns on boiling.— NaC,H,N 40 ,%q. Biitute 
needles. 

Bronm-xanthine C,H,BrN 40 ,. Formed by 
I beating ^xanthine with bromine at 100°, aqg 
a^.so by the adtton of nitrous acid on brpm^ 
guanine (Fischer a. Beese, A. 221, 348). Cm- 
Ayine powder, sol. pone. HClAq and H^BO,, But 
repipd. by water; si. soL hot water and Ibt 
alcol^d ; sol. alk^is. 
t, Isoxanthine C,H 4 N 40 , i.§, 

CO •Sh.‘o^H>^- ' Formed ty redndng diazo- 

ifonitrosotmethyl-jDracil .0,]$,N,Oj with SnOl, 
and ^Aq (Behrend, A, 246, n8).. Keedlee 
, (containing ^aq),'sL sol. hot WAter. Dialdives 
in Aa,0< without change. On evapmtiott with 
HNO, it leaves a residue oologrra oraage bjp 
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KOHAq. Yields 0^ 
from water in siz-sii 


irN^O^aq, orTstallising 
tables. 

rsendo-uathiae 0,H^N^0r A prodaet ol 
the action of HJ3O4 (2 pis.) on nrio aoid (I pt) 
at 120° ISoholtzen a. Filehne» B. 1, 150). 
Formed, also by the action of nitrons aoid on 
adenine' (Kossel, H. 10, 258). Powder, si. sol. 
water? HOlAq, and Ng,Aq, v. sol. KOHAq. Its 
auineons solution is aoid in reaction, and on 
evi^ration with HNO? leaves a lemon- vello^ 
residue, whioh is ‘turned orange on warming 
wifli KOHAq. , 

The name pseudo-zanthine is also given bv 

/nt rAi m\ A. ^ ^ .. A 


XAVTHOCKXUFOlfZO AOXB f. Oaaziinoinii 

AOZD. . 

ICANTEOCBXATmmJK v« OBiAnvoii and 
LsoooiAiifxs. 

XArfTHOGfttUOL Is. 

0.H^r40<^^J|“>0{?). [Un.Ftonne4 
by adding pyrogaliol‘(l |t.) to bromine (10 pts.), 
leavinnthe mixture to stand for two hours, and 
then snsJung with water and heating (Stenbouse 
a. Groves. 0. /. 28, 1 j A. 177, 191 ; 179, 287* 
Theurer, A. 245, 834). Tri-6romo-pyrogallol is ' 
an i^ermediate body in its preparation. Yellow 


Gautier {Bl, [2] 48, 19) to a |ub8taqoe O^H^N^O .vlamina (from CS. and ligrolA), v. soL ether and 
ofiAumnflr in muaAiilar Thia* Jo - ! cs„ A. Bol. ^ligrbln. Defiomposed by boiling 

with water or alcohol. Very stable towards oxid* 
ising agents, even orystaJlising unaltered from 
cono. HNO,. Not reauced by sodium-amalgam 
or by sine and dilute H^SO.. Aniline in HOAq 
yields an anilide [205°], to which Theurer assigns 
the impossible formula 0,gH4Br„(NHPh).04. 
p-ToluidinO forms a ooriespondlng p-toluide. 
lioacts with ]^enyl-hydrazine acetate. 

jRe»c<ions.-*l.HNaOHAq forma heza>bromo- 
ben*ene dihydride G.HjBrg [189°], si. sol. aloohol, 
which crystallises in prisms, while the mother- 
liquor contains a sodium salt of an aoid 
C^H^BtaO, [124°], which forma BaA'^ orystallis- 
ing from dilute aloohol in Iwrga white plates 
(Thouror). By the action of dilute NaOHAq 
on xanthogallol, Hantzsoh a. bchniter CB. 20, 
2033) obtained 0„H*Br„(0U),0„ which yields 
Ba3(C,4H4Br„0 Js and crystalline 0,.H«Br.|AOaO|. 
2. Na,CO,Aq converts xanthogallol in tne oold 
into G,|H,Br,|0., crystallising from benzene ia, 
needles [72°] and prisms [131°], yiqlding the 


occurring in muscular tissue. This* is a' yellow 
powder, whioh forms a very soluble hydro- 
chloride. Its aqueous solution is ppd. by Hgpl„ 
AgNO„ and ammoniacai' Pb(^OAo)„ but not by 
Pb(OAo),. This pseudo-xanthine also gives an 
orange colour when the residue, after evapora- 
tion with HNO,, is treated with potash. 

ParaAan thine 0,HaN40a. [0. 284°]. Occurs 
in human urine (Salomon, B. 16, 195 ; 18, 3100 ; 
H. 13, 187; Thqdichum, H. 11, 415; Kos3el, 
H. 18, 3021. Silky needles or monoolinic tablq^i, 
insol. alconol and ether, si. sol. cold water, v. sol. 
hot Water. Sol. NH^Aq and HGlAq. Poisonous, 
acting like caffeine and theobromine. 
added to its solution in HNO, or NH^Aq gives a 
gelatinous v^locoulent p^/. Picric acid forms a 
yellow crystalline p^. when added to its solution 
in HGIAq. Gives a red colour (like xanthine) 
when the residue after evaporation with chlorine- 
water i,q exposed to gaseous NH,. Does not, 
give an orange colour when KOHAq is added to 
the residue after evaporation with HNO,. Gon^. 
KaOHAq forms a crystalline salt. KOHAq 
does the same. A solution of paraxanthine is 
ppd. by GuiOAc),, phosphotungstic aoid, HgGl,, 
and ammoniacal lead subaoetate, but not by 
mercuric nitrate. 

Keteroxanthine G4H4N4O,. Occurs in urine 
of men and dogs (Salomon, B, 18, 3407 ; H. 11, 
412). Amorphous powder, v. el. sol. oold water, 
wL KH^q, insoL alcohol and ether. Its solu- 
tion in HGIAq is not ppd. by picric acid. AgNO„ 
Hg01„ Gu(OAo) 2, and ammoniacal lead sub- 
acetate give pps. When evaporated with chlorine- 
water and HNO, it leaves a residue whioh is 
coloured red by gaseous NH„ the oolouc chan- 
ging to blue on addition^of NaOHAq. NaOHAq 
forms a salt crystallising in tables, v. sol. water,, 
si. sol. NaOHAq. The hydrochloride fownsospa- 
ringly soluble crystalline aggregates, whieh lose 
HCa on treatment with water. 

Eypozanthine v, vol. iL p. 745. 

ZAHTHIHIHE OAN.Or S. 0025 in thq^, 
Add; -025 at 100°. Formed bydieating amm(\- 
nium thionurate at 200° (Finch, A. 132, 298). 
Get also by heating pseudo-uric aoid with H^S(\ 
si>160° (Orimaux, Bl, [2j 81, 535). White 
powder, nearly insol. water, soL NH,Aq, forming 
% solution with blue fluorescence. Ito Bofhtion 
pves a white pp. with HgCl, and a yellow pp: 
with AgNOf. N^t attaok^'d by HNO,. &1. 
KOHAq and repp^ by GO^ Sol. cone. H^04, 
torming a laminiff tiilphate, decoi^gposed ^ 
water with s^aration of xanthinine.~I/A£o. 
Bolk^ yellow pp^ got by Muring an anunoma^ 
Ndwtioii af^xahthiokie Intw excesi of jqaeons 

MOr ’ . 


crystalline derivatives G„n,li|^0»8NFhH. and 
G,«HrBru048NHx.G4H4Me. — 8. uBr passed into 
a cooled solution of xanthogallol in MeOH 
forms 0,4H4Br,40,(OMe)4, orystallising from 
MeOH in prisms [118°], and converted by boiliuf 
dilute NaOHAq into an acid 04HJ8r46,(0Me), 
[105°], and by MeOH and bydrocblorio aoid into 
04Hrfr401(0Me)4 [77°]. The brominated woid 
04H^r40,(0Me)2 reacts with aniline, forming 
crystalline C4H2Br402(0Me),NH,Pb. Ccqe. 
H2SO4 converts 0«H,Br40j(0Me), into 
[G5°].->4. Hydrochloric aoid gas passed into a 
cooled solution of xanthogallol in MeOH forme 
G,aH4Br.,Cla0,(0Me)4 [86°], which is insoL water, 
v. £4)1. alcohol, does not react with aniline, ana 
is decomposed by dilate alkalis.-— 5. HGl passed 
into an aloobolio solution of xqnthogallol forme 
Gf4H3r,.Gl,0,(0£t)4, crystallising from aloohol 
in colourless prisms [75°], oeiuwrtM by NaOHAq 
into a ivroduot [92°]. C„H4]^w4,G, [104°] is a 
bye-product in the action of alcohol and BQ| 
on xanthogalloL 'li forms large yellow oiystah^ 
V. sol. alcohol. 

Z^UKTEOOEFIO AOID v. ErBiZi nnsioaiif 
^ XAETEOlrETS'telO AOID v, tSMtm wo* 

OXBBOKXTBS. 

X/ETSOlfB is DxpBzxtxkn xnrova . ozxmb 

XAHTEOPDAFVEIE it m-lh-oxx-inwu* 


quiNONe. 

ZAETEOqUIEIO AOID 9. On-frfixomi 

OXBBOZTLXp 10n>. 

XAETEOEEAKEIE.O«H«0»m. ObMaeil 

from ^raian berries (the rat of Mhamnm itpt 
ftetona) by extracting with ih»a times 
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freight of 85 p.6. aloohol ; the jfldld being 12 p.o. 
(Liebennaun a. H5nuann, JB. 11, 952, 1618 ; A, 
196, 807 ; e/. Kane, Pt 'Af. [8] 28, 8 ; Gellgtly, 
N, E. P. J. 7, 262 ; O. N. 8, 196 : HlasiVetz, A. 
Ill, 108 ; BoUey^ A, 116, 66 ; U. J, 18, 828 ; 
Stein, Z. [2] 6, 188, 668 ; Behrend^^. 11, 1363). 
Yellow hefei^eB (containing 2aq),*>T. boI. water 
and aloohol, inBoL etUbr. Has little tinctorial 
power. BednoeB Fehling’a solution ai^ am- 
moniaoal AgNO,, forming a mirror.* Fej^ gives 
a dark-brown pp. Ppd; by ammoniaoal lead 
acetate. Boiling dilute H,S04 splits it up into 
rhamnetin (2 mols.) and isodulcite (4 moU.^ 
Salts. — 04*Hjii.0a«. Yellow powder, v. e.*] 
lol. water. — PbjA*’. Yellow pp4 * * ' 

Acetyl derivatives 
(Schtltzenberger, Z. [2] 4, 668)^04,H4.Ac„0». 
Powder, y. e. eol. alcohol (Lieqermann a. Ber- 
garni, B. 20, 2246). 

XAKTHOBOOCELIK v, Picro-roccelin. 
XAHTHOBBHCEA BE8IN is Aoauoid resin. 
XAHTHOXYIIM*'C,oH„ 04. [80<']. Occurs, 
together with xanthoxylene C,oH,/(l(>2°) in the 
essential oil from japan-pepper {XantHoxylon 
piperiium) (Stenhouse, Ph. [2] 13, 423 ; 17,*19 ; 
A. 104, 237). Silky monoclinic crystals, insol. 
water, v. sol. alcohol and other. Its alcoholic 
Bolution is not ppd. by AgNO, or load acetate, 
even o n add itions NH^Aq. 

XENY^MINE V. p-Amido-diphenyl. 
XXinnS£Kfi.DlAMINE v. p-p-Di -AUIDO-DI* 
PmSKYL. 

XEBOmO ACID V, Di-XTHYXi-MAL£i‘a Aom. 
XYLAN 0 ,H,o 04. Tree gum. Wood gum. 
8^ 2 at 100^. Wo - - 69*6^ (Tollens) ; ,-84° 
(Thomsen). Obtained from the bark of trees 
(T. Thomsen, J^ yr, [2] 19, 146 ; Poumar^dji a. 
Figuier, A. 64, 388). Obtained, to the ertent of 
1*78 p.o., by extracting jute with dilute (6 p.c.) 
NaOHAq *, and got also by extracting bcech> 
wood or pine- wood sawdust with 6 p.o. NaOHAq 
(Tollens, A.„264, 807, 320, 324, 326 ; Bl. [3] 1, 
1102 ; Winterstein, H. 17, 881). Obtained, also 
eutraoting wheat -straw, first with 2 p.c. 
NHaAq, and then with 6 p.o. NaOHAq (Tollens, 
A, 260, 291). The alkaline extract is ppd. with 
aloohol and HOI. 

Prqper^tes.— Porous mass, insol. cold, sokhot, 
water; sol. NaOHAq. The hot aqueous solu- 
tion becomes opalescent on cooling. Insol. 
alcohol, but jdie aqueous solution is not ppd^ by 
aloohol unless an acid or the salt of an alk&ii is 
added. Insol. IfH^q, lime- and baryta-water. 
Its aqueous solution is laavorotatory. Givt;s 
furfuraldehyde wbea distilled with H2SO4 or 
HOI, and xyYolewhen bailed with dilutwH^SO,. 
(Mves no colour with iodii\jp. HNO, oxidises 
sylau to saccharic acid, but gi^es no mucio acid. 

o-XYLENE C,H„ i.e. 0,H4Mea[l;2].^ Bi- 
methyUbemefie. Mol. w. 106. -.[—28°] 

A. Ch. [6] 6, 128). ‘(Ik??); S.a: 

(Pineita, A. 843, 50) ; si *676 (Gladstone, ff. J. 
69, 290). Ma l'492a. Ah 1*6328. C.E. ( 0°-10°) 
*00098. S.V. 139*9 (Schiff); J137*6 (Pii^tte). 
aO. 1,084,274 [0,0,-94,000; H„0- 69,000] 
(Stohmaim, /.or. [2] 86, 41). M.M. 18'81 
iBdhMrCuk, iT. P, G. 11, 763. Critical tempera- 
vitfi : 858° (Altschul, Z. P. C. 11, 690)- Ocours 
(d 06kl-tar. ' The S.G.*of crude xylene varies 
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0-xylene, and 8 to 10 p.e. fatty hydrocarbons 
(Levinstein, B. 17, 444 ; ef. Fitdg, A. 148, 10). 
If |00 c.c. of the mixture are boiled f<^ 45 
minutes with 40 0.0. of HNO, (S.G. l*42)dUuted 
with 60 o.q. of water, the p- and o-xylene are 
oxidised, leaving the m-xylene and fativ hydro- 
carbons. If the residual hydrocarbonsi after 
washing with NaOHAq followed by steafti dis- 
tillation, be shaken for 80 minutes with 1| 
firolimeB of HfSO,, th» m-xylene will be suU 
phonated and dissolved, while the fatty hydro< 
carbons remain. If i00«c.o. of crude xylen^be 
shaken with 120 0.0. of H^SO,, the 0 - and m- 
xylene dissolve, letting the p-xylene and fatty 
hydrocarbohs. On crystallising the sodium 
salts of the dissolved sulphonic acids, sodium 
o-xylene sulphonate separaies first, and may be 
converted into o-xylenb by heating in a sealed 
tube with HClAq at 190° (Jacobsen, B. 10, 1009), 
or by heating with diluted sulphuric acid. 
Nolting, Witt, and Forel (B. 18, 2668) found 26 
p.o. of p-xylene in commercial xylene. According 
to NOlting and Palmer (B. 24, 1965), crude 
xylene may contain 10 p.o. pf ethyl-benzene. 
When a mixture of o-xylene and ethyl-benzene 
is treated with Br (20 pts.) and I, tetra-bromo- 
xylene is formed, together with a less Highly 
brominated ethyl-benzene (Crafts, O. B* 114, 
1110). 

Formation. — 1. By disUlling \tg carboxylic 
acids with lime. — 2. From o4i)romo-toluene, 
Mel, and Na (Jannasch a. Hubner, A. 170, 117 ; 
Beymann, Bl. [2] 26, 632). — 3. By heating 
pantbaridin with P.^B, (Piccard, B. 12, |801.— 4. 
By passing Mel through a mixture of toluene 
tfad Aid, at 86° (Jacobsen, Bl 14, 2628^. 

* Properties.— 0\\t solidifying in a freezing- 
mixture at — 28°, Unlike w- and p- xylene 
it does not yield a solid nitro- derivative with 
a cold mixture of H,S04 and HNO,. It is com- 
pletely oxidised by chromic acid mixture. 

Reactions. — 1. Dilute HNO, forms o-toluio 
acid. — 2. Boiling aqueous KMnO, oxidises it to 
phthalio acid.— 8. PCI, at 200° reacts, forming 
C«H4(CC1,).CHC1, (Colson a. Gautier, Bl. [2] 45, 
607). — 4. Bromine in the dark forms bromo-o- 
xylene C,H,Me.^r [1:2:4]. In direct sunshine the 
prodhets are CaH^Me.CH,Br and C,H4(CH,Dr), 
(Schramm, B. 18, 1278).— 6. AlCl, and gaseous 
HCl at*100° yield belizene, m- and a little p- 
xylene, 4 -cumene and* mesitylene (Hesse a. 
|,.T6bl, A. 270, 168). 

m-Xyienf 0,H,Me,[l;3]. V.D. 8*68 (calc. 
8*67) ^chiff, A. 220, 92). (139°). 

(Piifette, A. 243, 60); ^ *8716 (S.); *8666 

(Briihl, A. 285, 13) ; -864 (Gladstone. C. J. 

m290). O.E.,(0°-10°) *00096. m- 1*496 (B.f 
Pa 1-4876. p, 1*6277. S.V. 139*8. H.O. 
1 a 084,168 (^ohmann, J.pr. [2] 35, 41). byd. 
12^8 at 20°-30° (Efch6nrock, Z. P. C. 11, 708). 
Crtticql temperature : 846° (A.). Ocours in coal- 
tar (if. o-XxnsMx), 

* Formation. — 1. From m-iodo-toluene, MeL 

.—2. From 

Staedel a. Holz, 
[eOl, and AlCl, < 
(Fnedfta. Crafts,' A. OK [6] 1,^61; Adora. 
Billie^ B. U, 1627). — 4* By distilling mesityl- 


bCtwMtr ^867 and *866 ; it contains 70 to^7 p.o. *enio ai^ xylylio acids with dime (Fittlg, A. 14^ 
6^ twlO p.o. p-xylene, 9 . to 16 p.o« 10; 1669 236), 
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’ J’lnsp«rMit<-^Liqaid. Not attacked by dilate 
ifKfty Oonc. HNO, on warming forma tri- 
Bitrff'Kylene {176^], si. sol. alcohol. « 

Becictiom,—!. Oxidised by chromic acid 
mixture to isophthalio acid. — 2. QGl, at 200^ 
forma a hexachloride (Colson a. Gautier, Bl, [2] 
46, Bromine in the dark forms 

CgHjAfe^Br [1:3:4], wl^ile in direct sunshine 
C.H.Me(C^Br) and 0«H4(0H2Br)j are produced 
(Schramm, B. 18, 1277^ M. 8, 305). — 4. 
and gaseous HGl at 100^ fprm benzene, mesityl- 
end, and some p-xylena and i^^-cumene (Heise a. 
Tdhl, A. 270, • 168). On boiling with AlCl, the 
products are benzene, tolueije, a little p-xylene, 
^-cumene, mesitylene, and dureno (Aiischiitz, A, 
235f 182). — 6. On heating with Mel and I at 250** 
it yields ^'•aumene, mesitvlene, and 0,aH,4 (lay- 
man a. Preis, A, 223, 3*0).— 6. Eihyl-malonyl 
chloride at 60® in presence of AlCl, forms the 
ketone O^H^O, [63®J (B6hal a. Auger, Bl. [3] 3, 
122). — 7. Benzoyl peroxide forma dixylylene 
0,3^,, (265®), S.G. ^ *9984 (Lippmanh, M. 7, 
628).— 8. CrOjClj added to its solution in CSj 
ppta. chocolate br^wn CuH^Ma/iCrOjCla, which is 
converted by water into m-toluic aldehyde ai^ 
at 200® yields C4H4Me.CH{CrO.^Cl)2 (Etard, A. Ch. 
[6] 2^, 244).— 9. CH^Clj and AlCl^ form tetra- 
methyl-anthracene [163°] (Friedel a. Crafts, 

A. Ch. [C] 11. 268).— 10. PH, I forms C.H,, on 
heating (Bj^ofer, [2] I, 455). HIAq and P 
at 280° form w-xylene hexahydride. 

p-Xylene C.H^Me.^ [1:4]. [13°] (Bcissert, B. 
23, 2242); [15°] (Jannasch). (138°). S.G. 5 
•8801 (li) ; *860 (Glad.stono, C. J. 69, 290)^ 

C.E. (0®-10°) ‘00098 (Pinette, A. 243, 51). 

1-4854. 1-5253. S.V. 140 (SchilT). H.«. 

1,084,274 (Stohmann, J. pr. [2] 36, 41). M.M. 
12-79 at 20°-30° (Schonrock, Z. P. C. 11, 753). 
Critical temperature : 344®. Occurs in coal-tar 
iv, supra) and in Galician petroleum (Pawlewski, 

B. 18, 1916). Formed by the action of Mel and 
sodium on*p-bromo -toluene (Fittig, A. 136, 303; 
Jannasch, A. 171,79) and onp-di-brorao-bonzene 
(V. Meyer, B. 3, 763). Monoclinio prisms; 
o:6:c « 2-32:1:2-34 ; /3-69'6® (Baeyer, A. 245, 
141). 

Reactums.—l. Dilute HNO, forma p-toluio 
acid.- 2. Chromic acid mixture yields tere- 
phthalic acid.- 3. PCI, at 190® gives C^HACHaCl), 
and at 200® C,H,(CC1,), (Colson a. Gaiftier, Bl. 
[2] 46, 6, 607).— 4. Brdhiine in the dark forms 
C H3rMe-, while in direct sunshine the products^ 
are C.H4Me.OH,Br and C,H4(CU,B^ 

B, 18, 1276). — 6. AlCl, and HCl n lOO^^t in 

the same way as with o-xylene. • 

Bc/ersnees.— B bomo-,Bim)mo-nitbo-j^iii.oro-, 
plCHLOBO-NITBO, Dl-IOUO-, NlTBO-, Ad Oxij 

IxiiSMBS. •• ^ • 

XTLXNS-AZO- compound* v, Azo- com- 

^TmLBHE CAEBOXYLKf acid v. Di-mbt^tl- 
SENZoxo Acm and Mesittlenio acid. t 

n-XTOSHE DIOAEBOXYLW AGIO 0,:H,.0. 
U. 0,H,M«.(CO.H),[l:8:4:6]. DimethyUisi- 

Fonned by heating diabromo^-xylen# 
in ether ujidelf pressure with OlCO^t and fc^um- 
amalgam. Fo/njed also, k^ether 

uC i?# ilnrnna Wlih dilute 


B. 19, 2608). Minute prisms (from watert or 
plates (by sublimation),.— BaA" Itaq : crystals, 
▼. saL water. Yields m-Byleneon di s ti l ling with 
lime. * - 

Methyl ether [76®]. Crystals. 

tn-Xyleqe4iearbozylio acid 


C,H,Me,(CO^), [1:3:4:6]^ 
acid. Isocumidic acid. 


Dimethyl phthalic 

)0®]. Formed by oxida- 


Je A’waaaswaa a#/ 

tion oid(B)‘ and (7)-i8odurylio acid (Jacobsen, B. 
15, 1862). ^mall crystals. May to sublimed. 


oamilie aqid, by oxidation Jf dorene dilute* 
HNOjor ofturjlio acid with XMnOi(Sol|papaulfi 


Yields m-xylene oq distillatian with lime. The ^ 
Ca salt crystallises in small plates. Tha Bo ' 
salt ti amorphous. 

» p.Xylene diearboxyllo aora 
CJi^}feACOjl)^l:i:2:5].Ditnethyl-UrephthaUe 
acid. (0)-Cumidic acid. Formed, together with 
(a)-oumidio aoi^, by oxidation of s-durene with 
dilute UNO, or.of durylio acid with KMnO, (S.). 
Minute six-sided prisms (from alcohol). Bub- 
limes in small plates without melting. Nearly 
insol. hot water. Yields p-xylone on distilling 
with limc.-^BaA"21aq : tAles, v. sol. water. 
Methyl ether ko.,k". [114®]. (0. 297® cor.). 
Xylene dicarbcstylie aoid 
C,Il*Me(C0^1)CH5.CO,H [8:2:1]. [178®]. Formed 
by oxidation of CflHj|Me(CO.EtlCUa.CO.,,H (B4hal 
a. Auger, C. B. 109, 972). Gives off CO, on 
fusion. 

Xylene dl-w-oarboxylio aoM o. Pbbmtlsmb- 

DUCI.TIO ACID. • 

Itefcrencc. — Oxt-xylknk cahboxtoo Aod. 
XYLENE GLYCOL v. Di oxy-xylknb. • 
o-XYLENE DIHYDBIDE v. Oantharenb. 
m-Xylene dihydride C,U„. (133®). S.G. “ 
♦828. ^V.D. 8-74 (calc. 3-88). md 1*4076. Formed, 
togelfor with a polymeride 0„H.^4 (23Cr-285^ 
S.G. -832, by heating the kg*ne ChH.^O with 
ZnCl,. • The ketone itself is obtained^ by dis- 
tilling the anhydride CjoHnO, which is got by 
the action of Ac-^O on cineolio acid, formed by 
oxidation of eucalyptol (Wallach, A, 268, 327). 
Liquid, smelling like xylene. Yield^on nitration 
C.U.l»e,(NOJ [1:3:4], . 

p-Xylene dihydride OMe<^Qjj^[Qjj*^DMo. 

(134°) at 720 mm. Formed by heating di-methyl- 
quinite dibromide 0,H„Br, with qainolino 
(Baeyer, B. 26, 2122). Bmells like turpentine. 
Forms a cfystalline compound with HBr. 

m-Xylene tetrahydride 0,H,Me2. (119®). 

S.G. 2 *814 ; lA *794. * u ' 

Formation.—!. By heating oxycamphorw 
anhydride C,„U„0, withwatei^at 180® or with 
IM at 150° (Wreden, A. 103, 836).— 2. By beak 
ing camphoric acid with syemiv phosphorw Mid 
at 200h— 3. By distilling carapnotio acid with 
ZnCl,(B»Uo, A. 197,852).— 4 By hMang 0^ 
phorio acid withTOAq at 200° (Wredwa, A. W7, 

I Oxidised by ohnmuo aoU 

hmixlure lo.aoeSc, fbotoloio, .laophthaUo, and 
' tertphthalio acida. HNO, tonnl tei-nitKMi,. 

XyUna tetydfydrld. djH,.- 
-816. Occurs among the jyoducts of the ttij- 
tillation of colophony (Renard, d. [6] 1, 
236). Slightly dextrorotatory UqmW YielM 
oily di- and tri- bromo- derivatives. Sm^hurio 
add forms an oUy pol/meride which if 

oxidisfd by faming MO, to sucomio and mmliq 
Absorbs oxygen. Does not — 



m 
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fUDunoniaoal Ad^O,. ]bi ethereal eolation iioonk- 
binee with Br, fonnlng OgHi^Br^ 
m-Xylene tetrth^de (?) OAi* 
(ktonaphthyU/M. Formed by }he a^ion ot 
moist Ag,0 on OhHjJ, which is got by thb action 
of Oa^at 60^ on OaHj^Cl (176^), a firodoot ot the 
fl/Uorinatidn of octonaphthene (Jrfcowkin, J. B, 
16, ii. 294). Oil, smellmg like turpentine. Com* 
bines with Br (2 atoms). An isomeric octpnaph* 
thylene (123<’.129») is got by distiUing /;«H,.G1 
obtained by ohlormation of ^o-ootonaphthene 
(Putochin, J. B, 16, ii. 296). 

m-Xylene hezahydride GaH,« i.e, ** 
0,H,oMe,[l:3]. OcUmaphth^. (118®). S.G.-j 
g -7814 (Lossen, A.*' 226, ir0>;« *7706 (A.). 
O.E. (0®~26®) *001072. V.D. 3*87. S.V. 164*8. 
^0-1*419 at 22® (Wallaoh,B. 1^,923). Occurs 
in Baku petroleum (Beilstein il Eurbatoff, B. 
18, 1820; MarkownikofI a. Spady. B. 20. 1850), 
and among the products of the distillation of 
colophony (Benard, A. Ch. [6] 1,229). Formed 
by heating heptamfphthene carMxylio acid* 
with HIAq and P (Aschan, B. 24t2718). Pre- 
pared by heating camphoriec acid or msxylene 
Vith HIAq at 200® (Wreden, A. 187, Po7). 
Liquid. Not oxidised by aqueous EMnO.. H2SO4 
and HNO, form tri-nitro-m-xylene. Sulphur at 
220^ foims m-xylene. 

Isomeride Ontf,'.. lao-octonaphthene. (122®). 
8.G. %. *77Q,7 *7637. Occurs in Caucasian 

petroleum (Putochin, /. B. 16, ii. 295). Liquid. 
jp-Xylene hezahydride CaH,oMe3[l:4]. (188® 
V.D. 4*0l ‘(obs.). S.G, | *7966. Formed 
heating bromo-camphor with ZnCLj (B. Sohiff, 

18, 1407 ; G, 10, 320). Liquid, yieldiifk tri- 

nitro-p- xylene on nitration. 

yi».XTL£N£ PHOSFHINIC ACID « * 

Chloride 0,H,Me,.PCl, [1:3:4]. (257®). 

GoPfrom mercuric dixylyl Hg(CaH,,Mej [4:1:3]), 
and PCI, at 236° (Weller, B. 20, 1720). Liquid, 
converted by water into the acid CaHaMe,P(OH),. 
Chlorine forms the compound CaH,M^Gl4, 
^hich is converted by water intoCaHaMe,PO(OH)5, 
[194®]. 

' m-Xylene-phosphinio aoid CaH,Me2P(OH), 
[98®] (Michaelis, A. 212, 237). Formed by the 
action of luter on the chloriae. Needles (from 
alcohol). Probably a mixture. « 

. Chloride OaH,Me,,PCl, (256®), S.G. « 
1*24. Formed from m-xylene, PCI,, and AI.Cl, 
(Weller, B. 2O, 1720). It is a mixture of the 
preceding body %ad tne 1,3,5 komeride. Beadily 
absorbs chlorine, forming CaIl,Me,PCl4, whence 
BO, forms Cja^WCl, (280®-800®). 

. jp.Xylene**f8MphiiLio aoid G4H,Me,P(OH),. 
P’XyUne pho^hinotu (ukd. Formed by treating 
\ho chlonde with hot wath** (Weller, B. 21, 
1494). Crystallises with difficulty. 

: Chloride Cp,M:eA»Cl,. J~80®]. <*4®). 
8.G. U 1*25. . Formed by, b eating p-zylene*' 
(160 g!) with j^Gl, (30 g.) and PCI, (200 g.) fot 36 
hours with invert^ ^condeimer (Michaelis a. 
PaOiBOk; A, 212, s86). Stropgly refracting 
liquid* 

mJlTLSn i-raOSPHONIC ACID 
OAMftji^(OH)y m^Xylene U)-pho^hinio 
odd, 8. 1*6 at 20®; 6*9 .at 100®. 

Formed' by boiling the cfcloride C,HaMe,PCl4 (v. 

water (Weller, B. 20, 1721). i^es, 
%:ib .aol« aloohoL Decomposed into mrzylene 




__1 ^ho^Orio add on heatihg . wlth alkhlli, 
Br added to dilate imlations forms bromo* and 
di-hromo-m-zylene. Yields two nitro* deriwAives 
[182®] tod [100®]. 

Salts. 7- BaA'^aq. Plates. — OdH,A'',aq. 
Plates, more sol. cold than hot water. ^ 
NiH,A'',aq.~Ag,A" : white pp. 

m-Xylene s-phosphonis acid ® 

OJE,Me,.PO(OH),. m-Xylene {BY^hoephima 
eaci^^ [161®]. S. l*8«lat 16®; 117*8 at 100®. 
Trepared by boiling \fith water the mixture of 
chlorides CAMe,.POClf (280®-300®) whiclf is 
got by the action of SO, on the mixture of tetra* 
chlorides G^Ma^.|^Cl4 formed by combination 
of ohlorinb with the mixture of chlorides 
C,H,Me,PCL obtained by heating m-xylene with 
peg, and AlCl, (W.). Plates or needles, v. e^ 
sol. alcohol and ether.* Decomposed by alkalis 
into m-xylene and phosphoric acid. 

p-Xylene phosphonie aoid 0,H,Ma4.PO(OH),. 
[180®]. Formed by the action of water on 
C,H,Me2 J^Cl, [o. 60°] which is got by passing Ci 
through the product of the action of PCI, on p* 
xylene in presence of AlCl, (Weller, B. 21, 1494). 
Needles, m. sol. water, v. sol. alcohol, si. sol. 
ether. Cone. HHO, forms the compound 
0,H,(NO,)Me,PO(OH), [224®]. KMnO, %lde 
C,H,Mo(CO,H).PO,H, [278°]. 

Salts. — KHA".— BaA". Pearly plates, more 
sol. cold than hot wafer. . 

Chloride 0,H,Me.,.POCl,. (281®). S.G. (f 
1*31. Oil. Formed by the action of SO, on 
C,H,Mo,.PCl4. 

Beference. — Nximo-XTLXNs pbospho^o acin. 
XYLENE PHTHALOYLIO ACIB u. PnsNVi. 

XTLTL KETONS OXRBOXYTJO AOID*. • 

• o-XYLENE STJLPHINIC ACID 0,H..SO, U, 
C,H,Me,.SO,H [1:2:4]. [83®]. Formed by the 
action of zinc-dust on o-xylene sulphochlorido 
(Jacobsen, B. 10, 1011). Plates (from water). 

m-Xylene sulphinic aoid C,H,Me,(SO,H) 
[1:8:4]. [0. 60®]. Formed by reducing the 

sulphonio chloride C,H,Ma^.SO,Cl (Jacobsen; 
c/. Lindoff a. Otto, A. 140, 233). Crystalline* 
p-Xyleue lulphinio acid 0,£^e,(SO,H) 
[1:4:2]. [86®]. Groups of needles (Jacobsen, 

B. 11, 22). 

d-XTLENE 8DLPH0NIC ACID C,H„SO. U. 

C, H,Ma4(SO,H) [1:2:4]. Formed by warming 
o-xylen€ with IlgSO, (Jacobsen, B. 10, 1011 ; 11, 
22). Tables (containing 2aq) (from dilute 

,H.4S04).— NaA'W— BaA',2aq. S. 6*8 at 0®; 
33*6,at 100®, 

Chloriae 0,H,Me,.S02CL 
dmide 0,H,Me,.SO,NH-. [144^. 

two acids C,H,Me(COj|H).SO,NH, on oxidation 
by EMn€>4. . 

. o-Xylene osolphonio aoid 
[1:2:3]. Formed by the action of sodium-amal- 
gun on C,F,Ma,Cl(SO,H) [1:2:6:8] (Krttger,«ia 
18^1760). w 

Amide C,H,Me,.SO,NH,. Granules* 
m-Aylene c-sulphonio acid CA^«<(SO,H) 
[1:3:2]. m~Xylene {BYeulphonic Formed, 
^together with a laimr quani^y of the (1,3,4)- 
isoiAeride, by dissolving m^lene in faming 
K,S04 (Jgnobsen, A. 184, 1^ ; B. 11, 18). It 
remaM in the acid liquor after p]%. t^a (1*8,4)* 
isomeride by tba proper quantity oi water. 
* Potash-fusion yield# p-xylenol '[74*6n (Jaoo b sem 
B. 21, }828), Be K Salt AeaM wKh eodinm 



XYLENOL. 

(on&ikis fono® w ftoid [99^.— | 

minute iiieed\e».~-Cu\'jaq. 

(fhlorids 0«H,Me,.80Xl. Oi 
Imide OAMej-SO^NH,. [96^ 
m>Xjlene lulpiLonie acid OsH^Ma^(SOaH) 
[1:8:4]. m-Xylene (a)-8ulphanic acid* Formed 
as aboft. Long flat prisms (containing 2&c^. 

Its E* salt heated with sodium formate Tielos 
^lylio add. — NaA'.—^oA'y Small plates. — 
•^nA'-Qaa.— CuA'sCaq. • ^ 

Chloride OAMe,.90,Cl. [34«]. * * 

*Amide [137®]. iNeedlos (from water). 

IzCl at 1607 forms C,H3Me.j.SO.^HBz [151^] 
Alahon, Arn. 4, 194), which yields crystalline 
3a(0,3H,4NSO,)3aq and BaA^j, si. sol? water. 

^-Xylene sulpbpnio acid C3H3Me.,(S03H) 
[1:4:2]. Formed by sulphonating p-xylane 
meilstein a. Wahlforss, A. 133, 38 ; Fittig a. 
Glinzer, A. 136, 305; Jacobsen, B. 10, 1009; 

11, 22 ; Remsen a. Emerson, Am. 8, *265). Plates 
or prisms (containing 2aq). Oxidised by alkaline 
KMnO^ to aulpho-terephthalio and two sulpho-n- 
toluic acids.— NaA'aq. [148®]. Triractrio platps; 
a:b:c -l*077:l:l-428 (Moody a. Nicholson, C. /. 

67, 978).— KA'aq.— BaA',. S. 2-27 at 0®; 6-»3 
at IpO®.— CuA'jSaq. Light - blue trichmo 
prisms. — ZnA'g lOaq. . 

CAforide CJl3Me3.S03Cl. [2G®]. Prisms. 
Atnid-e (,^48®]. Needles, m. spl-.bot water, 
hie acid 
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1 XTLXn imObTSLSXmA Xp\u\ 

2**^. UtHer 02H«.S0.^.GA. XyM dMphm^ 

de2.8O.Ol. Oil. I Formed by heating zytene Baiphinio add with 

.SOjNHa* Needfes. water afrl50®-160® (Otto a.Lnidofl*A.Ub.mV 

— s- rt TT ia/\ tt\ \ QU, V. sol. ^otlhohaud Bthcr. 

XTL£N|0eAL0OH0L is ToLfL-oiBBXROL. 
XYLENIO* BIBROMIDX v, Dx-m-bromo* 
ZniENB. * 

XYXENIC OLTCOL v, Dx-«-ozt-ztlbmb. 
o-XXLEXOL C^H^O i.e. OAMej-OH [1:2:4]. 
Mol. w. 122. [Q2% (225® i.V.). HJ.p. 61,666 . 
I (Sto|)mann, J. pr. [2] 84, 816). Obtained by 
I potash-fusion from the sulphtnio acid (Jacobsen, 
Iljrf28), and ^4he diazo*reaction from (1,2,4)* 
xylidine (Jacobfen, B. 17. 161). Long needles 
(from water). SiCl, yields Bi(OG,Ila)«, crystal- 
lising in prism*! (350®-3G0® at 120 mm.) (Hert- 
korn, B, 18, 16§1). Aramoniacal ZuBr^ at 800® 
from xylidine and dixylylainine. — NaOC.H,. 
Fiat needles, v. si. sol. NaOIIAq. • 

Bemoul derivative [57®]. H.F. 77,768 

» . gf 

[76®]. 

,B: 20. 


(Stohmann, J.jpr. [2] 30, 


C,H3Me3(SO,H)3. 


am. KUrD tlT'*'-' J* 

0-Xylens disulphonio ,, 

Formed by heAing (l,2,4).xylene sulphonio acid 
with OISO3H at 150® (Pfanncnstill, J.pr. [2] 46, 
155).— KA"aq.-BaV'3aq.-PbA"3aq. Prisms. 

Chhride 0,tt,Me3(S0j01)3. [79®]. Prisms* 

• Amide C,H..^Io2(S03NH3)2. [239®]. 

m-X^lene dlsulphonio acid CbH^Mc 2(S03H^ 
ri:3:4:21. Formed by heating m-xylene with 
fuming H2SO, at 150® (Wisohin, B. 23, ?113), 
and by heating (1, 3, 4) -xylene sulphonio acid 
with SO, at 150® (P.). Deliquescent needles, 
converted by potash-fusion into C„H2 Mo 2(OH)2 
[146®]. — (NH, ).>"• — NaH A" 3aq. -K^A" 2aq.— 
BaA^'Saq. Needles, v. sol. water.— PbA 3aq.— 
CuA", Gummy mass. 

Ethyl ether EtA"- Pla*®"- „„„„ . 

Chloride 0,HjMe,(SO,Cl),. [129®]. <^n- 
«rted by PCI, at 180® (2.4,l,3)-di-ohloro-iylene. 

^^Jmide C.H,,N,S,0, [249®]. ;i««dles. 

0*idisedbyKMn04toC,H,(<^gQ^NH)^ 

Ethylamide O.H,Me,(SO,NUEt),.^ [135®]?, 
m'-Xylene dlsulphonio acid 0|j?l2Me_;(Sc);,H)2 j 
[1:8:2;6?].'* Formed in small quantity, idg^her 
with the preceding isomeride, by heating (1:H, 2)- 
xylene sulphonio acid with ClSOJLat 160 
dpfannenBtill, J* pr* [2] 46, 154].^ Needles. 

^ oirnde c5a^e2(S02Ci),. Oil. ; 

Amide* [210®]. More sol. ^ater than ^s 
limeride. • ^ 

p-Xyl0]M difulphonie acid 0«H2Me3fSC^)3 
[1;^2:6?]. Formed by 
C.H^e,(SO,Cl) with fuming H,80, (Holm^, 
^^8/872; Pf^nstill,/. 166). 

Needles, ▼. e. 8<5rimter.-BaA 3aq.— CaA»4aq. 
.-l^A" 7aq,— PbX'' 8aq.— Ag,A »<l® 


o-3^1en’ol C.H,Me.,(6H) [1:2:8]. 

(21%® i!v.). O^cura in ooal-tar (Schulze, 

410). Formed by the action of nitrous acid on 
c-o-xylidine (T6hl, B. 18, 2562 ; NOlting a. Forel, 

B. 18, 2673). Slender noodles. Its aqueous 
solution gives a blue colour with FoCl,. 

c-ni-Xylenol CJI,Me.2(Oin [1:8:2]. [49®]. 

Obtained from the crude xyli(lne,^or by the 
action of IlCl on p oxy-mesitylenio acid (NOltipg; 
Jacobsen. B. 21, 2829). p-Xylenol is got mstead 
of w-xylcnol by potash-fusion from (1,8, 2)- 
xylene sulphonio acid (Jacobsen, B* 11, 26; 21, 

^'^^^Xylenol C,H,Mo,(On) [1:3;4].* ^6®] 
(Jdtobsen. B. 18, 3463); »• 

Hdia, B. 18, 2919). (211-5® i.V.). S.O. J 1-0362. 
H.F.p. 59,501 (Stohmann, J.pr* [2] 84, 31^ 
Formation.— 1. From tn-xylene sulphonio 
acid by potash-fusion (Jacobsen, B. 11, 24, 876 ; 
cf. Wroblewsky, Bl. [2] 10, 286 ; Wfirtz, J* 1868, 
459).*- 2. By heating oxy-mositylenio acid w4h 
cone. HClAq at 200° (Jacobsen, B. 11. 2062),— 

3. By reduction of uitro-m-xylene and treatment 
of the resulting xylidine with nitrous acid 
(Harmsen, B. 13, 1558 ; S. a. 8. ; Hodgkinson a. 
Limpach.p. 63, 104). • 

p/operlics.— Needles, r. sL 
miscible with alcohol and ether. Volatile yntn^ 
8t^. FeCl, colours its aqueous* solution blue 
and its alcoholic solution green, being obwgM 
to bright blue on dilution with water. yielOB 
the corresponding xylidiim and di-xylyl^m^ 
when Seated with ZnBr,, jB^ '»i^^and^NJ^r 


at 31^ (Miillor, B. 00, 104^. 
forma (4,l,8)-oiiystoluio acid. 


Amide Q,^e,(80^HJr [*«5“]. • 

/sr SI Mf f BbOMO-MlTSO*, MlZBO'r 

[nidUiaDo-, xxuuw simrnoKio 


.’otash-fni^n 

forms M 

P )(OCgH,), (Kreysler, B. 18, 1703). SiCRa formB 
S (GCLH,)* (455°) (Hertkom, B. 18, 1690). 
^Iti^NaClDHH,, V. ioL water and ^ 

(186°) (S.). H.F.F. 46,336 (Stohmann, J.pf, [2] 
Acetyl derivative 0,afiEe. (926® LV.). 

,.X7l«olOAM%(OH).Cl:8:6].[64|m,M68T 

fN. a. F.) (220°). Ooonrs in coal-tar (^nlie, p* 
20 410).* Formed by ^e action of nitrous aoid 
“’“Suaii (Th6<l. 18. 869; 

Forel? B. 18, 2679). Slender needles (fnm 





trusmt. 


#ftter). Kot ooloared by $'eCV~KaOO|H,. 
Plates, si. sol. NaOHAq. 

p.Xylenol C.H,Me,tOH) [1:4:2], [7^5«3. 
(211-6° i.V.). H.F.p. 61,862 (Stohmanuj jT pr, 
[2] 84, 816). S.G. fiA»97i, Fx)nfled^ by'potash* 
fasioa from tn- and from j7>xylene ^Iphonic acid 
and from oxy-mesitylenio acid (V^urtz, A, 147, 
878 ; Jacobsen, B. 11, iQ6). Formed also from 
P'xylidine by diazotisation followed by boiling 
with water (Ndlting, Witt, a. Fq^el, B. 18, 
2666). Long flat needles (from dilute dlcohol). 
Volatile with steafn. Its aqheous solution is 
not coloured by FeOl,. •« 

Potash-fusion ‘gives (3,4,1) -oxy-toluic and^ 
oxy-terephthalic acidl. KNO*a^de HOAo yield 
a nitroso- derivative 0„HaMei,(Otl)(NO)[l:4:8:6] 
[168°], which is the oxim of p-xyloquinone 
(Oliveri, O, 12, 162 ; Qoldschifl'idt a. Schmid, 
B, 18, 668). 

Salt. — NapOA* Large plhtes, si. sol. cold 
NaOHAq. 

Methyl ether YeOC,H,. (194B i.V.). Oil. 
Ethyl ether (199*^ S.); (206°) 

(N.W. a. F.). Oil. 

Acetyl derivative C„H,,OAo. (237° iiV.). 
S.G. y 1-0264. Oil, not solid at -20°. 

X^enol. (220^). Occurs in beech wood-tar 
(Marasse, A. 152, 75 ; Tiemann a. Mendelssohn, 
H. 10, 67). Oil. I Yields ChH^OMo (220°). On 
boiling with aqueous KMnO, it yields an acid 
which Is coaverfed by potash-fusion into «-oxy- 
isophthalio acid [300°]. 

References. — Bromo- and Nitro- xylenols. 
XxLENOLIO ACID v, Oxy-di-uethyl-den- 

ZOIC ACID. 

o-XVLENOL SULPHONIC ACID C«n,oSC;, t.c. 
G„H;;Me.^(OH).SOJ^. Formed by sulphonation of 
(l,2,4)-xylenol (.fScobsen, B. 11. 24). , FdOl, 
gives a violet colour in neutral solutions. — NaA'. 
Sleniier prisms or small laminaa.-^BaA'j. Nodu- 
lar groups of minute laminne, si. sol. cold water. 

m-Xylenol (a)-ialphonio acid. Formed, to- 
gether with* the (/3)-iBomoride, by dissolving 
l,§,4)^ylenol in H.^S04 (J.). FeCl, gives a ^olet- 
blue colour.— NaA'. Tables. — KA'. Plates. — 
BaA',. Leaflets. 

m-Xylenol (j3)-8ulplionio acid 
O^H,Me,(OH).SO^ [1:3;4:2] (Jacobsen, A. 196, 
2&). Forfhod as above. Coloured 4'iolet-blue 
by FeCl,. Converted by potash-fusion into 
,(2,6,1) -oxy-toluic acid. — NaA'4aq. Lami^iia}. 
— BaA',. Mifiute needles, less soluble thantthe 
Ba salt of the (o)- acid. By qulphonating (1,3,4)- 
xylenol by ClSOaH, Hodgkinson (C. J. 68, 
110) obtained a xylqi;^! sulphonic acid yielding 
BaA',aq. * ,, 

tn-Xylenol sulphonic acid 
O^Jtfe,(OH).SO,H [1:3:6:45 .a Formed from 
0,H^e,(NEy .SOgH by the diazo-reaction (Sartig, 
A. 280, 8801. Slender needles, v. sol. watf^and 
alcohol. Tne ao^id and tts ualt^give^ with FeCl, 
a bluish-violeb colour turned £reen by alcohol — 
KA^ — BaA', iTq. Needbs, v. e. sol. water. — 
PbA;,2aq. * • 

Ethyl derivative 0aIIiSfCa(0Et).S63H. 
Formed by heatiii^ diazo-m-xylene sulphonic 
acid withifAeohol under pressure. Minute tables, 
▼. sol. water and alcohoL — BaA',8aq. Minute 
plates, V. sol. water. o ' 

j^ylenol sulphonio acid. Formed by die- 
folving p-xylened in warm H3SO3. Hym'ated 


iXflotiL-NaA'Saq. TaUes.— BaA', Minat. 

needles. 

iie/erence.— N itbo-xtlenol sulphonio acid. 
lYLSNTL-AlCIDOXlK v. Di-mbthyl-ben- 

ZOIO AOID. 

XYLENVL alcohol V, Di-oxy-xylsnb. 
XYLENYL CHLOBIDE V, TBTBA-ctfaQjHLOBo- 

XYLETIC ACID is Oxt-di-uethyl-bsnzoig 

/CID. , 

« XVLIC ACID is Di-mbthtl-bkizoxo agxd. 
XYLIDIC ACID is Toluenb dxgabboxyejg 

ACID. 

c-o-XYLIDINE C,H,Me2(l^H2) [1:2:8].— 
Di-fnethyUfhenyUa\nine, Ami^-xylene, Mol. 
w. 121. (223° i.V.) at 739 mm. S.G. -991, 
OMainod by reducing di*- bromo - o • xylidine 
C«HMe.^r2(NH2) [l:2:4f5:3] with sodium-amal- 
gam in the cold (Tdhl, B. 18, 2562). Got also 
by heating (1,2,4) -xylenol with NH4Br and am- 
raonio-zino bromide at 300° (Miiller, B. 20, 1039). 
Prepared from o-xylene by nitration and reduc- 
tion (Nolting a. Forel, B. 18, 2671 ; Wroblewski, 
B.*18, 2904). Oil. When oxidised by KjCr^O, 
and 11^804 it yields a small quantity of o-xylo- 
quinone [65°]. Converted by the diazo-reaction 
into o-xylenol [73°J. H5,S04 and HNOj^give 

(4,l,2,3)-nitro-xylidino [114°] and (6,l,2,3)-nitro- 
xylidine [65°] (Nolting a. Stoecklin, 24, 567). 
— Salts: B'HClaq. iPlates. Begtns to sublime 
at 100°.~B'HN03. Needle*— Largo 
plates, si. sol. water. 

Acetyl derivative CaHaMe^NHAc. [134°] 
(N. a. F.) *, [131°] ('jL ; W.). Slender needles. 

• i-o-Xylidine CaHaMeJNHj) [1:2:4].^ [49°]. 
(2^JG°). S.G. ill® 1-0755. Prepared irom o- 
»ylone by nitration and reduction (Jacobson, B. 
17, 159). Got also by heating m-toluidine hydro- 
chloride with MeOH at 300° (Limpach, B. 21, 
643). Monoclinic crystals, not coloured by ex- 
posure to light and air. Gives no colour with 
bleaching powder. Its solutions colour pine- 
wood yellow. On nitration it yields (6, 1,2,4)- 
nitro-xylidine [137°] and an isomeride [80°] (N. 
a. S.). Yields a saffranine on oxidation together 
with di-amido-di-phenyl-amine (Nietzki, B, 19, 
3163).— Salt : B'HClaq. Prisms, v. sol. water. 
Yielm ^f-cumidine when heated with MeOH at 
310° (N. a. F.). 

Acetyl derivative 0«H,Me.^(NHAc). [99°]. 
c-m-Xylidine C3HiMe,(NH4) [1:3:2]. (^). 

Xylidine (214° i.V.) at 739 mm. (N. a. F.). 
S.G. ^ *^,*9942 (W.). Formed by distilling j?- 
amido^esit^nio acid with lime (Schmitz, A. 
193,^179) and by reducing c-niti©-m-xyltne 
(Grevingk, B. 17, 2430). Obtained from com- 
mercial xylidine by crystallisation of the sul- 
phate ; the -last, mother-liquor d^ositing crys* 
t^is which are converted into the acetyl deri- 
vQ^tive by diq};illation with HOAo. The ace|yl 
dertvative is saponiftjd by treatment with dilule 
(25^.c.l H,S04 (Ndlting a. Pick, B. 21, 8160; 
,c/. Wfoblewsky, B. 12, 1226). Gives w-xylo- 
qttinone [73°] on oxidation (Ndlting a. Forel, 
B. 18, 2676). Yields (4,l,^2)-nitro-zylidine 
[82°]* on nitration (Ndlting a. Stoecklin, BU [3] 
6^381).— Salts: B'HCl.— B^HCl 4aq. S. 9-7 
at 13°* Monoolinfo plates. YieUs mesidine 
on he&ting with MeOH at 310°.-“B'HNO,. S. 
6*2. Needles. — ^B'3E^S04. VerySDluble neMlea. 
— B'H,S5»4 2iaq. S. 60. • 



4e€tyt derivativs [m°] (G.); [176-A 
(N.a.P.)- Needles. 

3enaoyl derivaUv$ [140®]. Needles, 
fields benzoyl-nitro-xylidine [178®] on nitrafion 
(Hiibner, A, 208, 818). 

s-m-XyUdine C,H,Me,(NH 2 ) [l:3^6]. (222® 

I.V.). ti.G. ^ *972. Formed by redaotion of 


8-nitr(^m-zylene [71' 
ting s. Forel, B. 18, 


(Thdl, B. 18, 362 ; Ndl 
678). On oxidation by 


KjCrjO, and H2SO4 it gines m-xyloquinone f73®].J 
By boiling the diazo- compound with ^IterH 
xyl%nol [68®] is forpaeH. ClGO;,Et forms 
OeH,Me;jNH.GO.^t [77*6°] (Prentzel, C. C. 1883, 
1361).— B'HCl. MeOH at 250°-300° yields iso- 
oumidine CgH.,Mo,(NH.J [5:4r3:l] (Lilupach, B. 
21, 643).— B'H'aSO^aq.-B'IINO,. S. 4*06 at 13®. 

Acetyl derivdtive [140-5®] (N. a. E.); 
[138®] (T.) ; [144-5®] (W.). Colourless plates 
(from alcohol or ether). 

t-w-Xylidine CBH,,Me..(Nn2) [1:3:4]. (a). 

. ^ 


Grevingk, B. 17, 2430 ; VVallach, A. 258, 331, 
It miQr be isolated from commercial xyliJino by 
conversion into hydrochloride and several crys- 
tallisationf^ from water ; the yield being about 
40 p.o. (NoUihg a. Forel, «. 18, 2677).— 2. By 
heating o> and p-tcAuidino hydrochloride with 
MeOH at 300® (Hofmann, B. 9, 1295; Limpach, 
B, 21, 640).— 3. By distilling (4,3,l,5).amido. 
mesityle^io acid with limo< (Schmitz, A. 193,, 
177). — 4. By heating i-m-xylonol with animo- 
nium-zino bromidd and NU^Br (Muller, B. 2(\ 
1039). • 

Rcactiom. — 1. When dissolved in H^SO^ 
(10 pts.) it yields C,H,Me,(NHJ(N02) [1:3:4:6] 
[123°] on nitration 


Collin, B. 17, 
265). — 2. The hydroc^iloride heated with MeOH 
at 310® yields mesidine.— 3. ClCO.^Et forms 
C«H,Ma^NH.OO.,Et [57°] (Frontzel, G. C, 1888, 
1361). — 4. When mixed with di-amido-di-phenyl- 
amine it yields a saffranine on oxidation (Nietzki, 

B, 19, 8163). — 5. When w-xylidine (4 pts.) is 
heated with S <(1 pt.) at 190® it gives oil H^S 
and forms a base 0„H,aN;iS [107°] (289® at 
14 mm.J which crystallises from alcohol in 
yellowisn-white prisms aad yields G,,Q|5AcN,S 
[227®] (Anschutz a. Schultz, B. 22, 582), By 
further heating with sulphur a homologue of^ 
primuline is formed. — 6. (EnanDiol fonpis,oily< 
OjjHsjNO (Leeds, B. 16, 288). — 7. ^J^oleinigiBXAe 

C, ,n„N, a'^eddish-yellow mass which on .dis- 

tillation yields cryptidine 0„H„N (270°) (Leeds, 
A. C. J, 6, 1). ^ 

* Salts.— B'HCl. MonooUnic • prisms.-^ 

B'HCl ^aq. Plates (Staedel a^ H5lz, B. 18, 
2249).— B'fHjPtCl,.— B'HBr.— Trin^tric plates. 
-^'HN0,.-B'aH,S04 4iaq.» Cubes. L^es 

xylidine on evaporation of its solution (NUlung 
a. Pick, Bl, [2] 60, 606).— B'EyPO^. Onl/^hos- 
phate formed (Lewy, B. 19, 2728)— B'H,0,Of, , 
8 . 8*32 at 18®.-sB',ZnOl2«(Lachovitoh, M. 9,J 
614). — B'B[^(fi(R),aq.-B',Ou,H,(SO,), pe-1 
, nig^, a B. 112, W). . « 

Formylm derivative 
[111®] (G:) ; [lUT (G. a, M.). • Got by hitting 
the base (l2g.)'wit&lormioPacid (5g.) at 150®i 
(Gasiorow^ a. Men, B. 18, 1011; 




B. 21, 2549). Crystals (from water). Converted 
by PaSj at 100® into the thioformyl derivative 


Xylidine* (215°) at 745 mm. (G.). 

•9184 (H.). S.V. 148-3. 

Formation.— 1. By reducing i-nitro-w- 

xylene (Deumelandt, A. 144, 273 ; Tavildardll, 

B. 2, 663; Wroblowsky, A. 192, 215; 207, 9L; j redUbtion (Sohauraann, B. 11, 1637; Ndlting 

31). ! a. F< ' " 


otto-acetyl derivative 
0„H,Maj(NIJAd), *[129^. Needles or platet 
(from dilute akohol). P^S^ forms the compound 
CgH^MejNtf.CBMe [96®] (Jacobsen a. Nof, B.2a, 

Diyacetyl derivative C«H,Me^A<v 
[60®]. ■j'onqod, together with the mono-acetyl 
derivative, by boiling the base with Ao-O (Wad- 
lach, A. 258, 301).* * . < 

IkRmoyl derivative CaHsMejNHBe. 
4192®]. Needles (Ilubner, A! 208, 818). Con- 
verte(J*by HIW^ into the hitro-benzoyl deriva- 
tive [184®] which is reduced by tin and HOAo 

to C,H^Me,<;^jJF^CPh [195°], 

Bhthalyl* derivative [158®]. Prisms 
(from alcohol). 

p-XyUdino 0„n,Me,(Nn,) [1:4:2]. [16*6®] 

(Michael. Ih 26, 39). (216°*i.V.) at 739 mm. (N. 
a. F.) ; (213-6* uncor.) (M.) ; (220°) (S.). S.O. || 


*980. aobtaine^fr^m m-xylene by nitration and 


Forel, B. 18, 2664 ; 19, 2680). Occurs to the 
extent of about 25 p.o. in commercial xylidine, 
from which it may be isolated by dissolving in 
warm H.SO, and pouring intrj hot water. The 
sparingly soluble m-xylidine sulphonic aoid 
crystallises out, and the motner-ikiuor? after 
successive treatment with CaCO, and Na,CO|, 
yields on evaporation sparingly soluble, pearly 
plates of sodium p-xylidine sulphonate, which 
on distillation with lime give p-xylidine almost 
withdfftt loss. May also be got fronl crude 
xylidine by means of its benz^^ine derivative. 

iRea^tions.—l, Oxidised Ty K^Cr^O- and 
H3SO4 to p-xyloquinone [123°], the yield being 
70 p.o. — 2. Converted by the diazo- reaction 
into p-xylenol [76°] (210°). — 3. On heating with 
sulphur it yields CiaHj^N^S [144°],^which crys- 
tallises from alcohol in yellowish needles, and 
yieldean acetyl derivative [212°] (AnschU^z &. 
Schultz, B. 22, 585).— 4. The hydrochloride 
heated with MeOH at 290° under pressure forms 
4'-oumidine (Limpach, B. 21, 646). — 5. Beneoio 
aldehyde forms C„HgMe,.N;CHPh [102®] (PBug, 
A, 266, 166). The same body [96®/ is got by 
adding benzoic aldehyde to an alcoholic solution 
of tihionyl-p-xylidino (Michoelis, A. 274, 287). 1 

Oalts.— B'HCl aq. Leaflets, kubliming at 
125°-130° in needles. — B'HNp,. Needles. — 
BtHjSO,. Plates, si. sol. water.— B'aH^CjjO,. 

Formyl [112®]. 

Needle%(Pflug, A. 265, 16^ -- - 

Acetyl derivative C^HsMe^HAo. [189®]. 
Prisms. Yields* 5n nitration aoetyl-nitro-P* 
xylidine [192°], 

JSktomo-aceM derivative 


dilutp alcohol). ]^oiling al(!oholio potash oon« 
verts it into ttn azine and the compound 
C,H,Me,NH.CO.OH,.OEt [60^. 

Oxalyl derivative (0,H,M€jKH),0|0|. 
Formed bv beating the oxalate at 130®. NeedleSf 
subliming at 125®. Am oxalyl-xvUdine [204®] 
was ol^jkained by Geni (B. 8, 237) from cruder 
oommMcial xylidine. 
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BsnMoyl derivative OfHtSTe^HBz. 
[1400]. i^eedlei. 

Beferencea,—BBOMO-\ Chlobo-, and Nrrao- 

ZTLIDIinE. . . • 

XTLIBnrS STTIPHOKiO- Alllll v,' Amzdo. 
ZTLBNB 8 T 7 LPBONIO AOiD and BB0380-,and Nitbo- 

rtXJDXBlB BULPHONIO AOIDS. «• 

XTLIBIHIC AOID^i;. Toluenb oioarboztlio 
epw, 


XYJilDXNE, 


10, 266^.— 7. By heating diacetjl with dilate 
NaOHAq (Van Peonmann, B, 21, 1420). 

Preparation,--!, Commeroial xylene (1550®- 
140®) is heated with ^80^ at 100® for six days ; 
the product poured into water *, neutralised by 
CaCO, ; treated with E,GO, ; and the K salts of 
the sulphonio acids fused with potaw. The 
product is dissolved in water, acidified, ahd ex- 
^ . ft ! ‘racted with ether ; and the mixture of xylenols 
*^^"*^** Of 65*6 p,c. ; H, ^*7 p.o. ; .fso obtained is dissolved in warm and 

N, 1-0 p.o. A green colouriM matter in green ‘then fluted with water and distilled with MnO^ 
decayed wood (Rommier, O. R, 66, 108; Lieber* Crystals of p*xyloquinone appear in the <^n- 
mann, B. 7, 11021. Extracted by phendt and denser and receiver (Carstanjen, • J, or. [2] 23, 
ppd. by alcohol or^ther. Four-sided blue plates,* 427).— 2. ‘Yellow carbolic acid’ or ‘creosote,’ 
with coppery lustre. * H,SO. forpns a greeh solu- the mothef'-liquor from which phenol has crys- 
tion. Itideal (C. N> 63, 277) finds that the blue tallised, is dissolved in H^SO,, diluted with 
substance in decayed birch -wood is soluble in wa/er, and then distilled with MnO,. The solid 
chloroform, while the blue resin obtained from ' found in the receiver irf’crystallised from alcohol 


coniferin by successive treatment with H^SO, 
and water is insol. chloroform. 

XYLITOBE Xylite oil, (252°) 

(Pinner, B. 16, 68Q ; 16, 17291 1 (c. 240°) 
(Claisen a. Ehrhardt, B. 22, 1013). S.G. *935. 
A product of the action of H^l cn acetoe.e (P.). 
Formed also by the action of NaOEt on mdlityl 
oxide in ether, and in the preparation of acetyl- 
acetone by the action of boiling EtOAc and 
NaOAc on acetone (C. a. E.). Oil, easily resini- 
fied by strong aoi^s. 

Dixylitone (310°-320°). A pro- 

duct df thd action of HOI on acetone (Pinner). 
XTLOH Y D SO ^17 IN ONE v, HvDuoxYTiO- 

QXJINONB. 

XTLOXC ACIB V . Di-mbthyl-benzoio acid. 
XYWNIC ACIB C,H,oO.. [a]D=» A7-48°. 
Formed by oxidising xylose with bromine (Tol- 
lens, A, 260, HflT). Dextrorotatory. Its «Oa, 

Zn, and Ag salts are amorphous.*— -SrA'«. 
|:«]q,-+1214°. 

XTLOBITfilLE v. Nitrile of Di-mbtuyl- 

BXBZOIO ACID. 

f o-X7LO(iXriKOB£ CgH^O., i.e. 
0„H^e.^O2[l:2:3:6]. [66°]. Formed by oxi&ation 
of c-o-xylidine by K3Cr.,0, and H^SO^, the yield 
being about 10 p.c. (N Siting a. Forel, B. 18, 
2678). Yellow needles (by sublimation), v. si. 
sol. water, m. sol. alcohol and ether. 

m - xyioquinone C,HjMe,ej [1;3;2:6]. 
[78°]. Formed by oxidation either of c-w- or 
,, s-m-xylidine with KjOrjO, and H.,SO. (Ndlting 

а. Forel, B, 13, 2679). Got also by oxidatif^i of 
mesidine (NdltiM a. Bampann, B, 18, 1161). 
Yellow needles. 

p-Xylcquinone a.H,Me.A ri:4 :2:6]. PJilor^ 

one. Meta^limvne. Mol. w. 136. [124°]. 

, jPbrmatton.—!. Oocata, together with tolu- 
quinone and other bodies, aintng the products 
of the action of MnO* and R^SO^ on coal-tar 
and beeohwood'-tar (Bommier a. Bouilhox,A7. B. 
88, 214 ; Gdrun-^anez a. voji Bad,- Z. [2] 4,*| 
660; Carstojen, J. pr. [2^ 23, 426).— 2.rBy 
oxidation of >-xylyleno4iamine (Nietzki, B. 13, 
473 ; A, 216, 168). — fi. By oxidUtion of <^-cumenoi 
(Oarstanjen, J. w, [2] 23, 430jr:-4. By ^da- 
tion of 4r.cumidifto by OrO, (N61ting a. Th. 
Baumanii^B. 18, 1161 ; Sutkowski, B, 20, 977). 

б. By distilling lylidine (218°) with H,S 04 and 
MnO,; the yield being 4p.o. (0.).— 6. By oxida- 
tion ol ^xylidine with El0r,0, and HtSO^, the 
yield bung over 70 p.o* (NOltii^, Witt, a.^or8l. 


when the first crop of crystals is xyloquinone 
(E. Carstanjen, J. pr. [2] 23, 423). 

Properties. — Long yellow needles (from benz- 
ene), si. sol. water and cold alcohol, v. sol. ether. 
May be sublimed. Volatile with steam. 

** Reactions. — 1. Distilled \r[th zinc-dwt gives 
a, hydrocarbon that oxidises to terephthalic 
acid. — 2. Reduced by aqueous SOj to hydroxylo- 
quinone. — 3. Cone. HCl converts it into tT mix- 
ture of mono- and di-chloro-hydro-xyloquinones, 
C4HClMe,(0H), [147°] and C«C1.,]%(0H)2 [176°]. 

Mono-oxim CrtlI.^Mo2p(NOrf5^> Nitroso-p- 
xylenol. [168°]. Formed by heating p-xylo- 
quinone (2 pts.) with an alcoholic solution of 
hydroxylamine hydrochloride (1 pt.) (Gold- 
.schmidt a. Schmidf B. 18, 668 ; Sutkqwski, B. 
20, 978). Obtained also by adding KNOj and 
•scess of HOAo to an allfaline solution of 
^•xylenol (Oliveri, Q. 12, 162). Yellowish needles 
(from alcohol), v. sol. alcohol, ether, and benzene, 
insol. cold water. Alkalis form a deep orange- 
red solution. Reduced by SnCl^ to amido-p- 
xylenol. Oxidised by alkaline KjFoCy, to nitro- 
p-xylenol. 

Di-oxim O.H2Me,(NOH),. [272°]. Formed 
by boiling the quinone (1 mol.) with an alcoholic 
solution of hydroxylamine hydrochloride (2 mols.) 
(Sutkowski, B. 20, 977). V. si. soL alcohol, 
acetic acid, and benzene, insol. water. Dissolves 
in cflkalis with a yellow colour. By tin and 
HCl it is reduced to xylylene-p-diamine. Its 
d i - a 0 e<i y 1 d e r i y a t W e 04H3Mo.XNOiW)9‘ crys- 
tallises from acetic acid*- in small yellow prisms, 
|,.'[170°J, V. sol. alcohol and benzene. 

^ Sefet ' encM . — Di-bbouo- and Chlobo-tylo- 

QUINOrB. \ ^ 

XYLOBCIN V. Di-ozT-'jcYLXNX. * 

XYLQ;S£ V. p. 638. 

«' XYLOSTBl^^ A glucoside in the berries d 
Bonicera Xylostmm (Hubsohmann, J. 1866, 691 ; 
Enz, C. 0. I860, 393). Crystalline, insoL water, 
sSk. alcohol a^ld ethsc. 4 

^YLOYL-BENZOiC AOIB v, Phbbti# xtlixi 

KBTOMid’ CABBOXTLZO ACID. 

* XYLOYL-FOBMIO ACIB v, Xyltl-olyoHlio 
.acid. ^ 

ii>-BIXYLYL 0,.H„ i.e. ^ 

[4:1:3] C4H,Me^O.H,Me,[3:4:ri. n26<^]. Pro- • 
pared 1^ distUling mercury di-p-xyM (Jacobsen. 

B. 14, '2112). Loiig needles (frofti albohd). 

* BixylyL (290°^296°). "SoTmeA. farmnn* 
m (?)-zy{me and Na (Fittig, A. ly, 



J XlfiLYt-fitrrtRtO ACllK 

tt-kylrt (lo-eiinad). (395°) (OUrerl, <?. ll, 

158K 6^ ^7 warming commercial xylene 

rwiu.H|S04, but never from xylene which iias 
been mMe xylene sulphonio acid. Hence it 
ia probably not a benzene derivative Armstrong, 

Cf. /• 4^ 160) r It is a colourless, Uuoresoent 
liquid, bmelling like copaiba balsam. 

XYLY1p'AC£TAMI9E V. Acetyl derivative of 
XiLiniini and Amide of Xtlyl-acbtio agio. 

XYLYI-AOETIC. ACM) ,, | 

. [1:8:4] 0*H,MeyOHj.002H. [102®]. Formed 
from its amide, w^oh*i3 got by the action of 
yellow ammonium sulphide on xylyl methyl 




{m^) (Pflug, it 
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, .yellow ammonium suipniue on xyiyi meinyi 
ketone (Willgerodt, B. 21, 53^. Slender needles. 
Amide GJB„.CH,.CO.NH,. [183®]. 
B^erence,— Oxt-^vltl-acetic acid. 

XxLTL ALCOHOL ia Tolyl-caubinol. • 
XYLYL-AMIDO. ACETIC ACID C,„H„NO,t.c. 
[1:8:4] 0,H,Me^NH.CH.^CO^. [134®]. Formed 
by boiling m-xylidine (2 mols.) with water and 
omoro-aoetic acid (1 mol.) (Ehrlich, D. IG, 205). 
Prisms (from dilute alcohol). Insol. water, v. 
sol. acids. • 

Xylide C,H„i^H,CH,.CO.NHC,lI,. [128^]. 
Formed by boiling xylidine (2 mols.) witAi 
chlor^-acetio ether (1 mol.). Thick needles 
(from alcohol), insol. water and HClAq. 

XYLYL-AMIDO-CBOTOEIC ETHER 
[1:3:4] 0,H;M92.NH.CMe:qp.C0.,Et. Formed 
from m«xyli4ine andjacetoacetic ether (Conrad a. 
Limpach, B. 2t, 626). Decomposed on heating 
into (Py. 1, 3; B.2,4)-oxy-tri-methyl-quinoline, 
di'Xylyl-urea, and alcohol. 

XYLTL.AMIDO-ETHYL-’tHTHALIMIDE * 

[1:3:4] CAMe,.N3[.C.;EI,.N:C,H ,0,- ^ ^ 

Formed by heating bromo-ethyl-phthalimidi 
with m-xylidine at 140° (Newman, B. 21, 2107). 
Small needles, v. e. sol. benzene, si. sol. cold 
alcohol. 

DI-m-XYLYL-DI-AMIDO-OIAZTHIOLE 
C..H.N,S i.«. [79°]. Formed 

by oxidising (l,3,4)-xylyl-thio-urea with aqueous 
HjO, (Hector, B. 23, 368). Insol. water. Forms 
a very soluble hydrochloride. — B'-^H^PtCl„. De- 
composes at 214°-217°.— B'-^gNO,. Explodes 
onheating. Blackened by sunlight. - B'CalljNjO,. 
[218°]. Yellowcry8tals,v. sol, alcohol. Cyanogen 
" into its alcohplio solution* forms 


p-Xylyl*beaiyl-aifiiAS 
[l:£2]0,H,Me,KH.CH,Ph. 

***5?^n. ^NZTL XETOHS 0,.H,.0 
0,H,Me;.CaCH,PIi. [95°]. (910°-320“ »t 
mm.). Fomftd from o-xyleno, phenyl-aceuo 
.chloride, and^Cl, (WeM, B. 24, 3640). Plates, 
sol. alcohol, V. sol. ethCT. Yields a crystalline 
oxim. • NaOEt and benzyl chloride yield 
C.H,M^.COfCH(CHJ>h)Ph [76°]. 

m-Xylyl beus)^ ketone . 

[1:3:4] C,H,Mej.CO.CIL,Ph. (360°). Formed,' 
togeAier with a smaller quanUty of an isomeride 
|*[yd°],^by the actg)n of .^Ci, on a mixture of 
m-xylene andf ptienyl-acetio chloride (Sollsoher, 
B, 16, 1681). Yields CJl«Mc(CO.,UU [3:4:1] on 
oxidation. Na|JEt and benzyl chlonde form 
oily 0„H,.CO.CHPh.CHPh (3G5°-376°). 

p.Xylyl benzyl ketone CKil8.CO.CH.jl'h. 
(220°-230° at 26 mm.). Formed in like manner 
from p-xyleno (Woge). Yields an oxim [00®] and 
a phenyl-hjilrazide [06®].* NaOEt and benzyl 
chloride yield C,H,.CO.CilPh.CH,Ph [60*6°]. 

q^.iYLYL-FElfZYL-THIO-UBEA 
CJViH.CS.NUClI.Ph. [ 86 °]. Formed from 
benzyl-thiocarbimido and 7/»-xylidino in alcohol 
(Dixon, O. J. 60, 658). Monoolinio prisms, v. 
sol. boiling alcohol and chloroform. 

XYLYL BROMIDE v. Buinio-xYLRNJi. 
XYLYL-ferf-BUTANE C,n>?o.,.OMe,. ^201°). 
Formed from wi-xyleno, isobutyl bromide, and 
AlClj (Baur, B. 24, 2840). Got also from isobutyl 
alcohol, »H-xykMie, and II, ^SO, or ZnCl.^ (Nblting, 
B. 25, 701). Oil, yields mcsitylenic and trimcsic 
acidjf’bn oxidation. ^ • 

XYLYL-BUTYL ALCOHOk- 
[2:1:1] p„H,Me2.CHPr.OH. (above 270°). Got 
by reducing xylyl propyl ketone with zinc-dust 
and KOHAq, or with sodium amalgam (Clhus, 
jr. pr. [2] 46, 474). Oil, v. sol. alcohol and ether. 

Tri-xyly 1-butyl alcohol (C„IIy),C.CMei(.OH. 
(above 300°). Formed from -xylene, tri-phloro- 
ferf-biityl alcohol, and AlCl, (Willgorcdt k. 
Genieser, J, pr. [2] 37, 361). Oil, smelling like 
mushrooms. 

w-XYLYL-n-BDTYEIC ACID 


C,.H^4'6Cyj [103°]. , 

Acetyl derivative C,gH„AcN,S. Needles, 
Benzoyl dsrivaftne CigH^BzN^S, [^2°].^ 
J^itrosamine 0.,H..(NO)N,/ [U^^. | 

kYLYLXMIHS V, Xtlzdink and MEiyTii- 

■XNZTn-AMXNB. 

Di-o-xylyl-amine (O.H,),NH. (33d°-345°). 

Fbrme^ together with xylidine, by heatin/ 
41 2,4)-xylenol with ammonio-ziuo bromide and 
NBiBr at 800° (Miiller, B. 20, 1049). Liqm(\, 
■oRdiaed at a very low temlfbrature. 

Dl-m-xylyl-Miine. •(306°-810°). Foryied in 
like manner from m-xyUdine. Oil. '• 

Di-xylyl-amine. [162°]. Formed, togethc# 
with a liqnid isomende, by ^eating xylidind with J 
its hydrochloride ^irar d a. V ogt). 

, XYlYL.BEHZYL.Alinre 0,gH„N^.s. , ^ 

(e. ^° •* UW). 
Formed bj hiating w-xyhdSne wi^ benzyl 
elAoride b^ 160^ (JcAlxn-G^etk BU 6, 21}* 
Yilhxfilli 4h>oM benaeii^ • . 


[l:3:4]C,H,MOg.CH,.CH,.CHa.CO,H. . [70^. 

P'ormed b^ saponifying the amide (Oiaus, J. pr. 
[2] 46, 476). Needles, v. sol. hot water. May bo 
sublimed.— BaA'a 4aq.— CaA\4aq. J^risma, v. sol. * 
Wat^ and alcohol. 

Amide 0„H.MejLC,H..C0.1iH,. [124°]. Got 
by heating xylyl propyl kjotone with 8 and 
ammonium sulphide in eeelfsd tubes at 2607* 
Flat silky needles. May be subOrabd. 
p-Xylyl-n-butyiic Icid 

[l:4^2jC,H,Me,.Cfia.CH,CH,.COaH. [70°]. 

Needles, si. sol. cold water. — BaA , 4aq. 
CaA^f an. Needles, sol. water and alcohol. 

’ ilfni*<0.l5WOONH.i<126°l. Fomuid 
from p-xylyl propyl ketone (0.). i^t needles, v. 
sol. hot water. j j 

fn-Xylyl-iiobutyrlo acid 

[1:8:4] 0,HgMe,.CH^CHM6.g0,H. [70°1. Flat 
pearly needles, soL hot water, aloohol.^and ether. 
May be sublimed. * ^ . 

OgH,.OA.CO.NHr [120°]. Ootb* 
heating xylyl isopropyl ketone with B aim 
ammoqium sulphide at 286° (Olaai* [2] 46ii 
488). Needles, sot hot watfB* , 
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XTLTMABBAmO km 

Cl:8:4] 0«H,Me«^H.OO^ Ethyl §th$rEiAr. 
[58°]. Formed fromr «i-xjlidine and o|ieloro- 
formio ether (Hofmann, B, 8, .667 s .'Frentzel. 
a 0, 1888, 1861). Needl&,' 

Xylrl-oarbamie aoid c . 

[l:8:6]0«H,Me2.NH.G0LEL Ethyl eth^r EtA'. 
[77-6°] (Frentzel). ^ 

DI^XTLYL^ABBIHOL ^ 

([2:6:y 0,H3Mej)jCH.0H. [181°]. •* Formed by 
reducing di-2?-xylyl ketone zinc-dust and 
KOH (Elba, J, pr. [2] 86, 484 ; B. 19;, 408). 
White needles (frpm alcohol), nearly insdl. Aq. 

XYLYL CYAXi^TE [1:8:4] C.H,Me, N;COl' 
(206°) (Frentzel, C. 0. 1888, 188 i5. 

Xylyloyanate [1:3:5] C,HaMej.N:CO. (208-5°). 
XYLYL CYANUEATE Q 
[1:8:4] (C,H,Mea),N,C30,. [162°5 (Frentzel, C. O. 
1888, 1861). 

XYLYL£^E alcohol o. Di-oxy-xylene. 
XYLYLENB-DI.i.LLYL.DI-THIO-DI.TJREA 
(CH,)30 Jl3(NH.CS.NH.03H,), [1:4?2:6]. [112-5°]. 
Made from o-xylylone diamsno* and alfyl thio- 
carbimide (Lellmann, A, 228, 252). Ndbdlea 
(from alcohol). Not decomposed on melting. 

fn-XYLYLENE-m-DIAMINE 
0,H3(0H3),| 

[106°]. Form. 


,)j [1:3:4:6]. m-Di-amido^m-zylcne 
(J’by reduction of nitro-xylidine 
[128°2 or of dijnitro-xylene [93°] (Fittig, A. 147, 
18; Grevihgk, B. 17, 2420; Witt, B. 21, 2419). 
White crystals. Sublimable. Does not yield a 
ourhodine on boiling with nitroso-diraethyl- 
aniline, NaOAc, and HOAc. — D"2HC1. — 
B^Hj^Cl^.— B'^HaSO^. Crystalline, v. sqj. Aq. 
m-Xylylene-o-diamine 

0,H3Me3(NH,)2P^3:6;6] [78-5°], Formed byrcduo- 
tion of [2:4:1] C,H3Me3.N3.0«H, Me, .NH3(;1:3:6:6] 
(Nalting a. Forel, B. 18, 2083) and also by the 
acfton of tin and HGlAq on di-brorao-di-nitro-m- 
xylene [191°] (Jacobsen, B. 21, 2821), and on 
(6,l,3,0)-nitro-xylidine (Hofmann, B. 9, 1298). 
Plates (from water), al. sol. cold benzene, sol. 
^thec. 

m-Xylylene-m-diamine 

C,H,Me,(NH,),[l:3;4:2]. [04°]. Formed by re- 
duction of nitro-xylidine [78°] or of di-nitro-m- 
xylene [8^°] (Grevingk, B. 17, 2426). White 
needles. Gives a Bismarck brown ^ith nitrous 
aoid and a chrysoidine with diazobenzene. 

n-Xylylwe-o-diaxnine <• 

OAMe,(NH,),[l:4:2:3]. [76°], Formed by 

reduction of c-^i-nitro-^i-x^lene (Lellmann, A. 
228,261; N61ting,^B. 19, 145). White needles 
(by sublimation). 4^lTea a deep-red colour with 
PeCl,. ‘ • « 

n-Xylylene-m-diaxniife 

0,H,Me,(NH,),[l:4:2:6]. [idli®!. Formed by 

’ ’ fes^N.). 

a m- 


reduoing (2,6,l,4)-di-nitro-xylene 
Needles (by sublimation). B|hayes li 

diajniriA. < # * . «• . ' 


f>.Xylyl«fle-n-diamint 
04^e,rN“ ‘ 




a. F. 


JNH,),[1:^2:^. [;42°] (S.); [147°] 

'.); [160°] P^.). BonmVion:-!. By re 


XYLYL^iJtBAMlC AOtt). ^ 

Jixyloqninone CAMe,(NOH), wi4h tin and 
HCl(SutkowBki, 5:^7979). / 

tProperfiei. — Colourless needles, boI.* hot 
water and alcohol, m. sol. benzene and ether. 
Yields xylfquinone [123°] on oxidation. Not 
oxidised exposure to air. May be sublimed 
Salts.— B'^2HC1. Colourless leiAets. — 

B"H2S04, Crystalline meal. • 

o-Xylylene exo-diamine 

[l:?lP«H4(CH.,.NH,)y •'Forpied ^ heating the 
phthalimide CJH4(CH,.N:0,0,:CaH4), with cpno. 
HClAq at 200° (Strassmann* B. 21, 679). Alka- 
line liquid, smelling strongly like Ammonia. . 
Absorbs CO,. GivJS with FeCi, a pp. of yellow- 
ish-red needles.— B"2HCl.—B"2HAuCl4. Yellow 
plates.— B"2GaH,NaO,. Yfllow needles, deoom- 
pQ^ing above 170° wi^out melting. 

Acetyl derivative -[146°], 

Benzoyl derivative [168°]. 

m-Xylylene-exo-diamine 
[1:3]C«H,(CH,.NH,),. (247°). Formed by the 
action of cone, hydrochloric aoid at 220° on the 
CjH 4 (CH,.N:ChH 40,)2 [237°], which is got by 
heating potassium phthalimide with di-w-bromo- 
irt-xylene (Bromme, B. 21, 2705). Liquid, sol. 
water, miscible with alcohol and ether. Absorbs 
CO,. — B"2HC1. Needles (from water). — 
B"2H,PtCl,.-B''C„H3N30,. Yellow spangles, 
decomposing at 187°, * 

Acetyl deri^ativ^ C«H4^H2.NHAo),. 
[119°]. Crystalline mass, v. 80i.**hot water. 
Bcference. — Nitbo-xylylene-diaminb. 
XYLYLENE-BENZEN YL-AMIBINE u. Bbnz- 

ENYL-XYLYLENE-DIAllINB. «« 

XYLYLENE BROMIDE «. Di-bbomo-xylenb. 

• XYLYLENE-CHLORO-MALONIC ETHER v. 

UHLOKO-XYLYLENB-MALONIO BTHEB. 

Xylylene-cxo-di-ohloro-malonio ether w. Di- 

OHLOBO-PHENYLENE-DI-METHYL-DI-MALONIO ETUEB. 

XYLYLENE-ETHENYL-AMIDINB 0„H„N, 
*.c. CMe <[[^^03H,Me,. Formed by reducing 

C„H,Me,(NO,)(NHAc) [1:3:6:4] with tin and HOI 
(Hobrecker, B. 6, 922). Resinous mass.— 
B'HCl. Large needles.— B'gH,PtCl,.—B'HNO, 
Long needles. 

XYLYLENE IODIDE v. Di-xodo-xylene. 
XYLYLENE-DI-MALONIC ACID n. Phenyl- 

ENE-ni-METHYL-DI-MALONIC ACID. 

0-XVLYLENE SULPHIDE C,H,S U, 

[o. 0°]. Formed by heating 

di-tf br6mo ^-xylene with K,S (Leser, B. 17, 
1824 f Hjelf^ B. 22, 2904). Oil, spielling alike 
meicaptan. Very unstable, quickly turning into 
a black tesin.— B'jjHgCl,, Long needles. 

, Met\ylo-iodideWllLel, [166°]. ^ 

« Di-xylylend Misulphide 
[1:3:4:6] C,H,Mu,:S,:C,H-Me, [6:4:3;1]. [118®]. 

Fmmed by « heating xylylene-diazosulphid# at 
200°-250° (Jacobsen a. Hey, B. 22, 911). Cdho. 
H,SC^ forms a blue liquid, remaining blue on 
dilution. 

u-DI-XYLYL-ETHANE C„H,- U, 
CH4.0H(0,H,)2. (314°). S.GbV*966. Formed 
from ethylidene chloride, 9%xylene, and AlCU 
(Agschatsv B, 18..666 ; A. 286, 826). OiL • 
— CHZiOBo-Di-xYLYVElnija. 


dnetion of x^ene-%zoxylidine (amido-azo-xylene) 

[2:5:1] OH, Me,.N,.0,^e,.NH,[l:2:6:4] by zinc 
and HCXAq (Nietzki, B. 18, 471; Ndlting a. 

Fond, B. 18, 2686). — 2. Byreduotion cf nitro-n- 

S Udine [142°] (N0ltiii|, Witt, a. Forel, B. 10, 1 DX-XYLYL*EtHYLEN: 

Mi^wald, f OiWtfOrCHiOao^^e,. T^tra^i^^l-stUbeiU, 


J8. 28, 1021). — 8. By i^uctU^ of the di-oxim of 


[106°]. r (826°-840“). Formed byT dirtOliiif 



XYLYLiHTDRAZINB. 


«n 


(LHtUa|.OHrOQj^,«hidiii got from di-oUoii- 'wold, B. 3S, 3368).- S. loL mter.— A.nro> 

TT Ort >Z> .VI * J. rtArai t >: i. . riPAQi 


m-ethyl oxi^, m-xylene, and H^04 (Hepp,*B. 
7, 141^4 Spangles (from alcohol), sol. eiiier 
and 0S|. Unites with bromine. Oxidisea by 
dilate l^Og to (l,8,4)-di-methyl-benzoio acid 

f>f AAOI *. 


ri«2U 

IH-zl^y 


_^yl-ethylene O^HjMeyCHiCH.C^HjMej. 
[167^]«» Formed in likp manner from j7<zylene. 
Plates (frcHU alcohol). Less soluble than the 
preceding isomeride. . • 

Tetra-xylyl-ethylene •* 

(OAM^aOiCCCAMeJig. *[245®]. Formed from 
i^Iene, CHCl,, and AlCl, (Schwarz, B. 14, 1528). 
yellow plates. * . • 

m<X^TL.ETHYL£NE.D!AMIKl> 
O.H,Mo,NH.C;^ 4 .NIL. (274^). Formed from 
m-xylyl-amido-ethyl-phthalimide and HCl (Naw* 
man.B. 24, 2197).— B'HO!. [173®].— B'jH.PtCV 
— B'OAN^O,. [141®]. Eeddish-yellow needles, 
y. e. sol. alcohol. 

DI^-XYLYL-ETHYLENE DIKETONE 
C.;a 4 (CO.C,H,Ma, [4:3:1]),. [129®]. Formed from 
m-xylene, succinyl chloride, AlCl, and CS, 


chloride [106®].— Pi crate. [169®]. Yellow 
needks, m. sol. cUorofom. 

o^YtYL-OLYOXYLIO AOIB 
[4:3:1] C;H,Me,.CO:0O,H. [92®]. Formed by 
oxidising o-xwyl methyl ketone with alkaline 
KjFeCy, (BuoBka a. Irish. B. 20, 1763).— BaAV 
m-Xylyl-glyoxylio aeid 

[4:2:1] «„H,Me,.CO.CO.;a. [64®]. Formed by 

oxidising mi^ylyl methyl ketone with KMnO. 
(Claus, B. 19, 231 i /. pr. [2,] 43. 149). Flat 
prismq. Yields (4,2,1) di-iuothyl-benzoio acid 
on b&iling with dilute HNQ,. Gives rise to 
tJ,H,.qp(OH).COJI [119®! on reduction.— 
CaA',2aq. Neddi%s.~-BaA',2aq.— AgA'. Needles, 
sol. hot water. 

p-Xylyl-glyogylic sold 

[5:2:1] 0«HgMea430.C0.;a. [70®-80®]. Formed 

by oxidation of p-xylyl methyl ketone by aqueous 
KMnO, (Claus a. Wollnor, B. 18, 1859). Crys. 
talline, v. sol. alcohol, ether, and HOAo, y. si. 
sol. water, ^lits up above 200® into CO, and 
di-methyl-benzoio aldehyde. Oxidised by HNO, 


(Claus, B. 20, 1376). Needles, insol. water, V. I c Jl!Me,.CO,fl. Ac,0 and NaOAo yield dl 
sol. alcohol and ether. Dilute HNO, oxidises i4 j methyl -cinnamic acid. — BaA^jCaq: small felted 

AgA^ : ciystalline pp. 


to (l,3,4)-di-methyl-benzoic acid. 

O^im OJH[4(C(NOH).C,lI„),. [140°]. j 

Phenyl-hydrazide 
C,H.(C(N,BgPh).C«H,).,. [189®]. Crystals. 
Di-p-xylyl %thylene dik^tone 

C,H,(OO.O.l4Wo.[2:^-l])r .[laS"]-, 

from p- xylene, succinyl chloride, AlCla» and CS, 
(Claus). Needles. 

w-XYXYL ETHYL KETC)?JE 
[1:3:4] O^Me,.CO.CjH,. (239°). Light oil, 
with aromatic ododr, not solid at - 10® (Claup; 
/. pr. [2] 43, 140). Yields (l,3,4)-di-methyl.'» 
benzoic acid on oxidation. 

Phenyl-hydrazide [126®]. Plates, v. sol. 
hot water, alcohol, and ether. 
p-Xylyl ethyl ketone 

[4:1:2] O^HgMea.CO.O^Hj. (238® uncor.). Formed 
from p-xylene, A1CI„ and propionyl chloride 
(Claus a. Fickert, B. 19, 8182). Oil. Oxidised 
by KMnOg to 0,H,Mea.CO.C^.CO.,H [132®] and 
some (4,l,2)-di-methyl-bcnzoio acid. 

m-XYLYL ETHYL KETONE CABfiOXYLlC 
ACID [4:2:1] C4H,Me2.C0.CHj.CH,.C0.4H. * 

DumethyUbenzoyl-propicnic acid, [108°]. 
Formed from wi-xyleno# succinyl chloride, 
AlCU and CS, (Claus, Bj 20, 1376). Needles, v. 


methyl -( 

needles. — CaA', 3aq.- 

Ethyl ether mtk'. Oil. 

XYLYL OLYOXYLIC ALDE^DE 
[1:3:4] CJIaMe.,.CO.CHO. Oxt%, [96®]. Formed 
from xylyl methyl ketone, NaOEl, andCjEkiNO, 
(Soderbaum, B. 25, 3463). Needles (from benz- 
ene-ligroin). Acetic anhydride gives the acetyl 
derivatives of the syn-oxim CgIIi,.CO.OH:NOAo 
[54®] decomposed by alkalis with formation of 
CgH,Afe,.CO,H [12G°] and by hot Ac^ vielding 
C.H,Me.,.CO.CN [47°]. AcCl converts the oxim - 
into* CgH,Me,.C(OH),.CH:NOM*[142®], whence 
coldNaOH forms CgHgMo,.CU(OH).CO,H [103®], 
while NaOHAq at 50® forms 'xylyl lorm<^» 
OgU..CO.CH(01i).CO.CO.OgH, [166®]. 

DI-XYLYL.erUANIDINE 
HN:C(NH.ChH, [1:2:4]).,. [158°]. Formed by 

the action of PbO and alcoholic ammonia on dh 
xylyl'thio-urea (Hofmann, B. 9| 1296). Needles, 
(from alcohol). 

XYLYL-HYDRAZINE 

[4:2:1] OgH,Me,,NH.NH,,. [86®]. Fonnod from 
xylidine bj^diazotisation followed by reduction 
with Na,80„ the resulting CgH,.N5jH2.SO,Na jaq 
beirig then treated with zino-dust and HOAo 




sol. — ww 

V. sol. water.— NaA' 4aq. Needles.— BaA j^Jaq. 
Needles.— PbAV. white pp.— AgA';;i?hite cr^rstal- 

linepp. • 

p-Xylyl ethyl ketone carboxylic acid 
[4:£2] CJH.M.,CO.CH,pH,..CO.H. . [84<1., 

Fbrmed from p-xylene in like* manner (C.j||^ 

Colourless needles^ 

JLYLYL.DI.ETHYL-PHOSPHIN]P a 

OH.Me,.PEt-. (260°). Fofmed by the actjbn 
ol ZnEt. on 0*H,!ae^PClj (Czimatis, B. 16, 
2016). Thick, colourless oil. Yields B'Mel^OO®], 
B'jMeaPtOl, [202°], and B'Etl [136®]. ^ 

m-XYLYL-OLEOXALINE * 

■C#*®]* (279®). Fofined by the aotioiyif HNQ| 
on [193°]’,, which b §41 I? 

the action of HCl bn* the product of the actlra 
m-xylyl-thip-urea jMarck- 


si. sol. water, v. sol. fiJcohol. Iteduces Fehling’s 
solution on warming. On healing with aoeto- 
acetic ether it yields a cr^^jjjalline body [208®] 
redaced»in aJeoholio solution by »Na to oxy- 
xylyl-methyl-pyrazole. • 

Salt;— C'HClWiJq. [183®]. Small needles. 
Di-o-xylyl-hydrazine , 

[3:2:l^.H,Me2NBLNHCgH,Me, [1:2;8J. [141®!- 

t-Hydrazo»o-xyle%e.^ •Get by heating nitro-4>- 
xylwe (20 g.) witn VaOH (20 g!),mlcohol (100 
,c.o.) and zinc-dust (26 g.)/and redudlng the pro- 
duct with alcoholic ammonium sulphide (NOlting 
a. Strieker, Bl. fJ] 60, 618). White needles, sol. 
alcohol and ether. Easily oudised by air. 

li-Dl-o-xylyl-hydrasine ^ s 

NA(C,H.Mail;8:4])2. [107®]. Formed bjr re- 
ducing nitro-o-xylene .«with sodium-amalgam 
a. ^). Yellowifb white needles, sol. aleor 
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KA(<3AMe,[l:8s6]V, {12S^. Obtained from 
f-nitro-m-xylena (N. a; '8.}. Needlea, eaBilmoxi* 
dised by air. 

i«-Di>m-xy]jl-bydruine *' . 
^A(CAMe, [1:2:4])^ [122®]. iGpt by warm- 
ing ni&Q^^ylene, (80 g.) with dTaOH (30 g.), 
xino-dast (40 g.), anb aloohol (250 o.o.) and 
treating the xylene^azo-xylene so obtaii^ed with 
alooholio ammonia and H^S (N. a S.}^^ White 
tieedlee,aol. aloohol and ether. 

Di-p-xylyl-hydraiiiLe ' 

N A(C,N,Me, [1:2:6]),. [145®]. Formed efrom 

nitro-jp-xylene (N/a. S.). Needles, not affected 
by air. * ^ \ ■ 

XTLYLIC acid V. Di-mbthtl-bxnzoio acid. 

e-Xylylic acid v. Toltl-aoktio acid. 

p.XTLTLID£N£.Dl-lMIN£ 

0,H4(CH:NH), [1:4]. Formed tj the action of 
^Icoholio NQj or dry NH, gas upon terepbthalio 
aldehyde (Oppenheimer, B. 19, 676). Glassy 
brittle orystals. V.4>1. sol. alcohol and ether. 

DI-XYLYL.K£TONE CO(C Alffe,),. (o. 340®). 
Obtained from (m ?)-xylene»L GOCl,, anC AlCl, 
(Ador a. Billiet, B. 11, 399). Liquid, not*solid 
at ~ 60°. Split up by long boiling into Hj,0 and | 

Di-jp-xylyl ketone 

[2:6:1] 0,H,Me,.«0.0,H,Me, [1:2:5]. (327® un. 

cor.). FOrme^f romp-xylene, CS„ and COCL in 
closed veSsels ; the yield being 65 p.o. (Elba, 
jMpr, [2] 36, 481). Oil. Quickly decomposed 
by distillation into H,0 and (B. 2, l',4')-tri- 
methyl-anthracene [227®]. Beduced by zino> 
dust and alcoholic KOH to di-p-xylyl-carbinol 

[131®r . -S' ^ 

Di-xylyl-tetttVotone 

C,H,.CO.CO.CO^O.O,H,Me, [4:3:1]. , [l5o®]. 

Formed by the action of cold HNO, (S.Q. 1-4) 
onC,H,.OO.CH(OH).CO.CO.C,H,(S6derbaum,B. 
26, 3476). Scarlet needles (froip CS.J. On dis- 
solving in F^OAo and ppg. by water it yields a 
dihydratc [100®] C«,H,.,0.. 

* XYLYL MFECAPTAN C.HaMej.SH. t214®). 
B.G. AS 1'036. Got by treating xylene sulphonio 
chloride with Zn and dilute H.^SO, (Yssell, Z. 
1866, 360), and also by heating xylyl ethyl 
xanthate with alcoholic potash (Leuckart, J,pr. 
m 41, 192). Liquid. — Hg(g:.0,H„),. — 

FbCS.OnHJ,. Yellow powder. 

TKl-p-XYLYL-METHANE 
[188®]. (aboVe 360®). From di-p-xylyl-carbinol, 
p-xylene, and PjO, by boiling for four hours 
?Elbs, J. w. [2] 86, 484). Crystalline grakis 
(from alconol), ether and benzene. 

o-XYLYh «£THYL KETOKE « 

[4:3:1] C,H,Me,.CO.CH,.« (246®). Formed from 
o-xylene, AcOl, and Aid, (Uihus, B. 18, 1856 ; 
19, 232 ; /. pr. 1890, 410). Oil, smellinc like 
Qoumarin (Armstrong a. Eippipg, C. J. Oo, 81). 
Yields (4,8,l)-dLmethy(-bbiuafo on oxida- 

tion. Cono^HClAq forms Oi,H*,0 [114®]. P,0, 
gives a body meltiim air 165®. „ Zino-dust reduces, 
the ketone to 0,H,.T)H(OH).CH. (267®). 

Oxim C,H,.q/NOH).CH,. * [86®]. Prisms 
(from , dilute alc<mol), converted by AcCl into 
Cg0LC(bT6Ao).CH, [72®]. 

^ Ph§nyUhydr,a9id$, Colourless nrisms. 
m-Xylyl methyl ketone 


[4:2:1] 

nhxylene, AoOl, and AlCi 


Formed from 
(Claus, B. 19, 280). 


(Obtained also by boiling m-xylene with HOAt 
ZnOU Mid FOCI, (Prey, 7. pr. [2] #, 120). Oi 
sn^lling like peppermint. Not oondensSd b 
HuLAq. Yields 0, ABrgO [69®]. Beduotkm b 
HI yields ()84^ (Clans, J. m 

[2] 46, 800). HNO, gives CaJSuN,Q; {108'= 
(Claus, 7 or. [2] 41, 492). % ^ 

. P’Xylyi methyl ketone a . 

[6:2:1] OAMe,.CO.CH,. (226® nnoor.). ’S.C 
^ ;§P62. V.D. 4*93. (Formed from p-xylen< 
AcCt and AlCl, (Claqs a. WoUner, B. 18, 1866; 
Oil, V. sol. alc(^ol and fther. Oxidised by 8oI( 
aqueous EMnO, to p-xylyl-glyoxylio acid. Dilut 
HKO, .forms di-methyl-benzoio and methyl 
phthalio ahids. 

Oxim C,H,.C(NOH).OH,. [68®]. 

(.XYLYL METHYL KEf ONE OAEBOXYLIi 

ACID V. MxTHYIi-BXNZOYL-ACBTXO ACID. 

XYLYL-DI-METHYL-FHOSPHIirE 
C„H 3 Ma,.PMe 2 . (230 ). Formed from ZnMe 
and G,H,Me 2 .PCl 2 (Czimatis, B. 16, 2016).- Oil 
Unites with CS,, forming a compound [115®]. 

. XYLYL-METHYL-THIOHYDANTOtN 

61:3:4] C,H,MerN<gg-§^. * [166°]. rotm.a 

from xylyl-tbiocarbimide and alanine (liTarok- 
wald, B, 24, 3282). Needles, v. sol. aloohol. 

XYLYL PENTADECTL KETONE 
C„H,Me.^CO.C,,H„. .[37°]. (269^ at 15 mm.). 
Formed from m-xylene, jAilmitvl fehloride, and 
Aid, (Krafft, B. 21, 2269). Small plates, yield- 
ing di-methyl-benzoio acid [126°] on oxidation. 

^ XYLYL PHENyLAMYL XETONH 
C,H 3 Ma 2 .CO.CHPh.O,H,. [91-5®]. Krmed by 
Friedel and Craft’s method (Wege, B. 24, 8641). 

XYLYL-PHENYL- v . Phenyl-tovd-. 

TEI-XYLYL PHOSPHATE PO(OC,H,Me,),. 
The 0 - and p- compounds are formed by heating 
o- and p-xylenol with POCl, (Ereysler, B. 18, 
1702). They are oils, v. sol. ether, aloohol, and 
benzene. 

w-XYLYL-PHT HALIDE 

[84°]. Got by heating 

C3H,Me2.G0.G,H,.C02H with zino and HCl 
(Gresly, A. 234, 237). Needles (from aloohol), 
b1. sbl. benzene. 

XYLYL-PEOPIONIC ACID 
[1:3:4] «,H,Me 2 .CH. 2 -CH*.C 02 H. [106®]. Formed 
by saponifying the ami^e. Silky needles, v. sol. 
hot water. — ^BaA',6aq. Plates, m. sol. water. — 
CoA.'. 4iq.---AgA'. White powder. 

ArttdcVH,Me 2 . 02 H,.C 0 .NH- [107®]. Got 
by Ideating the oxim of m<^ylylethyfketone%ith 
yellow ammonium sulphide un^er pressure 
(Claus, IT. pr. [2] 46, 477). Needles, sol. hot 
water. • • • • 

' m-XYLYL (FBOFYL KETONE C,,H,.0 
[4:2:1] CA¥erCO.Pr. (261®). Formed fgom 
m^ylene, botyryl ^chloride and AlCl, (CUgis, 
(7 pr. [2] 46, 474). Oil, v. sol. aloohol and 
ethert Yields m-xylyl-glyozylio add [64®] on 
Sxidation with KMnO«. 

Oxim. CrystaV}, V. e. soL aloohol. 

f.Xylyl propyl ketone [6:£l] OAMe,.COJPr. 
4249®). Formed in. like ma&ier from p-zylenn.. 
£i8M%)Ur ' • * • 

&^im [47®]. * Colourless needles. ' 
lopropyl ketonn * 

;e,.GO.Pr. (268®). 


o-Xylyl isopropyl ketonn 
[4;8;1]^Sh^< 
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Istpentine (qiaxis, «r. pr, [8] 40, 484). Tieldl 
ii-mef^yl'benoio aoid [163^] on oxidation. * 
Otim [68^j. Large prisms. e 

m^Xylyl isopropyl ketone 

. (246®). OiU yielding 
Lon oxidation by ^^ 1 ^ 004 . 

i [97®]. Prisms (from alcohol). 

PJiinyl^hydragide [129®]. Crystals. 
l^Zyl^ isopropyl ketone 
[6:^1] 046 ^erC 0 .Pr. • (240®). Formed frpm 
p^xylene, isobutyryl chloride, and Aid, (Claus, 
/. pr. [2] 46, 484). Oil, smelling like mush- 


, rooms. 

0«<9n [76°]. Plates and prisms.. 
TSTBA.O.XYLTL SILICATE Si(Ofc,H,Me,),. 
(o. 480°).* Formed by heating o-xylenol with 
SiCl 4 , the yield being 85 ^. 0 . of the tbeoretioal 
amount (Hertkorn, B. 18, 1691). Large prisms. 

Tetra-m-xylyl silicate Si(OC^H,Mej 4 . (453^- 
467®). Formed, in like manner, from m-xylenol. 

oa. 

m-XTLYL THIOCARBIMIDE C,H,NS i.e. 
[4:2:1] C 4 H,Me,.N:CS. Formed from di-xyl>y- 
thio-nrea and PjQ, (Hofmann, B. 9, 129o). 
Crystals. Converted by PhOEt and'AlOl, into 
C,H,NKCS.C4H4.0Et [140®] (Gattermann, B. 25, 
863m. 

XYLYL ETHYL DITHIOCARBONATE 

C3(OEt).SCsH,/de,. Fori^ed from potassium 


xanthate and m-dlaxo-xylene chloride (Lenokart, 
/. or. [2] 41, 192). OU, eoomted by beating 
with Viopholio potaidt iAto xylyl meroaptaa 

.TTBXA 


CS(NH.O,H,M4^[l:2:4]),. [168®]. Ponped by 

digesting xyliiKne with CH, as long as H.^8 
escapes (Hofmann, B. 9, r296). Crystals (from 
alcoholh 

• XYL^-UilEA NH,.CO.NHC.H,Me,[l:2:4> 
*[186°]. Formed frpm crude yylidine sulphate 

and potassium oyanate (Gonz, B. 8, 226). 
Needles (from alcohol). . 

* • s-Xrlyl urea ,NH,.CO.NHX).H,Me,[l;8;6]. 
[162®] (Frentz.#!, C. C. 1888:1361). 

Di . s - xylyl - urea COiNHC.HjMe, [1:8:6] ),« 
[276®] (F.); [2.^®] (O. a. C.). Formed from 
s-xylidine and QOCl,, (F.). Formed afao from 
7 »-xylyl cyanate and xylidine (Gattermann a. 
Cantzler, B. 26, 1089). Needles. • 

Di.m-xylyl-nrea GO(NH.O„H, Mo, [1:2:4]),. 
[263®]; A product of the diStillation of m-xylyl- 
ainido-crotonio acid (Conrad a. Limpaoh, B. 2l, 
627). Sublimes *wlJen melting. • 

m-xylyl-urea CO(NHC«H,Me 3 ).,. Formed by 
heating urea (1 pt.) with crude xylidine (8 pts.). 
Felted needles (from hot alcohol), not melted at 
250” (Gonz, B. 3, 226). 


YTTEBBIUM. Yb. At. w. o. 173. This name 
is given to the metal, not yet isolated, of an 
earth separated byMarignao, in 1878, from crude 
erbia obtained frohi gadolinite or etixcnite. The 
cTaim of ytterbia to rank as a definite homo- 
geneous compound is not yet satisfactorily estab- 
Ushed. 

The discovery of a new earth in a mineral 
from Ytterby in Sweden was announced in 1788 
by Qadolin ; In 1797 Eckeberg confirmed the .dis- 
covery. The now earth was named yttria, and 
the mineral from wtfich it was obtained was 
ealled 'gadolinite. Researdhes into the nature of 
vttria were conducted Berzelius in 1819 (t>. 


vttria were conducted Dy uorzeiius in loxa au » himw, 

Lehrbuch [5th ed.] 2), Moaander in 1839 and^KU^,, fused over a powerful burner, pulverised 
^ ^ 'toACk fiioA/l moaa o.nr1 4}ir>rnt]iFlll\^ fixhftdfttdd Wltll 


1848 {J. pr. 30, 27), Scheerer in 184i», Clfevennd 
oth(WS. Li J878 Marignao made oareftl ex- 
amination of erbia (Si. Ch. [5] 14, 247) ;«hc 
fractionally decomposed erbium nitrate by heat, 
f^ p<i obtained an earth which he called ytterbia, 
Tne erbia used by Marignac waa'Ifink,’ and gav©i 
in solution, an absorption speettfum; the new 
earth was white and imowedmo absorption sp^ 
trtfci. Nilson (B. 12, 654 ; 13, 1439 [1879-W]) 
prepared ytterbia, bnt found a reacting Ypight 
for the earth different from that assigned to it bjj 
Marignao. By repeated fractional decomposition 
by beat of the nitrate ytterbium, Ni^nn 
separated another tturth which he called scandia 
(cf. SoANDiuic. thi^ vdL, p. NilsM 4^1 

18, 1480) in 1879 made a fuller examinatiffi of 
ytterbia, and defeimhi^ the a4. w. of the metal 
of this earth, and thtf properties of several salts 
bi tha metidl this memoir NUsod asserted 


that erb'ki was separable into seven distinct earths ; 
erbia proper, scandia, teibia, thulia, ytterbia, 
yttria, and Soret’s X (afterwards called holmla). 
(c/. Erbium, vol. ii. p. 466 ; and Metals, rabb, 
vol. iii. p. 245). ♦ 

Oct$irrence . — Along with erbia, scandia, yttrii^ 
Ac., in very small quantities in a fewrareScandina- 
vian minerals, chiefly in gadolinite and euxenite, 
Nilson {l.c.) obtained 0 . 20 g. ytterbia from 6-7 
kilos, of the crude earths prepared from 0 . 15 
kilos, gadolinite. » 

Prepar(^lion of ytterbia . — Nilson (B. 18, 1430) 
mixed finely powdered euxmite or gadolinitet 0 . 
400 at a time, with four times (ts weight of 


the fused mass, and thoroughly# exhausted with 
coM water ; he ppd. the aqueous solution by 
ammonia, washed the ppd.''bMra^d bxides, and 
- ^ boiling the solution 

J Via mnil Vitr 


ppd. by 
nd heated 


dissolved in HNO,Aq ; ^ 
for some time ^ ^nd filtering, he _ 
oxalic acid, washed the pp., dried it, and 
8trongj|y until it was decomposed. The crude 
ftarthsThus obtaiged yere freed from KgOO, by 
boiling with water, -and Were t’wn dissolved in 
HNd,Aq ; the solution was evapo^ted to dry- 
ness, and the resid»>e was lui^ until red vapoum 
begaoto come off. The reddlsh-yellow, opaque 
solid was then treated with boiling water, where- 
by a reddish-yellow pp. was formed, ^hich was 
filtered off by means of a suction-pum^. (This 
pp. oontaiped oxide of Th, along with oxides of Ce, 
Fe, and U.) The reddish filtrate was evapotated 
to dryt\#s8, and the solid nitrates thus obtained 
were pertly decomposed by heating, the iolablt 
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(undeoompoaed) portion * removed by lolntion 
In water, the residue dissolved in ENO»d.q, 
the solution evaporated to dryness, th|p resi- 
due partly decomposed by heqting, ^e unde- 
composed nitrates were removedi. by* washing , 
with water, the residue was dissolved in HNO^Aq, 
and so'on'. After thirtv repetitions of this process 
a solution was obtamed that showed merely 
a trace of red colour after thirty-five repetitions 
the solution was quite colourless^ an^ showed t 
only two faint abi^orption bapds, one in the green* 
and the other in the red ; after forty repetitions a 
solution was obtained which gave only the red 
band ; and when {he process qf partial decomposi- 
tion by heat had bein repeatecb siLty-eignt times 
a solution in HNOgAq was obtained which showed 
no trace of an absorption spectrum. This solu- 
tion wad saturated with H^S, the small yellowish- 
brown pp. of PtSa was filtered off, the filtrate 
was ppd. byq)ure oxalic acid, the pp. was washed, 
dried, and decomposed by heating strongly, and 
pure yttorbia was tlfus obtained. a modifica- 
tion of this method of separating ytterbia from 
accompanying earths v. Aues ven Wolsifaoh {M, 

Atomic weight of ytterbium . — The metal has 
not been isolated; the at. w. was determined 
by Nilson (B. 13, 1433) by dissolving pure Yb^O, 
{v. supra) in Hlt'0,Aq, adding a suitable quantity 
of EL804Aq, eiaporating on a water-bath to drive 
off ]^0„^thcn on a sand-bath, and finally over 
a^ fiame until all free iLSO^ was removed, 
weighing the yb2(S04), fhus obtained, and 
analysing it. Nilson dissolved pure Yb.^O, ini 
HNO^Aq, evaporated to dryness, partially de- 
compost the nitrate by heat, treated with water, 
Ao.,asdescribed%ii«pra, and in this way obtained 
seven fractions, each of which was converted into 
sulphate. The results are presented in the fol- 
loVring table: — 


Weight of 
Yb.O, 

Weight of 
snlpliate 

Fetgo. oompositioa 
of sulphate 

Atonilo W. 
%fYb. 

' Wien 

formed 

Yb.O, 

SO, 

1-0063 

1-6186 

62-171 

37-829 

173-21 

1-0189 

1-6314 

62-149 

37-851 

173-03 

•8509 1 

1-3600 

62-155 

37-8'V» 

173-08 

•7371 

1-1861 

6-2-145 

87-856 

173-00 

1-0005 

1-0009 

62-147 

• 37-863 

173-01 

•8090 

£-3022 

62-126 

37-874 

17?-84 

1-0059 

1-6189 



62-134 

• 

37-866 

172-91 J 

Moan . 

. . .^,^2147 

87-863 

173-01 

1 


Chetnical relations t/ ytterbium . — If Yb is 
really a homogeneous suratttnee, it must be 
placed in Series 10 of Group III. in the periodic 
classification of the elements. This greJ^ con- 
tains the follqqfing eleaidn ^ i ' * 

Efim se^— ^ * 

3 4 i6 & 10 13* 

B(ll) So (44) Y(89) La (133) Yb(173) — 

Odd series — • ' 

(«• 6 7 9 11 

A1 (37) Ga (70) In (114) — T1 (204) 

A comparison of thu position of with the 
positions of elements placed in Serkp 10 
tpble on p. 811 oi voh iii.) sbowt that Tb 


ought to be decidedly more metallic than B, and 
sdbewhat more metallic than Al, lkt,or In ; the 
da4a, however, are too meagre to allow a derailed 
comparison to be made. Little is known of the 
properties^of compounds of Yb ; but what is 
known bfoadly confirms the oonclusiqps drawn 
from the position of the element in the^riodic 
scheme of classificatioa'(c/. Eabths, icafA^ or 
TBS, vol. ii. p. 424). 

4, ytterbium oxide Yb,0,.. (Ytterbia.) A very 
heavy, white, infusible powder ; slowly acted on 
by acids when cold or gently warmed, but readily 
dissolved by dilute acid solutioner when boiling. 
^Solutions VI aoidsr are colourless, and show no 
absorptiofi spectra. The emission spectrum of 
a solution in HClAq, obtained by help of* the 
spark, shows several Ijnes, themost conspicuous 
of which have the wave-lengths 6231, 5556, 
5476, 5352, and 5334 (v. Lecoq de Boisbaudran, 
O. R. 88, 1342). S.G. 9-175. S.H. (0°-100“) 
•0646 (Nilson, l.c.). 

Hydrated ytterbium oxide. A white, gela- 
tinous, but heavy pp. obtained by adding NH,Aq 
to a solution of a salt of Yb ; shrinks much 
when dried, and absorbs CO^ from the air. 
Easily soluble in acids (Nilson, l.c.). ^ 

Ytterbium salts. Nilson (l.c.) prepared an 
oxalate, an acid selenite, and a sulphate ; and 
Marignac (C. B. 87, 578) prepar^ » formate. 

Ytterbium oxalatk Yb2([5204),. iQaq. A white, 
microscopically crystalline powder; insoluble 
in water, scarcely soluble in dilute acids ; un- 
changed in air; gives up part of its water at 
100^ Prepared by adding oxalic aoid^o a warm 
solution of the sulphate. 

« Ytterbium selenite YbaOj.dSeOj. Saq.^ Ob- 
*tained by adding Na2SeO;,Aq to a solution of 
Yb2(S04)3, washing the ppd. normal selenite, dis- 
solving in water containing a large excess of 
HjSeOa, evaporating nearly to dryness, and wash- 
ing the residue with water. A white crystalline 
salt, insoluble in water. Loses at 100°. 

Ytterbium sulphate Yb2(S04)3. Prepare d by 
dissolving Yb^O, in HNO^iAq, adding H.^SO^Aq, 
evaporating on a water-bath to drive off HNO,, 
then on a sand-bath, and finally over a fiame at 
low redness till all is removed. An opaque, 
whfte solid. Dissolves in water when a large 
quantity is added at onob ; if a little is added 
much heat is produced, the salt combines with 
the water, and then dissolves very slowly when 
"more water is added. Decomposed at a red 
heat, fully ^t a white heat. B.G. 8*793. S.H. 
•103»at0°^‘100^ • 

rA hijdrated sulphate di!l),(SOpa.^aq was ob- 
tained by Nilson in large, white, luetrous prisms 
by overrating a solution of Yb^fSO,), in water 
/it a gontlb heHt. M. M. P. M. 

YTTRITJMy Y. At. w. c. 89 6. The name 
^Jtrium is given to the metal of an earth«ob- 
t^ned from a few rare Swedish minerals. Ihe 
separfttion of a new earth from a mineral found 
at Ytterby, hi Sweden, was made by GadoUn in 
*1788. The existence of the new earth was con- 
firmed in 1797 by Eckeberg, ^d the earth was 
called by him yttria. Suhpequent researches 
•axried (yi by Berzelius, ^osander, Scheerer,* 
Berlt^, Delafontaine, Popp, BaUI a, Bunsen, 
Marimao, and others showed {^t the yttria ol 
Uad'din and Ecketibrg waff a' imxtq^ of many 
oxides*^/. Enmuv, vot ii. p. 46^; SctnPiuM, vel«^ 



WTRIUM. 
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1Y» p VOX ( KX-X-Bn(|^UH) M1«D TUI. p. 879 } Vt 
tn/^, Som^eneity of Yttria). 

Occurrence.— About 30 to 85 p.o. of yttrii, in 
combination with SiO,, is found in the ezcecd- 
ii)glv rare Swedish mineral gadoUnite; some 
spedlmeps of orthite also contain ytt^ia, and the 
earth IA.8 also been found, in combination with 
Nb^O, and Ta^Os, in specimens of cuxcnite. The 
Dxides that generally accompany yttria in those 
rare minerals are ccsria, didymia, erbia,laiitin,na{| 
liny , magnesia, soda, and*oxido of iron. 

Preparation of yUtfa. — The crude oxides of 
yttrium, erbium, Ac., are separated from L 
gadolinite by the method ef Bah%a. Hunseu 
described under Eksium (vol. ii. p. 457). Ma- 
rigdac (A. Ch. [6] 14, 247) converted the oxides 
into nitrates, heated the^ nitrates in a Pt bnftin 
until red fumes came off freely; treated the 
residue with water, and separated the solution, 
which contained much Yt nitrate, from insoluble 
basic nitrates of Er, &o. He then evaporated 
the solution to dryness, heated again until par- 
tial decomposition was effected, again treated 
with water, poured off the solution, evaporated 
it to dryness, partially decomposed the solM 
nitra^s by heat, and so on. After some hun- 
dred repetitions of thoso processes, approxi- 
mately pure yttria was obtained. Auer von 
lyelsbach 630) separated approximately 

pure yttria from the^rudo earths obtained from 
gadolinite by a*long-continued aeries of opera- 
tions based on the facts (1) that yttrium nitrate 
is less readily decomposed to basic salts than 
erbium Mtrate when a fairl^r cono. solution of*| 
these nitrates is hoo.ted with the oxides of th 
metals Ihade into a paste with water, an<l_ 
(2) that basic yttrium nitrates dissolve in a solu- 
tion of the normal nitrates of Y and Er more 
readily than basic erbium nitrates. 

References. — Gadolin {CrelVs Antial. 1796 [1] 
313) ; Eckeberg \Scher. J. 3, 187) ; Klaproth 
{Scher. J. 5, 631) ; Vauquelin {Schcr. J. 6, 552) ; 
Berzelius {Scher. J. 16, 250, 404; and Tvehrbitch 
[6th ed.], 2, 177) ; Berlin (P. 43, 105) ; Schoerer 
(P. 66, 483) ; Mosander (P. M. 23, 251) ; Popp 
{A. 131, 179) ; Delafontaine {Ar. Sc. [2] 21, 97 ; 
22, 30; 26, 112; 51, 48; 61, 273); Bahr,(A. 
135, 376) ; Bahr a. Bunsen {A. 137, 1) ; Clevo 
a. HSglund {Bl. [2] 193, 279) ; Oleve^P;. [2] 

21, 344). 


been 


Preparation of yttriuh.— The metal has not .fraefipnations of ‘yttria 
^,jn obtained pure. Wohler in 1828 (P. 13, ^followed by twcnty-six 
680) obtained impure yttrium by irfducTng*the ; wijh oxalic acid, Loebq < 
-J- 1 T« icn.i PrtTiT 


easily dissolved by dilute acids, including acetic 
acid, decomposing boiling KOHAq, and NH,CLAq 
at we ordinary temperature, with evolution qI 
H and JWH, ; l3ie metal burns brilliantly when 
heated on iPt foil’; when heated in O' it burns 
with a very* dazzling light. . • 

An examillatioii of tj^ emission spectrum of 
yttrium was made by Thal6n : the most pro- 
miiiciif linos observed had the wave-lengths 
6191, 6#31,^987, 5971, 5602, 5496, 6402, 6205, 
5200. 5088, 4900,. 4881, 48;>4, 4374, and 4309 . 
{KoitM. Sw. Vetens. Acad, llandl. 12). 

The atomio weight of ytlrium was deter* 
minoi^by Berzeliiw, I)elaf(^taifte, Popp, Bunsen 
a. Bahr (v. sui>ni, llefercitccs) by anai 3 ^sos of the 
sulphate, or by transfonuing yttria into tho sul- 
phate ; tho vahies varied from 92-2 io 102‘3. 
In 1873 Clove m. Hogluml (e. R. 0, 1467) made 
more accurate. deteriuinatii)ns by analysing purer 
spccimous of Yt.^(SO,)s, and obtuifled tho value 
89-6. . 

Chemical •relations of -Assuming 

yttriui|^ to bo a homogeneous element with 
at. ^^c. 89, it raTisft)opla(Jbd in Series G of Group 
III. in the periodic urrangeimiiit of the elements. 
This group contains thci earth rnctals; yttrium 
is preceded ill tlio oveii series family by B and Sc, 
andCs succeeded by La ami Yb^ A consideration 
of the position given to Y in *iG periodic olas- 
silication shows that tlieolemonttmgl)^; to Closely 
rcsemblo tho other metals of tho earths. 'J^o 
little is known of t^^o propi rtios of many of the 
earth metals to allow of a detailed comparison 
of them one with anothc'r. A general account 
0 I of tliQU’clations of these mistals will bo found in 
j Eautiis, miotals of tuic (voI, ii. p. 42-?). ^ * 

■ ' Vhe homogencih/ of yttri(^-^Tho properties 
dcscribdH as belonging to yttria before 1885 wore 
tliG properties of a mixture of at least five, yid 
perhaps six, different bodies, according to CrooKOS 
(C. N. 51, 13, 155). Croolccs subjected ‘ yttria ’ 
to a iirolonged process of fractionatton by am- 
monijC(for a description of this method v. EAivrii% 
vol. ii. J). 423), and he then examined tho pTios- 
phoresccnco spectra of various fractions. Crookes 
concludes that yttrium is a compound, or per- 
haps a very intimate mixture, of simpler bodies. 
For details^ of tho pho.sphorescenco spectra of 
the substances obtained by fractionating * yttria * 
V . Metals, rake (vol. Hi. p. 248), By thirty-two 

’ by ppn. with NHjAq, 

fractionations by ppn. 
de Boitlbaudran (C. R. 


toT8«rPo7i^ri7^ i lol,6« Bpeoimen 

diisolved ytWa in HCfAq, added NU.ClAq, *ra- jltria which gave no pliospiWkosewco Bpoctrum 
norated. wpatated and dried the douhlonhloride j wlion nflxod with lime, ^ and which, when con- 
olyttrinm and ammonium thus forqjed, mixed q verted into chlo>jd», gave a spark spectrum, 
this with Na. the double salt aS^ the Na boin? . showing o°‘y»be lines ol yttrium 
arranged in alternate layers, heatld the mixture Yttonm, bromide of, YBr,.«II.^. Colontlea^ 

iii#olosed oruoiblo tiU actipn begilh andth«rf| »ery !!ehqpeMeiT> trtlels; ol^med by dii- 

allfwed the reaction to proceed; washed the : 


fused mass with water, separated^ unro^^ced 
yttria by levigation, washed the dark -grey powde%j 
that remained with water, and then with alcohol, 
and dried it over* HjSO,. • In 1890 WinWer 
(B. 23, 787) obtaii^ a black powder that do- 

1 1 at..... AmaW* 

imposed 
divided 

p. 882). Popp . . 

powder reaambling ferrum redaetum^ 

^ng eoldewatqr slowly and hot wnter Apidly, 
Yoi. IVe • 


Bl. 18, 193). JThe anhjjdrous Bal> is obtained 
^y Duboin (C. B. »7, 99, 248) by heating 7,0, 
to rcdlie.ss on a sapport of gaS’Carbcn in a cur- 
rent of CO and Br vapour. •> Very soluble in 
water or alcohol ; insoluble in ether, 

Yttrium, chloride of, YCl,.6H20. (Stained 
by dissolving yttria in HClAq, evaporating to 
.dryness on a water-bath, dissolving in alcohol, 
and evaporating over H.^S 04 (Oleve, Prys- 
tainses in lar^e, colourless, very deliquescent, 

9 
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fhombie piisms (0., t.o.). Ilie anbydroas com* ' 
pound is farmed by hesi^ing yttria to rednea^n 
a support of gas-oarbon in a slow stream oWO 
and Cl (Duboin, Z^.), By evaporating a Siolution 
of yttria in HOlAq with addition df NH4OI a 
double campound of YCl, and fb obtained ; 

double compounds with ^G1 and N^l are formed 
by fusing the constituent chlorides together. 
Popp 131, 179) described the double conf5>ound 
Y01,.3ngC49H,0. Cleve (BZ. [2] 3l. 106) de- 
scribed YOly.SnCl4.8H2O. ( 

Yttrium, fluoride of, 2YF,.H.^0. Obtained as 
a gelatinous pp. by>^adding GU>'Aq, or solution of 
an alkali fluoridcT, to folution of a salt of y V.rium 
(Cleve, Bl, [2] 18, 193). ^ 

Yttrium, iodide of, (?YI,). Deliquescent 
crystals, soluble in alcohol ; obtrlned by evapo- 
rating a solution of yttria in HiAq (Berlin, P. 
43, 105 ; no analyses given). 

Yttrium, bzides of. Besides yttria, Y-jO^, 
there probalily exist8*.anotber oxide ^ containing 
more oxygon. « 

Yttbia YjO,. {Yttriu7n sesquioxidc.) hy- 
drate, probably YjOj.fiHaO (fopp, Z.c.), ob- 

tained, as a gelatinous pp. closely resembling 
hydrated alumina, by ppg. the solution of a 
salt of yttrium by ammonia. The oxide is 
formed by stron^y heating this hydrate ; %l80 
by decomposina % heat the carbonate, nitrate, 
or oxatate cf ytIVium in presence of air. Yttria 
is described as a heavy, white or almost white 
powder, S.G. 6*078 (Cleve, l ^.) ; 6*040 (Nilson 
a. Pettersson, B. 13, 1459). S.H. (O^-lOO*") 
*1026 (N. a. P., Z.C.). By heating amorphous 
yttria with CaCl, for some hours, and washing 
" with warm water, Duboin (0. B. 107, 99, 243) 
obtained highlf ^Vefractive crystals of Y|Oa, 
scarcely acted on by acids or by fused Ka^CO.,. 
Ytt(ia is a markedly basic oxide ; it absorbs CO, 
from the air, and decomposes solutions of am- 
monium salts, giving off NH^. Yttria is insoluble 
in water; it dissolves slowly in cold HClAq, 
HKC^Aq, or R^SO^Aq, but more rapid^ on 
warming. By heating a mixture of yttria and 
finely-powdered Mg, in the ratio Y203:3Mg, 
Winkler (B. 23, 787) obtained a black powder 
which slowly gave off H from cold water, rapidly 
from hot water, and dissolved in dilpte HClAq, 
with violent evolution of H. 

Yttriuk pbboxidb. By adding HaO^Aq Md 
NH,Aq to a volution of sulphate or nitra^ of 
yttrium, Cleve (BZ. [2] 43, 63) obtained a white 
^latinouB pp. tef which he ^ave the composition 
XfOg ; but this fora^a cannot be regarded as 


YTTRIUM. 

^ttrlpm, talU of. The, saltftjwhkih aie 
formed by replacing the H of acidf by, yttrium 
belotg to the form Y^X,, where X « 2G10„ 2NO3, 
SO,, SO4, GO,, <^P04, &c, Almosf all the yttrium 
Mklts of oxwids ^at have been prepared arp 
normal salts ; a basic nitrate, and an acid ortho- 
phosphate and selenate, are known. Mluay of 
the salts are obtained by dissolving yttl^fb in 
acids and evaporating; those salts which are 
fasoV:tf)le, or but slightly soluble, in water are 
formed by ppn. from- the nitrate or sulph{|^ 
The salts foimed by ifpn. are the a/rsenate, 
berate, carbonate, chromate, iodate* and period^ 
aictOxaTate^^phosphutes, selenite and 8idphUe\ 
besides these salts, the following salts of oxy- 
acids are known, and aror soluble in water: 
brotnate, chlorate aivl percHlorate, nitrate, 
selenate, stdphate, thiosulphate and tungstate, 
A double salts are known; the principal 
are Y,(CO0,.M2CO,.arH2O, 
Y2(C.A),.3M2C204.a;H20, and 
Y2(S04)3.'mM2S04.a;H20, where Ms an alkali 
matal. Duboin {C. R, 107, 99, 243) obtained a 
silicate YjOj.SiO, by very strongly heating a 
nflxture of *'3 pts. yttria with 30 pts. CaCl,, 
and washing with water. The yttrium saUs of 
oxyacids have been examined, chiefly by Cleve 
(BZ. [2J 18, 193, 289 ; 21, 344 ; v. also Berlin, 
P. 43, 105; Hogbom,-BZ. [2] 42, ,2 f Popp, 
131, 179). c e 

Yttrium, sulphide of. No 'compound of 
yttrium and sulphur has been isolated with cer- 
tainty. Addition of (NH4)2SAq or NH4HSAq to a 
Solution of a saltof*yttrium ppts. hydra1i»d oxide. 
By fusing yttria, S, and an all^iU carbonate, and 
^Vshing the fused mass with water? a yel- 
lowish-green solid is obtained that is insoluble 
in water, but is partly decomposed thereby to 
hydrated oxide and H^S ; this solid dissolves in 
acids, giving off H^S. The same solid seems to 
be obtained by strongly heatin^y ttria in H laden 
with CS^. No compound of yttrium and S was 
obtained by heating yttria with Na^S,. By heat- 
ing YCI3 in a stream of H,8, HCl is given off, 
and a yellow powder remains, which is decom- 
posed by water, with evolution of much H-S (v, 
Popp, A. 131, 179). According to Popp (Z.e.), the 
composition of this substance is Y2S,. 

By passing dry H,S o^er a mixture of YCl, 

{fV, OT/,AOa nt Vionfofl fn /> 1000*^ in O. 


with excess of NaCl, heated to o. 1000* in a 
boat of gas-oarbon, Duboin (C. B. 107, 99, 243) 
obtained a greenish, crystalline solid, which 
wheh -^aslKd with water left transparent, 
greenfsh lanftllaB of the double jipmpo^nd 
YjSS-NajS. M. Tl. P. M. 


SAirmoYK « Alodt. 

ZSO^Y 0„Htt0. [231<n. Occurs in the 
ethereal extract from Zeora sordida (Pa ter no, 
Oi 7, 281, 608). Small pyramids with hexa- 
gonal base (from ethN-aloohoB, v. sL soL 
ilcbhql and ether, insol. water. Neutrefl. ■ Not 
by alkalis or dilute adda, * 


> SlINO. Zn. Alb w. o« 66*8 (o. infra). 
Mol. w. c. 66*3 at c. 1400* ; probably the aame 
fti 4;olutiosi in Hg (v. infra), ^ Melts at 419* (de- • 
ter^ned by air thermometer ; *V. . Meyer a. 
BidSe, B. 26, 2b48); at 4^7^* (determiaed 
by planum therm^eter, Callendax^ 0rifdth(^ 
0* 17. w*l)t lor older deteni\^aSiie» 



ZINC. 


«t». tnwi *40» to 450» ft. CameUey’s SfclJL. 

ti/i^Sotlifi^^povnt TabUs {It lA), Boils between 
980* and 964® (Deville a. Troost, 0. B. 90, f7‘3 ) ; 
at 930® (VloUe, 0. B. 94, 720 Troost, 0. B, 
94, 798). 8.G. c. 6-9 to 7*2 (v. Sih*iff, A. 10?. 
69 ; Kjriischer, B, 14, 2750 ; Quince, P. 135, 
642 ;/prinK, B. 16, 2724). V.D. 34-8 at c. 1400® 
(Minsohing a. V. M^er, B. 19, 3296). S.H. 
(0® to 100®) ‘0935 (Bunsen, P. 141, 1) ; (19® to 
47®) *0932 (Kopp, r.^55, 71; c/. SchiiJfer £ 
W^rtha, B. 8, 1016). C.E. ; if length of bar at 
9®»»1®, then length at 7® * (1 + 0t ) ; if volume at 
0®*Vo, then volume at = (1 + 330; 
•00002976 from 0° to 100° ^Matthl^sen, P. M. 
[4] 32, 472). Heat of fusion for 1 kilo - 28,130 
(Person, A [3> 24, 129). T.C. (Ag = 100) 
28'1 (Wiedemann, P. ijf. [4] 19, 243). E.C. 
(Hg at 0®«1) 16-1 at 0®, 16*92 at 100® (Benoit, 
P. M, [4] 46, 314) ; 14*83 at 15® (Kirohoff a. 
Hausemann, W, 13, 406). Chief lines in emis- 
sion spectrum 6360, 6100, 4924, 4911, 4809, 
4722, 4679 (Huggins, T. 154, 139 ; cf. ThAlcn, 
Ditennin.des Longueurs d'Ondcdes liaics MAkil^ 
liquea [Upsala, 1868] ; and Ames, P. AT. [5J 30, 
33) ; for wave-lengths of lines of high refrangi- 
billtji V. Hartley a. Adeney {T. 1884 [1]. 97). 
Zinc crystallises in tabular hexagonal plates, 
a ; c *=» 1*356425 (Williams a. Burton, Am. 11, 
919 ; cf. Sfolbft, J. pr. 89, 1^2 ; 96, 178 ; Sharpies, 
Am. S. [3? 7. Noggerath, P. 39, 324 ; 

Nickl^s, A. CK [3] 22, 37 ; G. Bose, B. B. 1852. 
P. 107, 448 ; Storer, P. Am. A. 6 ; Cooke, 




ash o! a plant that grows on the waste heapi at 
tha sino works in Bhenish Prussia {Viola eala^ 
m»wriia) is said to contain oompounds at sino 
(Braun; P. 92f 176). Zino oompounds have been 
found in sdipg springs (v. Hillebrand, U. S. Q$olog, 
Survey Bull^ No. 113 [1898]). Traces of lino 
oompounds have been found, according to . 
LechMtier a. Bellamy (0. li. 84, 687), in the 
humg^livw, in calves* liver, in beef, bens' eggs, 


Am. 8. 81, 191). The metal is probably 
dimorplftus. H.O. [Zn,0] = 85,430 (Thomsenf 
Th. 8, 275), Befmetion equivalent *= 9*8 (Gla<L- 
Btone, P?*. 18, 49). • 

Historical. — That copper acquired a reddish 
colour, and that its properties were modified, by 
melting with certain ores, was known to the 
ancients and the^alcheraists ; the ore with which 
copper was generally melted to form brass wa*s 
called cadmia fossilis. The fact that a lustrous 
solid coiild be obtained by beating cadmia fossilis 
seems to have been known to the ancient writers 
on mineralogy. According to Eopp {Oeschichte 
dcr ChemiCt 4, 116), the earliest use of the word 
fine is found in a writing of the fifteenth cen- 
tury attributed to Ba^ Valentine. Paracelsus, 
in the sixteenth century, speaks of zi#c as a 
definiie metal-like sub^ance, and assigns it 
to the class of bastard orsemi metals. The nam^ 
‘ zino * was applied during the seventeenth ^an^ 
eighteenth centuries alike to zinc ^s and^o the ' 
metil-like ciibstance obtained from these* ores. 
Boyle speaks of zinc* and also uses the word 
^pelteTt or t^auter, a term of Indian ovigin ac- 
Cftrding to Kopp. Tolerably pip'f zi4c seems tc^j 
have l^n obtained from zinc orgs about 1720? 
pr^ably by Henckel {v. Percy’s Metallurgy. 
1 ,^). • • • 
^Occurrenu. — Zinc ‘is found in smlLll 
quantities ; .Becker {J. M. 1857^, 698)7eand 
Phipon (C. P. 55, 218) noticed the occurreno# 
of native zino in Victoria. Considerable quanti 
ties of compounds tf zino o<ftur in many pladbs ; 
the commonest or* are calamine (carbonated I 
Siliceous cafo^ine 4(siUcate), hUnde (Ihlj^db), 
and red trine otigr (oxide) ; alu^iinate, arkiate, 


whGat,*barloy, maize, beans, and vetches. 

Formation.— t^inc ore, generally carbonate* 
or eyj^phide, is roasted in reverberatory oedoiners ; 
the roasted ore is mixed with half its weight of 
powdered c^a^oal, cokof or* anthracite, and 
heated in crucibles or retorts arranged so that 
the reduced metal distils from the impurities ; 
the metal is oohdonsed and collected m suitable 
vessels, and 60 passes off. For details and 
descriptions of the different formj of apparatua 
V. Dictionauy ov Applied Chemistry, voL iii. 
p. 1042. ^ • 

rreparairion. — Conunoroial zino generally 
contadia from,*6 to3*3 p.o. lead, with o. *2 to 
*5 p^c. iron and cadmium, and small traces of 
arsenic. 

Pure zinc was prepared by Reynolds a. ' 
Bamsay (O. J. 51, 854 [1887]) by dissolving 
zincf sold as free from comq|on impurities in 
dilute lI,S 04 Aq, evaporating, grystallising the 
sulphuto several times, oleotrolysingi a sSlution 
of this salt, the metal being deposited oiwan 
electrode of Pt wire, dissolving the metal in 
dilute liClAq, ppg. ZnO,lIa by NII,Aa, dis- 
solving the pp. in excess of Nll,Aq, and ppg. 
ZnSfjy UaS; the ZnS was dissolved inUClAm 
and again ppd. from an anm)pinacal solution 
byTTLS • the pp. was well wasliod, dissolved an 
pure duute ll^SO^Aq, and the sulphate obtained 
on crystallisation was ro-crystallised severiU. 
times; an aqueous solution of this sulphate was 
then clootrolyscd, using a Pt wire ^s electrode, 
and the metal was melted in a tube of hard 
glas^rom which the air had been exhai^ted. 
By distilling this jnetal in in of tube of 

hard glass, very pure zino was obtained. Pul- 
linger (O’. J. 67, 810 [1890]) distiilod zinc sold 
as ‘ chemically pure ’ in a bard glass tube, bout 
slightly towards the oiosed end, plhcod in a 
combustion furnace, the oijen end being con- 
nected with a good wator-pump. By melting ( 
the distilled zinc in a tube of bard*glas8 with a 
small bulb blown op the eiid« the part of the 
tube between the bulb and the wider portion 
containing the zinc beijifT Capillary, and the 
open ei^l being connected with u ^ater-pump, 
he obtained the zinc iusporfectly bright, smooth, 
lustrous spheres^rte from hollows ; the pomp 
was stopped while the zino was molten, and the 
incre^lea pressure caused the molten metal to 


ifilter througj^ thf c^fllwy tubpinto the bulb. 
Fo%the preparatioiTof pure zin^lPv eleotrolysie 



nearly L._, . 

iron by the combined interaction ole 8 and 
water vaTOur. He mixes burnt gypsum with 
one-fourtH its weight o^ 8 powder, moulds the 
phosphate, and suJpl^teof zino are also found, smoiste^d mixture into spheree about 6 om. 


but in smaAsr quantnies. Small quanfUies of 
0d oootpouiif oscor in most zino ores? The 


di^etS, and sinks these to the bottom of a 
crueiUe containing molten sino; vapours ^ 
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H«S and S are given off, and the molten metal ia 
thereby briskly agitated. ' When the reaotiojfcis 
completed, the little balls are taken oat, €he 
upper crust is removed, and .th^ ojerdtion is 
repeated if necessary. # ' 

Zinc^uat is obtained either m the distil- 
lation of the metal, or, ici not su^ch tine division, 
by crushing and powdering the rhetal in an iron 
mortar at a temperature somewha^ below the 
m.p. of zinc. The ZnO^Hj always present in 
•speoimons of zino-dAst maybe removed by digest- 
ing with NH^ClAq and then with NHaAqfjand 
drying on a po^ohs tile in vacua (Carnegie, 

C. J. 63, 471). ^ f* ' , ^ , , 

Properties.— Zinc ia a white metal, with a 
Blight shade of blue ; it is very lustrous when 
polished. Commercial zinc is^^brittle at the 
ordinary temperature, but it beedmes malleable 
between 100° p^d 150° ; at 210° it again becomes 
brittle, and at that temperature it can be finely 
powdered in a mortat*. Pure zinc ip, said to be 
malleable at the ordinary temperaiure. Com- 
mercial zinc that has been hc^to^l to 1007-150° 
retains its malleability when it cools. Kahlisolier 
{B. 14, 2747) noticed that rolled zinc ceased 
to give a ringing sound when struck after it was 
heated to o. 100°-300°, that it could then be 
bent easily, and ^hat when bent it emitted a 
sound Hkd the ' Cfy ’ of tin ; he found that the zinc 
became crystalline, and the crystalline structure 
wacmore decided the higher the temperature ; the 
S.G. was very slightly increased, and the electri- 
cal resistance was reduced by o. 8 p.c. Zinc ia 
a softer metal than copper ; its hardness is in- 
jjreased hy rolling. The tensile strength o^zino 
varies much witU the mode of preparation. 
Zinc crystallises easily, especially whcn^pu'iJe ; 
the form ia that of hexagonal plates (for refer- 
ences V. supra, beginning of this article). Zinc 
melts at o. 420°, and boils somewhat below 1000° 
{v, supra). Molten zinc expands somewhat 
during solidification. The metal can be distilled 
a*b a dull red heat ; the vapour takes fire fJi the 
air, and^urns with formation of ZnO and the 
production of a bright white light. Zinc exposed 
to the ordinary air becomes very gradually 
covered with a thin film of abasia carbonate which 
protects the mass of the metal from fui«ther corro- 
sion ; in pure dry air zinc is unchanged. Zinc dis- 
solves in dilute acids, generally with evoluyon 
of H (u. infra, Reactions with sulphuricMimi 
nitric acids) ; also dissolves in solutions of 
caustic potash or soda. When impure zino >is 
amalgamated it reEtjjJ^tho action of acids. Zinc 
is not acted On by mineral lubricating oi)# ; some 
of the commoner animal oils attack it slightly 
(t>. Bedwood, O. S. I. 6, 362) Zinc ppts. most 
of the other metals from their solutions ; if a 
piece of impure zinc is dissolved in aii^acid, 
most of the me^ftllic impujfitie^ (As^Gd, Cu, Pb,-^ 
Ac.) remain jSlidissolved as iohg as undissaVed 
» zinc is preMnJb. Zinc combines directly with , 
O, S, Se, Tp, the lialogons, and P ; it ^orms 
alloys with many_metals. Pure zinc does not 
decompose boiling water, but the commercial 
metij re&cts and gives off H. Zinc-dust usually 
contains some ZnOgH^ ; it is said also to contain H, 
produced by the interaction of Zn and ZnOgBL, 
(v. Greville Wilhams, O. N. 62, 205, 268h 

iffomic and molecular weights of »wkj. In 
1809 Qay-Lussao 8* d*A,, 2, 174) deter- 


mined the weight of ZnO obtained bw dissolving 
a determinate weight of zinc in Citric %cid, 
eva^rating to dryness, and strongly heating the 
residue ; Berzedius in 1811 repeated the experi- 
tient of CTg^-Lussao (G. A. 37, 400 ; u. also 
8, 184) ; and in 1843 Erdmann made similai^ex- 
periments (v. Berzelius* Lehrbuch,^ 8, 121il). The 
values obtained for the att w. of zinc were u5r39 
(G.-L.), 65-41 (B.), amd 64*94 and 64*88 (E.). In 
S84#e'avre decomposed* ZhC ,04 hy heating in 
air, and determined the weights of ZnO and Cp, 
produced; the value 66*88 was thus obtained for 
,the at. w. of zinc. In the same yehr Favre ob- 
tained the . value 06*78 by dissolving zinc in 
dilute HaSO^Aq, burning the H given off by 
passing it over hot CuO, and^weighing the water 
thiA produced {A, C/t<»[3] 10, 163). In 1884 
Marignac determined the Cl and the Zn in 
ZnCla.2KCl, and obtained the value 66*18 for the 
at. w. of zinc (.4. Ch. [6] 1, 809 ; v. also Bau- 
bigny, G. R. 97, 908 [1883]). By dissolving zinc 
in dilute H.^BO ,Aq and measuring the H given 
offrvan der Plaats concluded that the at. w. of 
zinc is 6518 (C. R. 100, 52 [5885]). Reynolds 
a-^Ramsay, in 1887, by measuring the H given 
off by the interaction between very pure.,zhio 
and HaS 04 Aq, obtained the value 65*48 (0. J. 
51, 851). By oxidising zino to ZnO, by 
IINOaAq, in 1888, Movse a. Burtop* obtained thq 
value 65*1 {Am. 10, 311). In 1889 Gladstone a. 
Ilibbcrt (C. J. 55, 443) determined the ratio of 
zinc dissolved to silver deposited by one and the 
samo electric current ; taking the at. w. of silver 
as 107*66 (the valuo’adopted in this Dvftionary) 
the at. w. of zino was found te bo 65*29. 

' In 1886 Mcnsching a. V. Meyer (B. 19, 8296) 
fouud the V.D. of zino at o. 1400° to be 34*3, a 
number which shows that the gaseous molecule 
of zino is monatomic. Ramsay, in 1889, deter- 
mined the lowering of the vapour pressure oi 
ffg produced by dissolving zinc therein (O. J. 
56, 521) ; assuming that equal volumes of dilute 
solutions contain equal numbers of molecules, 
and that the molecular weight of liquid Hg is 
200, Ramsay’s results indicate that the mole- 
cules of zino in dilute solutions of this metal iu 
Hg are monatomic. The experiments of Hey- 
cook a. Neville (0. J. 57. 876 [1890], and 61, 
888 [l!^92]) on the ]owering of the freezing, 
points of Bi, Cd, Pb, S^, and Na by solution oi 
Inline in these metals tend to confirm the con- 
clusion Jthat the molecule of zino in dilute solu- 
tions in the^ metals is monatomic. 

Cnemicai^elationa of zino. Zino is:ith« 
second odd-serios membei? of Group H. in th« 
periodic classification of the elemdbts. Zino it 
-preceded in thp odd series of this group by 
find is followe<^by Cd, and Hg ; the members 
of the even series of Group II. are Be, Oa, Sr, 
Ba, — , — . ’Zino iB»the second member of s^es 
6 it is preceded in this series by Cu, an^ is 
snccMSded by Ga, Ge, As, Se, and Br. The 
general chemical character of zino is that of a 
metal ; its oxide ZnO is basic, its chloride ZnOl, 
is vblatilisable withBut decom^sition. No acids 
are known containing zino, ^^d the molecule oi 
thiS elemdht is menatomio. (STbe laot that com- 
pouSds of ZnO ^d 1^0 ar«i|poiaijaed by ^s* 
solving ZnO^t adding olct^ol 

shows., that the hydroxide of th«i metal hai 
feebly Biarked acidic properticii an* the ii0l» 
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tSOO ot ft ftmnber of oxychlorides and b§So 
caroQnates, nitrates, and sulphates illustrates 
the fact that zinc is less positive than Mg, wlioh 
IS the first member of the zinc family of Group 
^ a general account of the ^dperties oil 
the fai^y of which zinc forma a Member v. 
MAONipiUU OKODP OP ELEMENTS, VOl. iii. p. 1G3. 
The* ^tom of zmo is •divalent in the gaseous 
molecules of its compounds. 

Reactions and Coihb^iations, — 1. Zinc is*un-S| 
chimged in pure dry air\ in ordinary air the 
surface layers are slowly converted into a basic 


fonning ZnSO„ NsaSAAq* 4 nd Na,SO,Aq 
Hx^suLPHpEs, this voh p. 692).— 21. By heat- 
ing^n(^ with ainc sulfide in an exhausted 
tube, some ofthe ZuS is carried forward and 
Udepositod iif the front part of the tube ; probably 
I at a high t^raperaturo ZnS is dccouipoeed, and 
there exist oifly Zn am^S, and at a lower tem- 
perature these rdicumbino to form ZnS (Morse a. 
Whitef Am. 11, 318). A similar phenomenon is 
noticedft>n Heating zino with sine oxide (M. a. 
W., Lc. p. 258). — 2^. ZnS is formed by strongly . 
healyjg zinc and mercuric suljdiidc or zinc and 


carbonate, wHich protects the metal benea tb.b yotnssiiun I'tolysulidiulcs (v» Zinc bulpuioe, 


Heated strongly in air or oxygen, zii^p hums to 
ZnO. — 2. Heating zinc in hrumine, chlorine, or 
iodine produces 2, ZnCl.^, or Znlj.— 3. When 
zinc is heated in phosp 1 i 4 inis vapour, phosplAde 
of zinc (3. 0., p. 890) is formed. — 4. By heating 
zinc with selenion vapour, a* compound of Zn 
and Se is formed (u. Zinc selenide, p. 890). — 
6. Zinc conjbinos with tellurium when tho ele- 
ments are heated together (o. Zino tellokide, 
p. 891). — 6. Sulphur and zino combine when a 
mixture of these Clements is very strongly com- 
pressed (Spring, B. 10, 1000). — 7. 2ino dcconl- 
pose^i^;a^<;r at a red heat. Commercial samples 
of zinc decompose water at 100^ (L’Hote, 0. R, 
101, 1153). — 8. ZnS is formed by strongly heating 
%inc in a ^tn^am of hydypgcn sulphide ; when 
hydrogen sehnide is* used tlie product is ZnSe, 
and by lieatin^fthe metal in hydrogen tclluride 
ZnTo is formed (v. Margottet, C, li, 84,1293). — 

9. Zinc is said to reduce carbon monoxide at a 
very higH temperature.— lO.^inc is superficially 
oxidised by heating to dull redness in nitric 
oxide (Sjfbaticr a. Scndcrens, C. Ji. 114, 1429)1 
Oxidation in nitrogen dioxide (NO.,) is eiTected 
at 300^ (S. a. S., C. R. 1J5, 230)‘— 11. Many 
metallic oxides are reduced by heating willi 
zinc.— 12. Zinc reacts with sulphurous acid 
solution’, accordmg to Schweizer (v. C. 

293), the products are ZnSOa, along with 
H2S204Aq, H^SsO^jAq, and S.— 13. Zinc dissolves 
in hydrochloric acid, giving off H and forming 
ZnClj. Beynolds a. Kamsay (G. J. 61, 857) say 
that pure zinc scarcely reacts with boiling hydro- 
chloric acid. For reactions of zino with# sul- 
phuric and nitric acids, v. in/ra, —14. Zino dis- 
solves slowly in hot solutmns of caustic^oda or 
potash, giving off H, and forming Zn0.a;M20 (c/. 
Zino htjukoxide, p. 888); tho Teaction is rouclr I 

1 j : .,1.^..,. ....•♦I. 


hastened by adding iron or Pt along with the 
jiinc. — 15. Many metallic salts ine^aliaimf are 
redftced byline, with ppn. of tHb metall, e.g. 
salts of As, Cd, Cu, lind Pb. -16. When sflne- 
dust is shaken with an aqueous solution of 
/ftrrtc chloride, the whole of fe/ric salt i:* 
very rapidly reduced to ferroujj chloride {left 
detmls of the application of this reaction in the 
esumation of ferric iron, up Carncljl^ie, C. J- 
4CT[1888]). — 17. According to Siersch {J. 1^7. 
267), zinc dissolves in sodium chloride sfigtion, 
forming ZnCla.2NaClAq, ZnO, and H.— lift 
PoumarMe (/. pr. 73, 49G) says that nearly all 
chlorides and fludHdes are^educed by rea(fting*j 
with vapour of zizp in an atmosphere of H.— 
*19. By heat|pg t(^ redness a mixtui% q| aino 
and so^fwn metaj^hgsphate, Hwslef 
{A. 100, 99) pmbftbly obtiWM phosphides of 4 
•inc (v. ZxHD PBoapHxnxs, p. 890). — 2(^ ^nc re- 
g/ot» with^xfuMfi hydrogen sulphite dblotion, 


P- . 

When slfps of zinc-foil are immersed in 
CuSO^Aq, a deposit of finely-divided Cu is 
formed on tho »xiitc. This coi>per-zine couple is 
nneuergotio rciiucing agent; KClO^Aq is reduced 
to KCIAq, KNO,Aq to KNO.Aq and NH^Aq, 
K,FeCy„Aq to K,F«:Cy,jAq, SO./Aq^o S, As.OjAq 
to Asll.„ OJijNOa (in alec^ol) to C^lIjNlL, do. 
(u. Gladstorn^a. Tribe, C. J. 33, 30G). 

Relations 0 ^ ::inc with sulphuric and nitric 
aci<l§. Commere ffll zino dissolves easily in 
dilute H.^SO^Aq, with formation of ZuSO(Aq and 
evolution of 11. In 1830 Do la Bive noticed that 
very little action took place between approxi- 
mately pure zino and ll.BO^q; this fact has 
been conlirmcd by utbor exiTOrimentws. Bey- 
Holds a. Itamsay (C. J. 51, 86? [Hi87J)*found 
that zinc prepared by rripeated electrolysis^ of 
tho sulphate and distillation in vacuo scarcely 
reacted with ILSOAdi L’ll<do(C.B. 101,1153) 
also asserted that pure zinc does not react with 
H.SC^Aq. Divers a. Sliimid/.ii {C. J. A7, 698 
[1885]) ob.®iorvod very groat dilTei\;nce3 betwoeflP 
tln^ratoof action of the saino¥l.?SO,Aq on sheets 
of comfliercial zino of tho same size. Pullinger 
in 1890 (C. J. 67, 815), and Weeren in ^891 
{B. 24, 178.5), made somewhat elaborate inves- 
tigations into the conncctiiins between tho con- 
ditions and the rate of the interadlion of zino 
and ir.^BO^Aq. » 

Pullinger used ‘ pure ’ sulphuric acid dilutod 
with three times its weight of water ; and zino 
prei).arcd by distilling that sold as ‘ chemic’ally 
pure ’ in vacuo ajid casting in balls under pres- 
sure to pr(^ent the formation of crooks or hol- 
lows (v. supra. Preparation of zinc, p. 885). He 
found that wlicu tlie surface of tho zino was very^ 
smS^ith this was best accornpliBhed by im- 


mersing in a(iua regia for JO or 15 seconds, 
ayd wasliing with Vater - ana tho acid was 
boiled fur some hours l^fcire tho experiment, 
there was practically no iHtictioft at 20®-26® 
(spheres of zinc woighijg c. 21 g. lost from 6 to 
G mgms. in 20#itkurs). Pullinger found that 
the presence of small quantities of H^S, SO^i or 
iLSji^q did not al’fcbt the weigi^jt of zino ^s- 
|#solvcOy the boied M.^S^^Aq ; addition of some 
HaDj matefttflly*ii»3reased thtH%;ftte of action; 
and H.S04Aq th^t bad b^en electrtlysed before 
use dissolved fronf four to Ifcn times more zino 
than*Bome of th% same £ft;id that Ibad not been 
electrolysed ; addition of a fa# drops of HUO.Aq 
considerably increased the action ; wi^n ft few 
drops of HIAq were added to the EL2S04Aq prao- 
tioally n# action occurred. P. supTOsed all 
the ' pure ’ acid used by him contained traces of 
an ozMising substance, probably EsS^Og, and 
that the solvent action was due to tnia. 
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ioiiitg OB iho important oonneotion betweon iho J^on oi aoid, ami Hi any tompcnatnro tip to 
rate of action and the vnoothnees or ronghpese ih& b.p. of the, acid need; that mth apnxhxi- 
. of the Borface of the %ino used. But he^n- mately pure zinc little or no SOj or ig 
eludes that * in all probability j^re dupte sul< formed unlegs the temperature be high ; and 
phurio acid would, at ordinary temperatures, b^ Bthat the piprer the zinc the less is the <yiantity 
entirely, without action upon tnetallio zino, of S prodftced (c/ Ditto, C/t. [6} 19,^8)y * 
whether the surface of the latterVere rough or The products of the interaction bx zinc 
smooth.* ® * and nitrio acid are Zni(NO,)^q, Zn(ND^q, 

Weeren used zinc which he founds to be NH^NO^q and NH4N03Aq, and NO, N,0, and 
chemically pure by analysis; he ^veg no ao- pN. v^oworth found that when HNO;,Aq reacts 
count bf his method of prep{)^ation nor any de- with* zinc in presence of (NH4)NO, the chief 
tails of his analytical results. W. foun/1 that gaseous product is N (atong with some N^Ound 
the weight of ppro zinc dissolved by ^pure NO) (0. J. 28, 828 [1876]). Ac worth a. Arm- 
HjSO^Aq (1:20) at the ordinary temperature, and? Strong 'studied .thegreaction of HNOgAq and Zn 
under a pressure of^ 10 mm., iVal c. ten times more fully in 1878 (C. J. 32, 64), and found that 
greater than the weight dissolved at 760 mm. the only gaseous products y^re N, N.O, and* NO 
pressure: but the weights o< jnpure zinedis- (cjt Deville, C. R. 70, ^2, 660 fl870]). Accord- 
solved at the two pressures \|:ere almost the ing to Divers (C.J. 43, 443 [1883]), alittleNK,OH 
same. The pure zinc used by W. dissolved fairly is formed when 6old HNO,Aq (S- to 4 p.o.) is 
rapidly in bedling HaS04Aq ; in one case when poured on to granulated zinc and quickly poured 
2*1 mgm. dissolved at 0° after thirty minutes’ off again. Divers a. Shimidzu (C. J. 47, 597 
action, 122 mgm. dissolved in the ^loiling acid. [1885]) found that considerable quantities of 
W. found that the solubility of nis pure zinc KH.^OH are produced by the combined reaouon 
increased very slowly as temyeAture ro^ jyp to or HNOaAq and H2S04Aq, •or HNO^Aq and 
within 1® of the b.p. of the acid used, but that HClAq, on ‘zinc (v. Hydboxylamink, Formation^ 
when ebullition actually began the solubility of vol. ii. p. 734). Divers (l.c.) thought th^t zinc 
the zinc suddenly increased ; the weight of pure does not form Zn(N02)2bya direct reaction with 
zinc dissolved by H^SO^Aq at 100'^ and boiling, HNOjAq, but by interacting with some of the 
was 0. sateen tiftes greater than the weight of Zn{N03)2 formed by^the primary^ aciion of ih^ 
the same ^nc dissolved by the same acid at 100® metal on the acid. *^rhe products fit the inter- 
but kept from actually boiling by pressure. On action of zinc and HNOaAq havefbeen examined 
thb other hand, W. noticed that as much impure recently by Montemartini (G. 22 [1], 277 [1892]), 
zinc dissolved at 100® when the acid was boil- who says that free H is not produced (he also 
ing as when it was prevented by pressure from esays that no NH^OH is formed), ani that in 
boilings Addition of oxidisers, GrO^ or^Il^Oj, addition to nitrate and nitrite of zinc and 
enormously increased (c. 300 times) the solu- ^mraonium, hyponitrite is also prodifced; the 
bility of pure 2 Sb- in H.B04Aq at 18®-20®,,.but gaseous products, according to M., are N.^O, NO, 
only slightly increased (c. six times) tiie solu- NO.^, and N ; there is no nitrous acid formed, 
bility of impure zinc. W. supposes that when says M., if the HNOjAq contains more than 30 
pufe zinc is immersed in pure II^SO.Aq a slight p.o. HNOjjand no NOjif less than 30 p.o. HNO, 
reaction occurs, and that the H produced is present. M. also gives detef minations of the 
is attracted to and held firmly on the sur- quantities of the various products at different 
f^oe of the zinc, and that the reaction peases temperatures, and of the rate of reaction with 
because the surface of the metal is protected by different concentrations of HNO,Aq (Abstract in 
the layer of H. Increase of temperature docs C. J. 62, 1279 [1892]). 

nob appreciably affect the rate of action, because Zinc, alloys of. Alloys of zinc have been 
the layer of H remains fixed to the surface of foriped with most metals by fusing the consti- 
the zinc, hut when the acid boils the H is re- tuents together ; the alloys are generally hard, 
moved snd rapid dissolution occurs j^any condi- some of them are brittle.* With antimony^ two 
tions which remove the layer of H increase the crystalline alloys ar6 formed by meltiilg the 
'' solubility of |he zinc. W. supposes that the^ate metals togetuer, in the ratios 3Zn:2Sb and 
of dissolution of impure zinc in H2S04Aq i5 not '^Zn:Sb, and allowing to cool very slowly; Cooke 
much affected bf boiling, presence of oxidisers, * (Ain,. [2}«,18, 229 ; 20, 222) formulates these 
(ko., because H is i^pt given off at the surface *of alloy fi as Znyfib^and Zn^Sb^ respect^fily. T^ese 
the zinc, but at tb^^^face of the more negative alloys react with water aifd give on H. Alloys . 
impurities. The rapid solution of fiinc ' in with ar^nic are formed by heating together Zn 
.•|lNO,Aq is connected, a(cordi;j|g to W., with the ,^nd As, or Zn and As^O,, or by heating Zsl gz 
rapid oxidation of the H produced at the surface rapour of AiJ 'and H ; by the last method 
of the zinc, and hence the production of %layer Descamps (C. 86, 1022, 1066) obtained crys- 

of water on the surface of thf meti^l which de^ fcjs agreeing in cojpposition with the fonif^a 
stroys the attr^don beftweef. the • »Ino and any ZhjAs^. Spring (B. 16, 324) formed an alloy*by 
H that mayfcsoape oxidation. * comj^ssing Zn and As, in the ratio 8Zn:2A8, 

As regards the ij^ro&ucts orf Che interaction of ' ^t 6,600 atmospheres. Zinc alloys with btsm-uf A 
Bino and sulphurio acid, when the acid is fairly when the metals are melted together, but on cool- 
oonceptrated (c. H4SO4.H2O to c. H.^SO,) SO, is » ing«two layers are firmed, tbn upper containing 
given of^nd at moderately high temperatures zinc with 0. 2 p.o. Bi, and thrower Bi with from 
HjS'and^ are also produced (v. Calvert a. John- 8 4> U pio. zinc. ftUoy cl Binq.with bumuth 
son, O. J. [2] 4, 436 [1867]). A qualitative ex- andy^ (3 pts. Zn, 5 pts. ^and 6 pts. Fb) 
aminai\on of the produtts by Pattison Muir a. , melts at 94*6®. ifqr descripfiimi of alloys with 
Adie (C. /. 68, 47 [1QI98]) showed that ZnSO, is calcwtm^ v. Caron (G. R," 48, 440|> 60, 647) ; 

A im omj salt of sine produced, with anyconoen- WOhlenfJl. 138, 268) ; and Kozbrn m 
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{Am. J. 10, J0^ SrasB unsomposed of alloys ^ 
mth [v, voL iL p. ^54 ; and for^e- 
iaOi^tf. DiotiOnaby ow Applxsd Chbiustby,vo1. 
iii. p. 1052). Alloys of zlno wit^i copper and 
nk^^toxm German silver; m^i modern^i 
h^ortiea jpe alloys of zino wifh cop^ and tin ' 
{v. Tol. V. p. 254 ; and for details v. Dictionaby 
OF OhiAiistry, Yol. iii. p. 838). Zino 

alloys with iron (for details v. Dictionary of 
Applied CmeiasTBy,* vsl. iii. p. 1051).^JFor*| 
alloys with lead v. vol. iii. p. 125 (also Krant*' 
8. V. I. 5, 637). Alloys with lead and' tin are 
Mentioned in*vol. iii. p. 126 (v. also Wright a. 


Thompson, Pr. 48,26). Fog alloyf^with Pratini^to dryness, and heating* the residue in a 
nesium v. Parkinson (J. pr, 101, 376).* Zino and retor" # • • . - 

* L .. T» 1 17: At:.,.... ..... a 


mercury form a nui|;|ber of amalgams, which are 
bAttle when a Httle is present and pa^ty 
when muoh Hg is present (for references v. S. C. I. 
9, 612). For alloys with plcttinum v. this vol. 
p. 288. For alloys with silver v. Wright a. 
Thompson fPr. 48, 26). 

For an "account of the formation of zino 
alloys by immersing zino in various iiictalUo 
solutions V. Mylius a. Fromm (D. 27, o30 
[1894]). 

Zino, amide of, Zn(NH,,).^. This compound 
was obtained by Frankland (Pr. 8, 502) by 
passing dry NH, into an ethereal solution of 
ZnEt,. A white, amorphous powder ; unchanged 
at 200°, but^aecomppsed a’l a red heat to Zn.,N.i 
(v. Zino nitriiW!:, p. 889) and NH,; reacts with 
water to form ZnO^Hj and Nil,. 

Zino, bromide of, ZuBr,. Formula probably 
moleculqir, from analogy of^ZnClj. S.G. 3 (>43 
at 10° (Bodeker). Melts at .394° (Carnclloy, C.J. 
33, 277).* Boils at 09.5° to 699° (0. a. William^ 
C. J. 33, 283) ; at 660° (Freyer a. V. Moyer, IT. 
26, 622). H.F. [Zn,Br-] = 75,930 {Th. 3, 275). 

Preparation. — 1, Zino filings are heated to 
dull redness in a stream of Br vapour.-- 2. Zinc, 
or ZnO.^H 2 , is dissolved in a slight excess erf 
HBrAq, the solution is evaporated to dryness, 
and the dry residue is sublimed out of contact 
with air. 

Properties and Reactions. — Wliite needles ; 
very deliquescent. Easily soluble in water, 
alcohol, or ether {v. Berthemot, J. Ph. 14, plO). 
Thomsen gives [ZqBr*,Aq] *» 16,030 (T/i. 3, 275). 
Aqueous solutions of ^nBrj of different concen- 
trations have the follovfing specific Cavities 
according to Kremers (P. 108, ,115) : — 

P.c.Znnr,. ^ 

18*8 

aa*7 


Zino, ehioride of, ZnOV w. e. 186b 
Melts at 262° (Braun, P. 154, 190). Boilt at 
709t719° (Carnelley a. Williams. 0. 83, 284) ; 

at 750°7Freyer a. V. Meyer. B. 25, 622). S.O. 
j 2*763 ai 13g (Bddeker). V.D. at 890° to 907°- 
*66 (P. a. M.,6.c.). H.F. [2n,Cl^ - 97,210 {Th, 
3, 275). • • • 

Format ion.~-iL. By Seating zino filings in 
Cl.— ^ By heating a mixture of 2 pts. HgGl« and 
1 pt. z\po iUings in a retort.— 8. By distilling a 
mixture of equal^ts. ZjiSO^ and Ca017, or a 
mixture of 1 pt. ^0 and 2 pts. NH^Cl. — 4. By ’ 
dissefiving zinc, or Zn0.1I„Jin HCLAq, evapo* 


8.G. ZnBr^Aq at 
1-1849 
. 1-3519 
1-6276 • 

r-7082 

1- 8526 

2- 1027 


432 
62 6 , 

691 • 

• j8-or • 

•Combinations.— 1. With ammogia to form^ 
sOties of compounds. Thise compounds x^ro 
examined by Bammelsberg (P. 66, 240), and, 
more recently, by Andr6 {Bl. [2] 89, 898 pfBSSB. A 
By dissolving ZnBr, in NH^Aq under differeill | 
conditions, A. obtained 4^) ZnBrj.2NH,.M20* 
f2) 3ZnBrr8NH,5;H,0, (3) 3ZnBrylONH,,H,0, 
and (4) ZnBr»6N]£ ; by saturating hoj^H,BT^ 
with •Zqp, ^^ootained dZnBr,.61^.l20. — 
2. With ccseiiM bromide, to form ZnBr,.8CsBr 
and ZnB^C^r (Wells a! Campbell^ Zeii, f, 
tmonh Ch0fni4^^ 273). • / 


Preparation,—!. Zino filings are heated a 
small retort in ^ «trcaiu of Cl ; the product is 
distilled. — 2. Z^no, or Zn0.1Ij, is dissolved in a 
slight excess of IIClAq ; the solution is evapo- 
rated to dryness, and tho rcsiduo distilled from 
a small retort. 

Propert^^ and Reactvbns.—K white, semi- 
transparent, crystalline, very ca istio solid ; very 
delimi'gacent. Eacily soluble in water, also in 
ab^onol. Thomsen gives [ZnOF,Aq] - 16,680 
{Th. 8, 275). Sublimes at b red neat. An 
aqueous solution is partly decomposed on eva- 
poration, giving oxycliloridoB ('j.v.). Oxychlorides 
are also formo<l by heating a^solutioi^ of ZnCl, 
in IlClAq with ZnO, also with HgO eg PbO. 
Kremers (P. 105, 300) gives tho following data: 

B.a. ZiiCl,Aq P.c. ZnCl, " 

1-1275 13-8 

1-2166 25-8 

^ 1-3869 87-5 * 

1-5551 49-2 Sm 

^ • 

A *ono» solution of ZnClj is often used as a 
bath for maintaining fairly high constant tem- 
peratures. Dry ZnCl, is U8e(i as a caustic ; 4iUo 
as a dehydrating agent ; a dilute aqueous solu- 
tion is employed as an antiseptic. * 

Cjymhinations.— l. With water. By keeping 
ZnCil^q containing 70-6 p.o. ZnCl, at 9® fhi- 
24 hours, Engel (O. R. 102, 111) obtained large 
crystals' of the trihydratc, ZnOL^.BH^O, melting 
at 7°. When ZnUl.^Aq containing 79'9 p.o. 
ZnClj at 0° is kept for a long time it solidifies ; 
on heatirl^ to 16° a part melts and a part 
remains solid ; the liquid part is the dihydrate 
Zn431...2n,0, and the solid part is the hydrate^ 
2ZdCl,.31iP (B., U.). By heating a syrupy 
solution of ZnClj wi^h a little fiiClAq, Schindler 
{Mag. Phann. 36, 45) obtained octahedral cry*, 
tala of the monohydrateAf.'^irJIfi* According 
to Entnl (f.c.), the hydrate obtaiited by S. was 
2ZnCL^.3H,p.-~2. Witfi hydrogen chUmd$ and^ 
water, Engel (IfT 6, 432) obtained the coni- 
pounds 2ZnClj.HC1.2H,0 and Zn01,.HC1.2]^ 
by ]^Bing HCl^as ^into ZnCl^q, and addmg 
’zino from'Ume foiimep and, x^en the solution 
hsti the S.G. of 2 0, cooling tSlF^S. Varioui 
compounds of Eqpl, with ammonia have been 
desofihed ; the formulas ZnClyNH,* Zn01f»2KB[M 
2 (ZnCl 3 . 2 NH,).H 30 , ZnCL4NHlJ[*0. and 
ZnGl,.6NH,.H,0 have been given to^mpoundi 
obtained by dissolving ZnCl^ in KB^yA^^aislng ill 
N^, aim evaporating under different oonditioiie 
(v. Marignao, Aiw, Af. 12, 1 } Divers, 0, If, XS, 
13; piiwoznik, P, 142, 467; Davli, 0, N. 26, 
266} An^ A. Oh, [6] 3, 84, 98; Thomg, A26b 
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748).— 4. Lang (B. 21, 1678) described a com. 
pound with j>yridin6, 19n01,.205H,N.— 6. ZnOl, 
combines' with alkali* chlorides. Gompo^ds, 
Zn04NH,01^H.p, ZnC42NH.Cl.a;Hp, and 
ZnG]4.8NH4Cl are described by Schi^idlet. (Afa^. 
Pharm. 86, 46), Marignao (J. 1887. 217), Ram- 
melsberg: (P. 94, 608), and Hantzr (4. 66, 287). 
A compound ZnGl2.2KCtf is destribed by R. (Z.c.) 
and M. (Z.c.) ; and a compound ZnCl2.2NaC\3H20 
by M. (I.C.). Wells a. Campbell [Zeit. jf anorg. 
Chemikt 6, 273) describe two^ compounds with 
CsCl, to which they give the formulsB 
ZnCla.2CsCl and ZnCl,.3C8Cl.-6. With*»«inc 
oxide, V. Oxychlorides, p. 891. * 

/L solution of rsin^ in cone. EO’Aq, to which 
as much NH^Cl has been added as the weight of 
zinc dissolved, is used for cleaning the surfaces 
of metals'that are to be soldered together ; any 
oxide on the metallic surfaces reacts with the 
NH4CI present to form chloride which dissolves 
in the ZnCl, solution. 

Zinc, cyanide of, (ind double z|iA; cyanides ; 
c. vol. ii. p. 347. For details regarding the con- 
ditions of formation and the 1 roijeitios 01 zinc- 
mercuric cyanide, v. Dunstan, C. J. 61,*’666 
[1892]. 

Zinc, ferrocyanide of ; v. vol. ii. p. 337. 

Zinc, fluoride of, ZnF,. Formula probably 
molecular, from a^ialogy of ZnCl,. Formed by 
heating zinc or ZnO to redness in a stream of 
dry HF ; also by the interaction of fused ZnCL^ 
and dry HF at 800° to 900° ; also by heating 
the hydrated salt to redness in dry HF (Poulenc, 
a B. 116, 681 [1893]). The tetrahydrate 
ZnF^.dQoO is obtained by evaporating a so^jition 
''f zinc in HFAq, and crystallising. The salt 
ZnF, crystallises i;, colourless needles, probably 
monoclinic. S.G. 4-84 at 16° ; the crystals act 
strongly on polarised light (P., l.c). Clarke 
{Avik. S. [3] 13, 291) gives S.G. of ZnF.> as 
4-666 at 17°, and 4-C12 at 12° ; and the S.G. of 
ZnF.,,4HaO c.s 2-6G7 at 10° and 2-635 at 12°. 
ZnF^is slightly soluble in cold, more solu^o in 
hSt, tvater; it is insoluble in alcohol at 95°; 
soluble in boiling HClAq, H.^SO^Aq, or HNOgAq 
jP,, I.C.). Heated in air, or to redness in steam, 
it is wholly changed to ZnO ; fusion with alkali 
carbonate!^ produces ZnO and alkali fluorides ; 
heating with H.S forms ZnS, and 'with IICI 
forms ZnCU It is reduced by H at a red heat 
■ (P., I.C.). ZqFo forms double salts with AIF3 
and with alkali fluorides. Berzelius (P, l‘,^2G) 
described the sa'ts ZnF.^.2AlF3 and ZnF2.2KF ; 
and Wagner {B^ 19, 896) the salts 

ZnF^flNH^F. 2aq, ZnIa:KF, and ZnFj.NaF. The 
compound ZhF.j.ZrP4. 6aq( = ZnZrF,, GaifV is de- 
scribed by Marignao [A.^OK [31 00, 257) ; S.G. 
2-256 at 12° (Topsoe, O. C. 4, 76). For 
!3nR.SiF4 1>. Zinc siucoFLUoaiDB, p. 890. # 

Zinc, hydrophoaphide Q,f, 5^PH., A ’‘white,, 
friable solid ^,!;ing this cc?npoBiti:)h was ob- 
tained by Drffchsel a. Finkolstein [B. 4, 352) by 
■passing dry PH, intp cT cooled ethereal solution 
of ZnEt,. The compound cat; be kept In a 
dosed 4, vessel; in vair it absorbs moisture and 
rapidly def pmposes, giving off PH,, 

Zlae,Siydrosalphide of. According tp THom- 
MU (B. 11, 2044 [1878]), the pp. obtained by 
mixing KaHSAq and ZhSO^Aq, in equivalent 
quantities, is probably a hydrosnlphide rf zinc 
^ analytei or formula given). Addition of 


equivalents of HaSH in sointioil to ill 
equivalent of Zn804 in solution prodmcea no^pp., 
but cthe solution gives a pp. of ZhS or hydro 
I sulphide on standing, or on addition of iCcid or 
I ^oda (T., Ix^. According to von Zotta (^. 10, 
807 [1890]), the pp. supposed by Thomsch to 
be zinc hydrosulphide has the comflosition 
ZnS3H3.2ZnS.- When four equivalents of 
are added to one equivalent of ZnS04, both 
In sorption, and the clecir solution is boiled, or 
"treated with acid or alkali, a pp. of ZnS.Hj.2ZnS 
is obtained (von Z., l.c). \ Linder a. Picton {U.J. 
61, 130 [1892] obtained evidence in’favour of the’ 
'existence of . compounds of Zn, S, and H, pro- 
bably 7Znfe.H.S and 12ZnS.HjjS, by passing 
n^S into water at 0° with ZnO.Jl^ in suspension ; 
thqy failed to isolate a dcfliiite* compound with 
certainty. 

Zinc, hydroxidV of, ZnOgH-j. {Zinc hydrate. 
Hydrated zinc oxide}) Obtained, as a white 
flocoulent pp., by adding to solution of a salt of 
zinc rather less KOHAq than is suflfeient to de- 
compose the whole of the salt, washing thoroughly, 
nn^ drying at a low temperature. According to 
VIllo (C. Hi 101, 376), ZnO.^H., is obtained in 
crystals by shaking very finely-powdered ZnCOj, 
or basic carbonate, with twice as much KOH in 
10 p.o. solution as is theoretically required for the 
decomposition of the carbonate ; .formation of 
crystals of ZnO.H.^ begins at once, and is com- 
plete after twenty to thirty minutfes. ZnO.,jH2 is 
said to be obtained in lustrous rhombic prisms 
by immersing zinc in contact with iron or copper 

NHjAq (Nickl^s, A. Ch. [3] 22, 31 ; C*rnu, Bl. 
5, 64 [1863]). Bodeker {A. 94. 358) obtained the 
fitomhydratcd hydroxide ZnO^Ho.IIaO’in very 
lustrous octahedra by keeping a saturated solu- 
tion of the hydroxide in NaOHAq in a closed 
vessel for some weeks. S.G. of ZnOjjHa is given 
by Nickli^s {l.c.) as 2-677, and by Filhol (^. Ch. 
[G] 21, 415) as 3-053. •Thomsen gives 
[Zn,0,H^O] = 82,680 {Th. 3, 276). ZnOgH^ dis- 
solves easily in acids, forming salts ZnXk^. 

ZuO-^IL also dissolves in caustic alkali solu- 
tions, and in (NH,).,.CO.,Aq. By adding alcohol 
to a solution of ZnO.H^ in KOHAq, Laux {A. 9, 
183) obtained small lustrous crystals (?ZnO.^K.2) I 
Fremy {G. B. 15, 1106) obtained (?) ZnO.>K2.ZnO; 
by using NaOHAq Como;)' a. Jackson {B. 21; 
1589 [1*888]) obtained* two compounds derived 
from ZnOJl... by- replrtbing H by Na. They 
Chook a solution of ZnO-^Ha in cone. NaOHAq 
’with* aloohcl- separated the upper (alcoholic) 
layer find allowed it to crystallise, |kud treated 
the lower (watery) layer r^eatedly with alcohol 
until it solidified. The crystals from the lower 
layer haa the composition n 

;Zn30,Na4H2.1'{H.40( Zn3(0H)2(0Na)4.17H.40), 

agreeing, excepvin water of crystallisation, with 

ammonium comppund described by Mala^^ti 
(c! b. 62, 413 [1666]) ; this compound melts %t 
o. 70°,,^rapidly absorbs COj from the air, loses 
■ at 100°, is insol. In ether, and is decom- 

posed by water, but not in presence of excess of 
NaQH, with forma^.on of gnO and a little 
ZnOgHj. The crystals from tj^e upper layer had 
i tfie nompcaition • a 

- (2Zn(OH;m]»tt).7aO), 
corresponding wim |^e compfluura described by 
Fremy ; this compound forms ^ite radi* 
ating ifl«Me8, which do not n^t ai 800^ i it 
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Jbsorbs COl^rom the air^nore slowly than t^e 
jthei; oompdand, is decomposed by alcohol or 
irater, and does not lose HoO until heated a^ove 
(t;. Am, 11, 145 [1889]). 0. a. J. failed to 
obtain (/sompounds derived from by rG« 

pladfbs £[ by KH4 or Mg. OompouiAls of ZnO 
with ^aO, CaO. and MgO are described by 
Bertrand (C. -B. 116, 999) ; these compounds are 
of the forms 2Zn0.M0.3rH.0. 

Zinc, iodide of/ Zntj. • Formula prGimbl}^ 
motocular, from analogy of ZnCh. Formed by 
beating together zinc and iodine, and subliming; 
also by digesting I with water and excess of ziiys 
until the liquid is colourless tAid evii^^jrating over * 
(Bammelsberg, P. 43, G(>5). Crystallises 
in white octahedra ;*S.G. 4-G96 (Bodeker) ; melts 
at 0. 440° (Carnmley, C.i. 33, 278) ; and boil* at 
0. 624° (C. a. Williams, v. C|rnclley’8 Melting' 
and Bailmg-poifit Tables, 1, 23). H.F. 
(Zn,!-*] = 49,230 ; [Zn.I-.Ml - C0,5 10 (T/i. 3, 
276). Hea^d in air Znl^ gives oil I, and ZnO 
remains. Kremers (P. Ill, 61) gives the follow- 
ing data ; — • 

S.O.ZnT,.Aq P.C.Z11T, S.G. ZnT,Aq • P.c. Znt, , 

1-2310 23-1 1-9746 O.'lo 

1-5121 42-6 2-3976 760 

1-7871 66-3 

1 Hot ZnX^q is said to* dissolvcj zinc in con- 
tact with tlie air, atfi on filtering an oxyio-lide 
is said to be deposited (Miillor, J,pr.2i\, 111). 
Znl^Aq also dissolves I; Baup {J. Ph. 9, 37 
[1823]) says enough I is dis^:)lved to form Znf,. 

Znl,j ^combines with NIlj. By allowing d 
solution, of ZnL^ hi NU,Aq to cvajiorato, B.iiq- 
melsberg {P, 48, 152) obtained lustrous, fouv 
sided prisms of ZnI.^.4Nllm decomposed by water 
with production of ZnO. Various double cjni- 
pou7uls with other iodides have been described ; 
Zn42MI, wheroj M = NU4, K or Na (Itammels- 
berg, l.c. ; also P. 43, 6(h.i) ; ■ZnI.,.2Csl and 
ZnL.llCsI (Wells a. Campbell, Zeit. f. anorg. 
Chftnic, 5, 273); 2ZnI,.BaI, (K., l.c.) ; 

ZnI2.2BiI3.i2aq (Linau, P. Ill, 240). 

Zinc, nitride of, ZnjNj. Obtained by Frank- 
land (Pr. 8, 502) by beating zinc amide 
(Zn(NHj2 ; v. p. 887) to low redness. A grey, 
pulverulent solid; ur,changed by heating to red- 
ness .out of contact with air ; reacts violently 
with water to give ZnOyllj and NHj. 

Zinc, nitropruaside of, v. vol. ii. p. 341. • 

Zinc, oxides of. Besides the 4^orn/al basic' 
oxile Zn6^ there seems to be another diigher 
(? superoxiae) of zin^t. “ 

Zinc o«i)E ZnO. Formula not ^certainly 
inolecular. m 

Occurrence.— With oxides Of 'Mn, and Fe, *;8 
rdd einc ore and franklinite, 

•Formation,--!. By buryng zi-aio in air ojt 0. , 
8? By strongly heating ZdOjH*, Zn(NO,) 2 , 
ZnCO„ or another s^lt of zinc with a volatj^isable 
acid. * • ’ 

PreparaHon.—FnTe ZnSO^, prepared as de- 
scribed under Zx^, PrepaMation (p. 883), ig dia» 
solved in water, i^d the solution is very slowly 
• added to a ^iling^ solution pure 

taining ratoer^ess NajCOj than suffices ^ de- 
compose all the jSnSO«. of basio zin^ 

oarbonatetf e wa^ed by decantation tnth boiling 
imlsr BUtiHheirashinga are free from carbonates 


and sulphates; it is then dried, powdered* 
and heated cither in ,a Hessian crucible, or* 
bet^, in a flask of hard glass, until -a portion 
taken f&m tlig middle dissolves, when cold, in 
acid witliogt effervescence. The solid is now 
finely powdCTed, sifted through a fine sieve, 
again lieatedf and then rubbed up With water, 
and washed and driet^ ZnO is prepared in 
crystais by heating ZnCl^ to redness in steam 
(Datibrac, €1, R. 39, 153) ; also by heating the 
amorphous oxidn slowly iq a Btieauf of H 
(Uegmiult, A. Ch: f2j62. 350 ; Dcvillo, A. Ch. [8] • 
43, ^1 ) ; also by boating tl^ amorphous oxide 
to w^teness in a stream of Ck (Kidot, C. R. 69, 
202) ; also heating ^11(^03), to rodpesa 
(Briigclmann, W. 4, 283). 

Pr()j)er<ie.*i.^ jfleslighlly yellow, powdery solid; 
becomes darker yellow when hoabal, bdt recovers 
its original colour on cooling. S.G. 5*5 to 5*7 
(0. Briigelinann, Ti. 13, 1741 ; Filiiol, A. Clp, [8] 
21, 415 ; llerapath, G. «/. 1, 4z ; Karstcii, S. 66, 
394). S.Gf crystalline (ifl 1;V) 6-782 (Briiggl- 
mann. IK. 4, 286). ZnO cryslalliaes in slightly 
yellow’, liistroits,«Iicmimoipliou8 pyramids be- 
longing to tho hexagonal system (B., l.c.), 
Thomsen (Th. 3, 275) gives H.F. fZn.O] -85,430. 
liicharils a. Bogevs [Ant. 15, 567 [1893]) fouiltl 
that ZnO, prepared by heating Zn{NOj)2._g«»'V0 off 
some g.as when dissolve.il iu,>1ilute a^ci«la; the 
maxiniuio amount of gas from 10 g. Z^^O was 
20 o.c. ; tho gas eonsisted ehietly oi N, with a ' 
little O; tlm higlier the temperature to which 
the Zn(NO.,)j liad bevn heatctl *tho less was the 
quanlity of gas obtained ; but some N always 
camg oiif, oven from ZnO which had been boated 
to the softening tcinpcratmo of porcelain. Moi^ 
.sap {C. R. 115, 103 4 •stages that ZnCT 

volatilises readily wlioii h<’atod in an eluctrio 
furnace, and condenses H;.Miin in transparent 
crystals. ZnO is not (UMtomposed at 0. 1*750° 
(Head. C.J. 65, 313 [1894!). 

Reactions and Combinations.-w!. ZnO is a 
baKi« oxMe. It intenicts with most acids to 
form salts ZnX{X--2NO;„ SO4, diia) ahd 

water.— 2. With fairly cone, caustic soda or 
potash, salts are formed which are most simply 
regarded as derived from ZnO.H^, with H re- 
placed by^Na or K (v. Zino nvmioxiDg, p. 888). — 

3. ZnO is*reduced to Zn, witli explosive violence, 
by heating with magnesium {v. Winkler, B. 23, 
123), — 4. Morse a. White {Am. 11^258) heated w 
miiAare of ZnO and zinc in an exhausted tube, 
and found that a deposit of i iiO formed in the 
tfont part of tho tube. Thgy suppose that some 
of the original ZnO is u«.i.»u})08ed by the com- 
bined Action of heat and zinc, and that zino and O 
exist together in the liot part of the tube, but 
combine in tho cooler parts of the tube to font) 
ZnC^S. Oxychlorides, oxyhromides, and pr^- 
babl/oxyiodidq^ of ^inc are formed by heating 
ZnO mmjinc bromy^, and iodide re* ' 

B^tively.— 6. ZnO is reduced to Ifinc by heating 
with carbon 01 ^ in carbon^monoxide . — 7. ZnO 
does not directly interact with vf^ter ; ZnO^^H, 
is produced by ppg. a zinogsatt solatia by an 
alkali (1 ?. Zino hykeoxide, p. 888j.— By heat- 
ing ZnQ with oxides of alumimum, dhrimium^ 
and iroji along with BgO, in a pottery furnace 
until the BjO, was votatilised, Ebelmen [A. OK 
[8] 33^ 84) obtained the compounds ' ZnO 
ZnO.Cr,0,, and ZnOJ^ep,. 
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Zmo PXBonxn. In 1818 Thtoard {A* CK [2] 
9, 65) obtained what he called * deutozide^de 
eino * by the action of H,0,Aq on gejatipus 
Zn 0 ^ 2 , and also by adding KOQAq to- a solu- 
tion of ZnOgH, in HClAq to* whic^ had 
been added. In 18^ Haas (B. 27/ 2249) ob- 
t&ined a*white, tasteles^ neutral, gelatinous pp. 
by adding H^OsAq to solutions of zinc salts and 
then adding NHjAq; after washing and drying 
at 100 ®, the solids had approximately the com- 

E ositions Zn^Oa and ZnjO^. JS. thinks It pro- 
able that the substances obtaihed' by him, were 
compounds of ZqO and ZnO^; the formula 
2 Zn 0 . 3 Zn 03 agrees well with some o^ his 
analyses. ' ® ^ 

Zinc, ozybromides of. Oxybromides of zinc 
are formed by heating solutims^of ZnBro with 
ZnO, and*by partially ppg. ZoBr^Aq by NHj,Aq. 
Several compounds have been described by 
Andi :6 (Bl. [2>39,^98 [1884]) : 

"1) ZnBrj. 4 Zn 0 .a;H 20 ,^a: = 10, 13, and 19; 

‘ ZnBra.6Zn0.6H,0r(3) ZnBr2.6^7).36H,0. 

Zinc, oxychlorides of. These compemnds are 
formed by adding to ZnClj^Aqa qusftitity of lftj„Aq 
less than sufficient for complete ppn. ; also' by 
boiling ZnCljAq with ZnO, or with certain other 
zhetallio oxides. Schindler {Mag. Pharm. 36, 
45) obtained ZnCl 2 . 3 Zn 0 . 4 H.p by boiling 
ZnOl^Aq -^^th ZnO^ and the same compound by 
partially p^g. 2 ?nCl 2 Aq by NHgAq. By adding 
to ZnCL^q BO much NH^Aq that the pp. which 
forxfied at first partly dissolved, and also by 
treating ZnCl 2 . 4 NH, with water, Kano {A. Ch. 
72, 296) obtained ZnGl 2 . 6 ZnO. 10 H 2 O. Andrd 
(0. B. 106, 854) obtained 2Zn043Zn0.11H/) by 
• I'oiling ZnOljAq with HgO and letting the solu- 
tion cool ; using he obtained another o>y- 
chloride, probably ZnOlj.SZuO, combined with 
ZnOl2.PbO. 

2ino, ozyiodides of. According to Muller 
(/. pr, 20, 441 [1842]), Znl^Aq dissolves zinc 
when warmed therewith in the air; on cooling, 
an oxyiodide, Znl 2 . 3 ZnO. 2 aq, is ppd. «r 
*Zicc, czysnlphides of. The compound 
4Zn8.ZnO occurs native as voltzite, as spherical 
globules in some specimens of galena. A com- 
pound having the some composition was found 
in a fuma(^ due at Freiberg by Earst^n {S. 57, 
•186). By heating dry ZnSO^ to redness in H, 
Arfvedson obtained a yellow-coloured oxysul- 
phide ZnS.ZnO (P. 1, 59). 

Zinofperbromoplatinooyanide of, v. vol. ii! p. 
846. f 

Zinc, phosphides .of. Zinc and,F combine 
when heated ^togetb:jr,^orming a greyish, lus- 
trous, somewhat malleable compound. B/'heat- 
ing finely powdered zinc i^i ^vapour of P, 
8ohr5tter obtained a compound, with 8 .G. 4*76, 
having the composition Znj,P 2 {W. A. B. ^59. 
801). Yigier obtained the < 3 amf compouim by 
heating zinc until 'distillation tiegan, and 

then passing n laden with vapour of P over tne 
sine* The same compound ^ whs formed by 
Begnault (A. i^K [4] 9, 3fi2) by heating to wMte- 
ness a mizture of MgHPO^, ZnS and 0; along 
with the 2 ^Ps were formed crystals of another 
phosphid^ probably ZnP ; and by treating 
ZmPs with mlute acid, ah amorphous^ yellow 
s^d remained which detonated when mixed 
enth KOIO, and struck, and which was pdlhapa 
SnPr compound Zn^F, was obtained by 


Hfqslef (A. 100, 99) Hy strongly heating a 
ture of ZnO, P^O., and 0. By heimng a piix- 
tare%>f NaPO^ and zinc shavings in a retiort, H. 
( 2 .C.) obtained«a yellowish red, loose sublimate- 
vhich conCacned Zn and P ; and by heatinff the 
fused ma 8 s*in the retort with HClAq, greyms- 
trous tablets of ZnP,, remained^ Lfipke*(p. O. 
1890 [ii.] 642) formed ziito phosphide (I Zi]i^ 2 ) 
by adding amorphous P to inolten zinc covered 
^thi»^H 4 ) 3 CO, ; this pUbsphide was not decom- 
posed by water, but was slowly decomposed Jby 
dilute HClAq, giving off PH,. 

For the compound ZnPH v. Zmb HmitopHoe- 

^PHIDE, p. 8 § 8 . 

Zino, platinooyanide of,‘o. vol. ii. p. 344. 

Zinc, salts of. Many saUs |re obtained ‘by 
replacing the H of acids by zinc. The greater 
number of the salts of zinc are normal salts; 
several basic carboliates, nitrates, and sulphates 
are known. The following are the chief salts of 
zinc derived from oxyacids ; — Arfjfinite and 
arsenate^ horate^ hromate^ carbonatest chlorate 
and perchlorate^ chromates^ iodate and per- 
iodatesy molybdates, nitratifS and nitrites, 
pliosphates and phosphites, selenate and selenite, 
silicate, sulphates and sulphite, thiosulphate, 
tungstates, vanadates (v, Oabbonatbs, Nitrates, 
Sulphates, Ac.). 

Zinc, selenide of,,, ZnSe. This bompoundf 
is formed, in reddish-yellow, regular crystals, 
S.G. 5-40, by heating zinc to redness in a stream 
of HsSe, and then subliming in a slow stream of 
H (Margottet, C. E. 84, 1293). 

•' Zinc, selenocyanlde of, v. vol. ii. p.948. 

Zinc, silioofluoride of, Zi^SiFe. 6 H 2 ^. Ob- 
tained in hexagonal plates, easily sol. in water, 
by evaporating to a small bulk a solution of 
ZnO in H^SiF-Aq (Berzelius). S.G. 2*104 (Topsoe, 
C. G. 4, 76). 

Zinc, stannifluoride of, ZnSnFg.GHgO; v. 
tHis vol., p. 724. 

Zinc, Bulphocyanide of, v. vol. ii. p. 353. 

Zinc, sulphide of, ZnS. This compound^ ia 
not formed by heating together zinc and S,*aa 
the 8 volatilises before the temperature of com- 
bination is Voached. 

Oc/'Airrenc6.—-h.a zinc blende. 

Preparation. — 1. By reneatedly subjecting a 
mixture ^f zinc and 8 ^ in xhe ratio Zn:S,,to a 
great pressure ; the product resembled ‘zinc 
^nde (Spring, B, 16, 1,000). — 2 , By rapidly 
gating a mixture of zinc filings and cinnabar 
in a fetoU ; ^’^rmation of ZnS otcurs with de- 
tonatioi^i ; Hg distils oil. — 3. By heating ^nO wfbh 
8 . — 4': By heating ZnO, or ^ZnOjH,, in a stream 
of H^S ; ^ the case of ZnOaH, fdbnation of 
ZnS takes p^o^very slowly {v. Wagner, 2). P. 
197, 334).-— 5. An!3 is also formed by heating 
dry ZnSO^ with 8 and 0.— 6 . ZnS is obtaix^ 

passing H,B into f neutral or alkaline sol^ 
tion«of a zino salt, or into a solution In a weal 
acid, s\^rh as ^etic acid, washing the pp., dx^g 
itcat 100 ®, and heating in a stream of dry ^ 8 . 
The pp. dried at 100® is said to be 2ZnS.£^0 
(Geigor a. Belmann, Sfo^. BAOm. 81, 178 ; c/. 
Squehay, Fr. 7, 78). C 

' RrtifirKes andBcaoHoni,-AA.Q. ZnS -•8’98 
(Kars^, a. 65,8^); S.G. or jK^-*4*08 to 
4;07 (v. Neamann, P« 28, ^ Thomsen (7%. 8, 
276) of ZnBjeafi i — — 

«41,^r 2hi8 prepated bjppn 



ilINO, OBQAifto OOitBbUMBS OF. 


8M 


jjUlt «Milf Ml. in Mi^ (onning aalts ot In 
and ^ving %£[ H^S. Zino blende is a grey to 
blaoK orystalUne solid ; slowly acted on by adids. 
By repeatedly washing ppd. ZnS, ajso by passing 
ELS u^o water containing pure Zn^l^a in sus^ 
penlioiie Winssinger {fil [2] 49, 452 *[1888]) ob- 
tained colloidal ZnS, sol. in water ; the solution 
oonld^be boiled nntib all excess of H.jS was 
expelled without ppn.* of ZnS. ZnS prepared by 
adding excess of to ^nCl.^A.q, ppg. 

suiM as ZnS by H^S, washing and drying the pp.* 
ana then heating nearlyto whiteness in a'Hessian 


OH,.CMe(OZnMe).Gn, 4- CJZnMe, oi^wtalUaiiig 
in prisms, and converted by water into tert- 
bulsl alcohol, OH^, zino 'chloride, and* Zn(OH)«. 
The o^poui^ OH,.OCl(OZnMe).CH, yields 
acetone on^iddition of water (Butlerow, Z. 1864, 
365,702; P^IfIow, N. Petirsb. Acad. BuU/22, 
497 ; Bogoin^letz, A. 209, 88).—2. Bromo^tf/l 
bromide^ followed by water, yields methyl-iso- 
propylcarbinol (Winogradoff, A. 191, 127).^B. 
In ethercal«olution secondary hexyl iodid* hM 
DO action at lOQ,^ ; bu| at .125° the products 
app^r to bo CH„ ethyl iodide, and hexylene * 


ana then heating nearlyto whiteness in a Hessian app^r to bo uti„ etiiyi loaiae, ana nexyiene 
crucible inside a plumbago crucible, is very (Pumie, C. J. 39, 4G4). — 4. Chloral followed by 
phosphorescent (u. Henry, li. 115. 503). * ^ ' water forms COls.CHMo.Ol^ while butyric 

'7«a f.iKn vio1ri.^.aT ni niT\A» — K WiMr.nxuU 


By heating ZnS with zino in a vatuous tube, 
Morse a. White (Af^^, 11, 348) found that some 
of the ZnS was barned ^rward and deposited on 
the cooler port of the tube ; they supposed that 
some of the ZnS was .d<^com^sed, and that Zn 
and S existed in the hottest part of the tube and 
combined in the cooler portions. By he.ating 
blende witn I and a little water some ZnSO, is 
formed (Filhol a. Melhies, A. Ch. [4] 22, §8 ; 
Lasaulx, J. 1870..1272). 

According to Schiff {A. 115, 74), a,J>olysulphMe 
probably ZnSj, is formed by ppg. a neutral 
solution of a salt of zino by K^SjAq, and drying 
the pp. over II^SO*. Spring (J5. 16, 1 000) thought 
^at a polysi^phide of zino was probably formed 
by strongly^ompreiy^ing a mixture of zinc with 
excess of S. • 

Zino, telluride of, ZnTe. Obtained, in largo 
ruby-red, .regular crystals, by strongly heating 
zino in • stream of H.jTo, aftd then subliming iw 
a slow current of (Margottet, C. R. 84, 1293). 

Zincf, titanifluoride of, ZnTiFfl*, v. this voR, 
p. 742. M. M. P. M. 

ZINC, ORGANIC COMPOUNDS OF. 

Zino methyl or Zinc methide ZnO.^H,, i.e. 
ZnMe,. Mol. w. 95. V.D. 3-29 (calc. 3*30). 
[-40°] (Haase, 26, 1053). (46°). S.G. m 
1*386. 

Formation.— I, By heating methyl iodide 
^ with zino in sealed tubes at 150°. The coin- 
* pound IZnMe is forme'd as an intermediate pro- 
duct. The reaction trJtea place more easily 
when the Mel is mixed drith two-(^hirds 
of its volume of ether and heated to 100°, 
but it is then dillicuN to separate the ether from 
the ZnMe, (Frankland, *A. 85, 340 ; ill, 62 ; 
Wanklyn, 0. J. 13, 121; Butlerow, A. 144, ^ ^ 
Ladenburg, A. 173, 147).— 2. By heating hneff i 
granulated zins with HgMe, in a s^led tube for 
24#hour8. at 120°, and distiUiug the ^oduct 
(Frankland a. DuppA, C. J* 17, 30). 3. IZnMe 
IB formed itf 24 hours if Mel is left i^ contact 
^th a large amount of copper-z^o couple (Gla^- 
atone. C. /. 35. 109). "• J * • 

IV^rafuw.— Zino fllmgs (IT pta.) are heated 
with reduced copper (1 pt.^ till th® oopper-z^aa J 
Auple is produced, and the product treated with^ 
Mel (Gladstone, 0. J. 36, 669). 

PrcperHes.—OolovalesB mobile’liquid, laki^ 
fire on exposure to air. Decomposed by water 
into OH4 and 3ly very careful oxidi> 

lion a appears t<^eld ZnlOMe), and crystalline 
ZnMe(OMe\. whih is splil up bywraK^r^^UAo 
Zn(OH)«, mlth|l alcohol, and GH^. / , 

Acc«yIcw5^(lmol,) forms 

0HrCOl(GZnMe).CH,,whiA a slowly converted; 

hy fnitte ^keatmeni with Znlut into 


chloral yieldaC5l,Cl ^.0 II — 6. Nitric oxide 

passed into ZnMo.^ forms GH,Na03(ZnMo), 
which is decc^pDsed by water, yielding orys* 
iallino (CH^N.^^.J.jZn aq* from wliich tue Na salt 
CHjiN.DjNaaq of ‘ cli-nitro-methylio ' acid may 
be obtained (Frankland, A. 99, 3(41). 

Zino ethyl or Zino eHiide ZtiEt,. Mol. w. 
123. [-‘iBi] (Haase, iT. 26, 1053). (118?). 

S.G. iS 1.1827 H.F. -31,800 (Guntz, C. li. 105, 
673h • V.D. 4-26 ^obs. and calo.). 

Formation. — 1. By heating zinc or zinc- 
sodium alloy with EtI or a mixture ot EtI and 
ether (Frankland, O. J. 2, 297 ; 8, 44 ; Tr. 149, 
431 ; 145, 259; A. 95, 28; Wanklyn, C. J. 13, 
121 ; Pebal, A. 118, 22; HM, 105 ; llieth a. 
Beilstein, A. 123, 245; 126, «48: Cl»#pman, 
Laboratory, 1, 195 ; AloxojelT a. Beiiatoin, O. R. 
63, 171; ilathko, A. 152, 220; Wichollmutf^y. 
1868, 425).— 2. By heating granulated zino with 
HgEt^ in sealed tubes for 36 hours at 100° 
(Frankland a. Duppa, 0. J. 17, 3).— 3. From 
zinc filings and EtBr (Wichelhaus A. lo2, 8215^. 

^Preparation. — Clean zln^filiugs (180 g.) are 
mixed, with copper (20 g.) reduced from the 
oxide at a dull-red heat by coal gas ; the mix- 
ture is rapidly heated over a very largo Bdhsen 
flame, and is well shaken meanwhile. As soon 
as the filings begin to cako together and the 
copner is no longer visible, the copper-zinc 
cou^e has boon made. The flask is now cdh- 
nected with an inverted oondensor, inclined 
slightly upwards, and when it is cold ethyl 
iodide (175 g.) is added. Dry 00^ is passed 
through the apparatus, and the flasl^heatod by 
a water- bith ; in half an hour the EtI ceases to- 
run back from the oondensor, for it has been 
converted into IZnEt. The appg.ratus is no># 
tiltBd BO that the condenser is inclined down- 
wards, and heated 4n a bath Df paraffin. The 
ifbaction 2IZnEt- Znl,,-h ZqEt^ now takes place, 
and ZnEt, fCO g.) is coll*Ut«l in a receiver kept 
full Oi^COj (Gladstone a. Tribe, I?. J. 26, 446 ; 
35, 669). . - ’ 

Properties.— CoiourleBs, mobile liquid, fuming 
in tJv air, and quickly taking^ fire, burning with 
a liraiinous grBen-%dged fiamo, and givinnoS 
clouds of^Znii. JmnlediateljL^compoBed by 
wtter into Zn(OH), and ethan^p like manner 
it attacks olgenic don^unds oontoiniog 
hydroxyl or nmidogen* with elimination of 
ethane. It causes india-rahber to swell |ei0irk« 

BeopWons.— 1. Gradually treatA^wiHi dry 
07 Byg»n\i\ appears to produce ZnEt(OBt) and 
Zn(OEt). saooessivel;^ (Frankland)* Aoooiding 
to Demnth a. Meyer (JB. 28, 894), the passage ol 
oxygen through a somtion ot ZnBI in ligrobi 



tdi ztNO, oitaAlTiu cuidotiNtd (j^ 

(7 volt.) jields EtZn.O.O.Bt, wliioli U deeom- pc^jmerisespbenyl-aolionitiila mtUtamaWs^, 
posod by heat, Bometimes with explosive violence, forming cyanbenzine. — 17. Cyartigen forma 
The compound. EtZn.O'.OEt sets free I fropr a ZnO^.^ and*EtCN (Prankland a. Graham, 0. J. 
Bolution of KI and jrields alcoholiwhen distilled 37, 740). — l^.nAzohenzene is reduced by ZnEt,, 
with dilute H^SO^.— 2. Sulphiir form.3 zinc mer- teUowed Water, to aniline (Frankland aJLouls, 
captide ^ Zn(SEt)2. ^e appears tG act in like 0. J. 37,5(^). — 19. Acts on* primary and a^ecAid- 
xhanner (Chabri6, JBi. iSJ 2, 789). — 3. Iodine ary amines, giving off ethane, but has no ^iption 
forms IZnEt and Znij successively, together on tertiary amines (Franidand, Pr. 8, 602 ; Gal, 
with EtI. Bromine acts in like manner. •> Zinc J, Ph» [6] 7, 484). ZnEtl has no action on 
ethyl takes fire in chlorine.— 4. Dry ammonia )^icoiif\e or quinoline, ^u? forms with many 
forms Zn(NH2)a ethane (Frankland, Pr. 8, alkaloids containing G compounds from wh^h 
■ 502). — 6. Nitric oxide is absorbed by an ethereal the alkaloids are regenerafed by water. — 20. Acei- 
solution of ZnEtjfcyming crystalline ZnEt2(NO)j amide gives (AcNH)„Zn, while oxamide gives 
which melts below 100*^ and is split up by rater *t^O..,(NH)22in. — 21. ‘ Acts on HgCl^, forming 
Into ethane and Gkrbondioxide ClHgEt and HgEt^ (Buckton, A. 109, 218). 

passed into an aqueous solution of this salt ppts. Hg^Clj yields HgKty, meriurjj, and ZnCL^l — 
zinc carl^nate, while yiinc ^mitroethylato ’ 22.«AgCl forms ZnCLj» silver, and butane. — 
(C.,H4N20^2Zn remains in solution (Frankland, 23. CCl^ forms EtCl, ethylene, and propylene 
Tr. 1857, 59 ; A. 90, 342 ; C. J. 37, 670). The (Ilieth a. Beilstein,'4.124, 242).— 24. Chloroform 
salt (C.2H5N205)oZn aq crystallises in prisms, yields araylene (11. a. B.), while broraoform gives 
yields NH, and NHoEt/m treatment with sodium- propylene and EtBr ( Alcxejell a. Beil^in, C. R. 
amalgam (Zuckschwerdt, A. 174; *'302), and 68, 172). CHOl.J produces ethylene, butane, 
HNO3 and NHfEt on treatment with alcoholic and hydrogen (Borodine, A. 126, 239). 
potash (Zorn, P. 16, 1008). Clib dinitroetj^yl- Zinc bromo-ethide ZnBrEt.* [C2°j. Formed 
ates NaA', BaA'j, CaA'jOaq, MgA'^, CuA'o .^aq, by the action of the copper-zinc couple on EtBr 
AgA', and Ag2A'(NOa) were prepared by Frank- at 100° (Gladstone a. Tribe, C. J. 27, 410). 
Ikhd. — 6. SO... forms zinc ethane sulphinate Pearly- scales, decomposed by heat partly into 
(Hobson, C. J. 10, 455). — 7. rCh yields PEta ZnBr„ and ZnEt^ and partly into Zn, ZnBrj, 
(Hofmanq a. Cahd .rs, 7V. 1857, 678).— 8. SiCl., C2n„'and ' 0 

gives SiEt^— 9.^ Heated with EtI at 170° it Zinc iodo-ethide ZnlEb. Fornted in like 
forma n-butane and ZnLj.^ Ethane and ethylene manner. Crystalline. Split up* by heat into 
are*also formed (Brodie,*C. /. 3,406). ZnEt, Znl2 and ZnEt^. 

does not act on amyl iodide.— 10. Displaces halo- Zinc propyl ZnPrj. (148°) (S.) ; (146°) 

gens in organic compounds by ethyl. — 11. Adds (Gladstone a. Tribe, 'B. 6, 1136) ; (160t;i (Pape, 
itself to<a carbonyl group. Thus with di-cihijl- li. 14, 1873). Formed by heating propyl iodide 
^’’’'t'tone it forms EtaC(OZnEt).Et, wliich is con- ^^th zinc and a small quantity of an alloy of 
verted by water inWJ tri-ethyl- carbinol. Di-pito- zinc and sodium (Stcherbakoff, Pi. [2] 37, 346). 
pyl kefone forms, in like manner, ethyl-di-propyl- Heavy liquid, with disagreeable odour. Beacts 
oarbinol. Ketones containing the group CO.CH^ with aldehydes, forming propylene and such corn- 
act differently, forming condensation-products ; pounds as BCH._,.OZnPr, which ^vield secondary 
thus acetone yields mesityl oxide and phorone afcohols on addition of water. 

(A. Saytzeff, J.pr. [2] 31, 319). Zinc ethyl has Zinc isopropyl ZnPr2. (136°) with decom- 
no action on paraldehyde (Wedensky, J. pv [2] position *, (96° at 40 mm.). Got by heating PrI 
39*,’ 638). With acetic aldehyde it forms (170 g.) with ether (100 g.), zinc (100 g.), and 
G!^GHEt.OZnEt, which is converted by water zinc-sodium (3 g.) at 100° (Ragozin, J, E, 24, 
into sec-butyl alcohol. — 12. In some cases it can 649). Fuming liquid. Yields crystalline Zn(OPr)3 
add ZnEt and H to a carbonyl group, C.ll^ being on exposure to air. Split up at 132° into Zn and 
evolved. Thus ZnEt2 converts c/i^oraL dissolved hydrocarbons (Gladstone a. Tribe, C. J. 39, 6). 
in pure ether, into crystalline CCls.CKj.OZnEt, Zino^sobutyl Zn(C^Hg)2; (166°) at 734 mm. 
whioh is converted by water into tri-chloro-ethyl (Garzarolli-Thurnlackh a. Popper, A, 223, 167). 
hlcohol (Delapre, El. [2] 48, 784). Furt^Uer Fprmed from zinc and ^r.CHal. Got also from 
action tf zinc ethide on chloral yields ,in and Hg(04HB)2 (Cahours, DL [2] 21, 357). 
(CCl,.CH20)2Zn, rf white powder. In like manner Zinc 'isoainyl ZnlCsH,,),. (i20°). S.G. 2 
butyric chloral is converted into C3H4Cl8.CH2.OH. 1*022. * V.D. 6-96 (calc. 6*87). Prepared by hSbt- 
In this splittipg off ^bf^ olefine, ZnEtg differs ingzinc withng(C3H,,)2 (Frankland, .4.85,360; 
from ZnMoj, but resembles zinc propyl an*d zinc 130, 122)^ Liquid, fuming" in the kir but not 
isobutyl (Garzarolli, A. 2^6, 162k. — 13.* Can dls- taking fire. To^es fire in oxygen. When addedo 
plaoe oxygen by two ethyl radicles; thus it con- tor cooled atdeh^’^d'e' it yields, after addition gf 
vgrtscKcaZic ef7terintoC02Et.CEt2.C02Et(F|ank- ice-cold water, methyl-isoomyl-oarbinol, in- 
land a. Dappa,4. 142, 1 ; Fn 12| 396).— 14. Can ,fpfo»yl-ethyle&e, andrthyl and isoamyl alcohms 
displace ethox;d.iby etn^l. fTlJda iV converts (Sokoloff, 0. C. 1687, 988). 
formic ether Wto HCEt/OZnEt).OEt and then Zl|f>CAT£S. Compounds derived from 
into HCEt(OZnEt).lirt, which iurned by water Z|i0^2 by replacing H by positive metals ; v, 
into di-etbyly«rbinol (Wagner 9k Saytzeff,'*A. Zing hydroxides, p. 888. 

175, 864). — 15. Canodisplace chlorine by hydro- * ZIRCON AT£8v. u&lier Zmcinauu hydroxide, 
gen. Thqsii-with chloro-henzoic acid the first p. 896. r 

product is probably 08H,(ZnEt).0OaEt, which is * GUIPONIA ; oxide of Mitcomhim {fLv.tp. 896)* 

converted by water into benzoic ether, and ZAkCONIUM. ^r. At. w. ogj^O (v.*p. 894). 
ZnO. — 16. With benzoni^le at 160°, and sub- Jlol. w* not known. t^Ielta above Yn.p. of Si (4.S. 
peqttent treatment with alcohol, oyaphenfibe is above o,.(1800°) (Troost, 1865. 1S6). $.G* 
lonncd (Frankland a. Evans, O. J. 37, 568). It 4*15 (TrOost, le .) ; 4*25 (HolssM, R* 118^ 



ZIRCONIUM. 
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1132). 0 J*. ((T-lOO'') -om (Mixter a. Dana. li. 
169. 888 [1813]). ‘ 

historical: — Klaproth in 1789 (^eitrcl^, 1. 
203. 227) announced the disoovgry of a new 
earth, m combination with silica, jii the rar% 
inmtral^con. The same earth hasHseen found 
in a fe^ other rare mmeraU, such as eudialytct 
poIa^iR^mfe. fei^usonite, <fec. Bright-coloured 
varieties of zircon ard generally called hyacinth^ 
the greyish or brow,n*kiads are called eir^iitem 
and a variety which is nearly colourless is Imown 
M Jargon. • 

. In 1845 Svanberg {A. 56, 223) stated that 
zircohia was a mixture of least tjirce oxidel, 
but Berlin (J. pr. 58, 147), Marignao*(^l. Ch. [3] 
60,*267), and Hernjpnn {J. pr. 31, 75 ; 97, 331) 
failed to obtain* any ov^ence of the compcgpito 
character of zirconia. At a later time, Sorby {B. 
2, 126, 193 [1860J), and also*Forbes {B. 2, 337, 
383), thought they had obtained spectroscopic 
indications of the presence of anotlicr earth in 
zircon ; bu^it was shown that the abnormalities 
observed were due to traces of compounds of 
uranium (Sorby ,•0. N. 21, 73 ; Knop, A. 159, 
44 ; cf. Hannay, C. J. 26, 703). * • 

Occurrence . — Never uncoinbincd. The prin- 
ciple naturally occurring compound of Zr is 
zirconite, which is more or less pure ZrSiO.. 
This mineraLis found in small quantities in the 
^and and a^Juvial ^posilJI. of certain rivers in 
Ceylon, and iif the older rocks in many parts of 
the world; it has been found in the granites of 
Sweden, Switzerland, Tyrol, and North America 
{v. J. il/#1877. 97). • 

Formation . — L By heating K^Zrlg with K 
(Berzelius, P. 4, 117 [1825]). -2. By passiift 
vapour of ZrF. over Na in a red-hot tube (Troosf, 
C. B. 61, 109 [1865]).— 3. By heating ZrO^ with 
Mg (Phipson, J. pr. 96, 353 [1865]).— 4. By 
melting ZrO.^ in a carbon crucible in an electric 


method that gives nearly pure amorphous Zr it 
to heat ZrO, with Mg fqil (not powder) and treat 
witii^HCiAg. — S. One p&rt dry S^ZrF"^ ia mixed 
witn l^*.pts. Ah and the mixture is heated to the 
meltiitg-poipt of iron in a crucible made of gat 
coke; the prdduct is digested with cone. HClAq 
diluted with #wico its volume of water, wh%u ih*t 
crystalline leaOtts of A, that have formed on 
the surface of the Al, separate from tho mass of 
Al bef(g:e the latter is wholly dissolved. When 
tho whble of tho Al has^iss^ved an alloy of Zr ^ 
and ^ remains, besides tho crystalline leaflets * 
t I of 2lt ; if the temperature reduction is not 
,4 sulViciently high, tho main product is the Zr-^1 
'' ' alloy (Troosh ftc. ; cf. Frllnz^P. 8, 68). This 
method yields crystalline zirconium. 

Various mdihods have been used for decom- 
posing zirconi^atui obtaining compounds of Zr. 
Franz (B. 3, 58) fuses tho powdered mineral 
with KilSO,, treats tho fused sinaterial with 
boiling water containing a little U.SO*, washes 
the insoluM»^ 3ZrO.,.SOj, tons formed, and adds 
it, in small portions at a time, to molten NaOII ; 
he Bifti lixiviiftewwith cold water, dissolves the 
ZrCf, that remains in liot eonc. HmSO., dilutes, 
ppts. by NIIaAq, washes, dric.i, and decomposes 
tho Zr0.^.;rI1^0 by heat. Tho method of fusirf{f 
whh KlIF.^ used hy Mnrigiiao (e. supra, No. 2) 
yields pure K.^ZrF^ very rcaitly ; ZrdpOJ.^ may 
bo obtained by heatiug tlm K .^^rF^ with oono. 
ILBO. (e. lliortdahl, A. 137, 34; cf.J.pr.m, 
20*1). For other metflods v. Hermann (J.*pr, 
97, d30) ; Schoercr (P. .59, 48) ; Stromeyer (A. 
113, 727) ; Chancel (7. pr. 74, 471) ; Berlin (/. 
pr. 145) ; Hennebcrg (7. pr. 38, 508) ; Bailey 
(Pr. 46, 74 [1889]). 

^Properties.— Zirconium l|L8*boen isolated a# 
black .amorphous powder, and also as a greyish 
crystalline solid. 

Amorphous zirco7iium (v. Preparation, 


furnace; or by fixing ZrOa with carbon, melting No. 2) is a black powder, which is extremely 
in an electric furnace, then mixing the Zr porous and resembles powdered charcoal ; when 
sarbides thus formed (v. Carbides, p. 894) with prosMid with a burnisher it agglomerates to 
jxccss of ZrOa and again melting (Moissan, grapfiitc-likolaminuj. After being heatedstrtngly, 
B. 116, 1222 [1893]). ! and then cooled, in vacuo, it is said to glow and 

Preparation. — 1. Finely powdered zirconite burn when exposed to air. The poyous amor- 
^ZrO. SiO.J is thoroughly mixed with an excess phous metal is said not to conduct electricity. 
■)f finely powdered carbon, the nhxturo is com- : Amori>hou8 Zr is stated to be inBoluj^lo in ordi- 


70 volts), while a stream of CO,^ is sent tlirougif giv^ off. It is oxidised by beating in* the air, 

the crucible; the greater part of th^'*SiOa is^thus' when it burns to with brilliant white 

vobtilised (Troost, G. B. 116, 1428). f The ifght ; oxidation ia also effected by fusion with 
carbides of Zr in the crucible are now mixed caustic or carbobaited liflalts, or yith KNO, or 
with excess^of ZrO.* and melted in tlm electric i KCIO,.* r. . . 

[umM« (Moissan, C. U. 116, 1222).-1. I’inelv Crvstallin«/^r^ontum (v. Pr^rat^m, 
Dowdered and sifted xirconiteH^iftixeTl with 2 top No. 3) is a veiy lustrous, greyish, buttle. Miid. 
timeaits weight of KHF 2 ,the mixture is heated to whieV resembles Sb in appoaranw ; very ha^ 
blight redness for c. 16 miq^., andj,after 
if boiled with water containUg a little 
HFAq: K^SiF, is removed by filtraliq 
filtrate deposits KjZrF, on cooling.* The J^ZrF 
is re-crystallised from water, then dried, imxe! 
with K, and heated in a vessel of glass or if on* I 

the product is wAhed with water, digested for a .. _ „ . . 

... Jn TTi-na- AfyO aU X.M \ TJKTfV A« /.« TT Un avnn -Oflion wlvm « ©Old 
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ThSr'^5^od * yields 'anihrphous sticoniumj j dissolieB the metal as long as any moUrtoxs ifi 
4Qec.tdin|H^ l^y {Pr. 46. 74 [I889j). Ihs only ' present. 
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O until heated to whiteness it dissolvea slowly 
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According io Troost (J: 186d. 18^, Zr melts 
above the m.p. of Si liut. above o. 1800*^). The 
emiBsion>Bpectmm of *Zr has been mapp^by 
Thal6n ; the chief lines are 6127 Jbi the xedl and 
in the blue, 4815, 4771, 4788,4709, 4686. 

The at: w. of Zr was detennin^^ (1) by Ber* 
zeliua (P, 4, 126; 8, 186cC1826]), ky finding the 
ratio of ZrCh to SO, fit the solpnite; (2) by 
Hermann {J, pr. 81, 77 [1844]) by ailalysing 
ZrOl4: (8) by Marignac (A, Ck <3] 6j3, 270 
[I860]), by analysing K^rP, ;,(4) by Bailey (Pr. 
46, 74 [1889]), by aecomposing Zr(S04)a by heat 
and weighing the ZrO, produced ; (6) by i^xter 
a. Dana (A. 169, 888 [1873]), by determining the 
S.%[. of Zr ; (6) by Deville a. Vroost (P. 108, 
636; 641 [1869]), by determining the V.D. of 
ZrCl,. The resets of Berzelbas gave the at. w. 
of Zr as 89*2 ; those of Hermanp, 88*6 to 90*7 ; 
those of Marignac, 90*3 to 90*6 ; and the results 
obtained by Bailey gave 90*4 as the at. w. of the 
metal. 

Zirconium is the fnird member^ Oi the even- 
series family of Group IV. in the periodic classi- 
fioatioh of the elements. TIvs group c(hitains 
the following elements : — 

Rvtn Series 2 4 6 8 10 12 

0 Ti Zr - Co — Th 

Odd Series 8 6 7 9 11 * 

» ^ Go Sn — Pb 

As is io bd expected from its position in the 
claasificatory system, Zr Is a metal with some 
non-metallio properties ; the oxide ZrO, forms 
corresponding salts, many of which are basic 
salts ; the haloid compounds, ZrX^, are projjably 
^jjjl volafilisable without decomposition (the V.D. 
. of ZrCl^only has hren determined), but aque(j^us 
solutions yield oxyhalides on evaporation ; hy- 
drated ZrOj reacts as a weak acid towards strong 
baseu, forming zirconatos ; salts are known de- 
rived from the acid K^Zr!*, ; there is an oxide 
higher than ,ZrO„ probably ZrO,. For a more 
detailed comparison of Zr with the other |ven- 
BeHea«9lements of Group IV. v. Titanium oboup 
ov XLEMSNTS (this vol. p. 749), and c/. Tin 
OBOOP OP SLBMBNTB (this vol. p. 735). The 
atom of Zr is tetravalent in the gaseous mole- 
cule ZrClv 

BeactiJks and Combinations. — 1. £leated in 
atr, or oxygen^ Zr burns to ZrO.^, giving out 
dazzlingly white light; amo^hous Zr bums 
easily, o^stalune only at a white heat, and tihen 
merely 8uperficia’ly.~2. Bath amorphous and 
crystalline Zr dissolve readily in hydrofluoric 
a^t giving off H forming ZrF^.— 3. Ac- 
cording to Bfiiley (Pr. 46, 74), amorphous Zr 
dissolves in cold cone. Sulphutjc ac4d. Both 
forms dissolve in a^ua regiot!!~-\. Cone, hydro- 
chlofia acid reacts with Zr, when warm, foiigiing 
Zl'Cl, solution. Grystalline«Zr is, said to infract 
with g€ueousityd%<^cn cMori^.oJii redness, 
formmg ZrCl^-^'d: Amorphous Zr is oxidised 8y 
molUn potash or so^,^ilso ^nolten nitre or 
fotassium chkrrate ;*tha crystalline form ol Zr 
18 said not to be teted on by molten KNO, or 
K01O„\ind^by molten caustic alkalis only as 
long as tiibre are traces of moisture present.' — 
8. Zr combines directlv with the haloaens^ to 
form ZrX., and probably*with sulphur (o. 8td- 
i4»^.p.897). ^ ♦ 

XhkUion and SsHmatiQn,--A.ddiU<m ^ hot 


± . XsB04Ag to soltKioni of jalteCDl Zr ppUC 
e basid sulphate of Zr, which iiihisoluUe iii 
watir an^ nearly insoluble in much HOlAq. 
Turmeric paper bdbomes reddish-brown when 
immersed *1% a solution of a salt of Zr in HClAq* 
the reaction is completely masked by 4he pre- 
sence of boric acid (v. Drush. J. or, *62, 71. 
BaUey (C. J. 49; 481 [1886]) fotfnd that addition 
of BLjO.^Aq to a slightly acfd solution containing 
waltiif Zr, along with baits. of Fe, Nb, and Ti, 
ppd. the whole of the Zr as ZrO, (or Zr.4P,),4>ut 
none of the other metala« Troost makes use of 
the comparatively small volatility hf ZrO.,^ at a 
'Very high tomperature, to separate this oxide 
from SiO.,, fo. C. P. 116, 1428). 

Zr is generally Estimated && ZrO.^; salts ol 
voljitilisable acids are d^^^ompdbed by heat; or 
solutions may be ppd. by KH,Aq and. the pp. 
washed, dried, and strongly heated. 

Zirconium, alloys of. An alloy of Zr with 
aluminium is obtained in the preparation of 
Zr by reducing K^ZrF, by Al (v. Pr^aration 6f 
Zi'j^coniumy'So.^), Mellis [Z. [2] 6, 296) obtained 
crystals having the compositwn ZrAl, (or per- 
haps Zr^Al^i^l) by heating to whiteness a mix- 
ture of 1 pt. powdered zirconite with 6,,pts. 
cryolite powder, 10 pts. mixed KOI and NaCl, 
and 1 pt. Al, treating with dilute HClAq, and 
separating the larger ^crystals of tjj^e ‘alloy fron^ 
the finer crystals of Si. , 0 

Zirconium, bromide of, Zr^r,. Formula 
probably molecular, from analogy of ZrOl,. .Ob- 
tained by mixing finely powdered ZrO, with 
eugar charcoal, making into balls wilii starch 
paste, drying, and -heating tojbright redness in 
if current of dry CO, and dry Br (M611is, Z, 
[2] 6, 296). ZrBr, is a white, microscopically 
crystalline, hygroscopic powder; it is easily 
volatilised ; heated in H it is not reduced to a 
lower bromide. Contact with ii^ist air or water 
p%oduces the oxybromide ZrOBr,; evaporation 
of an aqueous solution gives the heptahydrate 
of this compound Zn0Br,.7H20 in large needle- 
shaped, transparent crystals (M., l.c.). 

Zirconium, carbides of. By heating an in- 
timate miifbure of ZrO., and C in the electric arc, 
in an atmosphere of CO,, Troost (C. i2.116, 1227 
[1893] obtained a very hard, steel-^’ey solid, 
approximating closely to the composition ZrO,. 
By usin^ less C, other ^carbides seem to be pro- 
duced (c/.Moissanv C. 22.*116, 1222), but analyses 
81 other compounds are not given. ZrCjdissolvea 
reasily iif dil'i^jbe HFAq, but is n^t acted on by 
other tcids. Moissan (f.c.) says t^t carbiAes 
of Zs containing more thdti 6 p.c. 0 (ZrC, con- 
tains 0. p.c. C) take fire fairly dhsily when 
^posed \o the air ; Troost says that carbide^, 
with a smdll i»(5]^rtion of 0 are only super- 
ficially oxidisedoy heating to redness, but that 
4liq^e with much C^. bum brilliantly at 
^temperature. « • • 

Zir^nium, chloride of, ZrOl4. Mol. , w. 

t}^23ro. V.l>. 117 at 440^ (Deville a. Troost, 

K 108, 636). 

« Rpnnation. — 1. B}/ heating^r in OL— 2. By 
heating an intimate mixture^ ZrO, and 0. in 

‘ ^ted 

. . iti 

own weight of Umpmack is* made into a pa«ti 
with oUV little balis. 0. the i»e jA Bhael-nulii ^ 
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«n lOTiiiM .09 uuB, wia are covered w||h 
^wdered owoqal/and heated to fall rednesi in 
a ok»fled oxieibie until the oil is compl^ely 
charred ; the pellets are then heated to bright 
redness in a tube of hard glass, wHile^a curre: 


of ^nrCl is passed through the tub#; the ZrClf 
which fd^s oh the cooler parts of the tube is 
sublimed, in a stream of dry Cl, into a tube 
draihi out into bulbs* which are sealed oil when 
the operation is finis^ed^{w. Bailey, Pr. 46^4). 

Properties y BeadtionSy and Combinatilms.~-*\ 
A white solid ; volatilises unchanged at*o. 400^ 
Dissolves in y^atoTy with production of heat ; the 
solution on evaporation cives oxycliloridee 
(g. V.). Does not interact with stif* ethidc at 
180.® (Hinsberg, A. 239, 2M). Combines with 
amtnonia to f«ym* ZrCl^.dNHa ; with sodium 
chloride to form Zr01^:2NaCl (Paykull, BT 6, 
1467). • 

Zirconium, ferroeyanide of. According to 
Homberger {A. 181, 232), tho pp. formed by 
adding K4R|Cy„Aq to a solution of a salt of Zr, 
when washed and dried, has the composition 
Zr3(FeCya)2(?) ; it is a blue powder with a greenfch 
tinge, insoluble ih water, decomposed by aciil^, 
giving off HGN. 

Zirconium, fluoride of, ZrP^. Formula pro- 
bably molecular, from analogy of ZrCl,. 

Formaldon.—l. The hydrated compound 
ZrF..3aq is formed by Jowly evaporating a 
solution of %ri)2H2,fkr ZrF^, ki HKAq.-2. By 
heating ZrO.; with twice its weight of (NHJUFa 
to dull redness, till all the ammonium salt is 
volatilised (Marignao, A. CK [3] 60, 263). , 

Prept^aiuyn . — Deville (A. Ch. [3] 49, 81) 
obtained* ZrF* by floating to whiteness a rnije, 
ture of finely powdered sirconite and fiuorspa.* 
in a stream of HCl (? ZrSi04 + 2CaF3 + 2HC1 ** 
ZrF, + CaClj + CaSiOs + H-P). 

Properties and Reactions * — Prepared as de- 
scribed, ZrF, is «k colourless, transparent, crys^ 
talline (probably hexagonal) solid ; volatilisable 
at wliite heat; insoluble in. water and acids. 
ZrF4 prepared by heating ZrOj with (NH^)!!!*^ 
•is said to be soluble in water and in dilute 
HFAq. The crystals of ZrF4.3aq ar<i partially 
decomposed on drying. Heated io full redness 
in air, ZrFi gives ZrO^ and HF . „ . ' . 

CowWnofions.— IjWith water {v. Formationy 
No. Ijito form ZrF4.3aq.-r 2. With various me- 
iallic fluorides to form compounds of the form 
ZrF4.arMF.j/H,0. These salts are often calle^!>| 
sircono-fluorides., or fluo-sirconatesti fjiey^are 

. .. a lir. 


Manganese ilroonl-fluorides. (1) 
MnFrZrF4.5aq; and (2) 2MnF2.ZrF4.6aq. 


iNiokel sirooni-fiVorides. 
L)lliF 


• Marignao [3] „ 

either by ^adual evaporation of solutJans con- 
taining the constituent fluoti^pa or. by adding 
hydroxides or carbonates of the^arious metals 
to vlations of ZrF4 in HFAq, and evaporating. 

.Ammonium liroonf-fluorides. Tko 
sJts are described : (1) 2NH4F .ZrF* - 
(NHi)«ZrP«, rhombic crystals, isomqrphoufttwitn 
LzrF-; (2) 8NH4F.ZrP4, small wtahedr^ 
showing Ample refractioi^ (Baker, <7. J.^36,^ 

.^^^(}admiumil#oni-fluoriae8. TwosalU 
leemm exiij: i3onlc*Jtoo 

crystals, IsomoMous with the Mn salts^, (2) 
0^^2ZrF^6aq,'l«atinftr4 faa-ahaped grofli^s of 


(1) j|iFAZrP4. 6aq, hexagonal prisms ; S.G. 2*227 
(Topsoe; C. C*X 76) ; and {2J 2NiF,.ZrF4. 12aq, 
monocHini of crystals. Ther first salt forms a 

double salt wjh K«ZrF*» viz. NiZrF^.K^ZrlSt.Saq. 
Pot assium,ziroo#i- fluorides. 

(1) K-ZrF^; obtained by strongly heating fir- 
co>ufc*witlL two or three times its weight of . 
KHF,,floiliug with very dilute HFAq, filtering 
from K^SiF*, and ^llowfhg tho filtrate to cool. .« 
CrysIHlliscs in rhombic crystals, terminated by 

oxychloHdml six-sided pyramids ; solubilil^^ *78 at 2®, 1*4 at 

* ^ 15®, t-7 at 19i and 25 wt 1^®. tf.O. 31»2 

(Topsfie, Z.C.J; (2) KF.ZrF^.aq (-KZrF^.aq) ; 
obtained, in monqolinic crystals, by dissolving 
tho preceding %ali in water containiivg a largo 
excess of ZrF^? (3) 3Kl'’.Z»*F4( K^ZrF,) ; ob- 
tained by crystallising KjZrF^ from a solution 
containing excess of KF ; sinall, brilliant, 
regular oct^ihodra, with aim]>lo refraction jv. 
Baker, Q /• 35, 762). Soluble in water ; the • 
hot ccac. solutipn-deposits K._,ZrFu on cooling. 

iho d i 11 m z i r c o n i - 11 u o r i d 0 s. The salt 

5NaF.2ZrF4 is said to be always formed in 
whatever proportion the constituent fluorid-i^a^ - 
arp mixed. Small, moiioolinio crystals ; solu- 
bility at 18® -=*38, and at lOO^^o. 1’6, 

Zinc zirooni-lluoridol; ^) ZnZrF,.6aqv 
isoniorphous with ZnSiF«.6aij and &iSnFj.6aq, * 
crystallising in regular* hexagonal prisms, eafily 
soluble* in’ water. S.G. 2*255 (Topsiie, f.c.). 

(2) 2ZnP2.ZrF4.i2aq; deposited from a solution 

containing excess of ZnF.^, in monoclinic crys- 
tals, fSomorphous with 2NiF2.^*‘^'’4* 12aq,* _ ^ 

Zirconium, hydride of. -By 1 : mating ZrOJ 
ahd Me powder, in tho ratio Zr02:2Mg, in an 
atmosidiere of 11, Winkler (B. 24, 888; cf,B. 

23, 2666) obtained a black powder which b\|rnt 
in 0, and contained 0. *73 p.Of U. On treating 
this with dilute HClAq, Mg MgO dis- 

solved, H being given off, and a olaok residue 
was IJft which W. regarded as ZtlLj, Supnpsiag 
the reduction of the ZrO.; had proceeded in 
accordance with the equation ZrOj-i- 2Mg + 2Ha» 
2MgO-H2ZrH2, the product would have con- 
tained 53*44 p.c-ZrHj, and, therefore, would have 
given I'lSJp.e. H ; as only *73 p.o. H was found, 
W. concluded that 0. | of the ZrOj had been 
reduced. ^ ^ • 

^rconium, hydroxide of, (?) Zf02H2. Addi- 
tion of NH,Aq to a solution of^a salt oFZr pr^ 
duces a white, bulky, gelatinous pp.of ZrO^-ajH^O. 
According to Berzelin.s, ihp «lrypp. has the com- 
position ZrOj-HaO-ZrOll,! Hermann (J.^. 
97,318) gave the fornyilo ZrO,.2Iip * ZrO^. 
to the pp. dried«fct*17*6® ; Paykull (B. 12, 1719) 
said that after drying in vacucAhe omnpositto 
, was $r0,.8H20. and after drying at IW 
^Zr02.H20..^ <i/tailAi piaminaticm of 
hydration dPthe p^. formed fc^H^dmg N^Aq 
to a cold solutiogf of Zr(li04), was ihode by Cat. 
nellev a. Walker (C. J* 63, 82 11888]). The 

loss of water by ^he air-dfied np. wAs fairly laga* 
lar to 0. 90®, when the pp. ha<f approximately the 
composition Zr02.2H20 ; the lose wJl ^hen teii 
rapid, b#t very regular, up to 0. 886®, vrhetMt 
the composition was approximately \ 

somewhere between 886® and 415® there was a 
faddeh^inorease in the pereenti^e loM of watef 
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for a rise of 10^, thia inorease boing accompanied 
bj a change of colour from grey to pure white ; 
at 415° 4he composition was approximabfily 
24Zr02.H20 ; water was then ^v^n off ftgu- 
larly, until at c. 560° dehydration was coifipleted. 
e. a. W.’ conclude 'that probably %o aefinite 
bydra(te*of ZrO^, unohar^ged thro^ighout a fair 
range of temperature, Ois formed by heating 
ZrOj^ajHjO ppd. from a salt of Zr; they^think 
that the change. of colour which ^coi^anies 
the comparatively large percentage loss water 
at 0. 400° is an accomp'^nime'nt of a condensa- 
tion of molecules chiefly of the compo^'tion 
nl2Zr02.Q.^0) to, Aolecules chiefly of the ^com- 
position n(24Zr02-,H20). There <^s<^ distinct re- 
aemblance between the phenomena of the de- 
hydration of ZrOa-orH^O aijd those of the 
dehydratton of Si02.a;Hj.O, StO.,.a;n.,0, and 
TiO^-arH^O. 

Hydrated jZrOj ppd. cold, and washed with 
cold water, dissolves easily in the ordinary acids, 
including oxalic aciff (Bailey, C. J. 49, 481), 
forming salts ZrX*^ and ZrX^j i w'nen.^pd. hot, 
or washed with hot water, tli^pp is only .dowly 
dissolved by the ordinary acids. According to 
Paykull (7?. 12, 1719), moist ZrO..,.a;H...O absorbs 
from the air. Digestion with Zr(SOj2A^<l 
produces basic sulphates SZrO^.dSO;,. 15aq and 
6Zr02.7S0,. lOaq /P., l.c.). 

ZiuqohATE8.» ZrO.^.rcHsO behaves as a weak 
acid towai'ds the stronger bases. A few salts 
haw3 been prepared which are most simply re- 
garded as derived from Zr(OH)x by replacing II 
by alkali and alkaline earth metals ; these 
zirconates are obtained by heating ZrOg with 
bases ; '‘they have been examined chiefly by 
'Hiortdahl (A. ia7,»^‘14, 296 [I80r>|). 

Sodium zirconates. (1) Ifa^ZrOj 
("-Na^O.ZrOa) ; obtained by heating ZrO.^ with 
NajCO., in the ratio ZrO^rNajCOa ; the crystalline 
mass thus formed is gradually decomposed by 
water with separation of amorphous ZrO,. (2) 
Na4Zr04 (»2Nap.Zr02) ; obtained by heating 
ZfOa.with a considerable excess of Na^CTO, to 
whiteness for a considerable time ; decomposed 
by water, with formation of (3)Na20.8Zr02. 12aq, 
which forms hexagonal tablets. 

Zirconates of calcium and viagncsium were 
obtained Uy H {l.c.) by heating to fed'aess mix- 
tures of ZrOj with SiO^ and CaCIa or MgCL^. 
Ouvrard {C. B. 112, 1414 [1891J) descries 
lithium eirco’hatc, Li.jZrO;,, obtained by filing 
Zr0.j with LiOl, and cooling ^Jowly ; when LiaCO, 
was used, and the fused mass was treated with 
boiling water contai*iin", a little acetic acid, pure 
ZrOj, remained. 

Zirconium, nitride of.. In fusing amorphous 
Zr with Al, in a cracked lii^e^'crucible, Mallet 
(Am. 8. [2) 28, 346 [1858]) obtained a dark^rey, 
librous solid, which gave^, yellowish lustrous 
microscopic cubes wher treat4^, wifeh HtJlAq ; 
the crystals wvVl- unchanged' by aqua reqioMt 
alkali solutiofis; when fused v(i£lr KOH they gave 
off NH,. The yellBw crystals yere probably a 
nitride of Zr^ « ^ 

' ZirOoninm, oxiaes of. Besides zirconia, ZrO.^, 
there exi&'U^a higher oxide, probably ZrO^; and, 
possibly, also a lower oxide (?) ZrO. 

ZxBcovnjMoioxmsZrCr (Zirconia. TZvreonie 
anhydride,) Mol. w. not jqiowq. , 

There are many methdds lor 


p^iparing ZrO« from 1. fhe mfiteill 

is ffeated to redness ajg^-.throw# into water, and 
the ieast-ooloared pieces'ard finely^wdered^snd 
levigated; the powder is very strongly heated 
with four* times its weight of NajGO,, in a Ft 
crucible, ana the product is heated witb^esgsess 
of HClAq ; tho whole is evaporated to Sryness ; 
the residue is digested wij^h water, filtered* from 
SiO,, and ZrOj-ieH^O is ppd. by NH,Aq. Thipp. 
Js w^bed and dissolved-, inoHGlAq, and the solu- 
tion & nearly saturated with'Na.GO,, and boiled 
with NajSjOjAq as long as SOj is given V)ff, 
whereby ZrO-MajH^O is ppd. (Berzelius, P. 4, 124; 

186 Hermann, /. pr. 31, 77; Chancel, A, 
108, 237 ; Stromeyer, M 113, 127).— 2. Very 
finely powdered c%conite is boiled with cone. 
HClAq, and the residue is^waehed with water 
ana dried; 100 g. of%e dried powder are 
added to 400 g.. molten NaOH, with which 
20 g. NaF have been mixed, and the whole 
is heated in a nickel crucible until the action 
ceases, when the molten mass is poil^td on to a 
sheet of nickel, and, after solidification, is plunged 
into water; the portion insc^Juble in water is 
dissolved ino HClAq, the solution is evaporated 
to dryness, and treatment with HClAq and 
evaporation to dryness are repeated i^eral 
times to remove SiO.j and HF. The solution in 
HClAq is then ppd. by NH^Aq ; the Zr02.xH20 
is thoroughly washedoby decantai^n, dissolvei. 
in tho smallost possible quantity ef 66no. HClAq, 
and tlie solution is evaporated to Aryness ; tho 
residue is washed in a funnel with cone. HClAq 
piixcd with 4 pts. of alcohol ; the washed solid 
is then repeatedly orystallisod from oond! HClAq. 
7»he white, lustrous orystalU of 
Jius obtained are dissolved in water, and 
Zr0.2.xH.p is ppd, by NH^Aq (Venable, 0. N, 
64, 315 [1891] ; cf. Bailey, Pr. 46, 74 [1889] ; 
cf. Preparation of Zirconiom, p. 893). By 
l^ating ppd. ZrOj.xHjO to c. it50°, ZrO, is ob- 
tained. 

Crystalline zirconia is obtained from the 
amorphous form (1) by fusing with borax at a 
very high temperature, and washing with HClAq ° 
(Nordensk^'old, P. 114, 012 ; Knop, A. 167, 3631 ; 

(2) by fusion with microcosmic salt (K., l.c .) ; 

(3) by b^taling to dull redness in dry HCl at a 
pressure of throe atmospheres (Hautefeuille a. 
Perrey,«iC. R. 110, 1038) ; (4) by melting and 
volatili.sing in an electriafurnace, using a current 

360 amperes and 70 volts (Moissan, O. It. 

* lie,, 1222 [il893]) ; (5) by heating, to dull red- 
ness, salt of Zr with an* acid that can bo 
rcmqved by heating, in a current Vaf dry MCI 
(H. a. P., I.C.). 

Properties. — Amorphous zirconia is a 
./bite, tastolcso, ckiodorous powder ; S.G. c. 5V 
insoluble in amds, except in cone. H^SO. (v. 
^^eactions, l^o. 7) or HFAq. Orystall^e 
‘zirconia is a ^.traLbparent, colourless solid; 
S.G. 6'1 (Moissan, i.c.), 6-42 (Knop, Ic.), 5 7 
. (Nor(k>nskjoH, l.c.). The crystals are described 
by N. (l.c.) as quadratic prisms, isomorphous with 
^nQe {tinstone) and TiOj {rutile). The crystali 
are extremely hard ; they soliktoh glass easily 
(Oloissan,. l.c.). It is gen^raj^ said that when 
heated to' incipient^reduBSS it glowi 
brigh^y, and beotmes denser ^ut thb experi* 
ments of Gamelley* a. Walker* {0,J. 58, 83 
[1888]) the aotion of heat 



ZIRCONIUM SULPROCYANIDE. 




iHftKe II proDaDie tnai inflowing is an acoqp* 
paniment ox the dehydrat^n from approximately 
2ZrO^.Hp approximately 24Zr0.,.H,,0. ^Zir- 
oonia reacts towards acids as a basic oxide, 
forming salts ZrXi 4 and ZrX".^ (ihany ol which 
are baaio salts) ; it also decompose#^lkali cat? 
boni ttegf and soma ether alkali and alkaline { 
earthgsalts, wh^n fused therewith, forming 
ahr<5bna.tes wZ^O.^.n^^t) (u. ZirconateSt p. BUG). 

Reactions, — 1. \Vh^ ZrO.j is heated to il 
T ery high tomperathre it melts, boils, an^Tola* 
tilieeB, condensing in gry stale ; Moissan (O. 11, 
116, 1222 [1^03]) effected the volatilisation in , 
a* crucible heated in the electric furnace,# 
using a current of 300 am^u*es and«70 volts. , 
2. When very strongly heated with excess of car- i 
bon, carbides ai^ fdrmed (v. Carbides, p. i 
Heating in a carbon cruftble in the electric fur- 
nace produces Zr (M., f.c.)«r 3. Heating with 
magnesium produces Zr, pcrhii]is also an oxide 
lower than ZrO^ (Winkler, B, 23, 2G 12 ; 24. 8S8 ; 
Phipson, 96, 353 ; IJailey, Pr. 46, 71 ; cf. 
Zirconium monoxide). When heated with mag- 
nesium in an a^inosi>here of hydrogen, sdtiio 
ZrH, is perhaps produced (v. • Zirconij^n , 
hydnde, p. 896). — 4. ZrCl^ is formed by heating j 
ZrO.ff mixed with carbon via stream of chlorine; 
using bromine produces ZrBr^ (v. Jiroviide and 
Chloride, ,p. 894). - 5. ZrF^ is formed by ^ 
heating ZrOf to dull redness with excess of ; 
ammonium^jlsorid^.- C. K^.ZrF^ is - formed by 
slightly heating ZrO.^ with excess of potassitan 
hydrogen fluoride, boiling with very dilute 
IlFAq, ^d eitoring. - 7. Zr^SOj, is obtained _ 
heating ^rO;, with excess of a mixture of 2 pts. j 
cone, su^huric aAd and 1 pt. water. • j 


Zirconium, oxyaedd ofl Hydrated aireonia^ 
Zr0.^.xII.O, reacts as a weak acid towarda strong 
baips (r. ZiAco.NATEB, p. 896). 

Zircenium, oxybromide of, ZrOBr,a;H,0» 
ZrBrjj dissoU’es in .water ; on evaporation, trana* 
parent* netfUe-shapocl crystals are formed, to 
which Melli%(iiJ. [2] rA,*296) gave the Composi- 
tion ZrOBiv7H...p. Bydiissolving ZrO^ xIip in 
IIBr.'^m and evaporating, Weibull (/J. 20, 1394 
[1887^btai^ied lustrous needles of Zr0Brg.8H,0* 
isomo^hous with ZrOCl,.8HU. 

Zirconium, onfVehloiftdeB of. Various oxy* * 
chloOides have boon described. (1) ZrOCl,j.xH,0; 
prepared by dissolving ZrO.j.jIl^O in HGIAq.and 
evaluating ^o> details as to tlio best conditions 
V. Weibull, B. 20, 1394). Hermann (J. pr. 31, 
77) gave the formpja as ZrOCl.;.9H4); Mollis {Z. 
f2J 6, 2%) gavo‘‘2ZrOi;l.,.9H .() ; and Wtfibull (f.r.) 
ZrOOL.Bll.O (r. also riiykull, B. 6, 1467 ; and 
Bailev', Pr. 46, 74). (2) ZivOtllj ; prepared by 

Troost a. llautefeuillc (0. P. 73, 663) by pass- 
ing steam i*id vapour of Z’fCl, through a red-hot 
tube. (:^ 2 A..Oj,CIj.15H ,0 ; prepared by Endo- 
nmnn^J.pr. [2J W. 219) by adding ether to a 
warA alcoholic solution qf ZrOCI.^.a;U^O. 

Zirconium, oxyiodides of By adding the^^ 
calculated weight of Bal.^, in solution, to Zr(SOl^i 
dissolved in a slight excess of ll^SO^Aq, filtering, 
evaporating over JLSO„ ans/ romovipg free I 
from the residue by CH^, IlinsbJ^rg (^ 4 . 219, 253 ^ 
[1887]) obtained a white, amorphous powder, 
easily soluble in water, giving off 1 in moist kir, 
to w'hiqji ho gave the formula ZrlOgHj.arHaO 
{.r probably "3). 

Z^conium, oxysulphide of; v. Zihoomiom 
suLPHioKS (infra). 


Zirconium peroxide. By adding H^O.^.Aq : 
and NH,Aq to a solution of Zr(SO,),, Ch)V 0 (Bl. , 
[2J 43, 63) obtained an oxide containing more , 
Othan ZrO..; to this oxide he gave the formula , 
ZrO,. Bailey if! 1886 (C. J. 49, 149, 481) ck- 
amined the pp. obtained by adding H.p.^Aq to 
solution of Zr{SOj 3 ; according toB., the moist • 
pp. has the composition Zr.Pi, and this com- j 
"position is unchanged after keeping (moist) for ^ 
some months. In Bailey’s paper in » 1889 (Pr. . 
46, 74) he gives the compo8itid\i ZiO.,.3H..O to j 
the oxide ppd. by HjO.>q, either from aA acid or j 
an alkaline solution of Zr(SO,) ,, after dr Wng over j 
PjO.;* and the compositioti Zr^O^ after drying at i 
100°. The oxide ZrO^.ifH.O \Mas obtained (G. J^ \ 
49, 485) by preparing a solution of ZrfSO,), 
beating K.ZrF.avith n,SO„ and at,t)nc^ ailing 
H y^I peroxide is insol. #n vcryddilute 

(1*^) H,s6,Aq or H#C,H,0,Aq (B., l.c.). Bailey , 
(Z.c.) employed the ppn.of ZrO,.xJl. 4 ^ t(yeparatG ■ 
^ from Fe, Nb, and Ti. / I • ' 

ZiBCONiUM iioNOXiDB (?)zfr(#. By heating 
ZrO, and powdered Mg, in the ratio ZrO,j:Mg, in^ 
a^ream of H, Winkler (23B23,^20d8 |1890j) al/- i 
tamed a black powder, which he allowed to cool i 
in H, then kept for some time in C^.^, freuk from J 
Mg by treatment udth dilute HClAq, ivashed wiUx | 
water containing HCl, then with alcoliol, and j 
anally with ethergand dried in vacuo. He fhur 
obtained a deep-Wack powder, which was un- ; 
acted on by ^ClAtJ, HNO.Aqs or H,SO,A?,jfVen 
on wanning, ai*! which burpt to ZrO, “^hen •' 
heated in air. • W. supposed thia black powder* 
to be ZrO.^ 

Tor. IV. 


• •Zirconium, salts of. Tl'.C salts formed by 
the replacement of H of acids by Zr belong to 
the forms ZrX.P and ZrX,* ; many basic salts 
are known. Tlic following are the chief salts of 
Zr derived from oxyacids ; Arsetiales, borates, 
carbonates, nitrates, oxalates, '' phosphates, 
selen'tes, silicates, sulphates, and sulphites. » 

Zirconium, silicoauoride of, (?)ZrSiP*? 
probably obtained by Berzelius by evaporating a, 
solution (? of Zr0,.a:Il,0 in H.,SiF,Aq) (u. Lehr^ 
Inch, 3. 605 [6th ed.j). 

Zirconijum, sulphides of. According to 
Berzelius (v. Lehrbuch, 2, 1H9 [6th ed.j), a com- 
pound of Zr and 8 is formed by heating tho^ 
clcAyents together in vacuo, or with H. The 
, compound, to which no formula is assifened, is 
described by B.as a (fark-hrown Coloured powder; 
unacted on by H.^HO.Aq, liN(),Aq, or HClAq; 
slowly attacked by boiling rej^a; dissolved 
easily by HFAq, giving^fl 11,8 ; insol. In KOHAq, 
anddeccnnposerVby^usion with KOH to K,B and 
ZrO,. By strongly heating ZrO, in'^appur of 
C8., fVe>ny Oh. [3] 38, 326 [1868]) obtained 
!,^b grajShitf Jike •olid? wjiich was rapidly acted 
I on^by HNW,Aq7wKh soparatiMi of S; Fremy 
■ supposed that tlie substince migU be an oxy- 
I sulphide. '• . ^ 

I Zirconium, Oulphocyanlde of.^ By adding 
' Ba(SCN).. to Zr(80,), solutiAi, Homberger (A, 
18), 232”ri876]) obtained a solutioiOgfhich, ha 
' said, co<?tained Zr(SCN) 4 ; this solution quickly 
>decompcBed, depositing a yellow iolid, while 
, Zr(SCN), remained in solution. „ ^ „ 

o la. M. F. M. 
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ALUMINIUM (vol. f. p. 14l). Preparatum.— 
By electrolysing a molten mixture of Alb'a'.tNuF 
wjth NaGl (Min.it, C. It. Ill, 003 [1800J). The ' 
best results are ^btdlned by us<ng the smts in 
the ratio AlF,.3NaF:0NaCl ; details of the quan- 
tities to be used, the strength ^f ^urrent, &c., are 
given by*M. 

Properties.— Minet (0. P. Ill, 603 [1890J) 
gives m.p. ot-Al as 675*^ ; and S.G. at 820^ as 
1’76. The S.H. of A1 is given by Richards (C. N. 
65, 97 [1892]) as •22X at 20°, -232^ ar. 100 and 
*2845 at the m.j). -= 025° ; the S.h! of inulton A1 
at 050° = ’308, according to PwiiLhon (C.Vt. 115, 
162 [1892J). The mob^cule of A1 in dilutc'solu- 
tion in tin is perhaps diatomic (Heycock a. 
'^^eville, 0. J. 57, 370 [1890]). 

Reactions. — Volatilises in electric furnace, 
with current of^'250 amperes and 70 volts 
(Moisa-in, 17. 116, 1429 [1893J). Not ap- 
preciably acted on by NO^ at 500° (Sabatier a. 
Seflderens, C*R. 115, 230 [1802J). An amalgam 
is formed by bringing Al into a solution of a 
mercuric salt (Klaudy, 0. C. 1893 [1] 201 ; ab- 
stract (n C. J. 64 [11] 376 [1893J). Heated with 
. .NaFOa in a current of H, from 28 to 31 p.c. of 
the P distils over ;i,'P is also obtained by heading 
Al with any phosphate of Ca or Mg (Rossel a. 
Frank, B. 27, 52 [1894]). According to Lunge 
{C.*'N. 65, 110 [1892]), vessels made of Al may 
be used for holding articles of food, at least at 
the ordinary temperature, without danger of the 
metal being dissolved ; this result is confirmed 
by 13v.lland (0. B, 114, 1536 [1892]). 

Aluminium, alloys of (vol. i.p. 143). For an 
alloy with gold, Al^Au, v. Heycock a. Neville {C.J. 
65, 74 [1894]). 

Alom^um, chloride of (vol. i. p. 144). 
Nilson a. Fettersson {Z. P, G. 4, 1^06 [1889]) 
made a number of determinations of the V.D. of 
'’AlGlg ; they hnd that the compound gradujilly 
dissociates aoove its b.p. until c. 800°, whto its 
V.D. becomes constant and iisorresponda with the* 
formula AlCl,. AlClg may be prepared by heatilig 
an alloy of Al andci^o^early to redness in dry 
HCl ; AICI3 'distils over unmixed with ‘any Cu 
compound (Mabery, B. 2'2S 2658 [1889]). Sabatier 
{BL [8] Ir 88 [1889]) says {hat crystals of the 
Igydrated chloride after being in vaciio fo^ three 
months at 20° over H^SOfcbavp the comft^sition. 
A1C1,.6H,0. " .. V. 

Aluminii^I^ fixides of (vol. i. p. 146). ®By 
heating Al^Oj with Mg, in ‘ih6 ratio Al^OjrMg, 
Winkler (P.,?3, 780 [li^OO]) obtained a brownish- 
black xowder whi«4i, he says, contained a con- 
Bideraole^^fiantity of an oxide lower than Al^O,, 
probabiy*AlO. By the incomplete copbusYion 
of Al,Pionchon obtained a dark-grey po9'der,said , 
by P. to have the oompostiiion A1„0, «= 2iQ,03.Al30 
(0. R. 117, 828 ; abstract in O. J. 64 fell] 572 
[1893]}. By heating amorphous Al^O, to in- 


cipient Redness in HCl gas at a pressure of tlfree 
atmos., Hautefeuille a. Perrey {Gt R. 110, 10^8 
•(N.890]) -obtained crystals of corundum. Accord* 
ing to Rctfd (a. J. 65, 3l3 [1894]), Al^O, is un- 
changed at c. 1750°. 

^Aluminium, phosphide *of ^vol. i. p. 146). 
A grey crystalline powaer, Al^P^, was obtained 
by Rossel a. Frank (B. 27, 52 [1894]) by heating 
Al in vapour of P, and then heating the product 
till P ceased to come oS. 

AMMONIA (vol. i. p. 196). P^rmation. — 
According to Loew {B. 23, 1443 [1890]), traces of 
N/I., are formed by shaking black with very 
dilute NaOHAq in the air. NH3 is also formed 
by the combined action of Pt black and dextrose 
on KNOaAq (L., l.c., p. 675). * 

Properties. — Ludekiug a. Starr (Am. S. [3] 45, 
200 [1892]) give S.H. of liquid NB^ as -8857. 
For measurements dl the wave-l%pgtha of thft 
lines in the emission spectrum cf NH3 v. Mag- 
nanini (Z. P. G. 4, 435 [1889]). Perkin (G. J. 
55, 689, 728 [1889]) gives M. M. of NH^ in 
,/iqueous and alcohoiic solutions ; also J^ol. R. of 
various NH, salts in solution. Tables showing 
liie solubility of NH^ in alcohol of various con- 
centrations, at 10°, 20°, and 30°, are given by 
I I)el6pine (J. Ph. [5] 25, 496 ; v. abstract in G. J. 
62, 1049 [1892]). For the freezing-points of 
aqueous solutions of NH3 v. Pickering (G. J. 63, 
b81 [1893]). 

Reactions.— Dry NHj does not combine with 
dry hydrogen cliloride when these gases are 
mixed (Baker, C. J. 65, 611 [1894]). Nor do 
dry NH, and dry carbon dioxide combine* 
(Hughes m Soddy, G. N. 69, 138 [1894]). Michel 
a. Grandmongrti (B. 26, 2565 [1893]) say that 
the pro«lucts of passing Nil, over heated per- 
oxide of Ba, Pb, Mn, or Nr>,, are N with a little 
HNO, stnd HNO,, and^oxide or hydroxide of the 
metal. The reactions ^f liquid Nil, with CrCl, 
••Olid FeCl, are described by Christensen (Zeit. f. 
anovg. Gheftfie, 4, 227 ; abstract in G. J. 64 
[11] 4£9 [18^131). . P 

AMMONIUM COMPOUNDS (voF. I. p. 200). 

Ammpnium amalgam (yol. i. p. (201). From 
measurements of the polarisation given by th|| 
Vibstance In ^ sdiution of NH^Cl against zino 
amalgam, and a comparison of these measure- 
. 9i^nts with 4he polarisations given by metdllio 
amalgams, Le Blanc' concludes that ammonium 
amalgam really exists (Z. P. C. 5, 467 ; abstract 
m C.V. 58, F204 [1890]). 

Ammonium chloride (vol. i. p. 202). Baker 
66, 611 [1894])La3serts that the V.D. of the 
dry salt at 350° is 28*7, correAonding with that 
Ifemii^jd Jiy the formula J^lSci. B. also says • 
tbalT^no reaction occurs whezwfr^ NH^Cl and 
dry CaO are heatSd together. ” 

' ANTJMONY (vdl. i. p.*2d2)*. R^tions.-^ 
Monte&aHini (GF. 22. 384, 426j that 00 
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appracinl^c qnantity ofiNH, is formed byfthe 
interactioi^ of Sb and HN’OjAq varying from 
2 fo 70-3 p.o. HNOj ; NO. is praelicallv th« only 
gaseous product of the reaction ; when 70 p.o. 
HNOjjAq is used, the residue prbhably has the 
•cq^ni^sition (SbO)NO.,. * 

AiAimonates (v(>t. i. p. 285). Several salts 
ha^’t boon prepared, by double dee oniposil ion 
fo'oni .the Iv .salt, by Ih ilstein and O. v. liliise 
(C. C. 1889. in 6’. J. 50 I12:U. 

All tlie eoinpouinfs are .salts of llSbO., ; TT a. *. 
Cftiicludo tliat the onl^' well-marked antimomites 
^arc derivcd.from this acid, libel (R 22, 3011 
■[1889;) describes several nnn;intimonat(‘s. • 0 
Antimonitea (vol? i. p. l" .5). F..Viniini..niles 
oi K and Na v. Gormimbauf (O’. J{. 115, 1305; 
abstract in O'. [ 1 1 171 ! I'iOo'). 

Antimony, bromid‘A)f (vol i.p.2s0). 'rii(*b.]>. 
of SblJra i.s given as 275-' b^J’reytr a. V. INh vi r 
{Zeit.f. (OLOnj. Clicm.ic, 2, 1 [isoiij). 

Antimony, trichloride of (vol. i. p. 280). 
Boils at (Freyer h. V. Mey. r, l.c.). 

Antimony, pcntachloride of (vol. i. p. 287). 
The V.D. at 218“ and 58 mm. pro; sun? \Ya 1(^111.1 
to bo 11 1-7 (corresponding with* the f.»rmnl;i 
SbClJ by Ajisclnitz a. Kvans (.1.25;j, 95 | I89T) ), 
DiHible cumjiouiiiis of SbC!., witii libci an<l 
CsCl are dt*st;ribed by Samulri-s {.ini. 11, 152 
[1892,1), ^lud by Wheeler (.Iw. [3J JO, 209 

• [ 1398 .). • • 

Autim^nj, fluoffide of (vid. i. p. 287). The 
double compoKud Si)F.,.2.\mF is <les<Mil'i' | by 
H. von llelmholt {Zeit.f. anorg. Clicniic, 8, 115 
[1808]) 

Anfliinony, hydride of (vol. i. p. 288). TlVo 
tempeifature wlfrreat <l'.*e,om))Ositi<»n of SbH., 
begins is given by llnmn {13. 22, 8202 fl-SsJ,) 
as c. 150“. l’’or tlui it actions of SltH, wilb 
AgXO.Aq V. Vilali (fih'ylnut in O. J. Ot [11], 
200 [1898]). 

Antimonic#xide (vol. i.p. 2'.l0), When head' d 
to dull redness SbJ), gives off O, ft^nning 
Sb.O^, which at c. 175<> i- further reduced to 
SbA (Head, C. J. 05, [1891J. ■ 

AutimoniouB aulphide (vol. i. p. 291). Black ! 
Sb.,S., is formed, according to Mittdieli {C. N. . 
07, ‘ 291 [1898i), by passing €0, into boiling 
water with ordinary in bns]a?nsi(TiJ. I'icton , 
(C- J. 01, 142 [189:^]) obtained a colloitlal Sb S, 
in \(jry lino .sinspijnsioiP in water, b^’*allowing 
solution of tartar emetic to How iiiO) saturated 
ILSAq. • * 

Antimony^ thio-chlorides and* tl^o-igdideif 
oL (vol. i. p|i. 292 8). Onvr;u’;f ((J. it. IJO, 
1510 (l.^.lSj do, ■•crimes SbSCl ahd Sb,K,(U,, ob- 
tained by 4be action of JI S on SbGI., • and Sb.Sl 
^formed by heating rSbf., to 150 ' in dr^ll^S, and , 
Sh.SjI,; formed hy }ieatin}^^|,Sj#wilii 1 a^d 
crystallising from CS^,. 

• ARSENIC (vol. i. p. 801). A^nll aceom^h^r^j 
Vre cTiffercnt forms of A? obliiined, along •ritli ' 
As.jO,, by subliming A.s in a tube i.s {'iven by ; 
Bclgers {Z. V. C. 4, J08 ; ahslroKt in tf. J. 

[11], 570 [1898]). retersen gives the following 
heats of oxidatmn, and atomic volumes, oi the . 
allotropic form^f As {Z. P. C. 8, 001 [1891]) ;~™ ; 

• - •[A«*,0'1 •Atj^^^rne j 

Greyf rhomwhedric . J 50,830 •] 

Grey-Wock,* amqrphoi'at 154,810 • 1.5-91 • 1 

Brown^unorphoufc 108,5(.K3 • 15*99 | 


I Arsenic, bromide of frol 1. «09), AsBr, 

j combines with Nil, to form A.sBra.3NHj| (Bessoiii 

I Oii, 110, 1*258 [1890 !)u 

j Arsenates (vol. i. p. 307). For arsenates of 
Cd 1 ?. ?^*. de Scfiuljen (HI. (8] 1. 473 [1889]) ; for 
arsmiflte.s Cn. and of (ki and Na, Hirsdi 
(C. C. 1891 il]. 15 ; in C. J. 90.0441; 

many double a|s.Miat|f of K, and of Na, with 
Cd, ^o, Mg. Mn, Ni. and Zu are described by 
Lefevre ((.'. /»’. llO, 105 jlKPOl). 

I’W thiti itrsenafes of Cii, llg. Zn.'and Zn and 
Xa, r I’rci.s (.1. ■Ji‘»7, 1^ jF^pO'). 

^r.<eiiitt?s (vol. i. i>. 8l)0tp For the prepara- 
tion. by dunb'e <]te*»mpo^i rfon from the salt 
2K.fk()..As O^.i^iinil pjoj),^ t ifs? of Ibtf arsenides 
of tbo foll«>\fing nu lals r. llt'fcbard (/»’. 27, 1019 
[1891’): — AI, Fsl, (M. G,i. i r, Go, Gu, An, bV, 
I'b. Mg, Mn, lig.^s’i, IM, Ft. Ag. Sr, 44n. Ti, U, 
ami Zn (refeiMii'i's and t i ii ieisnis of foi mer in- 
vestigation.s aro given). Slavi'iibagen {Zeit. /. 
angcir. i'hcmie, 1891. Ib5) nlitaifted the double 
Siiltot K iy-eiiite and .sulpli.ilf, K ,Aj.G ,. 1()K SO^, 
by e\aj.o):i4i ng soiulions of tbo coii.stituonts 
alt( r«ini^:iii;'. ^ 

sArsenic .acid^vol, i. ]>. .807). For a detailed 
aeetnint of tln‘ rea«'tion fif II S with solutions of 

II AO, I’. Brauner a. Tomci i.ehek 1(3. J. 53, 14A 

[ISSM;). 

Arscuious chloride (vol. i. p. 310). Accord- 
ing to Ib-.son {C. n. 109, AsOla 

solidifii-s at - 18'\ forming wTiite •iietatles ; at 
- .80 ■ A^CI , absorles much Cl, forming a Imuid 
which dots not Ht)li(lify at -00’, and vvnich 
with water gives off much Gl ami forms As/);,Aq. 
Besson {<3. It, 110, 1258 [1890]) .says tliat the 
rnm|»ound formulated by Boso as 2A8€1,.7NI1, 
m really AsGl^.lN 1 1 ,. ♦ • 

• # Arsenious fluoride (vol. f. p. 310). Moissan 

(.1. eft. !0J 19, 280 11H91J) prepared AsP, by 
lieating with 111 '’ ; lie gives b.p. as 0^1® at 

750 mm., and .says that it solidilles to whito 
crystals at - 8-5^ Besson {(3. It. 110, 1258 
[l89J»jj describes the compound 2AKF3.5Nlfj. 

Arsenic, trihydride of (vol. i. p. 310). Brupri 
(It. 22, 3202 [1889 I) finds that tlie first pAducta 
of the action of air, or O, on AsII^ aro solid 
»fAslI and II .0, and the next products aro Af 
and il A). Asl I, and ll^S do not react in absence 
of air als the ordinary temfieraturi^ either as 
gases or in solution {//., Z.c.j. AslI., begins to 
(1< compose at c, 2.80“ (B., l,c.). For Iho re* 
aib^on.sof A:-ll., with AgNO^Aqr. Vitali {abstrah 
in C. J. 04 [llj 200 [189.8]). • 

• Arsenious ioditlo (vol. i. •p. 311). Besson 
((3. It. 110, 1258 [1 890])* describes the coni’ 
poumi^ AsI,.lNli, amr?CsI*.l,2NlV 

Arsenious aulphide (vol. i. p. 315). Picton 
(C. J. 01, 110f»l y [1^92]) obtained an aqueous 
holution of colloidal oontuiniri |5 also some 

verj^fi.iely divided^ sulpliido in guspension, jjiy 
al lowing As to flow into saturated H^S.Vq, 
i#to whic* coTuinuayf|)as8ing, andto- 

luovingll.S by.a str<‘arn of H. m 

^rsenic pentafulphicle (lol. i. p. 315) As^S, is 
obtained, according tr* McCay ^Am. 12, 547 
[1891], by passing IBS foi*a long tira# into a 
h*t Bolution of an alkali dihydrogfi% arsenate, 
and thJh ppg. by a mineral acid, 

Arssnic, thiocbloxides and tblo-iodidM of 
(vol. i. p. 310), Ouvrard (C. R. 116, 1516 
[1893J7 obltiined As,SjCl^ by passing H.S into 



• and washing the pp. with CS^. By heat- * 
ing 1 pt. Aa^S, with 10 pts. AsO^ to 150° he 
obtained AsSCl. .. c 

AZO-IUIDS («. Hydrazoic acid, p. 
Addenda), 

\ BABI^te (vol. !. p. 440). Biohards, in 1803, 
nade an*^elaborate exper^enial revision of the 
at. w. of Ba (P. Am. A. 98, 1 ; 29, 66). As a 
mean result of the most trustworthy experi- 
ments, B. adopts 1371 as the at. w. rf Ba 
.(0« 16-96). Limb (0. R. 1’2, 1434 [1891]) 
failed to obtain any Ba by electrolysing fused 
BaClj, or BaCh mijtpd with NaCl. 

, Barium, carbide of. By heating a mixnure 
of Ba amalgam and powdered cnarcoal in H, 
Maquenne (0. R. 114, 361 [1892]) obtained grey 
BaC^ ; decomposed by water, tivjpg BaO^H Aq 
and v. also Moiasan, C. R. 118, 683 

{abstract in O. J. 66 [1], 314 [1894]). 

Barium, obloride of (vol. i. p. 441). By 
bringing BaCLj into contact with liquid NTI^, 
and allowing the gas to escape at 0° a^u 760 mrn., 
Joannis obtained BaCL.ONH;, (C. P. 112. 337 
[1891]). - " , 

Barium, fluoride ofa(vol. i. p. 441). Bab\ is 
obtained in microscopic crystals by adding 
'^l^u01,Aq (3-6 p.o.) to boiling KFAq (1 p.c.j, 
boiling, washing, drying, and heating strongly 
(Moissan, „BZ. [3]^, 6, 152 [1891]). Poulenc 
, (0. R. 116, 987 obtained BaF^ in well- 

formed octahedra by fusing amorphous BaF, 
with'KHP, and KOI. 

Barium, nitrides of. Maquenne {C. R. 114, 
220 [1892]) obtained a mixture, probably con- 
taining some Ba,iN 2 , by heating Ba amalgaii^ to 
Mfadness in a current of N. Berthelot a. Matignon 
(A, Ch, (7) 2, 144 [laCA]) say that BaN^ is form<;'d 
by heating AmNjAq with BaOaHjAq. 

Barium monoxide (vol. i. p. 442). BaO is 
unch^inged at c. 1750° (Read, C. J. 65, 313 
[1894]) ; it liquefies at c. 2,000°, but is not de- 
composed atoO. 2,600° (Moissan, O. R. 116, 
1034 [1892]). 

BaKum dioxide (vol. i. p. 443). BaOj is de- 
composed bv salts of Al, Cr, Co, Fe, Ac.; some 
'\5alts— «.q. those of Ga, Li, K, Na — do not react 
with BaO, (v. Kwasnik, B. 25, 65). For decom- 
position of BaO, by heat v. Le Chatelier {C. R. 
116, 664; dostract in O. J. 64 [11], 71 [1893]). 

BEBTLLIUM (vol.i. p.504). Krussa. Moraht 
(JD. 23, 727 [1890]) obtained hexagonal crystajs 
of Be, mi^ed with BeO, by heating BeP5.2Kh^ to 
redness with Na.vK. a. M. ,,(Z.c. p. 2552) ob- 
tained the value 9-03 for the at. w. of Be by"" 
converting BeO into ^feS.?.,.4H,0, and this again 
to BeO. Gibson (C7. J. 63, 909 [1893]) describes 
methods for preparing BeC from, ^ry I, 

Btryllinm, fluoride of (vol. f. p. 506). Peter- 
aen (E. P,d.’6, 203 [1890]) gives the thermal -’ata 
H.4?. [BeO»H»,2HFAq]-19,"83.^ The d<^Uble 
compound BeF.^.IAmE’ is dcscvilj.d von 

Helmholt {ZeiU j. unorg. Chemie, 3, 116 [1893])? 

Ber7llium,‘*oxide of fyol. .i«' p. 606). By 
dissolving BeO,jp;aq in KOtlAq, Kriiss a. Moruht 
(B. 28, 727 [1890]) aMained potassium beryllate 
BeO,^ ^), ij^ixed with K,00„ as a snow-white, 
silky BoUa. ' ^ 

BISMUTH (vol. i. p. 609). The at. w. of Bi 
was re-determined by Cla.sen in 1890 (D. 23, 
988 [1890]), by converting Bi into nitratez, and 


thi%!nto BIO,; die Mean result ,vwaa !8)8ir8C 
(Oil6*96). ' Sohneidef( [2] 42? 658 { 44. 
23 [1891]) criticises Classen’s resultsf and main- 
tains that Marignao’s value (almost* exactly 208) 
is as trustworthy as that obtained bjr 0. The 
molecule o7 3i in dilute solution in tin ia 
perhaps diatomic (?) (Hoyoock a. NevilL, C. /. 
67, 376 [1890]). 

. Preparation. — Classen {lx.'s says that pure 
Bi is best prepared by electrolysing a solution 
(F thdenetal in HNOjAq, using a cone of Pt as 
the negative electrode, then washing with alco- 
hol, and fusing with KCy. 

. ^Properties. — Melts at 264°, according to 
o^assen (l.c.) * at 269 22°, according to Gallendar 
a. Griffiths \C. N. 63, 1 [1891]). S.G. 9-7474 
(0., lx. ; no temperature giVen) ; 9*787 at 
9*673 solid at the m.p., 10 004 liquid at the m.p. 
(Vicentini, Rend, jbead. Lined, 6 [11], 121, 147 
[1891]). For S.G. of liquid Bi from 235° to 280® 
V. Cattanco {Rc7id. Acad. Lincei, 7,^ [11], 88 
[1892]). For electrical resistance v. E. v. Aubel 
(C. R. 108, 1102 [1889]). 

Reactions. — According to Vqlcy (Pr. 48, 458 
[1891]), Bi does not dissolve in 30 p.o. HNO^Aq 
at 30° if HNO, is absent ; but Bi dissolves 
readily in 1 p.c. HNO.Aq. * 

Bismuth, bromide* of (vol. i. p. 511). BiBr, 
boils at 453° (V. Meyer, A. 264, [1891]). 

Cavazzi a. Tivoli (G.21tll],3Q6 [1892]! describe a 
lustrous, black, hygroscopic solid, rBrH(BiBr.^)„ 
obtained by allowing BiBr, to fall gradually into 
PH, {abstract in C. J. 62, 279). 

Bismuth, chlorider of (vol. i. p. 612).^ Boils 
at 435°-441° (uncor.) (V. Meyer, l.c.). The only 
double chloride of Bi and K of those hitherto 
deberibod that exists is BiCl,.2KCl. 2aq, accord- 
ing to Brigham (Am. 14, 164 [1892]). B. has 
also prepared BiCl,.KCl. aq. 

Bismuth, fluoride of (vol.i. p. 512). H. von 
HeCmholt describes the double jlucride BiP,.AmP 
{Zeit. /. anorg. Chemic, 3, 115 [1893]). 

Bismuth, iodide of (vol. i. p. 513). Astro 
(O. R. 110, 525 [1890]) obtained the double 
i^ide 2BiI,.KI by keeping I, KCl, Bi, and water 
in contact fer some weeks, and then crystallising 
from Et acetate. 

BisVnudhous oxide (vol. i. p. 613). Classen 
{B. 23, 938 [1890]) gives S p. as 9 044. Read 
{C. J. 65, ul3 [1894J) found Bi,0, to be unoha^ed 
at 0 . 1750°. * 

Bismuth, oxysulphlde of (vol. i. p. 616). By 
{massing di^ H.,.S into boiling benz^e containing 
Bi.,Oj ire suspeepion, P. v. Scherpenberg (C. 
1889. [11] 643) obtained Bi,0,S. 

Bismuth, selenide of (vol^ i. p. 516). The 
double compou7id Bl.So,.E,Se is described by P. 
v.'8. (Z.C.). .. > ■ 

Bismuth, sulphide of (vol. 1. p. 616). P. v. 
B.Jtl.c.) obtained the double compound Bi.,S,.K.,C 
oy fusing Bi,0, wiAh R polysulphide. 

BORON (vol. i. p. 524). The at. w. of B has 
begn determinud by Abrahall by the analysis 
of BBr, (0. J. 61, 650 [1892]); the value ob- 
tained- was 10-67 (0 ~ liv-96). AJ^o by Ramsay a. 
Aston {G. J. 63, 207 [1893]]Lbyjpnding the per- 
ceWtaqeoof water in crysta^seu bor^x, and by 
distilling fused borax with HClAqa(,*4^^-pHand 
weighing the residual NaCl; the values*' varied 
a^out llfbut showed considerable difsrencet. 



ftOftON. 


m 


f^baeh ^ 96, 164 [1^3]), by titrating agln- 
tions of l^rax with standard HGlAq, tfting 
melhyl orange as indicator, obtained the^alue 
10’91 (0 = 15*96). The following values for S.H. 
of amorphous B are given by Moi^^n a. Gautier 
\C$ A 116, 924 [1893]): 0® to %0()^ - -aotiB. 
0° toi* 192°- *3407, *0° to 234°- *3573. For 
atoillic refractian of JB v. Gliira {Q. 23 [1], 452 ; 
abstract in C. J. 64 ^11], 517 [1893]). 

Pre/)araY/on.~ Arfjccyding to Moisaan (C. R. 
114, 319 [1892]), the methods employed ^o giw 
a%.or]}1ious boron yiejd ‘substances containing j 


Boron, ohloridt o/ (tot I p. 595). BOIg boil^ * 
ing at 17° (Freyor a. V. Meyer, Z*it, /. 

Odemw. 2, 1). Ghira (<^. P, 0. 19, 768 [1893]) 

givfa gtO* 1*48386, and S.V. 81*94. 

Boron.i^oridO of (vol. i. p. 526). AboordlM 
to Besson (G. li. 110, 80 fl'SOO]), BF, hoi tes with 
PH, at c. -^0° to fo^ 2BF,.PH„ detSoftipoiM 
by water givin^off H and PH,. 

^mnonium boroftuoi'uUiA described by Stolbn 
(C. Of 1896. [1] 211 ; abstract in 0,V, 58, 560). 
Boron, hydride of (ool. i. p. 526). Sabatier. 


from c. 45. to 0 . 72 p.c. of B. M. (U. p. 392) (C./i. 112, 805 [1891]) says that the gas pro- 

‘says that nearly pure amorphous B is obtaii^c^ j diiccd by adding llClAq to#the brown powder 
by heating to reddess a niixtui% of one pt. > forced by hqptirig B/),^witlf Mg ii» H hsf a 
powdered Mg with 3 pts. fused BG„ washing very disagidseablo odour, bttrns with a green 
with HClAq, in alcohol, HFAq, and water ! ilaino, gives a brown pp. with AgNO.Aq, deposits 
(the process is tediout, details are given)* by j B whep pass^ tSrougli a glass tube* at a dull 
fusing this product w’itb ^0 pts. B.p,, and : red heat (H aiming olT), and is decomposed by 
washing with HClAq Ac., a brown powder is | electric sparks, giving pure H. The gas contains 


obtained containing c. 98*5 p.c. H, with traces of 
Mg and Aiall quantities of other impurities. 

Properties and Reactions . — The properties of 
amorphous boron are described by Moissan {&. It. 
114, 617 [1892]). Brown powdw ; S.G. 2*45. 
Does not fuse in electric arc, but volatilises fNI., 
C.*J2. 117, 423 [1893]); incrta.scs in density 
when heated to c. loOO"^ in II. 
resisitani^ =801 megohms. 


a little B hydride, according tt* 8. (f.C.) ; qf. 
Winkler (Jf. 23, 772 [ISUPj). 

Boron, iadide of (vol. i. p. 527). BI,. Pre« 
par<?4 by Moi|sim (C. R. 112, 717 [1891]), (1) by 
homing I and if to 700° 800° ; (2) by heating 
amorphous B (dried in^l at *200°), in a stream 
of dry 111, in a tube of hard glass until the ^ 
Speciho electrical ' nearly softens; (3) by i>assing HI and W 
Burns in air at vapours througli a porcelain tube heated to rod- 


• c. 700°. ’ ^mbines diro#tly with Br, Cl, (not I), ^ nes.s. The product is dissoBod in GS^ shaken 
N at c. 12u0«, Se, (not I’e) ; also with Al, Fc, j with Hg, and allowed to crystallise# Colourless* 


Mg, Pt, and Ag. lle«lucos many oxyacids and 
oxides when heated therewith ; IlClOj,, HIO,, 
HNO,, and 11,80^ are readily reduced; As^, 
and aIJO,, C0,'N.,0, P./)^, SiO,, steam, and SO, 
are aWo reductfl ; many metallic oxides gro 
reduced to metals, often with explosive violenoo; 


crystals, very hygroscopic, rapidly b^me 
coloured in light. Melts at 43° and boils at 
210°. Dccomiiosed by water, giving HIAq and 
H.,BO,A(p (For other reae.tiona V. abstract in 
C.*J. 60, 979 [1891].) For cornpoimds with 
NIL 


,v.BeH.son{a if. 114>12[1892J; absftBdT 
molten KOH givi!S off 11 ; metallic lluorides are •m C.^J. 62, 771). ^ 

generally dccompo.scd, giving BF, ; many other j Boron, oxide of (vol. i. p. 527), For 

metallic salts, both in solution ami whea heated ; roJuction by Mg powder, giving Mg borids, tt. 



gives S.V. 94*72; and S.G. 2*64985. Ac- ; 2919 [1889]) 


Borates (vol. i. p. 


For some n«»i 


cording to Besson {C. R. 112, y)0l i^891]), when : 

a mixture of Kf 'll I anorg. Qhemk, [189a]). For romirke on 

through a -fll? J i the Looilication of alkali and aflcalino earth 

are UBr,!, liIirI„%na.U4 UBr I gpd BlJr^^ ^ ^ Chatolior (CJ. li. 113, 1034 [1891]). 

aro^rlourlcsb liquid^ distilling at c. 1-6 and ^ account of Mn borate, v. Hartley ao. 

The compounds 
ZnBrpAlyO, aro 

9(0, if. 116, 1445; 

abstract in 0. J. 64 [Ui, 4l« [1893]). 

iToron, phosphide of. According to Besson 
r into BBr in dry CClx ft 0|. e i * phosphide J® is ob- 

Boren. eaJbide el. B.c! Liesan (C.*A I P“X%'u ' 

#18. 656 [1894]) say. ‘ha‘ » r°ite"S|^ i HlSCiB pSe/plMe” The nhoaphld. iilud 
wheR amorphous B is «• J | a insoh^l ta water, ra^rt- 

of eu^ar charcoal, and the mi^xturo IS hoated^in alkaff ij|utiona to gi«t 



ccmpoiftids easily decomposed ^by water, Cl, or 
NH, in thp cold, iJbs-son (C. if. Ill, 512 flWj) 
describes BBr,.41«lH, obtained by jmssing dry 
NH, into BBr, in dry C01< 5t 08, 

1 v:j- n n. *1 


the electric furnace for some o'd » wheif heated {o redness in N 

SS"' “ 3 - a o. /. ». •«* 

i -ac- .i, .®iifA - 

8 Q^Rl* barns very slowly in 0%ttJR)00“: ' a yell»ivish grey powder, deoompoBodvtol«Oy 
ul^ dn to « below 10008, bat not by Br, I, 8. i by w^er, gi ving and sonm SOj^to 
P N oaminiral acids; riaets with molten KOH i B t^ull redness m a current of (SabaScr, 
« KnKXi.« 1 ul C. /. 66 [ll>4g9 [1894]). ' C. iC 112, 1000 [1891]). 





BOttON. 


Boron, sulphides of (vol. i. p. *531). For heat 
of formation of v. Sabatier (C. B. 112, 862 ; 
dhstract in G. J. 60, 981 [1891]). Moissan (C. B, 
116, 203 p892]) gives details of various methoas 
of preparing and describes the react^Qns of 
this compound (v. abstract in C. 62, ,1303 
[1892]). According to M. {l.c. p. ‘271), baron 
pentasnlphidct B.^S^, is Obipjncd by heating BI, 
with rather less than on9 equiw, of S in CSj 
solution at 60® for many hours. M. descilbes 
the compound, which was not obtaine^l pav^e, as 
a light white crystalline nowdei;. S.G. 1*85.' 

BROMHYDEIC ACID (vol. i. p. 632). ^ho 
“V.D. has been determined by Biltz at ~ 15® «nd 
-28® {Z. JP. G. lO; 354 [1802]) : the re.s£:,lt3 
ngrbe with the Y.T). f’oqnired by the formula 
HBr. The iM. M.s of HBrAq from 15*47 to 
65*59 p.o. HBr have been mea mrcd by Perkin 
(C. J. 66, 7*06 [1889]). * 

Preparation. — 1. By the interaction of P, Br, 
and HP, v. F^eti a. Crosa (Gf. 21, 64 [1891] ; 
cf. Gassman, abstract in 6'. J. 64 [11], 453 [1893]). 
2. By passing H^S into Br covered with water 
(Recoula, G. li. 110, 784 [1890]).— 3.' By adding 
H.,SO<Aq S.G. 1*41 to KBr (Feitr a.^Kubiersernky, 
J. Ph. [6] 24, 150 ; ab^Jtract in G. J. 60, ld*20 
[1891] ; V. also Addyman, G. J. 61, 97 [1892] ; 

cf. Ltigcr, abstract in C. J. 64 [11], 114 
[1893]). 

iI//rfra<cs.-Pick 7 ring (P. Af. [5] 36, 11 [1894]) 
has iso>atcd HHj.oH./) and HBr.HIjO ; the 
'former melting at - 48° and the latter at - 55*8°. 

Bioctions.—^ox the decomposition o! Ilih’Aq 
by H^SO^Aq of dilferent concentrations v. Addy- 
man (C. J. 61, 98 [1892]). 

BBOIJIINE (vol. i. p. 534). Mol. w. in «olu- 
.Mticn in water or acetic acid - 159*5 (Ih*..) (rutefno 
a. Nasini, B. 21, 216; [1888]). Tlio V.D.s of Br 
from 16° to 280°, and at pressures from 7 5 to 
760 mm., have been determined by Perman (ZV. 
48, 45 [1891]) *, no indications of dl.ssociation 
were obtained. For measurements of the ab- 
sorption of light by Br v. Cumiclnd ((7. B. 117, 
807 ; abstract in C. J. 64 [11], 561 [189.3]). 

liSrocaates (vol. i. p. 538). Lithium hrmnate 
LiBrO, ; prepared by tho interaction of 
r‘*‘-’<ga(Br 03 )._,Aq and Li.^SOiAci (Potilitzin, J. B. 
22, 392; abstract in G. J. 62, 1275 [18021). 
Potassium bromate KBrO^. The decomposi- 
tion of this salt by lieat has been studied by 
Cook (0. J. 65, 802 [1894]) ; decrepitation occurs 
at* 0. 180°, witlj evolution of Bi* ; the salt fus<t=» 
at a higher temperature, and O is evolved, wiBi- 
out any Br, until , KBr reniai is ; no oxy- com-^ 
pounds are formed. , 

Strontium bramat* bc,-^hi8 to decompose at c. 
240° ; tho prin'iSipal change is to Si’Br._, and 6, but 
BrO is also formed (Potil’.tzin, ^ li. 22, 454 ; 
ubsfroef, wifh summary ot quduUlative results^ 
in 0- /.v34 [11], 11 [1893]). 

CADMIUM (/Iph i. p. 054) i>3t«r^inatioim 
of the at. w. hayd bden made by Partridge {Am. S. 
[8] 40, 377 [1891]), and by Moue'a. Jones {Am. 
14, 261 [1892])r P. converted CdOjO^ into CdO 
by heating, Cd'SO^ ie-to CdS by heating in H^S, 
and: CdCjO. into CdS by heating in H^S. M. 

J. oonvertea Cd into Cd(N 03 )„, and this iiV!o CdO 
by heating. Tho results all lie about .1.12 (o. 
abs,tf'act in 0. L 60, 399 ; ^Zj/. Clarke, ibid. 390 
[1891], and 62, 1397 [1892]). Lorimer a. Smith 


(Zeit, /. anorff. 364 [1892]) obtained) 

valmjp varying from liyl82 to 111*90^ (0 = 16). 
The molecule of Cd in dilute solution tn tin m^y 
be diafomio {v. Heycock a. Neville, C. J. 67, 376 
[1890]). Cd ipelts at 320*68°, according to 
Cillendar ». ^Griffiths (determined by Pt JLher- , 
mometer, Cf N. 63, 1 [ISJl]). For thr liife. 
spectrum of Cd v. Ames (P. Af. [5] 30, 33 [1^90]). 
According to Williams {Arn^ 14, 2‘Z3 [1892]), Cd. 
crystallises in liexiigonal an& polyhedral forms;' 
a:^ial «^tio a:c = l:l*6554f Cd is superficially 
oxidised at a dull-red. heat by nitric oxUy 
(Sabatier ‘a. Sendcrens, CrB. 114, 1429 [1892]). 
Montemartini {G. 22 [Ij 250 ; v. abstract in . 
C^.^J. 62,- 1278 [1802|) has, analysed the gases 
I)i*oduced by' the interaction of Cd and nitric 
acid ; with excess of HNO^Aq^ (27*5 p.c.) at 8°, 
N, Np, N.X) and NIT^ are nroduceft. 

Cadmium, alloys of (vol. i. p. 655). For an 
alloy with gold, CA'Au, v. Iloycock a. Neville 
(C. J. 61, 914 [1892] ; cf. ibid. 65, 65 [1894]). 
For alloys with cojiper, gold, and si^cr, pre- 
pared by immersing Cd in solutions of salts of 
tho pther metals, v. Mylius a. Fromm {B. 27, 
630 [1894]). ^ 

Cadmium, bromide of (vol. i. p. 655), For 
the double compounds CdBr^.^rCsBr, cr = 1, 2, lyid 
3, V. Wells a. Walden {Zeit. f. a7vorg. Chemie, 5, 
266 [1893]). 

Cadmium, chloride of (vol. i.p. 055}i Ivwasnik 
{Ar. Ph. 220, 569; ahstracUm G. J. 62, 560 
[1892]) describes C(1CL.2NH3 and CdCl.-NHa. 
For the double comjyouiids CdCl,.CsCi and 
CdCl3.2CsCl, V. Wells a. W.alden {Ic.). Double 
coi'iipoiinds with IICl’ Nil, Cl, LiCl, an^l KCl, 
of the form CdOlo.MCl. a’aq, o’*e described by 
ClAissevant (.4. CJi, [6] 30, 5; v. abstract in C. J. 
6(r[lll, 18 [1894]). 

Cadmium, fluoride of (vol. i. p. 655). CdF.^ 
is obtained by (1) tho interaction of HP and Cd 
at a red heat; (2) the interaction of HK artd 
fusid CdCL, or CdO at a red heat f'it is a colour- 
less, transparent solid ; B.G. 6*64 ; somewhat 
soluble water, insoluble alcohol of 95° (Poulenc, 

G. B. 116, 581 [1893]). 

Cadmium^ iodide of (vol. i. p. 056). For the 
i double compounds CdL.xCsT, when a:=l, 2, and 
' 3, V. Wells a. Walden (l.c.). 

Cadmii^im, oxides of (vol. i. p. 656). CdO is 
unchanged at c. 1750° (llc'id, G. J. 65, 313 
[1B04J). " 

According to KourildlT {J. B. 22, 171 ; 
qMtract\\\ G.,J. 62, 1278 [1892]), the compound 
CdOj.tJdO Al.j ij» obtained by heating CdO.^H.,, with 

H. p.Aqy Morse a. Jones {Arn. 12, 488/ abst?-ai^t 
in G. - J. 58, 1376 [1890]) obtained small 
crystals, vdiich they say we.o cadmous oxide 
.CthO, by gently heading CdOH ; the hydroxide 
wa^. obtainecT by^heating CdCB, CdBr.^, or Cdijj, 
with excess of Cd, to tho melting-point, in N, oj 

and K'eating-with water, when CdCla, 
CdBf:,, or Cdl. *dissolvod, a little CdO^H, 
separated, and CdOH remained as a white 
amorphous pov^der. 

Cadmium, salts of (vol. i. p. 656). For the 
eltfctrRjal conductivitio^’of very dilute solutions 
of CtlBr.,, CdClj, Cdl.,, KaCdl/* Cd(NO02, and 
Cd’l^Oi, Wershoven. (Z. P.t. 8, 481*j;i890]). 

. Cadriium, sulphide of (vol. i. V>. 657). Two 
forms (and. perhaps more) of CdS seem to exist, 
one lcmo^*y,ellow and the other red ; tU'^ diUer 
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•itKUkijr uLo.vf., ana in cmsiaiime form; tho ^el. 
ww w saitt to change to the red by frictioff (v. 

Bwhner, (Wicm. ZeiL 11, 1087, 1107 ; 15^778 ; 

VonKlobuko^, 30, 412 ; ahdra^h in . ac,^nov»o ana oo 

nso^i ' 50 lllG [48«t) ; 02. 77S ! /»,«,/„•. by dissolving 0 

Lflfsiiiik n colloidal HdS was of- j •2000V300i° and rapidly cooling the*exterior 

n in , by water dr *l)y plunging into a bath of melted 

U. «/*54, 6o3 [^888]) by completely ppg. an am- ’ ' ‘ “ ' 

IJi^iacal solution CdSO, by H.S, washing 
well. 


CASBON (vd. I p. C84). • 

Diamond. Moiasan (C. R, 116, 218; 118, 
3^ ; abstracts in C. .f. 64 [11], 275 ; 66 [11], 
1^[1893 and 1804]) obtained grey-black cfl^r• 

I . , . . ... heating to 


4 grins. CdS yi* lit^ 
many days; one with 11 


well, suspending the mi. in water and pa.<siii 
in H._,8. A solution wiih ' ' 

remained clear for 
grms. coagujatcd in 2.J hours. 

C.ESIUM (vol. i. p. 057). According,!^ 
Boketoff (m. abstractin C. j. 02, 2^4 [iViO'i]), Cs 
is- obtained by healing CsOlI witho. i its weight 
of Al. , • 

Caesium, haloid coiif^ounds of (vol 
A scries of compounds of tl^ form C<. 

Xjv: Brj, Ij, or Br and I, Cl, Br and 
described by Wells a. Pcniield (Jw. S. HIJ 43, 
17; a6st^!icMn C. J. 02,773 [1892]). Double 
compounds of Ca haloids with haloid compounds 
of Cd, Cu, Mg.^Hg, Pb, and 'An are desei1be<l 
by Wells (ana otliers) (.4m. S. [3141, 221 ; Zeit. 
f. anorg. Chcmic, S, 195 ; 5, 200, 273, 300, :?01, 
30(T; abHracts in C. J. 04 [llj, 07, 322 [1893J ; 
60 [11], 45, 47 [1894]). 

Caesinpij. hydroxide of (vol. i. p. C58). 


lead ; tho liquid int£or expands as* 19 coc/la 
Digh 


»S.Q.J 4-0^8; [C^ir.Ati]. 


[Cs01IAq,H0U(i] = 13,790 (Beketoff, C. C. 1801. 
[U] 451). 

Caesium, oxide of (vol. i. p. 058). According 1 
to Bek^off {J. li. 25, abstract in C. J. 00 1 
[11], 234 [l891])«Cs..O reacts with slightly moi.st I 
fl to give Ca and CsOIf. 


CALCIUM (vol. i. p. 003). Tho molooule in 


and produces ft very nigh pressure. Diamond 
blnol^ims, sw/ills, and changes to graphite in th« 
eleeti|b furnace (M., C. li. 117, 423 [1893]). For 
various reactiom»of dijiinond, v, Moissan (C. i9» 
110,.400 \ abstract in C. J. 04 [11], 319 [1898]).* 
Graphite. For aeeounki of graphites pro* 
p.aml in difTc^nt ways, tho coinposit^iis of the 
graphitic o:^d*s obtainedrand tho IT.F.a of th*Gsa 
oxides, V. Beithelot a. Petit (C. It. 110, 101, 106; 
1 . i. p. 658). I (Obstruct in (7^J.s58, 418 [1890]). Foj;tho action 
wh. re on various giaiiliiles, v. Luzi {B, 

1 I, Ac., is i “-I* 4085 ; 20, 1412 [1892 and 1893]). 

■’ Amorphous carbon. Mixtor4.4;». S. [3] 45, 

3C3; abstractin C. J. [H], 571 [1893]) do- 
scribes thl; intenietions of cjiarcoal and N, H, O, 
and tlm*luuogens. According to Krnst (J. jir. 
[21^8, 31 ; ammrt in C. J. 04 [11], 401 [189.3]), 
the composition nf tho products of combustion 
of coke. (CO and CO ,) depeiuLs almost wholly on 
tl)e temperature; tho niaxinimn formation*^3D 
CO.^ is at c. 700^, at 1,000 ^ CO i.s tho only pro- 

15 870 * i duet. ^ 

‘ ’ ' Allotropy of carbon. TIj/ foll()wil7g heata^ 

of eoinhusliiin, and atomic volumes, arc giveri 
by I’eter.scn {Z. 1\ (J. 8. 001 [1891J) ; -- * 

[O.O’i. At. Volume. 

Amorplious . 90,530 to 90,980 6’7 to 8 

(irapliito . . . 93,300 5iB 

Diamond . . . 93,210 to 94,550 3'4 • «• 


dilute solution in tin may be diatomic (o. Hey 
cock a. Neville, C. J. 57, 376 [lS9o ). 

* Calcium, c^hide of. By heating 1 20 g. CaCO, 
with 70 g. sugar charcoal in tho electric furnUco 
with a current of 350 amperes and 7(f volts, 
Moissan {C. R. 118, 501 [1894]) obtained lus- 
trous, yellow crystals oi CaC/, H.G. 2-22 at 18 ’; 
insoluble in most solvents ; reacts with Cl, Br, 
and I at 260^-350° ; burnt tc^CaCO., by O at a 
red heat ; interacts violently w'ith water, •giving 
off pure acetylene, and with stejim givilig CaCO.„ 
0, H, and C.^H, {Jbstr^ct in C. J. 6(| [1], 313 

UBiJVi). 

Calcium, oxide of (vol. it p. GGC). * C.aOUjs 
unchanged at c. 1750'’ (head, C. J. 65, ind 
[1894]). AcAirding to Veley (4?. c/. 05, H21 
[1193] ; -Ci, 1 [1894]), dry Ca(J*aoe8 no? appre- 


For Idle rcaclion.s of various forms of 0 with 
K.,Cr.,0, and II, SO, r. Wiesnor {M. 13, 871 ; 
abstract in C. J. (‘*2, 1273 [1892]) ; and* with 
UNO., and KCIO, r. Sediutzonborger (G. R» 
111, 774 ; abstractin C. J. 60, 205,[l«91]). 

Parbon, tetrabromide of (vol. i. p. 688), 
Collie (C. J. 65, 262 [1891]) finds tl»t 9ery 
many compounds of carbon give CBr^ when 
' Inuited with NaOllAq and Br. ^ *<’- 

j Carbon, broraochorides of (vol. i. p. 088). 

I The tlifoe compounds (MJrCl.,, CTlr^Cl^, and 
I CBrCl, are formed by heating Clldi, and Br to 
I 225 ’ in a sealed tube (Bi'ssoii, (7. R. 114, 222 

I C*S'-‘‘-i].) 

Carbon, tetrafluoride of, Cl\. Mol, w. 88-37. 

I .V.D. 44-6. Propaacd by theadircot union of O 


(purified lampblack) arnk F at tho ordinary 
ciably coipbino witfi dry CO,;, SO.^, or Cl’bolow j tinriyim-jituro ; by the ‘reuftiou (ff F with CCI4 
300°. Bakpr {C.J^GS, (ill [1894]) sajethat dry j aiighlly heated, or with CUCl, ai 100°, or with 


• CaO does not react with nor with dfy 

NH,C1. Moissan (C. li. 115, 103! [l592j) obtaiited 
Ratals of CaO by heating ordinary lime in tho 
^lectrio furnace. • • • 

Calcium, oxychloride of (vol. i. p. CCC). TPre- 
pared by boiling CaO with cone. CaCl.;A%; crys- 
, tallUes in thin, lustrous needles; dccompofteU 
by water, alcohol, d;c. ; dissolves in glycerin. 
Composition islprobabl/SCaO-GaCl,. 15al| (%i- 
borsky, Zeit.f. Jno^, Chetnie, 3, 84 [1893]). . 

Calcium, ojurlodide of. •By heatiHg with 
Cal^Aq^ in a inaled tube 150° for G^ourv, 
Tasailly JBL[8}9.629 [1693]) obtained needles 
ef Calj^gaO.ieaq. 


CH, (Moissaim C. Ilf 110, 296, 951 ; abstracts 
in C. J. 58, 557,* 9 14 [1890 ); alsc^by heating 
Agl^vitli CCl, to 220’ in a sealed tube (Chahri^, 
C. Tt. JIO, 53^9 fl890J). M. recommends to 
Bass vapflrt CCI4 oter Vt 196°-200°, to 
let the vapounj pass tbrougn aT ^jprpentine tube 
kept at - 23°, and to coflec^the gas over Hg ; tho 
gas is kept in«contact #vith fragments of oaontr 
chouc (to remove CGI,), tl^n shaken yith ab- 
solute alcohol, in which it dissol^s, and thoA 
expend by heat, collected and snaken with 
H.;SO^(to remove alcohol vapoirr) ; metal vegsela 
must bo used. CF, i^a colourless gas, liquefying 
at - 15° and 760 mm. pressure, or at 20° under 
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pressare of 4 atraoi. OtSief ii&orides soom to* 
be formed along with CF^ */ Ghabrid {lx,) says 
that AgF and G2CI4 yield. G,F» » 

« Carbon; tetra-iodide of (vol. i. p. 680). IdpiB* 
son (a R, 113, 19 ;a&5fracf in J, GO, 1420 
[W91]) prepares Cl* by heating CCJ^«j[free from 
GHGy with excess of Bl^to 90° in a sealed tubo, 
wa8hin'b\h6 crystals w^ KaHSGP^q, drying, 
and slowly subliming tn vaciio. Cl* reacts 
with Cl to form CCl* and chlorides of I ; reduced 
to CHI, by H at 140° (for other roactivus v, 

M.| , t c 

Carbon monoxide (vol. i. p. 689). «For 
some experiments on the sparking of CO, ^ith 
thcLformat^’on of brown solids, y. Berthelot(G^. R. 
110, 609) and Schirtzehberger (G. R 110, 5C0 ; 
abstracls in C. J. 68, 691 [1890]). Winkler {B. 
24, 878 [1891]) finds that CO ic r^ucod to C, at 
a full red heat, by Mg ; carbides o| Mg are pro- 
bably formed (c/. W., D. 23, 2612 [1890]). 

Carbon dlonide (vol. i. p. 691). For S.H. of 
CO- V. KurnakoS (j. fH. 22, 493 ; abstract in 
0, J, 64 [11], 6 [189.3]). COa is, reduced by 
heating to redness with Mg, amorphoui, and 
some GO being formed (WinklCr,'B. 23, 26^2; 
24, 878 [1890-91]). Drf CO^is said not to com- 
^ bine with dry NH, (Hughes a. Soddy, C. N. 69, 

Carbon, oxychloride of (vol. i. p. 692). COCIj 
becomes viscid,, bf;t remains clear, at —76° 
^Haase, 95. 2fi, 1062 [1893]). 

Carbon dlsnlphide (vol. i. p. 693). The con- 
tractfbns observed when mixtures of CS., and air 
are exploded show that the reaction is more 
complicated than is shown by the equation 
OSa + 30„-C0,j + 2S0j; the volume of (lOj 
"Tornd is, practically, in accordance with the 
equation, but the tjlume of SO, is smallen;. 
some of the N of the air is oxidised {v. Pedler, 
C. J. 67, 626 [1890]). By heating CS, with 
exceed of aqua regia^ Scblagdenhaufien a. Bloch 
(/. PA. [6] 28, 241 [189.3]) obtained SO(OCCgCl. 
Decomposition* of CS„ heated in dry N, begins 
at 216°, and explosion with 0 at a higher trm- 
peraturt) (Baker, 0. J, 65, 611 [1894]). 

Trioarbon disulphide C,S,. B. von Lengyel 
^ 26, 2960 [1893]) obtained this compound by 

keeping ttie vapours of CS, in an electric arc 
between G pplos for some hours, filtorinfr off the 
black substance formed, allowing the red filtrate 
to stand over Cu for 6 to 8 days, and evaporating 
inf a current rf dry air. C^S, is a deep-i^ 
liquid, Q.G. 1*27389 ; the vapour, even in 
minute quantities,'* causes violent catarrh ; can. 
be distilled, with partial change to a black solid, 
at 60°-70° and rediiced^* pressure ; inscduble 
water, but dissolved by EtOH, Et,0, CS„ CHCl,, 
or C|^f. A cono. solution ip CS, deposits a 
black solid; (he same solid is formed by gently 
, beating "the liquid, if heating to 100°>T20° 
b rapid the change is explosive The mack 
solid is probabljf J r, polymhridi . 'A gdvation of 
Chfl, in CS, reacts with Br to form OaS,Br,. (For 
Other reactions, v. ab^traii in G. J, C6 [11], 91 

tfmi) ‘ ^ ' 

Carbon, thiobroimde of, 0,SJ3r, ; formed by 
the action ^&Br on a solution of C,S, in CS, (v. 
supra). 

Cfurbon, thioohloride of fvol. i. p. 696). » The 
polymerida of thio-oarbonyl chloride nas the 
psofeeular formula (OSOg,, according t6" the 


cryosoopic determihatijiis of uarrara w. so 

12 ; Vfwfrocf in 0, J. W [11], 15 [ISOlJ)* 

CERIUM (vol. 1. p. 723). For dethils regard- 
ing mb preparation of Ce compounds free from 
compounds of »Di and La, v, Schottliinder {B, 
2SI, 378 [1896]); also Bricout (C. B, 11^,145 
[1894]). • , \ ^ 

Cerium, hydride of. Accordjpg to Winkler 
(,B. 24, 873 [1391]), a coihpound of Ceand<B[. 
pi..*obably CeH„ is formed by reducing CeO, by 
l|g irftresence of H. * 

Cerium dioxide (vol: i. p. 725). GeO, is un- 
changed at c. 1750° (BTead, C, J. 65, 813 

^^CHL0RH7DRIC iiCID (vol. ii. p. 6). Biltz 
(Z. P. C. itf, 854 [1892]) finds that the V.D. at 
- 77° agrees with the formula HCl. Perkin (O. J* 
55, 703, 705 [1889] has #letermined M. M. of 
IIClAq and HCl in iso-amyl oxide ; the values 
obtained for HCl inSlq are c. double those for HCl 
in iso-amyl oxide. For measurements of the 
E.C. of IICl in different solvents, 4t Eablu- 
koff (Z. P, 0, 4, 429 [1889]). For revised tables 
givirg S.G. of HClAq, v. Lunge a. Marchlewski 
{Zeit.f, anen'g, Chemie, 1891. 133). 

Vor the relations between the number of 
molecules of HCl required to ppt, one moU of 
different chlorides, and the reduction of the 
freezing-points of solutions of the chlorides and 
of IICl, V. Engel (C. B, 117, 845 abstract in , 
C. J'. 66, 40 [1894]). i , '• 

Bailey a. Fowler (0. J, 53, 756 [1888]) find 
that when HCl stands over PjO* the gas is ab- 
sorbed, with production of POClj and HPOa ; 
atd that when HCl 'and 0 stand ove^‘Hg an 
oxychloride, probably HgaOCl^.HjO, is fprmed. 
Bifker (0. J. 65, 611 [1891]) slates that dry HCl 
does not combine with dry NH, when the gases 
are mixed. 

CHLORINE (vol. ii. p. 10). For the S.G, of 
liq'^id chlorine from —80° to *77°, and Viie 
vapour pressures from -88° to 146°, v. Knietsch 
{A. 25Sr, 100 [1890]). For the preparation of Cl 
for use in the laboratory, v, Klason (B. 23, 330 ; 
abstract in (7. J. 68, 445 [1890]). Shenstone ' 
(C. J. 61, 4-^ [1892]) finds that Cl obtained by 
heating PtCl, always contains some HCl and 
0, with water, and perhaps a trace of N. Cl 
expands ^vhen brought into sunlight. Bichard- 
Bon (P. Af [5] 32, 277 [189P)) has construptod 
an instrument wherein t,hc expansion is ''used 
to, measvre the int^sity of light. Baker (C. J. 
65, 611 [1894]> found that no explosion occurred 
when ft ^mixturj of equal vols. of dry Cl and dry 
H was exposed Ho bright sunlight ; < and that 
after e'xposure to bright Bun*bhine for, two days, 
and to difiir^sed light for two^'days, mpre than a 
quarter of the mj-xtik'e remained unchanged. * 
‘Pedler (CC J.'hf, 613 [1890]) has examined 
the interaction of Cl and water in tropical sm^ 
ho finds S.hqt thtp^re is very little aetioQ< 
unless there is an extremely large excess of 
water. onWith,. very much water and little 
Cl, (^exposed to the full light of the sun in 
the hot season in India, the main reaction is 
2.H,0 V 2C1, -I- Aq » 4HCVAq + O, ;f with diffused 
sunjight HClAq and HClOAaari formed at first, 
and liojWy <’fHClAq, HClO,Aq, and Oa Harker 
(fj. P,&r0 , 673 [1892])-j from an exteroed investiga- 
ticn of the >ei4>losion of mixtures of Cl, H, and 
O, oonclu(<&d that when there is insuffiqient H to 



<i6tnDiOTV¥iui ail uie ^i^uu aii liie 0,a division 
ofthe H ^tween the Cl and 0 occurs; and that 
tro product of the numbers of molecilea of 
HCl and 0, divided by the product of the num-‘ 
^ bers of molecules of H,0 and a constant, 
01 iif^other words, that the law oT.Guldberg a. 
t\aago holds good.* According to Gautier a. 
CJiAry (C. Rt 113, ^07 [1891]), there is no re- 
Action between Mg -or Zn and liquid Cl at tie 
ordinary temperature very little reaction wiUi 
Fe or Ag, and rather mqre with Cu. ^ • 

Chlorates (vol. i., p. 18). Spring a. Prost 
^ {Bl. [3] 1, 340 [1893]) have determined the 
quantities of Cl obtaine<^ by decomposing* liy 
heat chlorates of Al, Ba. Cu, PiVHg, K, Ag, 
Na, and Zn ; the amount of Cl varied from 
•02 p.c. from KClt), to 14-4r> p.c. from Zn(C10,),. 

Calcmm chlorate Dry Ca(C10.,).j fnelts 
between 300®-360‘^, having^prcviously given off 
from 3 to 3 p.c. of its weight of 0 ; the rate of 
evolution of 0 increaseB, at 330°, until c. 00 p.c. 
of the toTal 0 is given off, after wliich the rule 
decreases. For the quanlitie.s of 0, evolved, of 
Ca(ClOa).^ deegmposed, and of * CaCl.,*and 
Ca(C104).^ formed, v. abstract in*C. J. 02, 1275 
[1892]. 

* Potassium chlorate. McLeod (C. J. S.'S, 184 
[1889]) concluded from his experiments that 
when Iv^llO.j is heated with MnO.^ sonie KMnO, 

• is formed JRid again ded!>raposod {v. Manoanksk 
rKHOXIDK, voi. iii. f. 183), and that Cl is always 
given off in this reaction. In 1893 (71. 20. 1790) 
Brunck stated that Cl is not given off when 
KClOj and MnO.j; are heaiod together, hut that 
ozone *is produced. McLeod (0. J. 05, 262 
[1894]^ has pi oT’ed that Cl is produced in iJic 
reaction. Fowler a. Grant (C. J. 57, 272 [181Hlj) 
have studied the influence of various oxides on 
the decomposition of KCIO, (references are 
gU'cn to older memoirs) ; they support McLeod’s 
view of the r<%ction with MnO.^, and think Uint 
the oxides of Fe, Co, Cu, and Ni react sUnilarly 
to MnO.^ ; acidic oxides, such as V2O5, and 
WO3 cause evolution of 0 accompanied by 
much Cl, a vanadate, uranate, or tungstate being 
also fonued ; powdered glass or sand also assists 
the reaction, but only when A^ry finely divided 
(v. summary of conclusiona, C. J. 47, 581-2). 
According to Tho:^o a. Perry (C. J. Cl, 925 
[18^). the main reaction which ocAirs wlien 
an intimate mixture #01 KClOj and iodine is 
heated is 2KCl03 + L«2Klt), f CL„ aid b'(»io 
of the Cl reacts with unchangfed J ti^ forifl 
and ICC Basset 76C4 [18901) 

examined*the reaq^ons between K Cl 0^, .water, 
and iodine; he qpncluded that the main re- i 
J action, afc* 80°, in the presence a very 
small quantity of HNO.iSfl, ^ as shown J>y 
the equation 61, + lOKClO, + CH^O + Aq •«» 
•KHIaO.Aq 1 4KClAq + CHCIAq ;^in evaporatjfig 
tthe lolution to dryne88.KJl was given off/antr 
the results of several experiments led to the re- 
presentation of the change produced evat^- 
ration to dryness as 12KIiI,0« + 8KG1 + 12Hdf -i 
11KHI,0, + 9KQ1 + 6H,0^ lOl + ICl.HCl * 4CI,. 
For determinates of the quantities of oxidising 
gases (Cl and oxidelt of Cl] removed ' 
air throuSh QClOtAq miied with 
Pendlebury a. McKillop J[0^ 8. Ptoc. 

[No. 12^ 211).* • * 

Stnmikfm chloraie. For experiifletfts on iho 


decomposition If this salt by beat, giving 6r01|r 
Sr(C10,)„ and 0, v. PolUitein (/. A. 21, 461 j ab- 
ikact in C. J. 68, 696 «890]). 

•CHROMIUM (vol. li. p. 152). B.H. of pan 
Cr (0^ to 91^) f •12162 (Jager a. KraBS,JB. 22, 
20^28*[188A^. The at. w. of Cr was re^determined 
j by Rawson jn 1889 66, 213). by itrongly 

I beating (NH4)J!lr,Or,llea8uring the N given on, 

' and^weighing the Cr,0, that remained ; also by 
I redudng (^l,).,Crp,Aq to CrCl^Aq b^ HOlAq 
and sicohol, ppg. by Nlljr^q, and wbighmg Cr,Oy 
I produced ; the mean ^almr thus obtained was 
’ 52^6, or 61*98 reduced to 0° and a vacuum 


also O, in Ag^CrO^ and in Ag/>0,.Nn„ (2) 0 in 
K,Cr,,G, ; (3) tSand Cr in (NIlj).Cr.,0, ; the extreme 
values, from ^iiirty-six experiments, were 62*12 
and 51*83 ; twenty-eight of the experiments gave 
values between 51-9 and 52. According to Piina 
{C.lt. 11^, 392 [1893]), fir crystallises in minute 
cubes \yth^yrnm>dal face's. For the absorption 
speAra of salts^f Cr, v. Ijapraik (/. pr, [2] 47, 
30« [1893]). 

iVr;).im/imi.™Glatfel (D. 23, 3127 [1890]) 
says that almost perfectly jmro Cr can be 
taiiud by reducing CrCl^.KOl by Mg powder (for 
details r. abstract in C. J. 60, 152 [18911). 
Placet (C. It. 115, 945 [lol'ijl projihrgs Cr by 
electrolysing a solution of ( -r ahnti, containing' 
an alkali suiphato and If ,KO,. Moissan (£?. H. 
116, 349 [1893]) says that Cr can bo obtained by 
rediu'iug a mixture of Civ-Ojand C in the electric 
furnace, using a curiont of 50 volts and 100 am- 
pc‘#s, and then breaking u}) the prodifbt, which 
contains from 8'6 to 12*9 ^.c. C, and heatin^ltT,** 
KfflixejJ with more Cr^O,, again in the electric 
furn.aco in a carbon crucible. 

Chromic acid (vol. ii. p. *54). Miss.Fteld 
I (C. J. 61, 405 [1892]) ha.s found that only Ci*0, 
j i,s obtained by working according to Moiasan’s 
i directions for preparing H.^CrO,. Doterrainakions 
I of ’tlio incre'ase in the b.p. of water caused by 
' solution of CrO, led to tbo conclusion That an 
, aqueous solution of CrO, contains some H,Cr[^« 

I and probably also H.^CrjO,. 

Chromic bromide CrBr, (vol. ii. p. 161). Be- 
coura {B. R. 110, 1029, 1193) oblKkined green 
CrBr3.6H,0 by boiling saturated CrO,Aq with a 
; large excess of HBrAq and concentrating ; deli- 
I qV'seent crystals, soluble aleohoI,*insoluble ether. 
Unchanged when^kept solid but soliRion soon 
4)ccomcs blue and*then violeL with rise of tem- 
perature. By boilinj^ a^*eon splution, then 
satumting with HBr whne oold; filtering, and 
drying the pp. thus. formed on porous plates, 
crystals of tlmblwo variety, CrBr, .6H,0, were ob- 
tailed ; very soluble water, insol. al^oh^l. Heat 
of i%)lution of blue crystals » 28,700 ; and* of 
green OQ0..^The bl^ie solid ^ shanged to the 
freen atToO*. (Ifor more dellhlB v, ahstraei In 
C. J. 68, 1068*{;ig90].) . • 

•Chromic chloride OrCl,^(vol. ii. p. 161). Ma]'< 
chetti (G. 22*[11], 87U [1g92])* finds that tb< 
molecular lowering of the freezing-npinf^ watei 
tlm^iolet form of CrCl, is considlhlibly greats 
than tnat caused by the green form. 

Chfomio fluoride^ GrF, (vol. ii. p. 162] 
Fabrig (0. 20, 682 [1800]} obtained OrF^OI^ 
as a green crystalUns pp., by adding exeesa c 
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’’NHjPAq gradually to 4 cold ^(nutioa of violet 
Cr,(S04),. Slightly sol. water; insoluble 
NH,FAq or alcohol ; hearting in air leaves Cr^#,. 
Poulenc (d. R. 116, 263 [1893]) obtainod OhP, 
in greea crystals by heating. CfClj, CtjO„ or 
OF,.a;H,0 in HF. * 

. Chiyn»ous fluoride.. According to Poulenc 
(I.C.), OrFj is formed by dating {3r to redness in 
HF, or by the interaction of CrClg and at 
the ordinary temperature. CrF^, Hfter ^sion, 
is described as a transparent, green, Icrysltlline 
mass ; S.G. 4‘11 ; sHghtlJ sol. Crater, insol. alco- 
hol. Heated in air it gives CrjOg. (For i!^,ore 
details v. abstract fii O. J. 64 [11], 281 [1893J.) 

WChromib oxide'Cr.^C^ (vol. ii. p. 1 04). Moifsan 
( 0 . R. 115, 1034 [1^92]) found that Cr.p., melted 
to a black mass, dotted with black crystals, in an 
electric fumaco, using a current oi 55 voUs and 
80 amperes. • 

Chromium trioxide CrO^ (vol. ii. p. 164). 
For action of \fater v. Chuomic acid, p. 905. lle- 
duoed to Cr.pa by NO tfu the ordinary, tempera- 
ture (Senderona a. Sabatier, C. Rt 114, 1476 
[1892]). For the reaction of Cr^j^d with O and 
BaO.^HaAq— said to give a pp.‘ approximakily 
BaCrOj — v. Pechard, OfR. 113, 39 {abstract in 
00. 1431 [1891]). 

Chromium salts (vol. ii. p. 167). According 
to Bccoura (C. R. 112, 1439; abstract in C.J. 

* 00, 143(^^[]r391]),vthh green solutions obtained by 

•heating solutions of the normal violet chromic 
salta^contain free acid and a soluble basic salt ; 
in the case of the sulphate this soluble basic 
salt is said to bo 2Cr,jOj.5SOj. For preparation 
of green soluble normal sulphates v, Kccoura, 
0 . R. 116, 857 {abstract in G. J. 02, 411 [18!«2)). 

• • « CHROM-AMMONIUM COMPOUNDS (vol. ii. 
p. 158). Petersen {£ p. G. 10, 580 [ 1892])^findv 
by oryoscopic determinations, that the formulio 
usually assigned to the chief salts of this class i 
are probably molecular. For a discussion of the 
constitution of these salts u. J<h’gonseii (/. pr. 
[2] 42, 200; 45,274). 

(IHBOMATES ; aad derivatives (vol. iit p. 
164 ). ’■ 

Ammonium chromates. According to Jiiger 
IB? Eriisa {B, 22, 2028 [1889]), normal arnmoniiiin 
chromate has not hitherto been obtained pure ; 
they preparw the pure salt by adding ixccss of 
NHjAq S.Q. *9 to CrO.Aq free from lI.SO.Aq, 
v^jirming until the solid that separates dissolves, 
and placing in'a freezing mixture. (NH,)Xf.&^ 
crystallisis in long, monosvmmetrio, golden 
needles, a;6:c = i'[)0U3:l:2'44o2 ; fcj.G. 1*880 ak 
11**. ; , 

Amtnonium trichromai'e (NHJ.CrjOio U pre- 
pared by J. a. K. {l.c.) by dissolving (NHJ.^Cr^O, 
in hot cone. CrOjAq, concentw.\tif.g, and drying 
at 100° tJie fed crystals that separate on cooing; 
S.^V. 2*342 at 13°; explodes, at 190°, giviiy* off 
NO.^, and leavinor Cr.O,. ^ ^ . 

Ammonium \iilrachromaw (NH^J^Or^Ois k 
formed bydisiolving thg triclyoniate in warm 
HNOA*! S-fl- a^.d letting cool tflowly; ^G. 

2*343 at 10° ; 'melta at '170°, anS suddenly de- 
composes at 176°, giving off NO and leaving 
Cr.,Oa. J. K. (i.c.) failed to obtain . 7iaa»- 
chromate ; they say that no nitro-ohromales are 
obtained by treating ammt^ium chromatOs with 
HNO,Aq. (For more details v. abstract 1^.0. /. 
66» 1117 [1889].) Various double com^unds of 


(N l|.)aCr.,0, with HgC]|fare described iiy J. a. ST. 
{l,c.f. . 

C^ric dichromate CeO2.2CrO3.2HjO. Pl*e* 
pared by passing a current of 2*5 to 8 volts 
t)|roagh a glmfltly acid solution formed by dis- 
solving Ceo(uOj)3 in CrO|Aq; insol uble^a^r,* 
boiling water forms yellov^ Ce(Cr04)2 an« then 
CeOj-xlIjO (Bricout, C.B. J18. 145 [1894]).* ^ 

* Lead chromates. For double compounds ai 
JE&CrO. with Li.CrO,, K./JrO,, and Na.jOrO,, v, 
HachaTO a. Lepierre,' G. B. 110, 1035 {abstract 
in G. J. 58, 1005 [1890]). . • 

Mercury chromates. For basic mercuric 
ait>romate^ and a double compound of HgCrO/ 
with NH.HftCl V. Juger a.* Kriiss, B. 22, 2028 
{abstract in G. J. 50, 1120 [1889]). 

Potassium chromates. ,Ti4;eik a. Kruss (Z.c.) 
preptire 2)oi<issinm trichnfmate KjCrjOjo by treat- 
ing K.,Crp, with II^O.Aq S.G. 1*19, pouring off 
from 'KNOj that separates, and crystallising ; 
S.G. 2*048 at 11°. KjOr^Oio is quickW decom- 
posed by water to CrO,Aq and K.CrjO^^ ; melts 
at *250'-'. Potassium tetrachromate K.,Cr,0,3 is 
pre^fared by J. a. K. (/.c.) by di^olving KCr.p, 
in hot cone. MNO(A<i S.G. 1*41 ; d.G. 2 049 at 
11^^; not dcliqucseeut; decomposed by water; 
crystallise.s unchanged from nNO.,Aq S.G. 1*41. 
Schmidt {ii. 25, 2917 [1893]) says that no nitro- 
ohromato is obtained by the action of *HNO,Aq 
on K.Cr.X); ; the substafices obtained by Danii* » 
stiidter ( v. vol. ii. p. 158) werb mixtures of KNO3 
and K.Cr,0,.,. 

Silver chromates. Pure silver chromate 
Ag.CrO, is preiJ!ire(\ by J. a. K. (Lc.) by re- 
putedly boiling .Vg^Cr.O; with water fts long 
as^anything dissolves ; it is a iieep-gi*eoi> solid, 
incol. water. 

Sodium porchromate, Iliiussermann {J. pr. 
[2J 48,70; ats^mc^inC. 04 [ll],471)dcscribe3 
a salt Na,,Ci*./),.,.2Saq, prepared by adding NaPj 
to f. thin paste of CrOjll, and waUr, kept at 10°- 
20 °. „ 

Thallium chromates. For preparation of 
Tl CrO,| and the double compound Tl.jCrO^.KjCrO, 

V. Lachaud a. Lepierre, JUl. [3] 0, 232 {abstract * 
in O. J. 0*2,4'*07 [1892]). 

Uranium chromates. For double uranyl 
chromS,teSf,v. Formanek, A. 257, 102 {abstract in 
C. J. 58, 852 [1890]). 

lODOfHEOMATES (vpl. fi. p. 157). A s^nes 
of salts of the forms r, lOj.O.CrOj.OM* and 
(I^.,.0.00.,.0).M"*ha3 been obtained by Berg 
(C.'/i. HU, '1514 [1887] ; 111, 42 [1890J) ; 
M' - W4, Li, If, Ag, and Na ; M“ = Co, Cu, 
and N^. Most ot the alkali s^lts were 'lo’rmed By 
dissolving tho alkali iodate in excess of CrO^Aq 
and crystal Using ; the other*^saIts w'jre usually ^ 
pivjpared by (Jissftl^fKg the oxide or carbonate of 
thS metal in excess of CrO^Aq and adding 
HIOjAq. (For details v. abstracts in C. J» 62^ 
^T0*il8871 ; 5^ lii78 [1890].) ** f 

PH0SPH0CHB0MATE3. By adding cone. 
HaPO,Afi^ + CrQ-jAq to KjCOaAq, Blondel (C. B. 
m, 194 ; abstract in G, J. 06 £11], 193 [1894]) 
obtained compounds o^ the form 
mK.20.P205.nCr03. aaq, m being t and 3, n 4 and 
8, find qi being 0 or 1. ^ i 

SWHOCHBOMATES. In A88fl Gross a. 
Higgi^ described a compound of CrjO,, SO*, and 
R3O (C. J. 41, 113), anfi also compohnds^ OrjO,, 
SOj, KaQ"and H,0. Beooura (C. R^t^lli, 477 
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«Ot 


riiw comfoa^r' ' mart... (O 22 ( 1 ], 2 S 0 ) tt,..U tl.it thigaseapro- 
r -P“!*“'’8. at JOO , I ditpeil by the ...tcnvotio.. of Oo ai>.l exoeas of 
(27-5 p.c.) .iro'NH,, N,0, «nd N («. 


r/t uy evaporating, at JOO**. di«j< 


obyiip^d chramosulphuric 


/m«iin C. i. 02, 127^^ fl^^02]). 

/..^i 11 


trisiUphuric achl H fr kU j solubility of CoCl, in \vatpr, and tho changes of 

Btf^hites in uKeP^«f^rin^'^’ m ^ produced by dicing the solntloA, Vith- 

ji .. .V Pi bo obtained c/f/t'mt^ j discussion of tHo hydrations and dohydratioi 


iiilphdtea, chromodisiiUduUcs, aiul chromofr\ 

Tl.tr ..r,iJj5 . a .. 


sulphates. The 


, - «o>ds are green powdcrsffasill 
Boi. water; they gradually decompose, in sola- 


hydrations and dohydrationi 
j that Kci‘..nu]i%ny those changes, t>. Ktard, 0. li, 
i 113, (02 {/9i)sinict in C. J. 02, 2-78 [1892]); 
Engel, ]JI. [3] &. (a bsi roc t in C. J. 69. 



J , lOO'^and hoating the ■ (.1. CVi. (0) 31), r/riS03)), 

to 1 * 0 ’- I Cobalt. ttuviiHi of (vol. ii. p. 220)^ I'ouleno 
llo for some days. The acid forms bvilllo, (0. li. fl l. lljo; n. , /..s/m, /. n C. J. 02 

transparent, pale-green himtno. Sails of th.- ' ■■ ' • ■ 

form Cr,,(S,0;)..{OM)y are obtained by adding 
alkalis teethe acid ' ' “ 

calls 


[1802 ) j)rei»ares CoF. by beating 


1159 
C’oCla with cx- 


pyrosulphocliroin 
IIClAq or R.SO. to 
sulphuric aiid,* It. obtained 


J aie oUtaineil by aildmg eess of N11,F for 15 minutes, lynd repeatedly 
11 solution; tbe.so salts It. , washing the double thi.^ido CoF.,.2NIljF thus 
Jonh's. Ijy a<ldin,g eone. oblaino.l w^jyi boiling abroliol. Hy'lieiiting CoF» 
a .solution of ebroim)|>#ro- to l‘.^)0* 13()i)' in I IF, llm salt is obtained in 


compound ' snejJI, ros.- retf j^isms; S.fl. 4-13. Tho Uoidblo 


l.e. p. 71i'»; (ibsirttc.t, l.c. p. 781). 

. iodide of (vol. ii. )». 220). For sonn — 
I bilily in water of (Jol.. and tlio formation of 


Cr,,(OII),(S,0,) pi/rosnlphocluomln hi/.lnu-mr, ; confpound CoF...2Kl'’ is' firmed by heating CuCL 
isoi«criG witli cbromo.sulphuric acid Cr .(SO,), 11. ! with KlIF, • ’ ■ ■ ’ 

(For more details v. ab.sbarfs in C. J. 02. 783 ( Cobalt/iodid 
[1892] ; 64 [llj, 470, .52S ils-KF.) j bility in water 

•, COBAL^voI. li. p. t4l7). Winkbr has re- I various hydrates attending •johition,,r. Flard, 
determined* a|. w. #f Co, (i) by di.s5;olving elec, j 0. H. 113, 699 {abstnict jii O’! (;2„;i78 flH92J). 
troiytically deposited Co in jl('l\q, ova}»oraiing j Cobaltous oxide CoO (vol. ii. ji. 220) This * 
to dryness, and determining Cl in tho CoCI, ob- oxide nu lls in the electric furnaeiMuui fdrms 
tamed /• a)wr(j. Clumie, 4, 10 [1893;); rosi'-coloured crystals (Moissan, C. it. 115. 1034 

(2) by ffcidnig the quantity of ^Vg deposited froifi j [lH92j). 

8olutio|j; of Ag.,S*i, by tdiictrolytically depo: ii. d j (Jobaltoua hydroxide CoO, ,11^ (vol. ii.,p. 220). 
Co {l.c. p.^ 402). Tile values obtained were ijl ' A. do Hebultcu ((7. H. 109, 266 [ IH.S9J) obtainalirti 
about 59-6 (Ag- 107'66). j CMiiipound in mlcrostftipie, brownish-red, 

Alleged deconipnsilum of cohalt. Kriiss a. ! four-sWod prisms, S.(j, 3 597 15‘^ by lioating 

Schuiidt {li. 22, 11, 2020 [iH.SOi) suppoasl they 10 g. CoCl... Oaq in 6l)c.c. water vvitli 250 g. KOU, 
bad separated into two con-tmienl:. (r. v^l. ; in a llask lilleci with coal-gas, letting atanfl for 

r./.fu ,,,,a n,.... ii.-.f / , .1 .j| washing away tho ligliter amor* 

plioiis products of the n ai lion. » 

robalto-cobaltic oxidea (vol. ii. p. 221). llo- 
gardiiig and oxides inlci mediate bitwiJen 

gradually , this and Co.p.„ v. Scliioder, (7. C. 1890. [1] 931 

~ ‘ heatolP ' 

(Hoad, 


iii. p. 500) ; and they tliought that Co al-o wars 
probably not a liomogeiieous subslc.nee. iTemm- 
ler, in 1893, obtained a mnnbi r of specimens of 
• Co./),„ by ppg. CoCl .Afi by K01lA<i and lir water, 
treating the pp. with NH.Aq, wl 


dissolves it, decanting olT tho i^nnioniacal boIu- {abstract in O'. J. 58, 1213 [1890]). COaO^ hea 
tion at interval.s during 9 months, evaporating toe. 1750'^ loses all its (>, and leaves ^Co (lie 
each and heating i.i CO^; the dilTercnt .spcci- i (7. J. G5,fll3 [l891j). ' 

A - f ■ ,r , Cobalt, dioxide of. By tho reaeffon of lAq 


mcq^ of Co.P;, worcAicaV'd in Jf, and ti»c quan- 
tity ot ~ 


The 
varied 

purified ^ — 

ge^eoua sdbstanco. Winkler’s deform inntions of 
the at. ^y. j(v. suprS), however, gave v A-/ con- 
stant valueg. • • 

Ueactions. — Pleated in |o 150^, CoO is 

il. 5 . k 


fonned (Sabatier a. SendcrenI, i 


pp.tiearly ag lining with tho for. 
inula CoO^. For comfioumis of CoO„ with Bh() 
V. Ilomsseau, O. It. lO'^^Hil in O. J, 66. 

1115 riH89j). ^ 

Cobalt, salJs of (vhl. ii. p. 221). Marshall 

114, 14t9 {C. J. 59, 700 [loOlJ) lias preparojJ the saltft 

r1 fin ii! n \ y/MrT\r.rv 


[^92]) ; 6nely divided Co burns in NO, at tho Co,{«tl,),. 18aq and Co3(C,0,j,.3(NH^),CiO,. 6aq 

O rdinary temperature, giving fo.Oj; but if by clJctrqlyBinjja solution of Cc^O, inH^bO.Aq, 
[Oa is largely diluted with N, a black compotind syiid of fiinlalning (rt 4 ), 0 ,, 0 .. 

is formed, Co.,NOa, called by S. a.^b. ( G’ait. 115, COBA1TAMMINE8 (vol. ‘ii. p. 222). By 
236 [1892]) nitro-cobalt. This compound rea^d cryoscopio deteriAinutidn8„|Peter8en {Z. P. C. 
rapidly with* H-P. giving oil NO, and forming a 10,^580 [1892])jconclud(» that tho formula gene- 
solution contair|ng Co(m).j)a with a very“itt*o : rally given to the chief ooba?tatnmines aremole- 

\ rin ramtini'nn inanli.KlA r.n^l ' .... 1 ... _ Jti . « .1 


occurs vnth formatjon of €k) and oxides of Co^ ' For various octammincs, v. Vortmatin a» Blaa< 
wbeu mixj^d with combustible substaufS^ Co.aNO, | berg (B. 22, 2648), and V. a. Magdeburg (P. 2% 
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8680 ; ab8tf‘(Uita In C, J. 6$, 1% [1890]). V. a. 
Morgulis {B. 22, 2644 ; ahsbract in C. /. 68, 18 
[1890]), describe several inercuricobaltamnUites. 
Amumbef of croeeo>, luteo-, and xantho- salts/^And 
also several fiavo- salts isomeric ^ith theteroceo- 
salts, are, described by JOrgensea^n ZeiL f. 
anorg. Qhemie^ 6, 147 Xakstract in O. J. 66 [11], 
60 [1994]). 4 , ' 

COPPEB (vol. ii. p. 261). An elabor^e in* 
vestigation of the at. w. of Ou has been made 
by Richards, P. Am. A. 26, 240 [189'i] {v%C. N, 
.66, 236, dko.; abstract in 6. J. 64 [11], 12 
[1893]), CuSO,.5HgO was analysed and 'syn- 
thesised, and Gu9 was analysed; the final 
value obtained hf R. js 63*604 (Q =» 10), or 63*44 
(0» 16*96). The *hioleoule of Ou it dilute solu- 
tion in tin is probably monatomic (Heycock a. 
Neville, a J. 67, 376 [1890]).* Sor the.absorp- 
tioQ spectra of solutions of OuClj,, CuSO„ 
and Cu(NO,).^, v. Evan, P. Af. [5] 33, 317 
{abstract in Gf^J. 64 [11], 149 [1893]). 

Prejparation. — For4he preparatior^ by electro- 
lysis of pure copper v. Richards (P.» Am. A. 25, 
199, 206 [1890]). ^ , - • 

Reactions. — llcatcd in the* electric furnace, 
using a current of 70 v^ts and 350 amperes, Cu 
rapidly volatilises, and tho vapour forms CuO in 
tn6 air (Moissan, C. R. IIC, 1429 [1893]). Ac- 
cording to Neumann (Af. 13, 40 [1893]), the H 
occluded in Cu^ jfepared by reducing CuO by 
M H, cannot be wholly expelled by heating in a 
stream of 00.^ ; some of the 00.^ is also absorbed 
by the Cu. N. also says that Cu reduced by 
vapour of MeOII or EtOH, or by coal gas, re- 
tains very small traces of C and II after being 
heated to 220®. Montemartini {G. 22, ^84, 
*^8C7, 426 [1892]) says that tho reaction between 
Cu and HNO;,A.q of leas than 30 p.c. produc*,!' 
Cu(NOJ.^ and HNO.^, thq IINO^ then dedorapo- 
sing^to HNOj, NO, and H.jO*, with acid more 
cone.** than 30 p.c. HNO, some NOj, is produced 
with a little NjO„ and with 70 p.c. acid only 
NO., is given'^ off; no appreciable quantity of 
NIf, is produced with acid from 3 to 27*6* p.c. 
HNO,,' According to Freer a. Higloy {Ain. 15, 
71 [1893]), the only gaseous products of tho re- 
'aotion of Ou ^vith excess of HNOjAq S.G. 1*4 
(c. 65 p.c. HNO,) are NO, and N.,0;„ c. 90 p.c. 
NOj, and 19 p.c. N,0,. Cu is superficially oxi- 
dis^ in NO at a dull red heat (Sabatier a. 
^nderens, C. R. 114, 1429 [1892] ). Reduced Cu 
aDsorbs NO^at^he ordinary temperature, forra^-g 
a brownifdi powder Cu^NO, (S. a. S., G. R. 115, 
236 [1892]). Fof the reactl'ons of this nitro 
copper V. S. a. S., C; R. 116, 756 (abstract in 
C. 64 [11], 374 [l893])r 

Copper, alloys of (vol. i. p. 253). For a de-* 
scription of alloys of Cu Vith 06, Sn, and Zu, 
prepared b^ immersing plates of Cd, Sn, or 
Zu, in ‘solutions of salts ^ Cu, v, Mylijrs a. 
Fromm, B. 27,dH0 (abstract in 0 /.^[11J,235 
1894]). lu . ^ 

Caprio bronide (vol. ii. p. 254). According 
to Sabatier (0. B. klS, 980 [x894])', the grf^en 
erystala that*^ separate from * GuBr^q are 
CnBr,.4aq* A solution of CuBr, in cone. 
HBrAq an intense puiple colour whi&h 
becomes less marked on dilation, but even with 
*0016 mgm. Cu in solution^^he colour can'-be de- 
tected (3., 1.0.) The double salts CuBr,.C^r and 
OuBr,.2Ca.Br are desoribed by Wells a. Walden 


{Z^t. /. anorg. Cnemm, o, 904 ; aosmet m 
66 fll], 47 [18941). , 

Qpprio ehloride (vol. ii. p. 256). TzuchHuofif 
(J. R. 26,161 ; abstract inC. J. 66*[11],47 [1894]) 
i^nds that ^e£.0. of dilute blue-coloured Cu 04 Aq 
increases j^th increase of concentrate to a 
maximum, after which if decreases while the 
colour changes to yellowish-brown. For htfa^ of 
solution and dilution of CuC/l,. 2aq, v, Reicher%. 
peventer (Z. P. G. 5, 659 [;.890]). 

• vdiible saZf?.— CuCl2.HCl;3aq, 

CuCLLiOl. araq, CuCl.,.Nli .Cl, CuCl,,2NH,Cl. Sfhq, 
CuCL.KCl, and CuCl,.2KGl. 2aq .(Ohassevant, 
^ Gh. [6] 30, 6 [18^])'; CuCl.CsCl, 
CiiCl.M20sCi!< xaq (ic = 0 and 2), and 2CuCl.,.3C801 
(Wells a. Dupree, Zeit. /. a)iorg. GJicmie, 6, 800 
[1893]). • . 

Cuprous chloride (v61. ii. p. 255). Wells 
(I.C., p. 306) describes tho double salts 
2CuC1.C8C1, 2CuCr.3CsCl, and CuCl.SCsOl. aq. 

Cupric fluoride (vol. ii. p. 256). Poulenc 
(G. R. 116, 1446 ; abstract in G. 64 [11], 
625 [1893]) prepares Cu Fg, as a white amorphous 
powder, by heating NH^F witji GuF,. 2aq ; by 
healing in H-F at 500° (not above/ the CuF, be- 
comes crystalline. Crystalline CuF, is also ob- 
tained by heating CuO, or CuF,. 2aq, in “HF 
at 400® (P., Z.C.). Heated to 300° in air CuO is 
formed ; heating in steam gives CuO r^nd HF ; 
H,S forms CuS and HF ; HCl form/CuCL,. CuF,# 
absorbs water from tho air,* and becomes blue. 
H. von Ilolmholt (Zeit. f. anorg. GheviiCt 3, 
116 [1892]) describes the double salts CuFa-KF, 
CuFa.RbF, CuF.,.Am5'. «aq, and CuFa.2AraF. 2aq. 

* Cuprous fluoride (vol. ii. p. 256). Atcording 

to Mauro (Real. Acad. LincSi, 1892 [L]. 194 ; 
a4*stract in G. J. 64 [11], 124 [1893]), Cu.,F, does 
not exist, and the subslanco obtained by Berzo- 
lius was almost certainly merely impure copper, 
Poulenc, however (G. H. 116, 1446; abstrac.%.\xi 
G, J. 64 [11], 525 [1893]), say^rthat Cu.F^ is 
formejl by heating Cu^Cl^ to dull redness in HF 
(the action is not complete until 1100°-1200°) ; 
also by heating CuF;^ in HF at o. 600°, raising the 
temperature to 1100°-1200° towards the end ol 
the reaction. P. describes Cu-JF, that has been 
fused as a ruby-A'ed, transparent solid, with a 
crysta‘Hin/j fracture; exposed to moist air it 
changes to CuF,^. araq ; it is easily reduced by H 
at a red beat. « ^ 

Cuprous iodide (vol ii. p. 256). *Bran 
(a. B. K14, 667 abstract in C. J. 62, 1167 
tl8931) ,deEr.ribes double compounds with 
ai4 NHJ, and also With (NHJ.,S,p, 
and Cu,S.p,. ' " 

edprous oxide (vol. ii.' p. 258)u Bussell 
{G. N. 6&, 308 [1893]) prep'ares Cu^O by oom-^ 
pkttely reducing|iC,iA£0,Aq mixed with excess of 
NkCl by SOj, heating till excess of SO, is re- 
moved, and then ppg. by Na.,GO„ added solid 43 
hot solution^ With HFAq, CuF^Aq and 
Cu are formed (Poulenc, C. R. 116, 1446 [1893]), 

Cupelc ox|de (vol. ii. p. 2^). Moissan 
(iCX B. 115, 1034 [1892]) says that OnO is en- 
tirely, decomposed in the electric furnace at e. 
2600 , yielding Cu ana a orystllline compound 
ofikCuO.and CaO (the reac^ioil was effected in 
a bld^bf VlaO). By heating 0^ td whiteness, 
fn a Zdetoher injector-furnace, m an oxidising 
atmosphere, Bailey CL Hopkinc (O. 269 

[1890]) rl>^hied a very bard, yeV^owish-voi 
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Bflia ««ree^g trtth ibe foiink CiiO. Ricbiiiat 
{P.Am. A. 26. 281 [laeijffound thit CuO *• 
uq(Ab gfts, dhiefly N ; when prepared by he^ng 
Cu(NO ,)2 the oxide reUined c. *08 p.o, w its 
weight of N, which could not be* removed by^ 
hba^nge F or experiments on the dell/dration or 
CuO.xHJO V. Spring a. Lucion (ZeiL /. an-org. \ 
Cherme,^, 195 ;*a6sfrgcf in C. J. 64 [11], 210 
For colloidgii, jelly-like Cu0.xH,,0 t>.j( 
J. van Bemmelen {Zei^. f. auorg. Ch^mis, O 
466; abstract in C.-J. Co [11], 101 [1894])t* f| 

•Copper, oxybromides * of (vol. ii. p. 200). 
Dupont a. Jansen (Dl* [3] 9, 193 ; abstract in 
C. J. 64 [11], 463 [1893]! obtained the ealU 
3CuO.CuI3r.^.3a(] by heating ^u Dr.jW with CuO ] 
in a sealed tube at 200^, or, bettor, oy heating 
neutral dilute Qp.^DrjAq at 225° ; the compound 
crystallised in green rltapibohodral plates, S.O. 
4-39. 

Copper, oxychlorides of(^ol. ii. p. 260), v. 
Rousseau, C. R. 110, 1261 (abstract in C. J. 68, 
1068 [1898J). 

Copper, oxy sulphides of (vol. ii. p. 260), v. 
Cliche, Ar. Ph, 228, 374 {abstract in C. J. 68, 
1211 [1890]).^ • 

Copper, phosphides of (vol. ii. p. 260). H>r 
desiS-iptions of Cu^Pj and CUjP, prepared by 
heating Cu in vapour of P, r. Granger, C. li^ 
113, 140L; and for Cu.J*., prepared by heating 
fed P witTi %ces8 of Ciiophosphite and water, 
V. G., C. /l.*i;7. 23t {abstracts in C. J. 62, 410 
[1892] ; and 64 [11], 626 [1893]). 

Cupric sulphide. From experiments on tlio 
interaction of and CuBO^Aij, and CuSO,Aq 
in presfneo of acetic acid, Linder a. PictoA 
(0. J. tU, 120 [1892]) conclude that a compound 
7CuS.ILS is formed, and that then such coni* 
pounds as OCuS.H.S and 22CuB.H.^S are pro- 
duced, and Bnally (CuS)„ is formed. 

.QOPPEE-AMMONIUM COMPOTTKDS (vol. ii. 
p. 262). Seveml derivatives of cupriamviAntii^n 
bromide are described by Richards a. Shaw 
(P. Am. A. 28, 247 [1893]). 

FEREICYANIDE8. 

* Barium ferricyanide (vol. ii. p. 337) ; v. 
Rammelsberg, J.pr. [2] .39, 455 ((ihstract in 
C. J. 66, 960 [1889]). 

Lead ferricyanide (vol. ii. p. 339) ^ v.^Ram- 
melsberg (l.c.). 

^tassLum ferri^anido (vol. ii. p.4-330); v. 
Kassnbr, Chem, Zeit. 1^, 1701 {abstract in C. J. 
68, 862 [1890]}. ^ 

DIDYMIUii (vol. ii. p. 382). For am ftives- 
ti^tion ixfto the separation of l!)i anC Plr, v. 
Kriiss, A.m2Qb, 1 ^abstract in (J. J. 6i, *1421 
[1891]). F#>r the elnicsion spectra of '^oxides of 

* neodymium and praseodyniiuir^ v,, Ilaitingtir, 

Af. 12, 362 {abstract in C. J. 62, 2 [1892/). 
Bi^ad (C. J. 65, 313 [1894]) says that is 

finohSnged at o. 1750°. ^ j ’ * 

EB6ICK (vol. ii. p. 456). tor^e separation 
of compounds of Er and Di, v. Kriiss, A. 2G5j^r 
{abstract in C. J. CO, 142J [1891]). ^ 

FZBBITES ^ol^ii. p. 647). J. viyp Be»^- 
melen a. Hfobb^ (J. pr, [2] 46, 497 f IS.yQ^) say 
that FerjO,.K 2 C and F&p,.H&yO are obtained, in' 
erystals^by continped heating Fe.J0, with oona 
And NaOHAq respeotivclj^ these 


ferrites are awci.ni;»oaou uv ^atoY, 
Fe,0«H.O. • ’ 

J‘LAilB (vol. U. p. 5^9). Referenoe shoald 
beixq^e Smithells a. Ingle on * The Striictura 
and Chemistry ,»of Flames' in C. /. 61, 20« 
[1892], .and^ LeWea on 'The LuminoSity of 
Coal-gas Flames’ in ibid. p.‘322. * ’ 

FLUOR HY9>BI0 A^ (vol. ii. 'p.' U6d); 
Berthelot a. Moirfsan (Ch^. 109, 209 [1889]) give 
the t3ennal ilata [H.F'J « 37.600 ; [H,F,Aq]«« 
49,400i,' Fo# the description of an ajiparatus for 
purifying HFAq, V. Hisniltqn (C. N. 60, 253 
fl8^). 

fl.UORIN£ (\'ol. ii. p. 560^ Moissan {0, R» 
111, J70 [I890])^etermiutd the at. w. (I^ by con* 
verting NajCjj^ into Nab', ahd this into Na^jSO/; 
(2) by converting CaF. into CaFO,, and (3) by 
converting Ba^ into BaSO, ; the meivp of the 
results regarded by M. as the most trustworthy 
was 19*05. V.D. at the ordinary temperature, 18*8 
(Moissan, G. li. 109, 861 ; r. absiract in G, J, 
58, 208 [1890]). A colun^ of F one metre long 
shows no ^(^linito absorption bands (M„ i.c. 
p. 03jf) f for the emission spectrum v, M. 
{l.c. ^ abstnict \n*a. J. 58, 329 [1890]). P does 
not Tiquofy at —95° at<<.ho ordinary pressure 
(M., A. Ch. iti] 25, 125 [1893]). Gladstone (P.3f. 
[aj 31, 1 [1891]) has dtiiermined the atomic 
fraction of F in to bo as follows for the 

dillereut lines of tlio solar K|)it|truin, at, 22*8° j — 

A 0 D ' F ,P 'H 

at. refraction *63 -63 *.53 *48 *44 *35 
The values are much smaller than those foi-'Ol, 
J3r, or 1, which are 10 0, 15*23, and 25*2 for the 
lino A. 

llJymdrimt.- According to Brauner, (0. X 
65, .393 [1894]), F is given olT when 3KF.PbP,.HF m 
^>Lead TKTUAr-i.uoiuj>K, p. ',xl5) is heated to dull 
rodnobfi. 

yieocfmns.— F oomhinos with the more 
porous forms of carbon at the ordinary tem- 
perature, with incandescence, forming CF^ ; the 
denser forms of C combine with incandescence 
at £r mi 50° to 100° (Moissan, 0. P.110, 276; 
abstract in C. J. 68, 557 [1890]). For a dis- 
cussion of the chemical relations of F, 0. 
Moissan, Bl. [3] 6, 880 [1891], 

OALIdUU (vol. ii. p. 597), Lecoon de Boie- 
baudran (C. Ii. 114, 815 ; abstract m G. J. 62, 
9.30 [1892]) gives measuroments of the chief 
liiJr^ in the spark emission spoctriim of Qa *, thd 
spectrum varies much according to tbp oondi- 
tjons under which the spark ii^applicd. 

GERMANIUM (vul. iv p. 610). A new 
mineral from Bolivia, ^g„QeS«, iden- 
tical in composition with argyrodilc from Frei- 
berg, but cryrlaiysing in isometric forms ftlie 
form^ of argyrociitc is monoclinic), ii| described 
by Irjnfiold in An\. S. [3] 40, 107 {absuTact in 
C.J.U6 111], li>[ 1894]). . 

GOLt ’^ol. li. p. Ci'T). (Pr. 46, 71 ; 

abstract Tn G. J. 68, 708 [lb90j)^haB re-deter- 
mined the ai. w. of gold Oy various methods ; the 
mean value obtained is 196*9, l^ut the value 
196*88 M. thinks is more trustworthy. The mole- 
cule .q^jgold in dilute solution in ti^ii<i probably 
monatomic (Hcycock a. Neville, C. «/. 57, 870 
[1690])^ Gold volatilises considerably in the 
electrio furnace with a oui’rentof 70 volts and 
860 amperes (Moissan, C* B. 116, 1429 [1008])^ 
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Gooeerning the volatilisatlonl^if gold v. Bose 
{G. J. 63, 714 [1893]). Neumann {M, 18, 40 
[189^]) says that gold absorbs from 33 to 46*5 
times its volume of 0 at c. 450^*. Accordiig to' 
Petersen {Z, P. C. 8, 601 [3,891’]), the “heats of 
formatioA of from goli*,i(l) fcduced 

from^^uGlg, (2) frorn ifVuHBr^, ^nd (3) from 
AuI3r, differ very markljUy. ]^rom the results 
of many experiments on the reaction b^ween 
gold and KCNAq, Maclaurin (G,^ J. 63, 721 
[1893]) concludes that 0 must be pro&ent to 
accomplish solution, t,nd fhat the equation 
4Au + HKCNAq + 0., + 2H..0 = V 

4{AuCN.KCN)A(i -^4KOHAq (Eisner, J. 2>r. 37, 
SlilB [184^) exprfcsses^.the proport ion betwe*dn K 
and Au in the solhtion. ' 

Gold, alloys of (vol. ii. p. 648). For an alloy 
with Cd,<AuCd, v. Ileycock a* Nrville (C?. J. 61, 
914 [1892]). For alloys with '3d and Sn, v. 
H. a. N. (C. J. 69, 936 [1891]). For alloys with 
A1 and Sn, Cdand Bi, Cd and Pb, and Cd and 
Tl, V. H. a. N. (C. J. 0.5, 66 [ISty]). ^For alloys 
with Cd and with Zn, prepared by irnii.ersingplatcs 
of Cd and Zn in solution of^a ^It ol gtld, v. 
Mylius a. Fromm {B. 27, 630 ; abstract in €. J. 
66 [11], 235 [1894]). « 

Gold, bromides of (vol. ii. p. 618). Peterson 
'*(,/. pr. [2] 46, 328) upholds the existence of 
Au.^Br^ against the statements of Kriiss a. 
Schmi()t fli. 20\2f.'M); in a later p.ipor {J. pr. 
[2] 47, 301)cK. a. S. still maintain tliat AiiBr., is 
the ultimate product of the reaction of Br with 
gold {v. abstracts in G. J. 64 [11], 126, 284). For 
the double, salts AuBr^.CsBr and AuBr.,.UbBr, v. 
Wells a. Wheeler {Avi. S. [3] 44, 167 [1892]). 

Gold^ chlorides of (vol. ii. p. 649). Pctffrsen 
(?r. pr. [2] 46, 32S ; 48, 88) maintains that 
Au.jCl^ is a definite oompound ; Kriiss a. Schmidt 
{J. pr. [2] 47, 301 ; Zeit. f. anorg. Chcuiie.^ 3 
421)^say this substance is a mixture {v. abstracts 
in a J. 64 [11], 126, 281, 474 [1893]). 

Double salts of AuClj with CsCl and RbCl 
arc described by Wells a. Wlieolor (f.c.) ; for a 
dogblo salt AuClj.AgCl, v. Hermann {B*. 27, 
696 ; Ibstract in C. J. 66 [11], 231 [1894]). 

Gold, sulphides of (vol. ii. p. 651). Concerii- 
"liig the conditions of formation of Aa,S , v. An- 
tony a. Lucchesi {O. 19, 615; abstract in C. J. 
68, 1216 [U<90]). 

Auric sulphide Au.^Sj. This compound is 
formed, according to A. a. L. {G. 20, 001 ; 21 
fll], 209; ab^racts in C. J. 60, 526; 62, 
[1892j), iby passing IIB into a solution of 
}).uCl;,.LiCl kept Vit —10°, Extracting LiCl by 
absolute alcohol, and dr;^i,ng in N at 70°. Aa.S., 
is a b’aok, amorphous solid; decomposed by 
heat at 200°-205° to Au and S (for other reactions 
V. abstracts, l.c.). » 

Schneitfer [U. S. Geol. Survey Bull. Na 90, 
6^[1892]) obtained aqueous solutions of colpidal 
Au .a and Au .S .p . * 

HYDBAZOdC ACID (p. p. 919K‘iddfl?ida). 

HTDBOGEN (voU»ii. p. 719V The ratio .be- 
tween the denshties jif H'and O id l;15-882 ; the 
weight in grams of 1 litre of H is *08991 (Ray- 
leigh, 134 [1893]). For solubi^ 

water, and in alcohol, v. Timof6eff (Z. I\ C. 6, 
141) ; Winkler (B. 24, 89)^ Ilenrich {Z: P. O. 
9, 436) ; (abstracts in C, J, 60, 15, 384 [J891] ; 
82, 1043 [1892]). For the Una spectrum of H, v. 


I Aipes (P. M. [6] 80, J8 [1890]) ; ani a/. Grffn 
wafd (Af. 13, 111; abstract in G.^. 62, 1381 
[189fi]). 

Wilm (B. 26, 217 ; abstract ih C. J. 62, 56S 
|1892]) deptyibes a lecture experiment to shoy 
the occlusion of H by Pd. Regarding t|j(p oobIu- 
sion of H by other metalh v. Streintz (Jlf. 12, 

, 642 ; abstract in C. J. 62„.667 [f892]). * , 

[ Baker (0. J. 65, 611«[1894]) found- thaf a 
raixjmre of equal volumes of dry H and dry Cl 
Vlid n%t explode in bright sunlight, and that 
more than a quarter of the mixed gases ^re- 
mained uncombined after exposure' for two days 

diffused light apd two days to bright sun- 
shine. •' ‘ 

j Reactions. — Neumann (Z. P. C. 14, 193 

' [1894]) has examined the reclucing action of H 
! oceVuded by Pt on solutions of salts of Al, Sb, 
j As, Bi, Cd. Cu, C(>r Au, Fe, Pb, Mg, Mn. Ilg, Nr. 
j Pd, Ag, Sn, Tl, and Zn. Regarding the rate of 
combination of H and 0, v. Wate^ (p. 860). 
Regarding the cxplo.sion of mixtures of H with 
, O and Cl, V. CiiLOiiiNU [Addenda, pp. 904, 905). 

‘Hydrogen dioxide (vol. ii.,p.72‘2). Schone 
! (Z? 2r.,;J01ir 27, 1233 [1893-4J) affirms the oc- 
I currence of in the atmosphere against the 
' contention of Ilosva [B. 27, 920). *' 

Pormrtfioa.— Regarding the formation from 
I ether V. Bunstan a. Dymond [C. J^57, 574, 988 
' [1890;), If.XXAq i.s foftned |)y the a^ion of light 
: on JI.O.OjAq, oxcos.s of 0 b<’iiig pr»'?ent (Richard- 
-son, "C. J. 65, 460 [1894]). Ricliard-son (C. J. 
63, 1110 [1893]) ha.s examined the formation of 
IPO., in urine exposod to sunlight. ^ 

' Preparation. — By making commercial 3 p.o. 
1,^0 Aq distinctly alkaline liy Na.O-Oj, ftltering, 
ffCnaking with 10-12 vols. of ether, separating the 
ethereal solution, evaporating this to *01-*0025 
of its original volume on a water-bath, and re- 
moving the rest of tlio other by stamling a 
b^ll-jar over solid paraffin, Shiloff (J. R. 25, 293 ; 
abstract in C. J. 66 [11], 186 [1894]) obtained a 
thick, transparent, slightly acid liquid, S.G. 
1*2476, containing 70*0 g. HO., in 100 c.c. For 
preparation of cone. H.,0.,Aq v. Talbot a. Moody 
(abstract i»C. J. 64 [lij,'369 [1893]). 

Molecular i^cight. Tammann in 1880 
(Z. P. Or 4, 141) by cryoscopic measurements 
determined mol. formula be ; but T.’a 
re.siilts ^ere called in’qucstiori by Carr^.i in 
1893 (G. 22 [1], 3;11), who found mol. w. 33*92 
(A.O.J Horn cryoscopic measurements, and this 
Vesiilf. wa.'’ cdhlirmed by Orndorff^^i. White (Am. 
15, Si'l.fl.SOffJ}.. jind also by Tammann himsplf 
(Z. P (k 12, 431 i,1803]). , 

iJcac*//i)«s. -Regarding tVe reactiftn between 
IRO...\q i'nd KMnO.Aq, v. Engel (JK. [3] 6, 17;.. 
a^sfruef in (?. dV (.V2>‘277 [18t>2J). 

Hydrogen sulphide (vol. ii. p. 725). Henrich 
(Z. P. C. 9, 435 [1892]) gives the absorpti(fe 
*coel6ciont of il.S* by*\vator as 4*4015- *0f^91 171 
+ •00061964f Hughes (P. M. [5] 33, 471 [1892]) 
says tlfflc II , S dried by CaCL and P.Bj does not 
relidcn dry litmus paper, and decs net react with 
BaO.or nor \vth salts of Sb, As, Bi, 

C8, Co, Cu, Pb, Ilg, Ag, or Sp. According to 
P#dkr i<C.. J. 57, 625 [lOOfFj), the equation 
2H sOo = 230, 4- 2 H.B corre^ly * represents 
llie ox\5losion of H..& and air or 

HYDROXYLAMINE (vol. ii. p. f34). rNH.,OH 
has bcea' isolated, m «. ». t- 
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(R, r. 0. iw ; 11, i» 4 ^aoarr«ciA in C. J. &2, I Hortz {Z. P. 0. I, 858 [1800]) found lb« val«« 
402, 1891 [1892]). NI3^H,HC1 dissolveiirm i 254 for tiie mol. 4t. of iodine. 

MeOHis trdbtjsdvfith CH,ONa 8olntion,and^ost Recording to Moinoke [Chem. ' ZcUungt\^t 
of the MeOHiadistilledoff at 100 mm. pressure ; 1230), very pure I is prepared by covering 

the residue is distilled in small porfionsat40mtm ordinary!! with^a solution of CaCl^ S.G. 1’85, 
prMBuiP (for details v. G. l.c.). %'V the pre* mixed ivitW little* cone. KlAg and a fe# dropj 
parati<;^ from 2NH|0H.ZnClj v. CJTiainer, 131. j of UClAq.Tieating until the 1 fuses, letting oooi, 
[3] {abstr 4 ict injj. J. 02, 771 [lHl|^j). For i washing tho*I, drying^iid subliming H*lwioe, 
difkiis of suitable api^vatus for the frnctio]iaiioi| : the first time wAh addmon of a little llaO. 
of NHjDH in vacMo, v. liriilil {B. 20, 2508 ^ l^fr the raaelions of I with KC10„ and with 

cf. L. de B., B. 27*. OOT^ and reply by }t^H'>ui§ J KGlOj^ind ev’utur. v. INitassium ojiiiORAXK (.4dl- 
1A47 [1894]). For thernfal data of Nil, OH. y. { denda, p. 905). • e . , 

Berthelot a.^ndre 110, 830; abVf/wi in j ledine n^onochloride. (vol*. iii. p. 17). For 
C. /. 58, 934 [1890]). Hydroxylamine is a whjto ; therflial data bearing on th» two forma of IGl, 
inodorous solid, melting at ?. and reluainmg ! V. SJhrtciibekeit (Z. P. C. 10, *183; abstract in 
superfused at 0‘; boils at 58' unui*r 22 mm. i C. J. 02, IIISJ [1892]). 'JPanlftar (j. ft. 25, 11^ ; 
pressure; dceoiypiftes at 90"- 100 and detonates ' abstract in ( •* J. 04 (ll], 514) gives details of the 
at a higher tcniperutui«^ S.G. l ;i5 ; S.G. ailien methotls for pn-iiUring the two forms pf ICl. 
liquid, 1-28. A drop heated in a test tube explodes I lodafes (vu!.* iii. )>. 21). Vox iodatesof ctvsiam 
very violently (y. Briihl, Lc.).^ B., l.c., diseusses ! and rubidium^ v. Wheeler, Am. S. [3] 44, 123 
the molecular refraction of N11..0II. ' {al>stn:ct in C. J. <11 (11], 08 ,^1894]), Pure 

is fairly sUble up to 15”, then gradual decoiuposi- . jHifay-sium iodafe is prepa-ed, aeciording to Groger 
tion occurs, giving Nil^, UNO.,, and ll .N./X, ' (Zeit. ang^tv^ Chemic, 1891. 13), by heating to 
••■hich react with unchanged Nil ,OH prodiiaing ] lon ./or»20-30 minutes 20 g. KI in as little 
.jO and N ^.’do B., L*. 27, 907«; abstract in wul^^r as possiSlMnixed with 40 g. pure.KMnO^ 

J. OG [11], 278 [1891]). For a full He- in l.ttOO c.c. water, redu'H’i^ of K^fnO, by 
DUfct of the reactions of Nil. OH y. Lobiy do l cautious addition of alcohol, liltering, adding 
iruyn (f.c. *, abstract in C. /. 02, 1391 [1892]). ' aeotio a* id till acid, evaporating to c. '60 cs?:;; 
IH^Olf.IICl in water and NaNO^.Aq ro.aet to ! washing tho cryslal.s of KIO, with cono/alcohol, 
jrin NjVjNlO.Aq {v. Tfniatar, J. B. 25, 342; land drying. By licating I'^O^ till U fuses, 0 
hstract ift" GG [11], 13G [1894] ; t/. j an«l some] are given off, iin»nvrfin»jily remains ; 

Vislicenus, B. 20, 771; abstract in C. J. G4, ! no other oxv- cuin])oimds are formed (Cook, C. «/'. 
.18:i892j). For the reac tions of 2NlFOH.il, SO, ; G5, 802 [1891]). ! * 

vith NaOHAq v. Kolololf (J". It. 25, 295; ab- | IRIDIUM (vol. iii.p. 40). Fromanalyse.sof the 
tract in C. J. 00 [11], 18? [1894]). For cona- .sali..s I(.’1,.3KG1. aq and lCli,.3NlI,Cl. a(f, July de- 
)Ound%o£ NH.OH with melaliic salts, v. Crismer dueed tlie value 192-75 for the at. w. of Jr (G. li 
BL [3] 8, 114); Goldschmidt a. Syngros (Zt.^. . 110, 11.31 [1890]). According to Prinz (C. R 
'. amig. Chcinic, 5, 129); and Feldt {IJ, 27, i J J<‘*, 392 [1893]), Ir erystaWses in regular ootU' 
101) (abstracts in C. J. 58, 558 [1890]; 00 [11], | In (lra«iin<l in forms derived therefrom. Mylim 
15^^87 [18941). Kolototl discu.sses the con.'-titu- ! a. F(»<!r.ster (B. 25, 005 [1892]) stated that Ir it 
tion of NH..OI4 in J. It. 23, 3 (abstract in C. J. ' slightly volatilised when heated in a current o 
Gl [11], 114 [1893]), Kjellin (B. 20, 2377) cio- CO and Cl to c. 238 ' ; Antony, however (O. 2J 
scribes NHRt.OH and NIlMe.OH (abslfact in [11], 547 [1893]), asserts that ntvl-^’ucft of an; 
C. J. 66 [11], 9 [1894]). voligtilc compound of Ir is formed under thea 

conditions. -» * 

INDIUM (vol. iii. p. 1). The ^nolecule of! Irid-ammonium salts (vol. iii. p.47). Palmae 
indium in dilute solution iis tin is perhaps ; (B, 22, 15 ; 23, 3810 [1889-90]) de, scribes a nur 
diatomic (y. Heycock a. Neville, C. /. 57, 370 her of irido-ammoninm compoimds. He call 
[1890]). Linder a. Picton (G. J. 01, 1^1 [1892]) j them ir^lium/cnlammine .salts, and formulate 
faikdto isolate but tliey j them as ^(NiljjX*,: compounds ai^ describe 

thinly that it is formed by pas,sing JLS into ] where X3--CI3, CJBr„ GlI,, CISO,, ^(NOj) 
water with ln,0.,..rn„0 in su^tcnsion; Die e^ri- CIC,0„ GlPtCl, ; also where X^^B; 

tinned passage of 11, S produces# In „S,. BeaA BrNO,, and JJrfNO,),. Ono-third of the Cl i 
(^ J. 05, 313i(lS94]) found ihnt ^uilt fun ^esgui- , ^ho salt when X.jr Cl, is nat removed by tl: 
oMde, In. ,4)3, is unchanged at effibO . action of cold II.,SO,Aq or gold AgNG,Aq ; the H 

IODHYdNIC AfID (vol. iii. p, 11). •I^or the ' actiogs of tlm salts UM aignilar to- those of tl 
Mol. R. 0 ^ }IIAq*from 20-77 to 073f)2 p.c., y. ' purpurco-cohaUarnmines (v. vol.* ii. p. 227) ( 
Perkin (C. J. 55, 708 [1881)?). ^For a rc.scaJf]i abstracts in (^J. 50, 1452 [1889] ; 60,402 [1891’ 
on the dissociation of HI, y. HodenBlein (.^^. In B. 21,2090 ft), abstract in C.^. GO, IH 
b3> 56 [1894]; abstracts in C. ,1. 61 [11], 3G9 ; , [IHfedj) P. deserihf;a compounds analogous wi I 
|66 [H], 12 [1893-4]). Jiicki^ing {B. *20, 20vfrj» thc)‘nBefjj-noba]^c8alt8Coj(NH;,ho(n20).,X",.3*®q; 
has isolated three hydrates^ of HI ; UI.2li,0, : the L^{!lti*a» alftiost cold|nrle.98, P. thinks 
melting at 0 . — 43° ; HI.3H.,0, melting atiq> - 48° ; ^ the prefix rosco- is unsuitanle* he calls them 
and HI,4ELO, melting at c. - 3G-.*°. o • j iridium atfUofeillkimmfhe.s^an(i formulates them 

IODINE (vol. iii. p. 14). The mol. w. of a3’'Ir(Nn3)^(l\0)X*,. * 8a^a aip described in 
iodine dissolvcA in Et.^# or CS, wa.s foimdd)y which X,«=Brj, CI3, and («03)3. The j:hlorid4 
Beckmann (Z.]^C^,l(i [18901) to be 254, frqm . la(N?}A(H.,0)Cl, is formed by b(J<lpg, for five 
dctermina^oim of The boiUng-poiDl!]»; re- honfs]^ g. Ir(NH3)iCl, with 1^ times the oalcu- 
sulta were coafirmed by S^urai {C. J.'Sl, 99f lated weight of KOH in 50 c.o. water, filtering, 
[1892])c By •detejminingi the Jowexing of the partially freezing we filtrate, adding 30 c,o, 
(,p. of iiaphthalene by solution therein of I, ; fumirig HClAq, washing the pp. thus formed 



m IRIDIUM. 


. with 22 p.o. oold HOlAq and j^n with aloohoT, 
dissolving in water, and agaih ppg. by oono. 
HOlAq (for details v, abstract in 0. J* 60, 1\66 

tribromide (vol. iiL, p. 48)! • ({>nx- 
I^ounds*^! this bromide with PBr, aw described 
by Goiseirheimer (C. JSL Xll, 40 abstract in 
a J, U, 1383 [1890])l^y heatiilg Ir0,.a;H,0 
with IrBr, and PBr„ rad^eedle4 of IrBrj.SPBrj 
are formed ; by heating this withn PBr„ ilack 
crystals of JrBra. 2 PBrs are produoedo 

Iridium tetrabromide (vol. i^i. p. 48). Geisen- 
heimer (Z.C.) describes the compound IrBr j.2P01„ 
obtained by heatinc IrErg-SPBr., with PCI,. ‘ 

Irldiupi trichloride (vol- iii,i p. 48). :Tho 
fohowing compounds With PCl^ are, described by 
Geisenheimer (C. R. 110, 1004 ; abstract in 
C. J. 68, lp68 [1890]). IrCl,.3PCl,; IrCL.^PC^; 
IrOl,.PCly2PCl3 ; IrCl,.PCl3.PCv Various 
compounds of IrClj with HjPOa and H3PO,, 
and salts of , these, are also described. G. 
(C. R. 110, 133G j ah^ract in C. J. 68, 1069 
[1890]) also describes the complex compounds 
2IrP,Cl,,.6ABGl, and IrCl3.2PCl3.2AsC}l3.. the 
salts IrGlj.SKOl. aq and IrCiy.Sl-^mGl. aq, v. r\oly 
(O. R, 110, 1131; abstract in 0. /. 68, i067 
[1890]). For a description of IrCl,.3TjiGl. rcaq, v, 
JLiitony (G. 23 [1], 190 ; abstract in C. J. 04 [11], 
880 [1893]). According to A. (O. 23 [1], 184 ; 
abstract in,C. ,^4,^11], 379 [1800]), the passage 
, of H.3S ‘ihrqugh a 2, p.c. solution of IrCl;,.3KCl 
produces pps. which arc mixtures of Ir^S^ and 
IrSa." 

iridium dioxide (vol. iii. p. 50). For methods 
of preparing IrO.3, v. Geisonheimer (C. R, 110, 
866 ; abstract in 0. J. 58, 948 [1800]). 

• •Iridium disulphide (vol. iii. p. 60). Ir^., is 
obtained by passing rH.^S over IrCl^-SLiOl at 
to 7®, washing with absolute alcohol, and ilrying 
at 90® to 100° in a current of GO^ (Antony, G. 
23 [1], 190; abstract in G. J, 64 [11], 380 
[1893]), 

IBON (vol* iii. p. 61). Lockyer (Pr, 64, 359 
[1893]) gives the emission spectrum obtained by 
using vnry fine electrolytically deposited iron as 
the poles of an electric lamp. 

. Properties and Reactions. — Iron volatilises 
in the electric furnace, using a current of 
860 ampdres and 60 volts (Moissan, Cf R. 116, 
1429 [1893f). Iron is superficially oxidised by 
heating to dull redness in NO (Sabatier a. Sen- 
derens, O. R^ 114, 1429 [1892]) ; heated ^ 
NO.3 to 0. 850°, reduced iron is oxidised with in- 
oandoBoeii'ce to Fej^O, (S. a. S-, C. R, 115, 236 
[1«92] ; cf. abstract O. J. 66 [11], 95 [1894]).’' 
Montemartini (G. 22,i [l}6n250) says that 
^,0, and N are'formed by the solution of iron in 
excess of 27*6 p.c. HNOj/q (for, quantities, u. 
abstract in Q, J. 62, 1278 [18J2]). For quan- 
tities of iron dissolved by H^O,Aq of diff^3nt 
concentrations, v. Gautier a. (J|harpy {G, R, 
112, 1461 ; abstr u:t in C. /. 60, l‘'26^‘^91]). 

Passivity of iron. Concerning the passi- 
vities of steel 'hnd wrpu^ybt ire 1 tu l^NO^Aq, v, 
Andrews (Pr. 48. Ii6;^49, 481; abstracts 'in 
0. /. 60,. 250, and 64 [11], 16 [1891 and 1893]), 

Iron, bjf.aoohloride of. The comjjour^ 
FeBrCl, was obtained by Lenormand ('3^ R. 
116, 820; obstroa in C. J. 64 [11], 377) by 
boating FoCl, with excess oi. Br in a sealed tube 
at 0. 100®. The eompoond is opaque in' thin 


SMitons, and green bwrefleeiad ve^ ddt 
liquescent; orystalliiMi probably in hexagonal 
plate^ ; easily sol. alcohol and eth^, 03^ A 04 
can be sabllmed by heating in a tube containing 
8^ little Br.^ c 

^ Iron ea|)fide. Arnold a. Read (0. J. ^5, 7i88 
[1894]) confirm the existence of Fe,C ih s^l 
(v. Abel, Proc. Inst. MecJyan. Engineers^ 1885. 
00; also Miillor, Stahl and Eisen^ No. d)r.; 

. |. a. R. say that tw*o f);i^ii\,s of Fe^C are found 
ill 8te«A ■ ■ • • 

Iron .carbonyls. In 1891 Mond a. Quincke 
(O. J. 59, 604) obtained a compound of Fe with 
GQ,; further investigation of the reaction hf 
Mond a. Lenger (G^ J. 59, "1090 [1891]) led to 
the isolation of two compounds. 

Ferropentacarbonyl Fo^Ql** Mol. w. 

195-'55. V.D. at 142° i93-2, S.G. J- » 1*4664 ; 
distils completelyi^ without decomposition, at 
102-8° under 749 mm. pressure ; solidifies at 
-21°. 

Preparation.~¥eC.fi^, ppd. by adding a 
slight excess of K^C^O^Aq to hot FeSO^Aq, ia 
well washed, and dried at 120°/ it is then 
heuited in a slow stream of H, temperature being 
rair ed until the substance in the tube is blsok, 
and then kept constant until gas ceases to come 
off, when the current of H is stopped ; the pro- 
duct is allowed to coo[ in H, plaeU 4n water 
without coming into the aii^. and ti^ated with ‘ 
successive quantities of boiling wtfler until sul- 
phate is removed ; it is then quickly dried on 
plates of gypsum, placed in the combustion 
t’tbe, heated to 0. 300° in H till quite f'jcjt and 
allowed to cool in H. The tube is then con 
n^>}ted with a gas-holder containing CO, and the 
II is completely displaced by CO; one end of 
the tube is then sealed, and the open end is kept 
in connection with the supply of CO. After 
24 hours the tube is heated to c.^ 120°, while a 
sloV current of GO is passed through it, and the 
issuing' gases are passed through a tube kept at 
— 20°. When iron carbonyl ceases to come over, 
the tube is let cool, and is then again put in 
connection with the GO supply. These processes 
are repeated many times ; the daily yield of the 
carbon^^l is not more than c. 1 g. from 100 g. 
iron. * 

Properties. — A pale-yellov. somewhat viscous 
liquid ; unchanged in the dark, but iuMSlin- 
solid «Fe.(C05f, (v* ; slowly 

^ccompased qn exposure to air, giving chiefly 
Fe30j.»u:Ii„0 ; aon.pletely decomposed at 180° to 
Fe and' CO ; "soluble in KtOH, Et._0, C„It.,, 
mineral i ils, Ac. (For S.G., v\D., &c., v. supra.) 
Fe(CO)j iy not acted on b>t dilute ‘HaSO.Aq, 
HQlAq, or HNO^^Vq the ordinary temperature; 
bu^*^ is rapidly decomposed-— to Fe^NOJ^Aq^ 
FeClsAq, or FeBr^Aq —by cone. HNO^Aq, GlAq« 
wr^^HrAq. , i 

Jjiferrohcptacaihonyl Fe^(CO),. Obtained 
by expiring P’ejCOfj in a sealed lube to sunlight 
fen some hours,' collecting the solid that forms, 
washing with ether, and drying oveJ H^SO, for 
a shof; time. Yellow, Ustrous flakes ; gradually 
decomposed by exposure to air- turning brown. 
Not refSd on by H^SO^Aq^or' HCHq at ihe 
^ina]7 temperature ; decompos^l by ^O^q, 

Iron fjar^nylg seem to be present 



iC. B. 11-8, 644 \ 
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L'feAa 

E • ^ Anetimes in cAipressed coal-gas (li. that there is prwlfcally no 
EeicwiL Sadder, 0. J. Proc. 1891. No. 101). tion. Cryoscopic actwminstions 
P?SwiisAloride (vol. iii. p. 63). ChiAsi- theHnolecales in a dilute a^iuoous solution^ 

Hnt (d Ch [6] 30, 6J1898]) describea tho chiefly FelJ*,, but indicnted«the existence of Fe^.^ 

fern •“<»* iii. P. 69). F,wl« 

'“^P ohlorid. (ToV iii. p. 64). By dotcr- (C. .V. 6*. 1«| [1893J) * 

mini^the vise otb.p. of alcohol and etlierwhon redneod iron m “ ' 

JeQ),*ia dissolved in* these solvents, Midler , detniU ». o6,s/^trfn C. 7. 00 jU], 00 tldJ ].) 

t sA.a T ati riii.o>4*J 1 Vawia oxide ^vol. ill. P. (»l ; also p. ot lOT 

npletely changed 
‘ ; in the elec- 
ts • vnfu i/nt inaii«v,v. w .» I / melted and 

neateu inereiixiu m L.is.vo ; FoCi .A<i. S,’*! partly stall isod (Moissan, CJ. It. 116, 10.14 

anclachloride of the metal <« tho anliihido oro*| i ls'12^. AccerdmK to J. 

eenerallv formed rrmninerer, 0. G. 5S‘il [11]. Klobbio (./. pr. 4b, 407 ryfftallisuH 

62. 18 [1802]). Stnibert ; FoA.lLC) is olKaine.l ^ - 

O. Doircr IZHt. */. \uiora. Chnnu-, 5, 339, 411 ; 1 hoxi.f.K»nal crystals, of ItvO Nap 
V. abstracts in C. J.OO fllJ^llO, 190 [1891;) have i h(‘:iting l<.^{Oj,foF^<nm' tiin«: witli cmic. NtlOlIAci , 

made a full investigation of -.the interacti.m tho crystalline hygroscopic; 

nf FeCl Ao and- KlAu ; their results arc in! II ,0 is givun oil holow 100 . 

keeping v^h the hypothesis that the direct rc- Iron, oxychlorides of (vol. in. p. t^). 

SW,Aq-, KSq^FeCUq.KUlAq ,-IAa (C V \9[ ^"^4M 

is counterbalanced bv the reverse .reaction •, m 6. J. .>8 l(>d l8.)0j , I.., 119 [l 89-1 .OU 

FoClAa 4 KtHAif + lAu - FeClAil + 1 *280 [189.31) d esc vjbns compound.^ a luXl,.?/! 

S a I) think^iat tho hrst stage of tho re, | s..me t^i^v.stalline and some aniorphoiis, formed by 
action is to produce an iodochloride ; thu.s ; healing l'\pl,Aq at difTei?hth^^ 

FeCl^q + KIAq - FeICl...\q + KCIAq ; that this | also by tho intor.action of I'eCl, and steam. 


[1804]) finds that 
chloride in those 

reacts with many i— 

heated therewith in ^aloJ tubes ; 

S ■ -t il . 


then docomposca, more or less coniplcUdy 
(according td'Vonditions of concentration, time, 
tAnperature.Jfnd mass), iirfo FeCL A<| and lAq ; 
and that Fertl’^tAq, ‘ffnd probably Fe01.,Aq, are 
ro-formed until eipiilibriiun is established, 
fi. a. I), do not agree with the explanalifm of the 
mechanisin of the reaction .#;ivcn by Cam* gio 1 by 
(t). vol. iii. p. 66). lloozcboom {Z. P. C. 10, 4 <7 [to 
|1892]) Ifes investigated the conditions of equi- 
librium in aqueous solution of tho hy.lratrs of 
FeClj*, he ha.s isolated liy<lrates 2I't:( ’l...rH,/) 
W'hero a; = 4, 5, 7, and 12. (For details, v, 
abstifMt in C. J. 64 [11], 119 [1893]). F^ 
a study of th? interaction of FeCl.Aq atm 
oxalic acid, i;. Lemoine, C. R. 116, 981 {alMravt 
in C. J. 64 [11], 406 [1893]). A compound of 
•F ;Clj with nitrosyl cJihridr, FeCl^.N001, was 

, . 1. /xt T r:i» ce.A rihfOlU 


LANTHANUM (vol. iii. p. 1 16). Hettendorff 
(.4.266,169 [18901) obtained I'll valnrf *138*28 
for tho at. w. ; and Brauner {B. 24, 1328 [1891]) 
the value 138*21 (() 16). . 

Winkler {B. 24, 873 [1^91]) obtained results, 

- heating liaX), with Mg in H, which pointed 
the existence of a hydruhi of La (c/. Brauner, 

/.c.). ® > 

LEAD (vol. iii. p. 122). The molecule m 
dii^Ao solution in tin is pronithly monatomic 
(Heycoek a. Neville, C. J. 67, 876 [1890]). The 
in.)i. of l<*ad was found by (Iritliths a. CalenjJar 
(using a Ft tlicnnometer) to bo 327*69° {C. N. 
03, 1 |lK91i). IfChrnann {Z, K. 17, 274 [1890]) 
says that lead Bcparated electrolytiL'.ally, by a 
weak Current, cryst;illiseH in leallets that, ar^ 
probably inonosyniinetric, but that tho crystals 
are regular octahedra when separated by a 
strong current. Vele.y [B. C. J. 10, 200; sum-*' 
mary of conclusions in C. J. 62, 410 [1892]) has 
tixarnined tlie interaction of lead and niVic acid : 

1 nuuriuo ivuw V- -o* I *^^*‘‘* intcrmeiliato concentration acts most . 

y Poulenc (C: Jl. lig, «J1 : rapidly; wlicn UNO, i« presoni Iho “o';'®" *"• . 

[111,122 [1893]! bypassing urr-frec^l prea^es. Montemartini {U. 22, *384, 397, 4-6 
J’ . L , I a little NIL. was prrtluced, 

e.sffceially wTlh dilute llNO.,Aq. Lead rapidly** 
fxiili:'.cB to Pbo when hf^alod in 
nC will 


oi.lained by Sudborough {C. 6(^0 [1>^911), 

by immersing iron in liquid NACI, and letting 
the liquid stand c^ver H^SO^ ; tho compound 
forms small golden-brown, deliquoKcent^cryStals 
(c/. vol. iii. p. 66 ; Coiiihhuitions, No. 7).. 

fluoride (voL lii. p. 66). Fel’\ was 
obtained by Poulenc ((f. 

in C. J. 64 [11], 122 [189.. j, ^ „ 

]SP over red-hot iron or dry FoC* ; ijinalV wl'«le, 
rl-.dJhbic prisms; S.G. 4 09; decxmposPd by 
heating witji n.,SO„ J^a,COj, steam, air,;Hri, 

H. *j. . . J 


.. NO ;. oxidation 
Il formation of a 


I occurs‘'ai c. '-imy ' in wun nu.iianwu « 

■ Ferric flnJride (vol. iii. p.-’fiC). ,Poul,?nc (/.r.) : basic nilr.vlc (Mabalic.r ^ Bondnrens, 0. «. 114, 

oWoinedFeF., in small, very re'raclivv.giccniBl M 14d9r>116,9.iO]181.'ej). 

crystals, S.G. 3*87, by passing HF over red-hot > Lead, bromide of fvol. ul. p. 125). Several 
ifon, F^oJ, FeF,.aaq, or FeCl, ; also by droppin::> 

fused AraCl and heating m a e.iA-- 


FeF^a:^ mto fused AraCl Shd heating in a ciflr- 
rent of an inert gas. FeF, does not fuse at 
1000° ; but ih’decomposed by licatiqg in a‘A, alsf , 
bv fusion with Ka.COj, by heating in stearn, or 

* .. .m-r -r-r k 4... VflvTT 


a witn iN VCiUj, oy Jieaung m bLi;»*iii, 
wito HCl or AcdSrding to BperaAsky 

(V. B. 24, abs^act in C. J. 64 [11], 311 

ri 93B. FeFoAJi shows a very small 3 lei‘!lr^l v. vvoi*«v.*xf«.. w. l“j ,* Za 

‘ wnductivity ; tirere is, therefore, no apprec^blo - [11], 324 [1893]); 
cl. otrolyfft; dissociation ; os the solutioB scarcely ; 'K,Pb,(BVl),. 4aq, v. W^Jls, U, p. 190 {ahstracU 
■ • •• ° J.C. p. 624). 


effects any , aversion, of cane sugar, B. <Jbnclude8 
Vol, IV: 


Le^, bromide of (vol. iii. p. 125).''’ Several 
nf^blir^ with alkali bromide?^ 
;u. Fqr PbBr,,.*’iAmBr. aq and 

^"ells a. JoliT'ikcn, Am. o. [8] 

46, 25 {ahsfrjcfiin G. .L 6^ [11], 62.3‘^1893]1 ; for 
PbBl*...KBr. Iraq and PhBr*.23<Br. aq, p. Herty, 
Am. 15, 857 (a6stract ih J. o6 [11], 465 


[1894]) ;Jor 2PbBr..UbBr and2(PbBrf aRbLAd.aq 
V. Weli4 Am. S. [3] 46, 34 {abstract in^. J. 66 

r.nnt\ J IF Dl. D- Attn aM<1 
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laftd, pUoridei of (roLllii. n. 125). The 
•latement, on p. 125 (v.ot. lu.}, ttiat onlj one 
wloride has been isolated is no longer true ; 
FbCI, was prepared Friedrich in 1823. 

, Lead tetrachloride (vol. iii. p. 1^~' 
has been obtained by Friedrich r(B. 


Tbe bydrplo 2FbO.] , 

obtained in large crystala<by all^iig tt^ola 
tioft of PbO in KOHAq to cool iy the alrj CC 
is absorbed, and the hydrate, is deposited ii 
PbOlf A colourless, tetragonal* crystals, aibic •* X: . 

tAOt.riT . A -io inA •• 


i; 1484 ; 


abstract in 0. J. 64 [11], 416 [1823] ; cf. M, 14, 

605; abstract [11], X6 [1894]), by 

pa/sihg'Cl into HClA^bntainir^ PbCl, in sus- 
pension, adding NH^Gl to tho^ solution thus obn' 
tained, separating and drying' the compound^ 

PbOl4.2NJl^Cl thus formed, addi*%g it.‘'to cono.' 
cooled H.^84)4, allowuVng the oily drops that 
formed to collect at the bottom of the vessel, and 
shaking these Irops re^atedly (and (jfcickly) 

with CQPO. PbCl^ is*a tr,''nsparent, yellow, | mm p. coi. a, une ;s* iroxn oobnom; snouici 

very refractive 'liqiTid, fuming in^moist air with j have been given as PbO.^(C,HaOj), old notation, 

« ^iun\ rt! . i* :* — i a I piumbates (vol. iii. Kassner (Ar. 

Fh. [3] 28, 109 ; absk^ct in C. J. 68, 661 [1890]) 
describes piumbates of Ba, Ca, and Sr. Be- 
garding the dissociation of Ga plumbate, v. Le 
Chntelior {G. R. 117, 109 ; abstract^n O. J. 64 
[11], 524 [1893]). 

Lead oxyiodides (vol. iii. p. 132). Grdger 
{M. 13, 310 ; ahstractin 0,J. 62. 1892) describes 


(Luedekii)ff Am. 13. 120 [1891]). # 

Bed pzide of lead (vol. iii. p. 130). ^iHutohin 
son a. Pollard (C. J. 6#, 1136 [1893]rhive ex 
amined the reaction of^^b^O^Vith glacialcacetii 
aci^ and have isolated lead t^a^taU 
Pb^^sOjo melting^aUc. 176V and decom 
posing a little abdve that temperature. * 
Note.— The fonhula PbO(OG2HjO), said tc 
be assigned by Jacquelain to thp salt obtained 
by him (vol. iii. p, 130, dbl. 2, line 28 from top ; 
and p. 131, col. 2, Une 24 from bottom) should 


formation of PbC^ and G1 ; it is unchanged in 
contact with cold cono. but when heated 

with the acid it decomposes e^plosivdfy to PbCl.^ 
and Gi; when heated with oonc. in a 

current of (^, some PbGl, passes over, but at c. 

106^* explosion occum. PbCl^ has S.G. 3*18 at 
0® ; at 0. — lu*^ it solidifies to a yellowish, crys- 
talline mass. A hydrate is formed witlv^a little 

water ; but addition of water pv;?duces ' the compound PbO.Pblj. 

HGlAq and PbO.^. Jty adding PbCl, to a little Lead, salts of (vol. iii. p. 132). The salt 
cooled cono. HGlAq, a crystalline compound, Pb(O.^HjO.J, (v. supra, Red oxide of leckd) be- 
probably PbCl^/iHCl, is formed. longs to the type PbX*4, to which form Pb0l4 

Several double salts of PbGl4 with alkali also belongs. ., , 

chlorides havei> been isolated. Classen a.; Lead, sulphide of^ (vol. iii. p. 13' t). Accordmg 
Zahorskiy {ZeU. /. anorg. Chemie, 4, 100) give j to Hannay (G. t/i Proc., Nov^ 139^ aril 141 [1894]), 
the formula 2PbCl4.5AmCl to the salt formed by i when air is passed into molten VbS, one half of 
d^osting PbCl.j, with liquid Cl and fuming the lead remains as lead, and one half is volati- 
HCIAq, and adding AmCl ; but Friedrich (lx.) [ lised, and deposited as PbS ; H. accounts for 
says the compound is PbCl/iNU, Cl. For com-..' this change by supposing the reaction to be 
pounds PbCV2MCl, when M = Nn„ Cs, JC, and ^2PbS + 0;4-Pb-^PbS.SO,, the volatile PbS.SO, 
»ilb, V. Wells (Am. S. [3J 46, 180; abstract in being decomposed in the colder part of the 
G, J, 64 [11], 623<Jjl893J) ; C. a. Z. (/.c.) dcst:.ribQ apparatus to PbS and SO.j. 
compounds of PbCl, with the hydrochlorides of ; Lead sulphobromide * and sulphoohloride 
pyridine and quinoline (abstract in C. J. 64 [11], I (vol. iii. p. 133). Parmentier (C. B. 114. 298 ; 
461 [1893]). j (abstract in C. J. 62, 685 [1892]) obtai^d the 

Lead dichloride (vol. iii. p. 125). Several compounds PbS.PbBr.j and PbS.PbClj, by dis- 
double compownds with alkali chloi’ides are de- solving the halides in their acids and shaking 
scribed by Bandall (Am. 15, 494 [1893]) •. Wells the liquids while H,^S was passed over the sur- 
b. JtThnstou (Am. S. [3] 46, 25 [1893]) ; and Wells , faces of the solutions. * 


(l.c. p. 34). The compounds are of the forms 
,PbCl,.2MGl, Pb01j.3MGl.a:aq, and 2PbCl,.MCl 
(v. abstracts in 0. J. 64 [11], 523, 524 [1893]). 


LITHrUM ^ol. iii. p. 147). Guntz (0. R. 
117, 732 [1893]) recommends to use a mixture 
of ^qu|fl weights of LiCJ and KCl, for the 


Lead, ilaorides of (vol. iii. p. 12^). Braunor j electrolytic preparation of the metal ; the mixture 
(0. J. 65, 393 [1894]) has x>i^(^pured the com- | melts t 450® and the m.,^ . decreases ai^^ectro- 
' pound PbF4.3KF.HF in various ways ; the lysis proceeds. (For dttails as to sizd^ eleo- 
simplest process being to dissolve Pb(C:jI^*OJ, ^oirodeii strength of current, &c., v. abstract in 
(v. Bkp oxidk bF Lead, Addenda, infra) in cone. I C. J. 00 [11], 91 [1894].) Holt a. Sims, 0. /. 

XTU'Ay,* onyl nrhl 'K'l:' Tlkr. aykf.'nr* nr. on U A K ' /< -I C. T 1 UCi/l 1 1 nrl ^.n f 4^rny.an a r,o,.a<..:y4a aM 


not SucceecT in isolating the confound. | gently Ideating cleitai Li in«a stream of NH, and 

Lead, iodide of (vo'*. iii. p. 127). Several j violent actiotf. ceases, and then heating to c. 
double compounds of Pbl^^with alkali ,h>dide3 p'dOO® until the reaction is finished A wl^te, 
have ^een isolated by Well'S W. a. Johnsti'n, and crystalline, transparent solid; melts betwef)D 
Herty (v. References under LEA>BROji»^PK,^. 91.^i)« r’D«0® and 400® ; vleowiposes in cold water slowly. 
For the oompfeund PbI,,2AfgIi.-16aq^V, Otto a. ’ giving LiOHAq and NH^ ; decomposed by heat- 
Jlrowes (Ar. "Rh. 229, 179 ; abstract in C. J. ing air, but without taking lire (Titiierley, 
64 [11], 984’'[1893]). ' • „ - 'J. J. 65 ; 604 [1894] ; q. v. for further reactions). 

Lead iodobroinidep and irdochloridet (vol. .Lithinm, bromide, of (vol.|QiiL p. 150). The 
iii. Pn 128). Miss Field (C. J. 63, 540 [1893]) » hydrates LiBr. a;aq, wher^ x 1 1 and 2, are da« 
has dev -ibed the compounds 2Pi;Sr8.FbL, 'scribed by Bogorodsky (/.. 2?. 8*5 [1893]). 

2PbCla.PbI*, and SPbGL.Pbl,. *Athmm, ohloa^e of (yol. 'Iii. p. 160). For . 

Lead protoxide (vol. iii. p. 128). PbO is^ij LiCi. aq and LiGl. 2&q v. Bogor’bdsky {(.c.). Far 
onohanged at q. 1760® ‘{Bead, 0. L ^65, 318 t the doii&fle com^unde LiCl.MClg.iraq, vlUMCf 
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U&iua,fliVriA«<rf(voK i^'P* Poaleno 
(I^l. [SI 11. 15 |;1894]) Obtained LiF in resulai^ 
odti^edra by ni&tibg the amorpD^a fluoride 
with KQiP, and K-Cl, and washing wish w^ter ; 
bU boB stater, iiuoi. ^ p.o. alcohol ; melts at 
o. 10^^® in H, and 'partUuly volatiliBea at 1100®- 

I 

Litbinm, hydroxide (voL iii. p. ISOjf 
ih^treezlng'points Of adneoub solutions of LiOH*' 
v.Pickering(0. J. 63,889’[1B93]). _ 

Xtithiam. idtride of. Ouvrard (C. R. 114, 12(]y 
[1892]) obtained a bUck sc^id, probably Li.^N^ ‘ 
by heating commercial Li to dull redn^ps *in N. 

‘lithium, oxides of (vol. iii. p. 151). Almost 
the only product* of Seating Li in O is Li^O ; 
only traces of a pcroxifM are formed (Holtsa. 
StmB, C, /. 65, 443 [1894]). ^ 

MAOBfllFlI (vol. iii. p. 157). Burton a. 
Vorce {Am. 12, 219 [1890]) obtained the value : 
24-22 (0 « 16-90) for at. w., by converting pnro ^ 
Mg into Mg{NOj,).^nd, this, to MgO.^ The rnoic- i 
cule of Mg in dilute solution tn tin is probably 
monatomic (Heycock a. Neville, 0. J. ol, 37«) j 
[189i^). Mg crystallises in holohodml hexa- j 
gonal ferrus, a:c=» 1:1*6202, isoinorphous with 

Zn and Bem a. V., Ic.). 1 

^ Accordin«to Montema^fini (O. 22, ‘t8t, 397, j 
426 [1892]), ♦considsfahlo quantity of II is given ' 
off when Mg interacts with JIN(\A(i (c. 13 p.c.) ; ’ 
the quantity of NIlj formed increases with con- ; 
centration of the acid up to 40 p.c. 1IN().,, | 
after whflh it decreases. Mg burns in NO at a ^ 
dull red heat (Sab^Her a. Sendcrens, C. R. 115, J 
236 [1802]). Giorgia (O. 21, 510 [1891]) saya,^ 
that Mg dissolves in w-ator satumted witli CO. ; ; 
that H is given off, and crystals of MgtJO;,. 3a<i | 
are d^osited. For the interactions of Mg and j 
chlondes v. Soifiert a. Schmidt (.4. 267, 21Jb; j 
abstract in C. J. 6-2, 776 [1802]). Winklew has i 
made an extended examination of the interac- | 
.tions of Mg and oxides (ZJ. 2.3, 44, 120, 772, 
2642 ; 24, 873, 1966 ; abstracts in G. J. 58, 331, 
451,693, 1372 [1890] ; 60, 801, \155 [t801 i). 

Magnesinm, bromide of (vor. iii. p. 159). 
Beketoff (v. abstrafft in C, J. 62, 7t»'A [H#92]) 
gives H.P. [Mg.Br-’l - 121,700. The d<mble salt 
2M5S^PbBr,. lRa<i is^lescfl-ibed by Ottoa.%)rcwcR 
{Ar.Pn. 229, 585 ; aUitract in C. J. 62, .566 
. [1892]). - • i % 

Magnesium, chloride of (vol. iii. p. 159). 
S!d#ner (0^/. W, 341 [1892]) gifes«tho beiling- 
pofalits of solutions of MgCl^in water andidco- 
hol. from <Jt 4*5 to c.^4'5 p.o. MgCl .. 

^ Magnesixifi, lodfte of 4vol. jii. p>. 161). 
Beketoff (Z.c.) gives H.F. [Mg, 1-1-44 ,800. . 

•Magnesium, nitride of (vol.lii. p. itil). For 
diMktription of an experiment to demonstrate the 
Ihnnatiflli of Mg,N . v. Merw (K 24, 8,940 ; <ih- 
straci in C. J. 62, 409 [1892]). I 
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VagneBiius, oxide of (vol. iii' P* 161)/ MgQ 
Is unchanged at o. 1760® (Read, U. J. 65, 313 
[18F4]) ; heated % the el^tric furnace, it i#clts 
with a current W volts and 860 amperes*! 
(Moissan, ^R4tt5,.1034; cf. C. R. 116|^2<P 
{I891:.3]). Bienards a. Bogtrs (P. Am. ATCS, . 
W toand that MgCT, prepared by evlpo- > 

|ifg(ya,'or*Mg, with HNOjAq jhd iieat-^ 


duigneiitun, .oilicldBi of (vol. iff. P* 
Regarding the formation of compoundB by limit- 
ing together Mg and Si, v. Winkler {B. 23, 2d42i| 
absMUi in Q. ,kr*68, 1878 [1890]). 

BIAMGAfESB CvoLii*- P- 177). ^MSiasan# 
(O. R. 116, 849 [189a||»liained Mn 09 nitoin«; 
4 to 6 p.o. by fusmg MnO with oHareoal 
(keeping Mj^ in excess) by means of a currant 
of 60 volts and 800 arapt^res. Prelinger (M. 14, 
353 ; alstraA in O. J, 66 [11], 49 [1894]) pro- 
pared pure Mn by fleatrnD Mn umaigam (torined . 
by electrolysing MnCl.Aq using a cathode of 
Hg) in pure H. * 

Mn is described by P (Z.^) a# a groji ponn^ 
metal; unchajigcd in dry aif; reacts slowly 
with cold, rapidly with warm, water; diasolves 
ill NH,CiLi givnig^dl NII^ and 11 ; S.tt. 7-4212 
referred to wat^r at 4®. Moissan (0. R. 116, 
11*29 [189.3]) found that Mn volatilises readily in 
the electric furnace, using a cm rent of 80 volto 
and 380 aimn^res. Montcl^iartiiii {O. 22, 384, 
397, 426 [189*.^) says tliat the gaseous products 
of thosinttraction . of Mn and HNO,Aq are H, 
and Finely divided Mn reacts 

with CO at c. 400 \ p»>ducing MnO and 0 
(Glint/., C.R. 111. nr. [1802,). 

Manganese, alloys of. i'ho presenoo ef (h 
•5 p.c. Mn in iron or stcul sciirctdy affects the 
properties, except by sliglitl’n jo^^’^caving the 
tenatdty and mallunbility ; a very hard tool-steel 
is foriuod with o. 1.1 i).c. Mn. Alloys with ijon 
containing from 7 to 30 p.c. Mn are extremely 
hard and tough. 

Manganese, amalgams of (vol. iii. p. 179). 
Prelii^or {M, 14,353 ; ahstnict in 0. J. 86 [11], 
•19 [1891]) prepared Mn..lfg., I)y passing a cnr» 
r«*’* from a kathode of llg^hrough saturated 
MnCl.Aq to an anode of C, or I’t-lr, in a porous 
vessel* washing in running water, Hipieczing out 
excess of llg, and drying in H over CaCL^. •By 
heating gently in a Btream of pure, dry II, pure 
Mn was obtained. ^ • 

Monganous chloride (vol. iii. p. 179). Cbasse* 
vant (A. Ch. [6] 30, 5 [1893]) describes sdVerlll 
double salts of MnCl.^ ; viz. MnCl,.AmCl. 2aq, 
MnC:l,.2AmCl. aq, and MuCl,.TiiCl. 3aq. Fori 
tlie doutde salts M.KTd. 2aq, M.CsCl. 2aq ; 
M.‘2XC1. ‘2ifi, X-NH^, Us, lib; 2M.Mf4Cl.^. 12aq 
(M MnCl.J, V. Saunders (Am. 14, 127 ; abstract^ 
in G. J. 02, 780 [1892]). 

Manganic chlorides (vol. iii., p« 180). Be- ' 
•gardiiig the composition of the chloridu in the 
so’iition obtained by*dissolving AlnO.^ inliClAq^ 
V. Vernon (l\ M. [5] 31, 469), and Pickering 
(/'. .M»r5] 33, 284) [aWlraAs in (j.’J. 62, 19, 
(387 1 1892]). m 

Manganese parotid# (vol. iii. p. 183). Be* 
gardi^g the compositions of the hydraflod oxides, 
approtimatoly MnO.^\faq, prepared by different 
Gofeu {ISl. [8] 4, 10 [1801}). O. 
(O. R. 110, Biff ; Kd>slfaci J. 68, 946 

[1890]) gives Bpmo details rcg^rdirm the inter* 
actien of Mi?t).,. xa/and if.O.^iq. Heated in the 
electric furnace, ^InO^ naDlts^give* off 
leaves MnO (Moissan, G. R. il" 


_ 15, 1034 [I „ 

Mn^,J#Baid to be formed by heati^^iMfnOi te 
c. 400^n NO (Sabatier a. Senderons, 0^12. 114i; 
1476 [1892]). McLeod {C. J. 66, 202 (18941) 
has oouArmed his former ohsorvution thut 01 tS' 
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given off Trhen MnO, and BblO, ^re heated 
together. Regarding compoanas ol CdnO, with 
basic oxides, v. Rousseau (C. B. 112, 525; IH, 
72; 116, 1060 ; abstracts in G. J. 60, G46 [1801] ; 
G?, 669 [1892] ; 64 [11], '416 [1893] ). 

Permanganates (vol. iii. p. 1^6).^ Regarding 
the interaction ol permanganates wajth iJ-PjAg, | 
o. Qorgeu (G. 12. 110, 968 ; abstract .n G. J. 58, 
1002 [1890]). Klobb (£^^[3J 3. 608.; abstract in \ 
C. J, 68, 047 [1890]) describes compounds of 
KH, with permanganates ol Cd, Cv\, Ni, and Zn. 

Barium permanganate BaMn.^Og 'the formula 
is wrongly printed lia>fei04 in vol. iii. p. 186). 
For the preparation of this salt from KMnO^Aq 
and Ba(NOj,).^q v.'Muthmann (B. 26, 1016. a6- 
Stract in G. J. 64 [11], 324 [1803'^. \ 

Calcium penyamganate. The formula given 
on p. 186 of vol. iii. is wrong ; it should bo 
CaMnA-^>H,0. 

Potassium permanganate (vol. iii. ‘p. 186). 
Tivoli (G. 10, 630 [1890]) gives tne following as 
the reactions that occur when pure AalLps passed 
into dilute KMiiOiAq,". (1) 2KMnO^Aq vAsHj 

- K,HA80^Aq »- Mn^Oj + H,0 ; (2) 

2KMnO^Aq + AsH^ - K^H A80,Aq + 2Mn.O., H,0. 

Silver pernumganate (Vbl. iii. p. ^87). 
AgMnO, decomposes :ilowly at the ordinary 
temperature, rapidly at lOO-*, and very rapidly 
Hw 135'^ (Gorgeu, G. 22. 114, 912 ; abstract in 
C.J. 62, 942 [1892]). 

UargAnous.su'phide (vol. iii. p. 188). The 
pp. produc<8d by adding (Nn,)IISAq to an 
ammoniacal solution of a Mn salt, after wash- 
ing in an atmosphere of H.B and drying in 00^ 

at 70°, is MuS ; S.G. By heating to 

300°-320°, or by leaving in contact with 
(NIIJHSAq for some days, the reddish ' &Iii3 
becomes green witf out changing its composi- 
tion; the green lorm ol MnS is cry^dallific, 
S.O. }^-3*63 (Antony a. Donnini.jGf. 23 [1], 660 
[1092]). 

MASRITT,!!. In 1892 (G. J, 61, 491) Rich- 
mond a. Husseinoff obtained indications the 
existe. oe ol on element before unknown in 
specimens ol Egyptian fibrous alums. The sup- 
•^osed new element gave reactions indicating 
analogies with Be, Ca, and Zu ; the results ob- 
tained by decomposing the oxalate bg heat led 
to the at. w. ol o. 228. The authors suggested 
xhe name masrium^ from the Arabic ryimo for 
‘Egypt. a ^ 

MERCUBAMMONIUM COMPOUNDS (vol. 
iii. p. 206). 3> o 

' Meronro-ammoniam salts Nn,_xHgxX (vol. 
iii p. 207). Barfoedis oeoJ^lusion that the^? sup- 
posed compounds are really mixtv^es of mercuri- 
oompounds and Hg is confirmed by Fesci (G. 
21 [11], t69 [1891]). Th-e product the 
interaction ol HgCl and IrHaAq, described as 
dinurcuro'ammonium chlond^T' NHjJggj,.il i*) 
vol. iii. (p. 2d8), leaves aaetullio \Bg when 
treated with 'afhmoniacal (NHjy^SO^Aq, ac- 
cording to P. Wheir the reaction of HgGl 
with NHaAq- proceed® out of the light, F. 
says 4hat the obange is 2Hg.^Cl2 + 4NH,Aq 

- (NHg2)^^.’NH,Ci + 2NH*ClAq -h 2IIg. S' nilaHy 
the reaction ol NHjAq with Hg^SO, produces 
% double compound of dimercuro-ampionium 
inipliute ((NHg2)iS04.(NK,)2S0,) and I^g; and 


• 

(KHg.;)NO,.NH4NOt an^ Hg are formA aeeorS* 
in^o F., when HgKC^Aq is treated wwh NH^Aq. 

cljK^roari-ammoniam salts' NH^g.X. 
gardmg the conditions of formation oToompounds 

J d mercuri-ammonium chloride NH^Hg.Gl (voL 
li. p. 208) with HgCL and N^,(Hg20)Cl. v, 
i Balestra (J. 21 [11], 294 ; abstract in G. /.^2, 

I 276 [1892]). • . e 

I Dimercuri-ammonium .salts ^Hg.X (vol. iii. 
p.209). Pesci (G.20,485 [1890]) has examined the 
J'ondftfons ol formation of. various salts- of this 
•‘lass, especially i\\e •nitrate NHg,,.NOj and co(in- 
pounds of this wi£h 'NH,NOa. The sulphate 
^lIg.^)^S 04 . 2 aq was formed by saturating cone. 
N,U.,Aq with HgSO„ allowing tin? solution tp 
evaporate in an atmosphere of NIIj over CaO, 
and collect-Vng the first" crop of crystals ; various 
compounds of (NHg.J.BO^n-vitb (NH,)jS 04 are 
alsq described {v. abstrartmC.J. 60,268 [1891]). 

MERCURY (vol. iii. p. 212). Heycock a. 
Neville’s results ( J!. J. 67, 876 [1890]) show that 
some condensation from monatomicfliinolecules 
perhaps occurs in dilute solutions of Hg in tin. 

! For corrected tables of the vapour pressures of 
Hf^for each 10° from 180° to 480°, and each 1° 
from 330° 1b 860°, v. Youii^ J. 69, 629 
: [1G91]). 

; Jiiger (TV". 48, 209 [1803]) rcooramends^ to 
; prepare pure Hg by converting Hg that has been 
j distilled ill vacuo into IlgNO, and electrolysing 
; a solution of the saltj using Ft as iiachode and 
i distilled Hg as anode. She.nstone {p. J. 61, 45:^' 
j [1892]) noticed that Ilg adheresHo glass when 
brought into contact with Cl, Br, or I. Monto- 
inaitini (G. 22, 384, 397, 426 [1891]) finds that 
ilJiho amount of NO produced by the interaction 
of llg and HNOjAq decreases, as concentration 
C£ the acid increases ; that NOj is produced with 
acid more cone, than 27*5 p.o. UNO,, HgNO^ 
is formed with 25 p.o. acid, but Hg(N03)2 with 
60 to 70 p.o. acid ; no Nil, is formed with 27 
ar^d 60 p.o. acid. 

! Mercuric bromide (vol. iii. p. 216). HgBr, 
boils at 326°, according to Freyer a. V. Meyer 
I {Zeit,f. atiorg. Chemic, 2, 1 [1892]). 
j Mercurous obloride (vol. iii. p. 215). Harris ' 
' a. V. Mey*5r ha^e ro-de term hied the "V.D. of 
calomel at 4489fWd 618° ; the value obtained 
was ,117^6. H. a. M. obtained considerable 
quantities of Hg and HgCl.^ by allowing the 
vapoiu-!#obta*ned by haatiqi? calomel to o..4ft5° 
to diffuse along a glassetube; also by bating 
■ p donie^ at 420° .for half an hour in a distillation 
> flask at 33 mm. pressure. By heating calomel 
to ‘J40°i'2605’, . nd bringing a .piece of KQ)H, 
which had lAen heated to c. 250''*-, into the 
vapuii. , they noticed that the surface of the 
! KOH at.once became cover jd with yellow HgO 
i they also' foun 1 that a piece of gold leaf held 
! *ot a moment in the vapour was amalgamated (if 
kept for some time in the hot vapour the yellow 
bJour was r^to'-edV H. a. M. thmk tkeir re- 
suTts leave no do-ibt that the vapour obtained 
by heh^ing calomel is Hg -t- HgGl,,, and that the 
molecular formula of calomel is Hg^Gh. 

The reaction of Hg^Cl, with NH.,Aq givei 
4NHg.2)Gl.NH^Cl and Hg, aooortling to Fesci (v. 
upra . Mebcuro-ammonium m 

5f.brcv.rio chloride (vol. iii. p, 217). HgCl, 
boilelat 307° (Freyer w. V. Meyet, ZeiL f, anorg, 
Vhemie, 2, 1 [1892]). The, white dfibstanoe. 
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iiS|&g^Moordi^ ^onas (5. (7. A 12, 
M8i d^t^lla /. 66 til]. 188 [1894U.«^ 

Vircwla ejuddt $ for an aocoont of ‘the 
oonditiona of formation and properties of the , 
*diOuhU mtrcwy-mm cyanide^ o.Jl^stan (C. V. 

6t, 666 [1892]). • 

^jkoryt naloidseompoundi of l[voh*hi. p. 
219). WeUs iAm. S- [3] 44, 231 ; abstract in 
^.V. 64 [11], 68 [1§93]} describes a number of 
double oompoundg of mercury end goteBiulu 
halides; the oompoontls heloug to the for^e 
(1) Cs^gX..(21C8^X.,(^C8^gJ.,{4)C8HgX„ 
(5) C8Hg,X„ (6) C8H|.X„; X-Cl, Hr or I; in 
.some cases *thetotahX atoms comprise two jfff- 
ferent halogens. * 

Mercury hydrosulphide ; ■ for ^periinental 
attempts to nropve a definite compound, v. 
Linder a. Pictwi (C. A ^1, 123 [1892J). , 

Mercury phosphide (vol. iii. p. 223). By 
heating Hg and PI, in a sealed tube for many 
hours aMC76°-300®, and removing Hgl, by treat- 
ment with KIAq, Granger (C. 2i. 116, 229 
[1892]) obtained HgjP, in lustrous, metal-like, 
hexagonal crystals, appearing red by t|ans- 
mitted light, -^nll giving a brown •powder. The 
compound gives Ilg and P when heated ; heated 
ill air it burns; detonates when mixed with 
1^10, and struck ; burns in Cl ; dissolved by 
aqtta regia. 

Mcrdhftus sulphide jvol. iii. p. 224). Antony 
a. Se8tini4G.24 m,193^1894J) obtained a black 
powder by passing dry diluted with CO.^, 
over dry Hg^Clj, or Hg(C.^H,Oa), kept at -10®; 
when freshly prepared the black powder was 
scarce^ changed in dry I4C1 at — 18®, but at a 
Bomevmat higbej temperature (below 0®) Hg^Ul.^ 
was qiiick^y formed. The substance dissolwrd 
in cold KjSAq or Na^SAq, but when teniperatul^e 
rose above 0® the solution became turbid and 
ppd. Hg. A. a. 8. think their results show 
tMR Hg.B ex'sts at low temperatures {abstract 
in C. J. 66 [I'l], 318 [1894j). , 

Mercury lulphochloride (vol. iii. p. 225). 
The compound 2HgS.HgGL^ is formed, according 
to Colson (C. R. 116, 667 [1892]), by passing 
H,S into a solution of HgCl^dn drj^benzeno. 

MOLYBDENUM (vol. iii. \ 421). Smith a. 
Maas (.4. C. /.•16, 897 [IBW]) obtained the 
nean value 96*85 (0 = 15 06) \ tffe at. w. of 
tLi. by heating in a ^urref t of dry 

3(S%and weighing ^he NaOi that remained 
(MoOr2HCland H^O wore forpie(j|,and mmo^). 
Smith a. Oberholtzer {Zeit. f. anorg. Clicinie, 4 
63 [1893]) sq^ that a mixtuv qf MoOG’, and 
Ro(CO)Ol 4 is formed by heating Mo To 150®-^ 
200® in fJOCl,; awl that M 0 iS,,Gl, is f reduced 
by heating Mo to uedness in SjjGlj. Mo is said 
to ppt. Ag from AgNO,Aq, Ai/ frorn AuCl^Aq, 
HgCl and then Hg from Hg«l,Aq, find Cu fhjm 
solutions of its salts (Smith, Zeit, /. anorg, 
Chemie, 1, 860 [1891]).* Mqptonartini {GM2^ 
884, 897, 426 [189 Ij) finds that ilo NH, is formed 
in the interaction of Mo and HNO^Aq vgth from 
8 to 70 p!b. HNO,; the most •vigorofls action 
occurs with aqid o. 60 d.c., but the whol^of the 
metal is not ttddised MoO„ a nitratf bemg 
probablmloxmfd;^e gaseous products are jlO 
and NO„ ihslqaantity of 2iO deoremiuf gis the 
ooooegtratioft of the acid increases. 


carbides si. By lieatint a 
miztore If MoO, and charcoal in electric 
foraaoe, Ifois^ (C. B* 116, 1225 [1898]) oh- 
^ned a very hara carbide, oontaining from 
0*77 to 9*9 p.c. 0 ; S.G. 8*6. 

Molybdenum sesquloxide (vol. iii. p. 4|1). 
Hedtihl; Mp,Ogin NO produces MoO, (Sabatier 
a. SeqderMB, C, B, 114. 1429 [1892]). * « 

Molyhienum trio^C (vol. iii. p. ^3^ MoOg 
partially vodatilises, d is partially* rduuoed lo 
on%of the blu8 oxides, at c. 1750® (Road, C, J» 
63, 318 [1894]). According’ to Smith a. Ober- 
holtzer (^Sif. /. anorg. Chemie^ 4,. 236 [1893]), 
the products rff hcAing .MoO, in HBr are 
(1) MoO,.3HBr, and (2) Mop^l^r^ ; when HI is 
usA and the temperature l^pt at 106®-120®, a 
blue oxide MayOj: 2 'ai| is fonfted; at 3^®- 
400° forma JtfoPaF, {v. aosttfict in C, J, 64 [Tl], 
471 [1893]). Cammerer [Cficni. Zeit, 16, 967 ; 
abstra^n.- G. V. 62, 944 [1892]). says that 
2MoO,'^.jO,,.fJaO is formed by boiling MoO, with 
H.p^q. 

Molybdenum, oxybromidoi oB(vol. iii. p. 438). 
Smith a.* Oberholtzer ^eit. f. anorg. Chemie^ 

4, 236 [1893]) describe Moppr, ; square plates, 
colder * of KMnO,. Formed, along with 
M(aD,.8UBr, l&y’ heating MoO, in HBr. 

Molybdenum, oxycAorides of (vol. iii. p. 4331. 
For the products of the interaction of 
and Nil,, v. Smith a. Lehnor {Zeit. 'f.* anorg, 
CtiemiCf 4, 374 ; abstrad in 0, J, 64 [11], 629 
[1803]). ^ • 

Molybdenum, oxysyanide of. By dissolving 
MoOj in KGyAq, and adding a 8trong»aoid, 
Pochard (C. It, 118, 804 [1894]) obtaine4, 
MoO,Oy.,. Easily decomposed by contact with 
acids; double couqmpids with KCy qpd AgOy 
j ard*also described. • » 

! Molybdenum, oxyfluoryies of (vol. iii. p. 433) 
pi- or MOaO,F„ a white, crystallino, deliquescent 
j solid, obtained by heating MoO, in UF at 300®- 
400'’, V. Smfth a, Oberholtzer {l.c.). • 

Molybdenum, thiochloride of. For Mp,S,Cl,, 

V. S. a. O. {Lc. 6, 63). 

Molybdates, and derivatives tnereof (vol. iii. 
p. f23). For compounds of molybdate^of Nli, 
i and K with SO, and SeO,, v. P^cliard (0. R, 
j 116, 1441 ; 117, 104 ; abstracts in 0. J. 64 [l^<ti 
630 [1893]). 

I Permolybdates. Jiy the reaction of H,0,A(| 

1 with K,Mo,0,oAq, Pochard (C. RP 112, 720 ; 

; abstract in C. J. 60, 988 [1891]) obtained potm- 
\ swm permolybdate K,MoP„. 4qjq ; the oono- 
1 ponding N 11, salt was also formed. 

! Arseno-molyhcyiic.a (voJ. gii. p. 4B6), For 
salts of this class, v. Friedhcim {ZeiLf, anomg. 
CJignie, 2, 314 ; 6, 5& ; abstracts in 0. J. 

64 [11], 283i 66 [11], 238T1893-4]). 

lodonwlyljdates. ^ great many salts of the 
foiwi a:MoO,.^L,(>.«MO are desorilmd by Blom- 
strsSid {Zeit. f.a^rg. CkcmiCt 1, iO 
indP. 61 [l^J, 122 [1893]). • 

Pltbfpho7}i^lyl}dalee (vol. iiis p. 426). Fried- 
heim {Zeit. f, anorg. Cheniis^M 276 ; 6, 11, 27 ; 
abstractsnin C. •f. 64 *[111, 472 • 66 [11], 288 
[1893 -4]) describes severarsalts^of this class. 

Fluomolybdates (vol. iB. p. 425), v, Piccini 
^eoL Acad. Lvucei^ 7 [1], 267 ; aAi^adt in 0, J, 
62,^4 [1892]), and Mauro {lo., 1892 [1]. 194; 
abstrMt in 0. J. 64 [11], 124 [1893]). 

3 M 3 
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HICKEL (vol> iii. p. 498). Thelat. w. has 
boen re-determined (1) by Sohiitzerloerger, by 
reducing oxides of Ni in H i2J'114, 1149 
[1892]) ; (2) by Winkler, by estimating 01 
NiCl, prepared from electrolytically deposited 
N|. {Zeit. f. cmorg. Chemie, 4,. 10 [1893]).. 
Soh(itzenberger*s values varied from i^Srb^ to 
)9’8 ; Winkler’s mean value from* the gravi- 
metrio determinations was 58-903, aiiJ from the 
volunfetrricf determinaiid.^s 58-910 (Cl » 35*37, 
Ag=» 107-66). Kriiss a. Schmidff {Zcit.f, av^g, 
^Chevtie, 2, 235 [1892]) insist that t)ie subsrance 
called nickel is not an element, b-it Winkler 
(Z.c.) controverts this str.temeh't (u. abstracts in 
C. J, 64 [11], 212, 409 [1893]). The molecule of 
Ni in dilute solutio’^, in tin is probably monatl/mio 
(Hey cock a. Ne-ille, C. J. 57, 376 [1890]). i 
SCniitzenbergcr (Cs if?'113, 177 [1891]) says that 
a volatile compound is formed by passing dry 
HOI over finely divided Ni In ated +0 dull red- 
ness. Montomartini (O. 22 [1], 2fK) ; abSiract in 
O. J. 62, 1278 [1892]) gives thb quantities of 
NH,, NaO, N, and HNO, (no NO) produced by 
the reaction oi”exces3 o® HNO^Aq (27-5 p.c.) with 
Ni. Heated to 200"’ in NO, the oxffle NiO is 
formed without any Ni.jO., (Sabatier S^id^ens, 

C. R. 114, 1429 [1892]). B/ •passing pO.„ 
diluted with N, over ^-^duced Ni, nitro-nickel 
(?Ni.aNO.J is obtained; it resembles nitio-cobalt 
•>2e«..^,908) (S. a. S.. Bl [3] 9, 669 [1893]). 

Nickel carbonyl Ni(CO),. {Nickel carbon- 
oxidCt voh iii. p. 501.) Mol. w. was confirmed 
^ by Monel a.^JNasmi {Z. P. C. 8, 160 [1891]), by 
‘ finding the depression Gf the freezing-point of 
benZfcne. S.O. 1-36613 at 0°, 1-27132 at 36° 

^ (water at4° = l); S.G. at b.p.:= 1-25406 -.molecular 
volume « 186*04 ; critical temp. = 161°. For some 
reactions t>. Berthelot (C. JS. 112, 1343 ; abstract 
imO. J, 60, 1427 [1890]). 

Nickel, chloride of (vol. iii. p. 501). A 
volatile substance, decomposed by heating, is 
said to be formed by passing dry HCl over dry 
NiClj at dull redness (Sohiitzenbergor, C. R- 
118, 177 ; V, abstract in C. J. 60, 1429 [1890]). 
Chassevant (4. Oh, [6] 30, 6 [1893]) describes 
the double compounds NiCl^.AmCl. 6aq ^and 
Nie41is''C1.3aq. 

Nickel, fluoride of (vol. iii. p. 502). Poulenc 

JR. 114, 1426 [1892]) obtained amorphous 
NiF, by heating NiCl, with excess of NH^P, and 
washing away NH^Ol with boiling alochol; by 
heating iif*HF to 1200°-1300°, the amorphous 
NlFj became crystalline, forming green <;»ri8m8, 
S.Q. 4-03, nqt acted on by warm HNOsAq, 
HOlAq, or H^SO^Siq. Heated in air, NiFj givbs 
NiO ; heh'ted witb»,S it gives NiS ; and with H 
tPis reduced to Ni (for other reactions, v. abstra,ct 
in 0, J. 62, 1159 [f.SOf']]* The double rsalt 
NiF,.KF is forlftaed by heating NiQ., with KHF,, 
and washing away KOI by water (P., O. R, 114, 
746 [1892])v ^ 

Nickel monoxide (vol. iii. j. 502). NiO melts 
arfd forms green crystals in the 4b?ctrio furife.ee -1 
<Moissan, 0. R. 115, 1034 [1892]) NiO occludes ' 
■mall quantities'‘oi*N and 0 (Richards a. Rogers, 
P. Am, A, 28,’ 200 [1893}). « f- 

Nickel sesq-nioxiae (yol. iii. p. 602). Nip, 
fuses, gives up all it4'0, and leaves Ni at c. 1750° 
(Read, 0. 313 [1894]). ^ ^ 

Nickel peroxide (vol. iii. p. 503). Campbell 
a. Trowbridge {J, Anal, and App, Chem, 7. 301; 


abkract in 0. J, ^ 988 C189^)’*xonolu^ • 

that an oxide with moio 6 than can be 
obt^ned by ppg. NiSiy^Aq by Na,CQ,Aq in pre- 
sen^of Br at different temperature^^ . ° 
Nickel monosnlphlde (vol. iii. p. 508). Ra» 
carding the oxidation of this qalt in air, to 
NiSO^.BNiO, 'be., v. P. de Clermont (C. R. 117; 
229 ; abstriidt in C. J. 64 [1 1], 528 [189^). 

NlOBltM (vol. iii. p. 505). Nb.O, nat not 
changed at 0. 1760° (Readf C. J.Sj5, 313 [18^]). 
?;’iccini (Zeit. f. anorg. Chemiej 2, 21 [1^^) 
lias '•^.repaved potas^um /luoxypeniiobate 
1! bO.F,.2KF. aq. V • . * 

NITRAMIDE N(y,{Niy . Tliiolc a. Lachman 
(P. 27, 1909 [1894]) obtained this compound by 
tn**-owing N0.^.NK.C02K (potassium nitro-car- 
bamate)- into a mixture of ice and excess of 
II2SO4, exfi-’acting with ether, and evaporating 
in a stream of air. Crystal) "aQs in clear prisms, 
whijah melt at 72° with tiecomposition ; decom- 
posed instantly to N.O and HG by alkalis, 
alkali carbonates,‘horax, or Na acetate. 

NITRATES (vol. iii. p. 609). Rcpfisscau a. 
Titc (G. R. 1!5, 174 [1892]J find that many 
basic nitrates are completely deconi posed by 
hea^ng with water at 150°-200°. Regarding 
the formatiofi of basic nitratdb M Cd, Ca, Ni, 
and Zn. v. R. a. T. (G. R. 114, 1184) ; Riban 
(G. R, 114, 1357) ; and Werner (C. R. 115, 169); 
(abstracts in C. J, 62, 1156, 1157, 1276 [1892]). 

NITRIC ACID (vol. iii. p. 517). . Regarding 
the colours produced by diluting red fuming,, 
HNO;,Aq V. Marchlewski (5- 24, 3271 [1891]).' 
For revised tables showing the c(/mposition of 
HNOjAq of different concentrations v. Lunge a. 
Roy (S. G. I. 1891. 543). Regarding the mag- 
);‘ctio rotations of HKOsAq v. Perkin (ii:. J. 63, 
57 [1893]). Hall (Am, 13, 584) has examined 
tile rate of production of H and 0, and the effect 
on the concentration of the acid, by the slow 
and steady electrolysis of HNO,Aq (abstract in 
C. J. 62, 680 [1892]). The interactions of 
HNO^Aq with many metals have Jjcon exaniined 
by Montemartini (O. 22 [1], 250, 277, 384,397, 426 
[1891] ; abstracts in C. J. 62, 1278, 1402 [1892]), 
Veley (5. G, L 10, 206; and elsewhere), and 
others ; the results are noted under various 
metals. Pitkerin# (G. J. 63, 436 [1893]) has 
isolated the hydimes HNO^.H^O and HNOj.SHjO ; 
the frgezing-pqmts of HNO^A-q, from 1-82 to 
86-19 p.c. HN^, are given by P. 

NITBWGEN (vol. 5^6). S.G. of N.^ 
» 1) » -97209 ; 1 litre weighs 1-25749 g. < \Ray- 
P I. 53, 434^893]). a*., » 1*2053 at - 190° 
([liquid N, containing 6 p.c. 0) (Liveing a. Dewar, 
P, M! [5] 116, 928*[1893]). Absorption coefficieat 
in alcoliol, Henrich (Z, P, G, 9, 4J5 [1891^). 
Diffusiaa in water, v. Dune, n a. Hoppe-Seyler 
(Zeit, phusiol. Gkemie, 17, 147 [1893]). 

Preparatiorfi of 'pure nitrogen. Threlfall 
(J*: Af. [6] 35, 1 .[1693]) gives minute directionsf 
for preparing pure N by passing air and NH,, 
rovi^hot Cu, anc’k ab'^orbing traces of 0 by 
CrdlaAq; exact directions for propping the 
CrCljAq' are given, and the paper contains nume- 
rous details regarding the purifications of the 
reagev^ts used in the process. fs 

Supposed allotropic form of i^rogen. Threl- 
faR (I.C.1 has repeated experijinejStr oA sparking 
extre. 'ely ^ure N (vi vol. iiii p.bli?); no 00a* 
densat'on occurred down to >-i0°‘‘aDd e. ,8 num 





Breasure?^Qt when H^preii»iii aeomponni of 
N and Hk ib formed (prokably Hg,N,. v. vol^iiL 
p. 221). Begar^g the flkaHon of nitfx>gen hy 
mowing pl^nta^ A Beyerinok, also Sohloes^ a. 

Laurent (ab^tracU in 0. /. 62, 1016, 1021 
;i892]). , • . 

•Nitrogen, hydrides of (volPilii. p. 659). 

Hydremic acid N,H. For new metl^da of pre- 
j)ar5hg*N,H v. Curti1i8.{B. 24, 3341; 26, 1263; 
ab4rcKis in C.7. 62, fl2 ; 64 [11], 463 [1892-3j). 

\f islicenuB {B. 25, <6084 [1892]) has obtaino|[ , 

N, H by the inleractfion^if and N„0;f *Froai i 

4 8* io |g. Ija is’liehted^ a stream of NH;, [ 
until all is converted into NaNH . ; a current of ; 
dry Np is t^ien passed over tlicNaNH.^, at 150^ i 
250'^ as long as NHj^is givgn off (2Na'NH. + 14aO ; 

« NaNj + NaOH + By dissol'^ng'the pro- | 

duct in ^Yater, fiHering, deco’mposiug by dilute 
H^SOjAq, and di^TlIing. N^HAq is obtained. 

The following saltifSre described bv Civtius 
(B. 24, 3341 ; abstract in C.. J. 62, 112 [1892]) : 
iNH.)N^b(N,),, IlgN,, NaN*.. 

Nitrogen, Iodides of (vol. iii. p. SCO). Di- [ 
iodamine, NHL, is the product o1 adding e.xcess ; 
of NHjAq to a cone, solution of t in cone. 

KIAq; bysu^egding NHL in Wiit^‘r,‘and aiWing ; 
an amraoniacal solution of AgNO., or Ag.^, a j 
black compound NAgl.^ is obtaiiK'd which ex- ■ 
pities when dry (Szuliay, B. 26, 1933 ; abstract 
in C. J. 64 [11], 668 [1893] ; cf. SelivanolT, B, 

27, 1012t; ^bsiract in 0. J. 66 [11], 312 [1894]). 

• Nitroi^/ oxide (vol. tii. p. 561). ILnnsay a. 

Shields (G. ^ 63,^33 [1893]) givo the m.p. of 
NjjO as --102'3°, and the b.p, as —89*8°. Vil- 
lard (C. li. 118, 1096 [1894]) gives the following 
data Qjr the S.G. of liq\*id N„0 : -9105 at 0‘^, 

•885 arS'^, *856 at 10°, *804 at 17-5°, *720 fti 
20-5°,*640 at -605 at 34-9°. *572 at 30 ^^°. 

Liveing a. Dewar (P. M. [5] 34, 205 [1892]) gkc 

^"—-•2634, and ’103 at ~00\ 

Smith {S. C.*). 11, 867 ; 12, 10 [l893j) says that 
a regular stream of NjO is obtained bylieating 
to 240°-260° a mixture of 1 pt. dry NaNO^ witli 

O . IJ pt. dry (NH,).^SO,. By passing N,0, mixed 

with a little H, over Pd blaci, the is entirely 
converted to H.,0, with formAion of N (Monte- 
martini, iJeaf. 7X11), 219 ;isa2]). | aissolving 100 pts. OsO, in a solution 


«lft 

For 


Nitro^n tatruxUe (vol. kii. p. 6$Sf, 
preparaikn of N 1 O 4 , v. Oundall fO. X 69, 1076^ 
11891]). V. ({.Ceihas measured toe dissooiatioii 
oi.liquid NjO, in GHCIi up to 0 . 25® ; Ostwald 
fO. J. 61, 242 [1892]) shqws that the dissooistion 
follows van*i Hoff 's law for dilute solutions: « 
Ifitrout^aoVd (vol. iii. p. 567). Begardmg 
the formauon of *HNO, in solution in HNO,,^. 
Veley(PfF62, 27 ; ab^qct' in C. X 04 [11], il9 
[1893]). • . r • •• • , 

Hypoui trout acid (vol. iii. p. 568). .Tanatajfe 
(J. 25, 342 ; abstract in 0. X 66 [IIJL 186 

[189^) prepared Ag^NaCoby adding QaO to fairly 
conc. IvNO^Aq iO the |atio CaO:KNOa, then an 
equivalent of solid NHjOH.HCI, heating to 50®, 
lot|^g stand for a few daj's at the ordinary 
temperature, r^iltoring, acidifying vdth aootio 
acid, ppg. AgNOjAq, dissolving Ag.aN.aO* in 
HNO.,.\q (which leaves AgCl), and ppg. again by 
Na acel).'’* ‘ 

OSMIUM ’(vol. iii. p. 641). Os fuses 
readily in the electric nro in a qarbon capsule ; 
when fused it has a ofl^-stallino fracture, and 
scratches* auavtz, but is scratched by topaz 
(Jol» a#Vc^/.ea, C. B. 116, 577 [I893]j. 

^smic acM^^vol. iii. p. 016). Moraht a. 
Wi.schin(,?ft*i/./. anorg-^Cheniie, .3, 153 ; abstract 
in C. J. 64 [11], 3H0 j 18931) say that the black 
powder obtained by the interaction awidir 
and K.OsOjAq (vol. iii. p. 645), when dried 
over PX), in vacuo till i^cysy to I^s^ weight, 
is osmic acid ILOsO,. Mr a. W. ^escribe tha 
cf>mpou!ul as a sooty^laolc powder, smcdling oT 
OSO 4 in moist air, but unchanged under^vaJtor 
containing alcohol. By ])assing Hj^S ov<% 
H. 3 >sO, a violent resaotion occurs, and 
OsO.^H .H^O is fornie«l. Heated with cono. 
HCiAq for many hours with a little alcolsuir 
„^nd evaporated, t)s_,Cl;.7aq was obtained; an 
aleolfbhc solution of this substance with KClAq 
gave K./JsCl.j and the tiltrate yielded OsCla- 3aq ; 
the substance Os.^,Cl,. is therefore BUj)potod by 
M. a. \V. to be a mixture of OsCl, and OaCl,. By 
heating ILOsO, with HlAq, violot^lack crystals, 
pr^ably Osl,, were obtained. No action occurs 
when Os is heated with I, or with Br.# • 
Potassium osmiamate (vol. iii. p. 645). Joly 
{C. n. 112, 1442 [1891]) prepares this salt Jw 
■ ‘ of IDO 


50 pts^H^O, keeping the solution 


Nitric oxide (vol. iii. p, 662)^ Veiry pure NO I ptg. KCMl in 
d^^btained, acco^ingb to Emn^ 13, 73 ' a.t c. 40°, and 

[18u^), by the interanetion of copper and a mix- time tiie brown liquid becomes colourless, dBd 
ture of HjSO^ and HNO^Aq. «En*ich (^., ps^B) ^yellow crystalline pp. is formed. J- gives ttio 
finds that NO is completely decomposed to ^ . formula KNOsO^ to this salt.* Heated m mowo 
d 0 by prosing over neta#of*Pt ftilPd wire it is rapidly de<^)mpo8ed a*ove 20(r, and at 


Kept very hot by an electric Aiyent. Emich 
(2.C. p. 6 Q says that NO and O unite afMl being 


_ - . » ■ Baker (C. J. 

94]) finds that and dry 0 do 

^oi combine at the ordinarys temperature. Re- 
garding tha reactions between NO and metals 


[ by long contact with KOj ; 
65, 611 [lft4*' “ - • - 


and dmetallio oxides, v.^Sal 9 itier a. Sendeiani I el 6 &tenU, v. ^kiley (C. X 65, 106, 321 [18949). 
(0. B, 114, 1429 ; 1476 ; abstracts in 0. J. 62, j OXTOEN d/irb^ 703). • ^Ifowic weight oj 

1151,1271 [1892]; results are noted upder the ' . . .A tt__j 

diiTetbnt iffetals and oxides in JtddendA), 9 . 


.Nitrogen ^ozide (^1. iii. p. 665). For the 
fOMtions of K j|^^th various metals ana oxides 
«• S. a. Q (^1{..115, 286; abstract in C»X 
62, 1390 [16^]; results wsn noted un Ur the 
dkffer^l metals and oxides, in Addenda)* < 


440° almost all the N is given off, the sdUd 
prc^ucta being d^sO*, and KOsO, {v, 

abstract \ag. J, 60, 1483 [1891]). 

OXIBEb (vol. iii» p. 658). Bcgarding the 
ooflhections bot^en the stability o^oxides when 
hefted and tho\oriodio classificatiuci of the 


oxygen (vol. ill. p. 705). Dfttihar a. Hendersos 
N. %t 12 f, 139, 1/51, lS4; abetraci ii 


X 64 [11]* 410 [1993]! from careful deter 
minations made by passing H over hot puO, amc 
%ej^ng the water and Cu prodObedi 
valfe 16*87 for the at. w. of O. By measarementi 
of tl^e combining volumes of 0 and H. combi 
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fiing ih« VMRilts^ih Bajlefgb'i defAiuiiation 
of Ihe S.a of 0. Scott (T. m, 648 11898]} go> ; 
the value 16*862* The fgUo-flng ^ues cam- 1 
marUe the most recent determinationa (o. D.^ 
Hm l.o.)t Oooke a. Bioharde, 16*868 ; Kojes, 
16-886; Kayleigh (Pr. 46, 426 [1890]), 16*89; 
Keiser. 16-949 ;Leduc (C. B. 1-16, ^48 (1^8]), 
.16-88 ; 0. a. H., 16*87 ; Scott,‘16*862t The value 
adop^d \n this IHciio^^ry^ 16*90,^ is almost 
certainly too high ; thelEiean of the values oh* 
;,tamed -by 0. a. B., N., B., D. a! H., and fl., is 
16-876. ^ , 

The ratio of the con^ininR voluiCes of O and 
H was determined by Scott (Zlc.) to be 2*0024 j : 1 
(v. Water, this vol. p. 861). S.G. of O refferred 
to H -16-882 (Rayleigh, Pr. 60, 448 [l^(i2]). 
For an eaaminatloii o^ the whole rf the spectrum 
of 0, V. Eisig (W^.‘61, 747 *. abstrofif, in 0. J. 66 
[11], 266 [1894]). Liveing a. Dewar (P. Jf. [6] 

84, 206 [1892]) determined '^i^^^be'''2389,and 
^ b%*1266, at —182® {cf. Olszewski a. 

Witkowski ; abstract in C. J. 64 *[11], 863 
[1898]). For diffusion of 0 in watA-, ta Dj^can 
a. Hoppe-Seyler IZeit. physioth^iSheniie, 17L147 
[1892]). e 

Regarding the division of 0 between H and 
' 0(* when mixtures of these gases are exploded, 
t>. Harker {Z. P. C. 9, 673 [1892]). O does 
not coD^bini wUh NO at the ordinary tem- 
a porature (Bdker, CT J. 65, Cll [1891]) ; nor with 
dry K or Na, even whenSheae metals are distilled 
gas (Holt a. Sims, 0. J. C5, 440 [1894]). 

^ OZONE (vol. iii. p. 788). Regarding the con« 
dltions of ozonidcation of oxygen, v. Shenstone 
a. Pries*; (0. J. 68, 988 [1893]). Raker (C. X 65, 

‘ Oil [1894]) confirms the observation of ^len- 
stone a. Cundall (C.V. 81, 610 [1887]) that 
0 is ozonised as rapidly as moderately diy 0. 

FAIXADIXJM (vol. iii. p. 792). The at. w. of 
Pd has been re-determined (1) by Bailey a.Lamb 
(0. X 61, 74fib[1892]). by analyses of Pd(NH,Cl),; 
(2)bv Keller a. Smith {Am. 14,423 [1892]),by^pg. 
Pueleitrolytically from a solution of Pd(NH,Cl)a 
In NH:,Aq ; (3) by Joly a. Leidi6 (C. R. 116, 146 
*11898]), by electrolysing K.^PdCl^ in HOlAq ; (4) 
by Reiser a. Breed {Am. 16, 20 [1894]), by deter- 
mining t^e ratio of Pd -to Cl in P^NHjCl),. 
B. a. L. Stained the value 105*459; E. a. S. 
wie value 106-36; J. a. L. the value ^5-666; 
dnd E. a. Ik the value 106-27 (Cl -86*^; 
Ag-107^CC; N- 14-01; 0 = 16*96). The mole- 
^qle of Fd in diiC te solution in tin is probably | 
-monatomic (Heycock. a. ^jTeville, C. J. 67, 376 
. [1890]). Regf.rding''hev.Aparation of pux- Pd, 
o. the memoirs referred to supra. ^..Pd absorbs O 
at 460®, forming Pd^O (Neumann, M. 18. 40 
[1892]), but* when Pd sponge^? heated in (ffy O 
^ iUl the ‘weight is constant PdO is formed ('Wm, 
JB: 26, 220 [1892]). Heated to 4:>0® in NOS’Pd? 
sponge that Daq^*^en safuratod With H becomes 
incandescent and the NO is completely changed ! 
to H,|0 and NH„ bi^ olfidatidh of t£e Fd do^s 
not occur (Sabatie^ a. >3enderen8 (C. B. 114, 
1429 [1392])^ Regarding ^Z/a<ftum sulphides^ 
n. Petrenki^ritsohenko f. anorg. 

4,247; abstract in 0. X 64 [11], 476 [li&^8]). 
Pho^hopalladoui oompowidst PdCl,t.P01^ and , 


aiibfleMrpsd Fink (C7; 
nt abstract in C. .^92, IM VbA 

(0.%. 116, 111) desonbes pot^isUimpall6dosih 
OUhraUMU K,Pd(N0^,01,>8!i^i|ln 
1284 [1892]). s - 

r PfiOSPRATES (vol. fr. p. 106). Bogiel c 
Pyank (B. 2^; ^2) ^7 that P is obtained by h^V- . 
ihgN^FOjor any phosphate of Oa or &4gi with 
A1 in a current of H. • * • • ^ 

Dipotassium-hydro gen* orthophosphate 
fv. p. 111). According to Standenmaier (Z^euP/. 
Anor/.tChemie, 6, 883 91898]), K^PO, cannot 
Be isolated. S. (f.c.) 'desoribeg aevi saAs, 
K,H,(PQ,),.aq, KX(P0,).. 2aq, and KH,(PO.),. 

Thorium orthophosphates (voh.iv. p. 112). 
Velok {Zeit.f. anorg. OJieiltie, 6, IGl [1891]) ob- 
tained Th(HP04);j. aq by adding dilute 11^1*0, Aq 
to ThCl^Aq. 

Sodium pyrophosphate (w^t. tv. p. 114). For 
a stndy of the reaction o^HGlAq with Na.P^O, v. 
Watson (S. C. I. 11, 224 ; abstract in C. X 04 
[11], 272 [1893]).-^ 

0BTH0PH05PH0BIC ACID (vol. f^. p. 125). 
According to Watson (G. N. 08, 199 [1893]), 
HsPO, is changed completely to H^PjO, at 266®- 
260?, and HPOa begins to form at 290°-300’. 

PHOSPHBbUB (vol. iv. p. l2l). Regarding 
thff action of light and heat on ordinary phos- 
j phorus, V. Retgera {Z. P. C. 6, 211 ; abstraoi in 

O. X 66 [11], [1894J). 

Phosphorus hydride (vol. Iv. p.-lJO). 1*11, 
and 0 react at a low ,;or6ssui’e to ^rm H,PO,. 
(2PHj + 30.^ = 2HaPOa) ; whm the ^ gases are 
allowed to diffuse with one another* at less than 
60 mm. pressure, the reaction is PH, + 0«- 
H-^ + HPCj; slow oxidation at greater pressures 
proceeds approximately according to fipS equa- 
tion 4PH,-»-50, = 2HP0 ,-h 2H31’0,-<-2H„(H. J, 
vkn de Siadt, Z. P. C. 12, 322 [1893]). Accord- 
ing to van de S., explosion occurs at a certain 
low pressure, and this pressure depends much 
on the amount of moisture present, the moisture 
preventing and retarding the exj'^osion. ESvij 
{Z. P.rC. 12, 155 [1893J) has examined the rate 
of decomposition of PHj by heat. For the re- 
I action of PH, with AgNO,Aq v. Yitatl {abstract 
[ in C. X 64 [11], 206 [1893]). 
j PhosphfAio ^de (vo). iv. p. 141). For de 
tails regarding ue preparation of pure PjO,, and 
for methods ol^etecting tradbs of P in P^O,, v. 
ThrelfaU (P. /. [6] 36, 14 [1893]). 

Phoslhon# suboxidE (vtl. iv. p. 189). 

(B. 27, 1267 [1894]) thinllS that P,0 is f^Irmod 
bc^e i^ra<Aioi«>f PjO, and NH,. 

^ Phosphorus, sulphides of (vol. iv.p. 146). Helff 
(Z. P, ^.*12, 49(^[1893]) oonfirm^the statem^t 
that there a^e‘'no definite compounds P.S and 

P, S ; li)^ heating together rdd P and he ob-. 

tained P^B,, P,8„ P,^, and F,8,. « 

Phosphorus, *Ssalpnoiodide of. Ouvrard(O.B. 
14&, 1301 ; &bstra6t in C. X 64 [11], 164 [ISOS;}) 
obtained PB,! by heating PI, in H,S at 110®.^ 
^126$; also by evaj^raVng a solution of th*threc 
elements in the p|oper proportion in CS^ and 
heatinc^he residue to 120® in an in^gas ; also 
by^disBofving I In a solution of P,S, m CS^ The 
comped crystallises fwm OS, ^ golden-yellow 
p»*am8 ; it is unchanged in ^rpair, but slowlv 
ddtemposed in moist air, giyutgAf £IS|3 ; bL s<^ 
0H01y^,B^ EtOH, or Et^ ; buffit at e. 806f, 
giving^ SO,, and fi; at o. 80(f° t» ^ 



% 
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MpArat«*lnto I ^ncl ; decomi)oaed bj hot 
vater, a3d explkively bf fuming HNO,. • 

* Potafuiim h^pophosphatM (vol. iv. %458). 

^ansa (£eti. /. anorg. Chcmie, 6, 128 [1894]) 
icscribes mapy doubie mlts of KjHjP.O* . 
UH,P.,Og, where M *= Cd, Co, Cu#Mn,‘ Ni, or ^ ; 
iTso (jj^uble salte MKj,PaOu, where^M == Co or Ni. 
Ch* *)uble salt 2aq is also ddfeoribed 

^j^slract in a J. 66. [11], 279 [1894]), 

* Thallium hypophosphates. Joly (C. 7i. IW, 
G49 fliS94]) obtair*edj^he normal 

Ind the acid salt (absiract in C. 

[11], 282 [1894]). ■ • 

PLATINATES (vol. iv. p. 281). * 

Sodium* thioplatinatM. Schneider has.^b- 
iainod the salts NaPtS^ and Ni^S.PtS/JrtS, 
[J. pr. [2] 48, 411 [1894]). * ^ 

Platino-ox^tff^ (vol. iv. p. 285). Regarding 
the constitutional foriiube of the K sa^s, v. 
Werner (/eit. /. aiuyrg. Chemie, 3, 267), and 
Soderbaum {ibid, 6, 45 [189^). 

FL^INXTM.AMMONIUM COMPOUNDS (vol. 
iv. p. 292). Petersen t;?. P. Cm 10, 580 [1892]) 
linds, from cryoacopic determinations, that most 
of Ihe formuhe generally used for thcsc^com- 
poiuids are wofticular. For a discussion of the 
ooustilutions of several classes of these ^om- 
ppuiids, and for measurements of the clcctrioiil 
conductivities of aqueous solutions of some of 
tliem, V. Werner a. Miolati (/y. P, C. 12, .35 
[18931).* 5 , 

POTACSIUM^ol. it. p. 297). Holt a. Sima 
(C. J, (55, 4Jf2 [1894]) found that K became soft 
at 54 5®, and remained soft to (50 5®, whereat it 
became brittle; complete melting occurred at 
()2'5*^H. a. S. say that (ihy K may be distillei^in 
dry Q without iho formation of any compound 
of the two elements. Tliey found tlic piodi«>t3 
of the oxidation of K to be k -O^i KjOrttand finiflly 
K.O^ {v. Oxides, in/fa). Mi.vture.s of KNO.. and^ 
KXOg were formed by oxidi.siiig K in NO and in 
tflb red oxidcjS of N. ^ 

Potassium amide (vol. iv. p. 299). Titliorley 
(C. J. 65, 504 [1894]) says that KNM.^ is white 
and wax- like, melting at 270®-272®. It may be 
distilled without change in H at 4()0®-500\ 
r. says that KNH.^ is not (hicoinitosod by heat- 
ing at c, 400® in a silver boaV if a glass vessel 
is used, NHj is given off \vit|Lsonie N^and H, 
and K silicate is formed ; a %nalT amount of 
i|pomposition ocj^rs^ a silveBboakat c. 500 ^ 
andlat a full red iKat the aimde ui&iils with 
partial splitting up into its ^embnts. 
reactions of KNH.^, v. T, (l.c.). ^ ** 

Potassap^onium (vol. pu 299)^ ioannis 
[C. Zf. H8, 713 [1894]) finds that tl*re is no 
reaction betweeri^ and NjHgKj^ ho #*^s Jiat 
t^jO proi^ces NIL, KQll, and N. For 

bhe action of 0, v. J. (C. Zf. 116^870; atsfraci in 
C. /. 64 [11], 462 [1893]). ^ 

PotEfsium bromide (vol. iv. p. 299). The 
neUing-point is givep^s J16® by V. 

Biddle (B. 26, 2443 [1893]]U • • 

Potassium chloride (vol. iv. p. 80^). Melts 
tt 7o6^t iftcording to M. a. B.^.c.). * • . 

Potassinm hydroxide (vol. ly. p. 802L Melts 
if 1046° (M. A k, Z.c5. ' 

Potnpsimfcloaide (vol. iv. p. 803). Mel& at 
528® (M. a. B!, l.c.): Begirding thf iif(||raction 
if KlAq aftd FeClaOsg, «l Faaaxo dfLoiuma, 
iddSida, p. 9.13. • • 


Pota«Tim trl'fodidt (vol. It. p* 804)^ 
‘ JakoykiJ(-?. Z^O. 18, 680 [1894]) has made ar 
examination of the dissociation of KI, in 
aqueous solution to KIAq and lAq {abstract in 
0. J. 66 [i;j, 271 [189i]). 

sPbfassiaiiuiitride (vol. iv. p. 804). Th^ex- 
perii^enttofxitherJey (C. J- 66, [1804]) 

shovf tbfwKyN does not exist. . 

Potassmm oxide#(^'o1. iv. p. 304)« anolt.a. 
Sims (C. f. 66, 432 [1894]) failed to obtain t^ 
mStotide by any of the methods said ^ 
givcfthisqiun pound, but they say that wh6lf KjjOi 
ia kept at a redalienjt |) loses O and gives a sub- 
stNiiw the eonipositioiT.of which approaches that 
ofiMC]&. By heating K in a /airly dry mixture of 
(^ind N, oudation procecd^id until K.^O, was 
formed (Zry l) is withuHt action oif K) ; vriien 
kept in ^htur-vapour K./l, gave off O, and 
fornittiLF.p^ t hy he.it ing K in N.;0, H. a. S. 
ohlairiTO^^#,, which on exposure to air became 
K,0,. 

BUBIDIUM. 

Bubi^ium haloid compounas (voi. iv. p. 418), 
Wj^eelgr (Nnt.' S. [3] 46, 88 [1893]) has prepared 
dcmblc comyi^^ds of the forms HllbX.AsX, and 
R^C.As.O, ; and (/.c. ^ 269) various compounds 
of RbX with SbX.,. Tor i>h.\sieal properties of 
various .«a!fs of Hb, v. Jh (Inuiiin, Ar. Ph. 

{abstract in G. J. 66 [11], 351 [1894])f • 

SELENATES (vol. i^pf4nb). i Sufic salts of 
Co and Cu are dcsq|^)od by Bogflan {Ul. [8] f, 
684; ahstmcl in C. J. 66 [11], 16 [1894<J^J^C 
comjiositions given are 4Co0.3SoO,. aq^Jnd 
3Cu0.2ScOj. 4u<j. 

SILICON CHLORIDES (voh iv. p.4r)8). In 
Z>*27, 1913 [1891] Gullermann a. Weinlig dgtail 
the ho.st coiulitioiKs for i^^qjarlng HiCl,, SillCl,, 
"and WiitClu, from crude sii obtained by the inter- 
aidion of SiO.^ and Mg powder {v. vol. iv. p. 465). 
Si.CI,. melts at - 1® ; with NlljAq it givas off H 
and forms SiO^,.a’lI^O (O. a. W., Z.c.). 

Silicon octochloride Si^Cl,. ^Mol. w. 860*9. 
V^. 187 7. Obtained by (L a. W. (f.c.) by frac- 
tionating crude 8i chlorides ; boils frq>i 210° to 
215°; does not solidify at -12®. 

SILVER (vol. iv. p. 404). The moleou||rc»f^ 
Ag in dilute solution in tin is probably mon- 
tttomiff(IIcycock a^Novillo, O.Z. 57^376 [1890]). 
According to Libltke (IF. 50, 678; abstract in. 

C. [11]* 92 [1894)), thin deposits of A^n 
iglass, micq, ct^c., are allotr^pie forms of the 
metal. Regarding alloys ol Ag witlL ca^fmium, 

V. Heycock a. lieville (C. 65, 66*1894]): v» 

also Mylius a. Fromm (B. 27, 630 [1894]). 

^Silver chlorid!?*’(volf iv. p. 468). By tba 
action of (RgCl.^q on pulverulent silver, Jones. 
(^ C. Z. 12, 98a; abstract in C. J. 66 [11], 188 
[]^4j) obtainel^he compound A^gCl,. 

^ SODIUM 'vo^iv. p. 473). The moleoulb oP 
sodiuQi in mlute sglution ip tin is probably 
monatomic ^a^ycock a. N^Rle, O, J, 57, 876 
[1890j),^SIolt Sips fC. /.•66, 440 [1894]) 
Ifound tmit dry sodium* may be distilled un- 
changed in ^ry 0 ; ^n oAinary 0 the products 
•ar^ap and Na^O,. Heating ta^80®^00® in a 
limed volume of N.p forms Na^; heating in 
NO or the red oxides of N produces a mixtora 
of KaNO., and (H. a. 3., Lc.). 



IMItttt »in!dd (Toll It. 475). KHbcTlo^' 
(a /. 65t 504 [18941) d«80)1b« IhOffH, m ft 
white, transparent solia, with a orystaUine itraoft 
ture ; softens at 149**, and is completely melted 
at 255'^ Uy a colourless liquid. ob- 

tained ^ transparent, orfirtalliBa ^tedies 
heating 9 a in 9Hi at 5. 400^, Allowing, theiijiro- 
duot tq sublime throngJ^a narrow ^be, and 
again subliming by warkmg gently. NaKH, I 
docomposes at a red heat into ll^a, N, And^^. 
It dofq not give NaN„ as generally stated 
he ,) ; no decomposition orours at 300*^400^. 

• Sodium bromide ^vol.^v. p.'*476). Pan^i)v^f 
(jr. B, 26, 272 [18931) obtained NaBr. 6aq by iex- 1 
posing cone. NaBrAq out of doors in winter.in ' 
IluB«ia; dojomposed —25** to Ue dihydrate 
and water. .t 

Sodium iodide (vol. iv. p. A81)^^.K^. 5aq 
separates fz^ma solution of 100‘g. ^a^/60 o.o. 
water at -14**; at —10** it gives ^al. 2aq and 
water (P., he.). 

■ Sodium nitride (vol. j**. p. 482). NaN, is not 
formed by the interaction of Na or Vafi and 
NHg, or Na and N, according to TithOrley {<^. J. 

; ef. Sodium amide^ supi(7)c 
dodium monoxide (vo^ iv. p. 482). Na.p is 
formed by heating Na in a limited volume of O 
ifb temperature below 180°; also by heating 
Na in a limited volume of N.^0 at 180°- 200° 
(Holt a. 8i,C.,/. ,^6^ <42 [1894]). Heated in 
excess of 0, t?}e peroxide Na.Pa <8 formed. H. a. 
B. say Na.jO is greyish wLute. NH, reacts with 
gen<il|^heated Nap to form NaNH^ and Hp 
/(^therley, 0. /. 65. 510). 



97(^816 [1894]). For redotialis 4^ 

B. 2051 (abstract ifi O. J. 

tonBM. For SMntitm 
Moissan, 0. B. 118, 688 (abstract & 0. j; 66 [^^ 
81*1 [18941). 

.SBlif^TES (vol. hr. p 567). 

Nlhromlum sulphat^i (vol. iv. p. 6^0). Double 
salts of C|r,;(SOJ, and (NHJ^SO^ are described 
by<^obb (Bl. [8] 9, 668 ; abstract in C. J. 66 
[Iirr96tl894]). ^ 

Vanadiuip- sulphates . (u. this vol. pp. 847, 
848,850). ■ 

OXY-IMIDO SnLPHOKAT.:;^ (crol. iv. p. 602). 
Divert a. Haga have puUliihed a lengthy com* 
munication on these salts in G. J. 66, 523 [1894]. 

STJLPHTTB (vo.^'MV. p. 506). For i^asnre- 
ments of the viscosity of molten S at mlTeront 
temperatures, t;f*Branhes a. Dussy, 0. R. 118, 
1045 {abstract in C. J. 66 [11], 343 [1894]). 


THALLiniF(vol. iv. p. 674).** 7)he moleeule 
of Tfin dilute solution in tin is probably mon> 
atomic (Heycook a. Neville, C. J. 57, 376 
[1890]). 

Thallium tri-iodide Til,. Wells Penfield 
{Zeit. f. anorg. Chemie, 6, 312 ; abslrdH in O. J. 
66 [11], 318 [1894]) obtained this co mpound, 
in rhombic crystals, a:6:c» ‘^28:1:1*1217, by 
digesting Til and 1 with alcohol and evaporating 
over HjSOi* 
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